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DEVELOPMENT AND IMPLEMENTATION OF A COMPUTER
'MODEL FOR STUDENT MANAGEMENT: Phases [and I . -
. ; B

- I INTRODUCTION'

S Background B - — : S — .,,_ .,__‘,__.,__ e _.,__',_,_-,..._ e

. One of the major advantages in computer-assisted instruction (CAI) and computer-managed instruction 4
*  (CMI)is that they can be individualized so that students may proceed through a curriculum at their own :
pace. In contrast to conventional instructional organization, where students proceed in a lockstep fashion,
a CAI/CMI environment enables students to proceed-at a pace consistent with their own abilities and ot
motivations. Thus, slower students can have time to master material and will not get lost or retard the :
progress of other students. Similarly, faster students will tend to get less bored when they can proceed at
their own pace. By allowmg for self-pacing, an instructional program gives students more autonomy and
can be more efficient than conventmnal pfograms that may necessanly be geared to the pace of the slower
. students in the class. _

Although seIf-paced instruction has many advantages, it does introduce some problems needmg

solution. Notably, if students are not given mformanon regarding standards of performance, they may be

at a loss as to how to pace themselves through a course. A totally self-paced system can create administrative
- problems as well if certain actions necessary at the completion of a course require preparation days or weeks

in advance and there is uncertainty as to when a student will complete the course. Furthermore, for CMI or

CAI to be run efficiently, it is important that students are progressing at a pace consistent with their ability

and that students 'who are not progressing in such a manner are identified and appropriate remedial action

is taken. Remedial action may include provision of special assistance or application of incentives tied to

course progress. On the other hand, a schedule of incentives for rewarding exceptional rates of progress

-]

through a course also requires that some criterion be established regarding student progress. .

A stqdent progress management system '(SPMS) can enhance the effectiveness of self-paced instruction
by providifig information to students, instructors, and administrators on expected and actual rates of prog- .
ress throu course of instruction. The student is informed of what is expected, the instructor is prowded
information necessary for monitoring studeﬁt progress, and the administrator is provided information
necessary for planning outprocessing actwmes _At the heart of such a system are the procedures by which
expectations of student progress are determmed from baseline and initial performance information on the
student. The, individial identification of expected performan'ce maintains the individualization of the instruc- .
tional system while xmpo?ng enough structure for efﬁment operation of the system in terms of opmmzmg

“student ﬂow i

Tﬁe Technical Training Dmszon Air Force Human Resources LaboratoryﬁFHRL), Lowry Air Force
“Base, Cotorado, funded this study by Stanford University to develop and implement a modgl of student
. progress as part of a student progress management system in the Advanced Instructional System (AIS) ‘ &
implemented at Lowry. This report describes the results of .the“design phases (Phases I and, :I) of the study )/l -5
and includes recommendations for tasks to be carried out during Phase III. Phases I and II conmsted ofa~
. review of pertinent literature, formulauon of aiternative models of student progress, evalu:;}non of the. .
models usmg actual data collected by the AIS, and recommendations for ?’ system to be u{lplemented dunng

Phase HI B A »

Section II contains a description of the models ‘f student progress that were exammed and a descnp- i
tion of the methods used’in the evaluation of models; Section III contains a descnzptwn of the results; -
finally, Sectwn IV contains the conclusions of the study and recommendauons for Phase HI. In the remain- -
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_ der of this chapter is presented.a brief descnpuon of the AIS 1mplemented at Lowry AFB, including the
cyrrent student progress management sys(em The detailed report of the literature review is cont:uned in

Appcndxx A. : ‘ .
 Overyiew of the AIS "
—_—
The AIS at Lowry Air Force Base now includes four courses: Inventory Management Materiel Facxl-

"~ ities, Precision Measurement Equipment, and Weapons Management. Each course consists of a series of

lessons grouped into blocks of instruction: To complete a lesson or a block of lessons, a student must
satisfactorily complete a lesson or block criterion progress check consisting of a written test, a performarnce
test, or instruction certification. For some lessons a number of alternative modules of instruction are avail-

‘able that chffer in mode. and level of presentation.

Student ass:gnments to lessons and modules are controlled by a computerized omponent of the AIS
called the Adaptive- Model. Assignments to lessons and modules are based on student charactenstms and on
material and personnel utilization in orde} to optimize overall system efficiency by minimizing predicted
student course time and maximizing the use of course matenals and personnel. As a result, the sequence of
lesson presentation and the type of module presented for a given lesson vary across students. The sequence
with which blocks of lessons are presented, however, is usually fixed across students.

. The current AIS system includes a student progress management component (Dallman, 4975) that

_was pilot tested early in 1977 am‘fﬂl%implemented beginning in July 1977. Theypredictive model used in

the student progress management component consists of a linear regression of course completion time on
baseline variables consisting of student demographic characteristics and ‘preassessment test scores. Predicted
course complenon time can be converted to targeted course completion time by a policy function which
‘can truncate extremely low or high predicted course completion times and can reduce or raise predicted
course completion Times by a fixed percentage. For example, at the present time predicted course comple-
tion times are decreased by a fixed percentage to take into account the two hours per day that students are
to devote to study outside of the learning center. Once a targeted course completion time is calculated,
targeted time on a parncular block or lesson is calculated by using the proportion of mean course comple:
tion time accounted for by the mean time on the block or lesson.

At the beginning of a course, a student is instructed on how to make. lus own Course Completion Map,
which plots his targeted completion times and allows the student to keep track of his daily progress in the
course. Two checkpoints are indicated on the Course Completion Map: at the end of block 2. aB‘d 8 days
‘before the scheduled course completio date. The student has the respons:bility to see his instructor at

" the3e times to verify that he is progressing sansfactonly, a.nd in the case of the graduation date checkpoint,

to set a graduation date on the calendar.

If a student’s actual time to arrive at some point in the course is greater than his iargeted time by a
spegified amount (2 days), the student is to initiate a Progress Counsehng Session to confer with the

* instructor regarding probléms and potential solutions. Unless a student can convince the instructor that his

Qtarge ed times are mcorrect‘ the student and instructor will enter into a “performance con&act” that

specifies the date on which the student will get back on the original schedule.

In the next sec’uon, we turn to a description of the specific models of student progress thaz we evalu-

ated and the methods used in the evaluation. ¢ 7
A &=
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I DESCRIPTION OF THE MODELS AND THE METHODOLOGY

< Dcscnptlon of the Models of Student Prdgress ) .
Very fi w mathematical models of student progress were found in the process of the literature review
(see Appendix A). In addition, past studies.(Larsen, Markosian, and Suppes, 1977; Wagner-et al., 1973;
——-—---Malone etal;¥ 977) indicated that telatively simple-mathematical modéls tend to-provide the-best predic—— — —————
tions of-student performance. Therefore, the evaluation was restricted to the trgjectory and milestone -
models described below. These models were considered to be the best candidates based on the find:: - of
the literature review. ‘

.

A trajectory model includes a hypothes1zed relationship between cumulanve study time and cur:
tive achievement..Cumulative achievement is a construct representing a student's location in the cumculum s
It is generally measured on some index representing average student performance. If A represents the value
of the achievement index and T represents cumulative time, a trajectory model hypothesxzes a functxonal
relationship between T and A ) . - . ’= )
, ) s _ 4
T=f(A;a1,a2,...,an) B e,

where the 2a; are’ parame(ff"‘B{ estimatisiy ...c parameters, on&ttempts to describe or predlct a student’ 3
trajectory through a course.
In a milestone model, cumulative time to any particular milestone in a course?is predicted directly, <

without an achievement index as an intervening variable. Course milestones would consist of particular \
identifiable points of interest in the curriculum such as the completion of partidular blocks or lessons.

* Models can be characterized by the kind of data used for predictions as well as by type. Baselme
models employ baseline variables that are available before a studént starts on a course. Demographic infor-
mation such as age and sex, academic history such as number of years of achuulmg and highest degree
attained, and gcores on cognitive arid affective.tests administered before a studer s « entry into the course
may be includkd 4s baseline variables. Performancexmodels employ dztz regardin. a student’s initial perform-
ance on a course to predict subsequent performance. Performance variabies may consist of timie to partic-
ular criteria or scores on tests. Miked models, where both baseline and performance variables are included,

may also be formulated. .

THe specific models reported in the evaluation are described below uncer five headings: - . /\
d ‘  Baseline Milestone Models (BMM) l

) . Performa;%e Milesicae Mo, {(PMM)~

Baseline Trajectory Modets BIM) 7 : ' :

Performance Trajcctory Model 2TMD !

, Mixed Milestone siodel (MMM)

In the description of the models the followmg nOLatIOIL will be used: j’

LA

. - Xy; = baseline vanable k for studentj
* ' t;; =the cumulanve time in the course for student j to corplete the ith milestone.
b\ ' A;; = the cumulative achjevement index for student j after completion of the ith milestone.
ke s
D

=.the predicted cumulative time in the course for student j to completc the ith milestone.

tij
Q . . o - 11

. . . .
- . . .
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Baseline Milestone Models J

BMMI — Regression of Cumulative Times to Achicve Milestones on. Baseline Variables. The model
hypothesizes a linear relationship between cumulative time to nchxeve each milestone and the baselmc
- vgriables. For each mnlcstone, say i, we would have:

N —_ s
;= a; + Ebikxkj )
7

~

O

ERIC

Aruitoxt provided by Eic:

BMM2 — Regrcssnon of Course Complcr:on Tlmc on Basclme Vanables Thns model is identival to
BMM]1 in using a linear model to predict course completion time. Time to complete a particular segment

of the course, however, is predicted by using t

A
thj=an + Ebnkxk,

.For any particular milestone i let p; = u;/u,, where

o

L

" 'ﬁ {

J
~

io of mean time [o complete the segment to mean
course completion time. If there are n milestones in the course, then course completion time is expressed as

u; = the mean cumulative time to achieve milestone i

3

M, = the mean course completion time.’

Then this modgl.piedicts that for milestone-i

hY
N\

. . tij =pitn j
3 A
Per formance Mileszbge Model

PMM -- Regression
A - i
. tnj_= a;+ X bmitmj

m=1

- Baseiine Trajectory Models

<«

Y- . . L . .
BTMI -- Linear Trajectory\Model. The linear trajectory model hypothesizes a linear relationship

. /
A
tij =a,-+bjA;j .
aj =c+ Tdp Xy N
-k .

'C, + ‘\:d'k ij

-
—
)

BTM2 — Nonlmear ijectory Model The nonlinear trajectory model hypothe51zes a linear relalmn-
+ ship between some power.of cumulative t1me and an achievement 1nde\

(Ui =a;# bjA .-

between cumulative.time and an achievement index:

3

—10—

o

B
[}

12

In turn, it is assumed tHat a j and b; have a linear relationship to the-baseline variables:

o’

. . . 3 .
of Course Completion Time on Performance Variables. The performance milestone
model uses the cumulative times on the first i milestones to predict the cumulative course time:

2



* -

* organized as shown in Table 1. o . 3

s

) '-Agmn ‘ghe parameters K;,a;,and b “are assumed to have ahnear relatxonshxp'to the preassessment scéres

>
'{‘- [N L . . N d
: - . -

Perfamzance Tra]ectory Model .

e » . . . , red
\ » - , . e
@ .

\ ! -

-BITM — Lmear Tralectory Model. Thls model correspondgtq BTM! in hypothesxzmg a linear relatxon— .

sh1p between cumulative timéand cumnuldtive achijevement. Ho ever, in)thts case, the ‘parametefs 2 and*

e °F are ‘esti ted‘dmectly gsmg the ﬁrs; 1 obse‘rved cumulatwe nmes The course completlon time t,,,_ f .-

student i1s prechcté’d tobe: <, - T e e, ‘f oo -
. .‘_. fe . sa LI ' “© 2 . T« . . ) .

.: . o v:—.,t\;j i® bJIA:nJ s T ' .o oo

s PR v_ R T - '__.4’7 p',.‘," »4’ ’
",using'the-ﬁr’nes, on the first i mxlestone's";’o estimate aj; and bj;. , ' w7

A '. szethIestoneModeI S L
T 'I'he mixed ml.estone‘mo‘del (MMM) uses thebasehne vanab]es‘as well as’the cumulatlve tlmes on the

f rst i rmlestones to pr%dlct course completlon time: « ' o -

S ,/\ . i - e N . ' . . )
K ) tn}.=\a ' 2 ?HII mi + chkxkg B . "

",'OtherModeIs T ) : e oo .

1 »

Several othef models ‘were consxdered but complete evaluatlons were not conducted because mter- ,

mediate.results indicated that they ‘were not viable alternatives. As is pointed out in the literature review
-in Appendix A, the results of Malone et al. (1977)in evaluatmg the predictive fit of various trajectory
models indicated that- the relatively sxmple models had the best predictive fit. Therefore, the models
included in the evaluation were the more s1mp1e models that appeared to h‘ave the greatest chance of pro-

wdmg a good pred1ct1ve fit. -

The Data Base ‘ ¢ o
. Dataand coryesponding documentation were obtained for the Inventory Management (IM) course as
it had been implemented in late 1976 and early 1977. The data consisted of 15,259 records from the

Recent Data File (RDF), where each record contained information for a particular student on a particular
block of instruction. It should be noted that the data used in the evaluation of alternative models were

" collected-in the absence of a student progress management system. At the time of data collecuon the SPMS

was in a pilot phase/:md not enough students had completed the course under the SPMS to permit use of
their data in the tuatlon v , . _ _ ‘ \

* The IM course is orgamzed into-six blocks of instruction.‘Each block consists of a series of lessons,
followed by a perxod during which the student reviews the material on the block and takes the block test.
With the exception of the first block, the lesson prior to block review consists of a “chief of supply lab.”
If the chief of sugply Iabs and block réviews are counted as l%sons, there are 61 lessons in the course,

s
~

- -

Each regordqfrom the RDF contained data.for a particular block of instruction or contained summary

data for the entire course (block zero recordsy. After preliminary tabulations of the data, a file was created

that consisted of data on 760 students wo had entered the IM course during 1977 and had reliable block
elapsed tlme data for all six blocks of instruction. Reliable block times are defined as times resulting from

Lo 13

2

4

_ actual real-time system tracking: Table 2 shows the number of records retained at each step of the process - -
B by wh:ch thxs Tile wascreated : S
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‘ ’ _ Table 1 D S
e NUMBER OF LESSONS PER BLOCK OF INSTRUCTION, S - - N
- . IN THE INVENTORY MAN'AGEMENT COURSE . . -
. : -L . N - s -- N . f:
L, Y . Bidek . . Number of Lessons . . *
o e 2 T 4 . . A
’ - ’ ‘\-—- \‘ 1 " ' T 9 o b - ;' . z ~ L:a. K
-~ s - . l N - "_\ _ 2 . ‘ o el N
©e 2T 10, ° . Voo
'.". . 3 ) - 1 12 | - R o % ' |
- ) . . 4.- RO 9 . N
T ' s sr I “
. v_' ; 6 L3 9 ) Q - . 'J . .
N . Total 61
H - R . 4 LN
= * P-a
- - N Jdable2 - py . \
. . - STATISTICS ON EDIT OF THE RECENT DATA FILE | T S
. Number of records on original file - - 15259
_ Number of students repreSented ,' .. 2,539 ‘
) ! Number of students represented who entered the course in 1977 , 998‘ s
Number of students who emrtered the course in 1977 who had o /
‘records for all seven blocks - o 766 :
Number of above who had all preassessment data available . - ' 760 /
* Number out of 760 stiidents with all block elapsed times '
(BELTs) reliable _ i} . . 550 .

As was recommended to us, only students who had entered the IM course during 1977 were
‘included in the evaluation. Also, students had to have finished the course, as indicated by the presence of
all seven blocks of information on the RDF, in order to be included. Since cumulative time to finish each )
block @ crmcal variable of interest, it was decided to giclude only those cases where all the block times
were reliable. This resulted in deleting about 30% of the gs from the evaluation. The distribution of
included students by.course version is shown in Table 3. o

- The tabulation. indicates that the great majority of students were in course version 1. This was the
« course version where the Adaptive Model determined lesson sequences. On particular lessons, it determmed
the module to'be assxgned from a set of alternatives. A]so, the student progress management system was
notimplementey in course version 1 at the time the data were collected. The subsequent tabulations will
include only the 'ﬁ" for the 368 students in course\versxon 1 w1th all block e]apsed tunes reliable.

N . . -
Al . .

'r~i'-~ - . N
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- IR AL L A i N
i L ‘% T LG Table3 - . &
) - . DISTRIBUTION QF STUDENTS BY COURSE VERSION B * .
- : } A NumbePMth All- < Percent . T -
' ' 5 CourserVersion ~ ° BEL'I"‘Lehable T of Total . Total Number_ .
S {’Jlé _— 368 . - . 12 _,508 ¢ B
L2 ' o 59 [ S
o 3 33 A 47 '
- . ’}‘ N . - fi'; C.
4 Y43 S (N | S
_ ' . . - ; i . -
¢ 5 N 52 - , 76 .\' : ;,'f'-' 68 :
~ 6 LT 44 . e " 64 , .
s S ., 550 S 760 -

. : N _
The file mcluded the variables listed in Tab]e 4. All times on the file were expresed in minutes.:In the '
creatxon of this f’le the following tonventions were followed .

- @ If Measured Time to ‘Lesson Criterion (LTMC) was greater than 600 minutes or 1f the flags on the
" RDF ‘(LDPF and MLTR) indicated that LTMC was unreliable, the'n ari imputed time was galculated
- by multiplying the mean LTMC for the lesson by the ratio of the § sum of the student s avaﬂable ¥
LTMCs to the sum of the correspondmg mean LTMCs B .

Of the 760 students on the file, 81% had at least one LTMC that had to be unputed The
mean number of unputanons was 4.6. Of all the lesson times, 8% had to be imputed.. or
the 368 students in course version 1 with all block elapsed times reliable, 68% had at”

. least one LTMC that had to be imputed. The mean number of unputatlons was 3.0, rep-
_ resenting 5% of the LTMCs for this group.” - ) - .

e The sequence of lesson presentanon was determmed using the date and time of day
- (LCDT and LCTM) that the lesson criterion was met as indicated on the RDF If LCDT
or LCTM was missing or if the sequence of lessons for a block was inadmissible as
. indicated by the course hierarchy charts, the most common lesson sequence for the
- block was assigned to the student. :

Of the 760 students on the file, 83% had at least one lesson sequence 1mputed on the .
first four blocks. (The last two blocks had a fixed sequence of lessons.) In all, 41% of R
; the lesson sequences on the first four blocks were imputed. Of the 368 studentsin. -~ .

. . " course version 1-with all block elapséd times reliable, 77% had at least one 1esson Y . o
N . sequence imputed on the. ﬁrst four blocks and a total of 36% of the lésson sequences
S ~ on the first four blocks were imputed. Although these percentages of imputed = -~ ’ . -
- sequences are high, the'effect on the analysis is probably negligible since sequencing ' T
' of lessons probably I has a very small effect.on time to criterion . : : .

e Ifablock elapsed. txme (BELT) was equal to zero, or if the ﬂag on the RDF (BLTR) .

* indicated that BELT was unreliable, then BELT was cons1dered.rmssmg and assxgned o

NS _ a value of -1. : R )
. e - _ . Preliminary tabulatlons mdlcated that there were relatively large differences between the actual block

elapsed time vanables, defined-as block elapsed time minus absence time, and the corr%qmdmg sums of ' O R
lesson time to cntenon TabIe 5 summanzes the dlfferences found. : '_ o R
\)‘ ] N < ) . . . ’ . — 13_ - . ‘ --"..:Y.}'_
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S R T . Table4 .
"% ‘_“s, e - . ‘ . - ’% l e - . . . »
o TN s _ VARIABLES INCLUDED IN THE ANALYSIS FILE = - . :
& = ' e v T .' L Ty .
. . o+ . " Varidble Title =~ . \_’anable Label -~ Descnpt_lfon and Commerts
o o : St\i:lt D), _' - st Uni'que 1.D. asgigned to each student. -
SR o C Verplon" e - - CRSVSN - Couroe version student enrolled in.
,' v : ,\ Com’se Entry Date* -* CRSEDT o rDate student entered course, (i.e. took
7T . ‘ " - preassessment). ‘ Lo _
S Mc;dule‘Number MNOLi =~ Module number for 17 1esSons where alternative |
’5 - - : - - modules are available (i=1,...,17).
. - . ) - . o ]
- s Sex"‘ (b) ) . . SEX Code representmg student’s sex. L
TN ——-\ nghest School Year B I;IIYEAR Highest sE';}tool year completed. R ) .
> ) Completed* ®)° ’ T J i . .
o ‘. :—' . Student’s Ageat . ENTAGE 4\ Student stage in years, at course entry (rounde&d
. 3 " Course Entry* (b) o ‘ t nearest year). - X
PN " Reading Vocabulary RVOCGN . . Student’s score on-the readmg,vocabulary, general =
+ General Scale * (b) i ) " scale (preassessment) - R
Reading Vocabulary RVOCSC ~ Student’s score on; the reading vocabﬁ\r}
Scientific Scale* (b) - - ' scientific scale (preassessment) : :
Reading Vocabulary RVOCTL Studer‘n-s score on the reading vocabulary totaI
Total Scale* (b) ~ scale (preassessment) L o
Pre-Course State STCUR . Student’s score on the pre-course state cur1051ty
» _ Curiosity* (b) ' scale (preassessment)
Pre-Course State STANX : Student s score,on the pre<course state anxiety
Anxiety* (b) : scale {(preassessment). \
Trait Curiosity* (b) "TRCUR Student’s score on the trait curiosity scale . '
, o : : (preassessment) _ i
o Trait A'.nxiety* ® TRANX " Student’s score on the trait anxlety scale
e , ' (preassessment). -
- - . ) ) (-—- : N 4 . . .
T Internal-External ~ IESCL .Student’s score on the internal-external stale
L Scale* (b) ' S ' (preassessment) :
- Test Anxiety* (b) TST ANX * Student’s score on the test anx1ety scale_
X L 4 ‘ _ ' (preassessment). _ -
* Preference for Audio - PREFA Student’s score on the audxo preference scale of ~
Mode* (b) : . the General Media Preference Test (preassessment)
, *Documentatlon on this vanable was taken trom “DEP Variables List” provided by AFHRL
< Note: (b) indicates the vanable is included in the set of baselme varlables :

~ . . \ s
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\ ) > ' 4 B Table 4 (Continued) ‘_ R Lo . 4
. VarableTitle -' Variable L'abel - Descnpnon and Comm_ents . _
R T _Preference for Visual 'PREFV » Student’s score on the visual preference scale of the.
~Mode* (®) ) ~ General Media Preference Test (preassessment).
- 2
: ' Preference for Pnnted - -PREFP . StuderP’s score on the prmted preference scale of -
/—"7 . =~ v 7 Mode*(®) * . ) - - the General Med.ta Preference Test (preassmsment) .
» - ' Experience with Self . EXPSP Student s SCoré on the expenence with self paciag '
Pacing* (b) - ... -scale of the General Media Preference Test i
EARL T - (preassessmenf) .
" Experience with ' " EXPCI . Student’s score on the experience with conven- -
, Conventional - . o tional Instruction scale of the General Media _
L Instruction* (b) ~ L Preference Test (preassessme:nt) “
. IM/MF Reading ~ - . READS!  Student's score on the IM/MF reading sk1lls test,
} Subscale I* (b) ~ " subscale 1 (preassessment),
- - IM/MF Re_admg . "READS2 . Student’s score on the IM/MF readmg skills test,
" . Subscale2*(b) -, . subscale 2 (preassessment) .
" IM/MF Reading Total .~ READST .. Student’s score on the IM/MF readmg skills test,
, .. Scale* (b) . oo : total scale (preassessment) . -
- _ IM/MF Logieal ' " LOGREA ~ = Student s score on the IM/MF loglcal reasomng R .
‘Reasoning Scale* (b) ' e . sc.ale (preassessment). _
' . Concealed Figures CONFIG - Student’s score on the concealed ﬁgures scale
. Scale* (b) . ‘ S "(pre:s:ew) —_—
. ’ - Memory For Numbers - MEMNB . Student’s score\on the IM/MF memory for numbers
Backward Scale* (b) - - o - test, backward, scale (preassessment). - _ .
Mernory For Numbers; . - MEMNT .:’7“: Student s score on the IM/MF memory for numbers
Total Scale* (b)) = . : , test total scale (preassessment). _ _
Bloc&Elapsed Time % BELTi ‘ Regular elapsed classroom time while student was
S ' K mblock(1—1,-. , 6). T .
. . . . . [4
Cumulative Actual CABELTi Regular elapsed classroom time up to the com-
Block Elapsed Time - pletton of the ith block excludmg absence nme C e s
: : E - (@d=1,...,6). . . .
Meésured Time Absent ni S '.'I“une absent during the ith bleck (i-= 1 6). B
Cumulative Block CBAl . .Value of the achi‘evement index at the end of the
Achxevement Index’ Y ... ithblock (1 6) ' ' AT
' Measuted Time to LTMCi * Measured tirhe spent by the‘sl‘udent on lessoni’ .
Lessons Criterion ; until he first passed it@=1,...,61). f .
_ o - Cumulative Lesson CLETi . Measured time spent by the student untﬂ he first
' . ',Elapsed Time -~ - o passed the ith lesson presented to him (1 = 1 '
T T ...,61) L. 3 :
‘ C0nmfanve ,Acluevement CAL . ~ Value of the achxevement mdex at' the end of the
Ind:x o _ith presented lﬁson G= 1, s ., 61).
‘Documeniatton on this vanable was taken from “DEP Vanables-Ltst” provided: by AF HRL
Note: (b) indicates the vanable is.included in the set of baselme variables. = -
M b KN P R I' ) . , ) t g
o T i ? a Blgse
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_include means and standard-deviations as well as selected correlations among variables.

- - v ~ + » -
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.AFHRL'TR-78-7 ° L N . C " AFHRL-TR-787
- 5 Tables . - .
. DIFEERENCES BETWEEN CUMULATIVE BLOCK "
N— ELAPSED TIMES AND CORRESPONDING.
L " . CUMULATIVE LESSON TIMES TO CRITERION ' ‘ . .
¢ = Py '?‘ ) . - (Mmutes) o ‘. . - 2 v :S
\.. - _-> . . . " et - - | . —_— - ) ) . 1
> . ST Block - . _- Mean Difference N .. 8D. . .o
R T - T . .- . - - .
AT SRR Co18T 266 . a Te T
2 538 T £ R
E . . .3 1185 . o 7839 '
- -4 1538 - : 978  _
5 1968 1151
6 2218 { . 1210 '
Drscussron with AFHRL personnel 1nd1cated that drfferences are due pnmanly to - |

] Inclusron of’ adrmmstratrve lost time due to shift open and close at the block level and not
* at the lesson’ level . S .

S

 J Interrmttent omission of block rernedratron trme after a f'arlure on the mrtlal block test

~

After some farther tabulatzons of such variables are Measured Materials Remediation Time (T3), it
was decrded.,to carry out the analysis -separately on Xhe block elapsed.times and. on the lesson time to
criferion to see whether prediction using one of thes sets was better than predrctxon using the other set.

Summary statxstrcs for the variables 1ncluded m the analysis are tabulated in Appendix B. These = »

The 24 variables indicated by a “b”in  the “Variable Title” column in Table 4 comprised the set

“refeired to-as baseline, (or preassessment) variables in the description of the models. A few other preassess-

ment vanables that appeared on the RDF were excluded from the evaluation becauseof lacK of variation.

-
-

Procedure for Creating the Achrevement Index . '/‘. S ' o

An index of achreveme.nt was needéd for the trajectory rnode&s After consrderrng alternauve |
approaches to deﬁnmg the achievement'index, it was decided to use mean lesson 'time ‘scaled by mean
course completron time. That is, each lesson was assrgned an achrevement value by dividing the mean

" measured time to lesson criterion by the sum of the mean measurcd times to lesson criterion. The ratio was

then multiplied by 100 so that the cumulative achievement index would indicate the percentage of the

. course completed at any particular time. In this way, the achievement index is. linearly related to the mean-

cumulative time to complete each block, calculated by summing the appropnate lesson times.

Table 5 shows the value of the achrevement index at the end of each block of mstrucnon and the
cumulative block times normalizedso that total course time equals 100. Differences between the achieve-

- ment index and the normalized block times are extremely small, indicating that the values of the index at
- the end of blocks would have been vrrtually the same if the bloak elapsed times had been. used.

. V' - L A . .", L ) -
.

a
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- The table also gives the mean and standard deviation of the percentage of cuxﬁxﬂétive'lesso ;
the end of-each block for the 368 students in course version 1. The mean cumulative percentage'of time

.o . " )
AFHRL-TR-78-7 , ’
LA
'..\K s
y e Jare
~ > . . - ..,;;. :
~ End - Cumulative
B of .. h-3 A_'c\:lﬁéver_nent
©_Block . . Index
S S TR - X I
2 '32:2°
-« 3 554 °
v 4 70-3
5 . 869
. 6 1000

-

| , Table 6 ,
COMPARISON OF THE ACHIEVEMENTINDEX AND
_NORMALIZED BLOCK TIMES - -

_ Odlglﬂzitfve
“Block Times

(Normalized)

i

130 °
310
55.5

" 702

El

© 1000

-

-

-

-Observed Percentage-of

" «Cumulative Lesson Time at

the End of Each Block
144, 32 .
331 ° 54.
55.8 6.2
702 .88
868 . 38 - <
L 1000 -

L

spent to finish each block corresponds closely to tlie cumulative achievement index.

| Parﬁ'q’;eier Estimation

The SPSS software as operatio

Ty

For the milestone models, the cumulative elapsed times sefv_edas dependent variables in a stepwise

regression on the speciﬁed indepe__ndent variables. For the baseline trajectory models, a two-stage approach
was used. In the first stage, parameters were estimated foreach student. The estimated parameters were
then entered as dependent variables in a stepwise regression with the basgline variables as indepenident
variables. In-the performance trajectory models, the parameters were estimated for each student separately

using the initial cumulative elapsed times.-

. . 7 . .
The regressions that included the baseline variables were conducted in two runs. In the first run, the
stepwise regression included all 24 baseline varidbles. The results of ‘this run were examined and a second
_ run was made that included only the most salient variable, that is, only those%hat increased the square of .
~ the multiple correlation-coefficient by at least .003. Th:s criterion was selected to reduce the number of
variables in the final equation; it tended to reduce the number of baseline variables from 24 to less than

-

-t

S

10. The criterion is rather liberal in including variables that contribute relatively little to the regression.

B .’_Eyaluaﬁon Measures

o
Iy

- . . ) ] ."_.- ° " . .‘.'.m } ‘ .
- Since deviation of elapsed time from targeted time is criti¢al to the student progress management

' system, theevaluation measures.we selected as functions of the distribution of residuals, defined as
" observed elapsed time minus predicted elapsed time. The statistics generated for each model included:

e The mean residual' :

e The median _résidyaih

.

”

[N

1

Ty

L Y

.

ntimé at

nalized on the IMSSS PDP-10 was used to generate parameter estimates.
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... 'I‘ne standard deviation of the residuals
® The mehn absolute residual

»
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o« T . ’ /J
y .® The root mean square residual. . : ',-': ‘ IR
For the baseline models, these statxstlcs were generated for cumulatxve elapsed tune to the end of each
block. For the performance models, they were generated for cumu]atxve elapsed txme tocougse }
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] .. 7O RESULTS ‘8
4 e "'rf C. ) = PR . :
. . The results of the parameter gstimation are descnbed below for each model. Compansons of the _
- goodnessof fit and predictive acc@iracy of the models are then rnade . L . AP
) € — <
. . Y L . o ‘ ' N - . . . -
i 3 waltsfor\BMﬂ‘I o L = E .—"’ -
ST ,. Table 7 tams the sumrﬁary statistics for the regressxon of the! cumulauve block elapsed times on the .

.. baselme variables 3The value of the multiple cordelation ¢ coefficient, R? has very little change between the
ith all varidbles entered and the run with only the most salient variables efitered (see Section Il for a
descnpnon Qf the methodology). Fhe R2 vﬂ:s stay relatively stable across blocks, with the lowest value
of 24 forthe first block. The R2%Jalues indi¢ate that the preassessment scores are accounting: for between
* 249 and 30% of the varianice of the cumulative block elapsed time. This corresponds to a multiple correla-
 tion coefficient of: between .49 and .55. The standard errors of estimation also indicate, as might be expec-
/  ted, that the errof in estimation increases with block number. We expect this effect because the magmtude .- c’/
. of the cumulative block times will be increasing with block number. - '

<

The vanablef that enger tife stepwise regression in the initial steps and account for most of the R?
include the total score on the IM/MF reading skills test (READST) sex; and the score dn the experience
with conventional instruction scale of the General Media Preferen,ce Test (EXCPI).

A The statistics shown in Tahle 8 on the regression of cumulatlve lesson time to the end of each block
i on the baseline scores are similar 6 those at the biock level. The multiple R does tend to decrease somewhat .
_between the ﬁrs}sz‘gld sixth block. The three variables that entered the stepwise regression first at the block
level also enter first at the lesson level. Table 9 shows selected regression sfatistics a the end of lessons where
, . all students would-have been’ presented the same set of lessons. The first few lessons in Block 1 have
T extremely low R? values but by the ﬁfth lesson the value of R2 is already up to .28.

+

Resalts for BMM2 S )
The BMM2 model does not requlre additional regression runs. It merely uses the BMM1 results. for course
. completlon time. : . .
. ! ) . . . ’ . . .
Results for PMM » N v \ 2

. Table 10 presents the statistics on the performance milestone model at both the block and the lesson
_ levels. In this case, the dependent vanable is the remaining time to course completlon and the mdependent
vS‘mables are initial curnulative block or lesson times. For companson the regressmn statistics for course |
letion nme on the baseline milestone model are also included.

Y The column labeled “R2" contains the square of the multiple correlation of the course complenon
- .. time with the initial cumulative times. The colusanJabeled “R? for Remaiping Course Time” contains the <
' square of the multiple correlation of the remaining course time with the initial cumulative times. The -
standard error of estimation is the same for both the case when course completion time is the dependent
‘ variable and the case when remaining course time is the dependent variable. Under the column labeled -,
“Mean Timé Remaining” are the average times remaining in the course at the end of each block This i
colurnn is included for reference to indicate the magnitude of time remamlng

At both the block and the lesson levels, there i$ a substantial increase in the R? values between the
baseline regressions and the regressmn using the performance mformatmn on the first -block. Of course, the
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. i
" At the end of

-

blodk: ¢ T L.
R2withall .o -,

variables D . ..
entered - 4.
R2 on the . = -
. truncated .
. run .
e - B
Standard error
of estimation
Variable entered -
(R2) ‘
tep 1 READST
_ © 2. SEX
- 3 MEMNB
C 4 EXPCI
o LOGREA"
a. 5  LOGREA
6 TRCUR
7 HIYEAR
8 RVOCTL
.9 STCUR
10 STANX

h

389 . o«

..Table 7

Fd

(09) READST (}4) READST 14y
(.16) 'SEX (20) . -SEX (20)
(18, LOGREA (24) EXPCI (.25)
(200  EXPCI (26) LOGREA (.26)
(21)  TRCUR -(28) TRCUR (27)
(22) HIYEAR (28) IESCL (.28)
(22) STEUR (29) STCUR (.29)
(23) TSTANX (.29)\mmk (.:29)
23 . IESCL‘_(.BO)/ MEMNT (:30)
(24) . C" |
‘ {
/
)
s /
A

¥

2, .- 3 @_, 4’
o 7
. N - . i .
30, T30 0 -
. BN 'L -
30 30 .30
743 i~ 1231 " 1466
« . - B

»

READST
SEX (20) ésx.. (.1'9)"' SEX (18)
EXPCI (25) EXPCI (24) EXPCI 23

LOGREA  (26) LogliEA (.26) é'OGREA (24)°

TRCUR (27) . i'I.‘RCUR .27 TRCUR (:26)

. TESCL #(.28) ,. IESCL” (28  IESCL' (26)

's"rCUR 29) - STcﬁR (.28) HIYEAR (.27) -

ﬁiYEAli (29) HIYEAR (.29) -‘ S'I'_CUR/- (:27)

TSTANX (30) TSTANX

CoN -

22
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1 SUMMARY STA'I'ISTICS FORTHE R.EGRESSION OF THE CUMULATIVE
BLOCK ELAPSED TIMES ON THE BASEIJNE VARIABLES

- 1739

5 6
* ‘ : -
¥ - . -\
290t 28
30" 28
1888

-

(13) READST (.13) READST (.12)

(29) "rsm'ivx (28)

<
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.
- ~ L4 A A
o AT
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< . Table 8 . ¥
- ° . SUMMARY STATISTICS FOR THE REGRESSION OFTHE CUMULATIVE R !
E - LESSON ELAPSED TIMES ON THE BASELINE VARIABLES )
AT the end of , . )
block: ! 2 ' 4 5 6
. 'R2.with all C a . Y o v
- - Iles . . v ’ N B * — ) . . -
. entered [ % - 30 30 26 24 23
. ALt ‘ ’ -
R2 on they - - - )
truncated -5 s " - ' 2 s
¢ c*ran 4 829 28 o, 25 23 . 227"
‘ Standarderror © . { i ; — ,
of estimation 286 & 582 931 1149 1336 1468
Variable entered < ; . - ’
(R2) ‘ 4 :
Step 1, READST (12) *READST (12) READST (1D READST (READST (.10) READST (10)
2 SEX (18)  EXECI (.i'i)_ EXPCI (16)., EXPCI (16) s x\(.m SEX (.14)
. » - ‘ ' - l .
3 EXPCI (23)  SEX (21) SEX (.21) SEX (21) EXPCI (19) EXPCI (.18)
) 4 RVOGGN (25) 'LOGREA (23) LOGREA (23) TRCUR (22) ~TRCUR (20) .TRCUR (19)
* J . . L i B
.7 5. TRCUR (27) TRCUR (.25)  TRCUR (.24) LOGREA (:23) LOGREA “(21) LOGREA' (2 '
6  STCUR (27) TSTANX (26) TSTANX (.25) TSTANX (.24) -CONFIG (22) €ONFIG (.21)
! N -
' 7 TSTANX (28) STCUR (27) €TCUR (26) STCUR {24) TSTANX .(:22) HIYEAR (21)-
o K . ﬂ:"’ - p : ’
8  HIYEAR (29) HIYEAR (27) CONFIG (.26) " CONFIG (.25) TRANX (23) STCUR (21)
9 RVOCGN (28) PREFP (.26) HIYEAR (23) JSTANX (22)
10 PREFP (.28) PREFV (:27)

23

—21—
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‘Table9 _ -5 I

STATISTICS EROM THE REGRESSION QF CUMULATIVE LESSON TIME . J
ON BASELINE VARIABLES FOR SELECTED LESSONS' ‘ :

R -

< : T o : , 7).- . . - : \ I
; ' IR - Standarc}Errbr .+ Mean .-
. A Y ) ..~ Curmniulative .
- _Block < _Lesson ‘Ii o Estimatich. - . _Lgséon Time '
1 L .0 - S
| . 2.vt\ 7 _,' 17 ‘ | . : 67 . ’ .- 178
s 28 13 - 471
13 L . 28 .. 286 : - 1033
2 1 24 - 314 . T 1133
2 Tey o 3as | .1263 -
3 29 357 . 1304
8 . 29 5337 . 0 2149
12# L.29 559 T 23160 |
- 13* 28 . se2 . 2378 © -
3 12+ 26 _ 908 . 3921
- 13* 271 931 4024
4 12¢: 25 1120 g 04982
13+ 25 1149 5063 -
5. 5 24"~ 1241 . . 5571
2 23 1312 . 6133
13+ 23 1336 , 6250
, 6 5 T 22 1424 68309
f 13% - 22 1468 7186

*A“12” represents the Ch1ef of Supply I.ab a“13” represents the bIock review, cons1stmg of the blbck test
and remedmtlon . :

- -
,

IS ) - .
-~

N
L

-2 —
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> | ’ : ' " Table 10 _ R ’ -
STATISTICS FROM THE REGRESSION-{)F COURSE TIME ON INITIAL
BLOCK OR LESSON TIMES FOR THE PERFORMANCE MILESTONE MODEL ¢

- ..

. ¢ Block Level - . . .. _. ) : - . .

R o o Standard Error o R2 for =
LT ' R S “Mean Time - ' Remaining
L . "Rz ® . Estimation” -~ - Renimmuz% -+ Course Time .

-+ . ‘Baseline 28 888, 9405 -
' Block: 1 . .50 _ - 1554 8185 ¢ 34 .
2 74 1116 © 6490 . 46
3 . .89 731 .- 4195, a2
4 94 535 - - 2804 39 -
5 98 294 o 1187 ¢ 21
Lessoﬁ Level S s . : - ’
Standard Error o R2 for
R of : Mean Time ~  Remaining
"RZ Estimation ‘ Remaining Course Time
| ' Baseline. 22 1468 . 7186 -
LT Block: 1 51 ¢ 1152 6154 35
_)\ 2 67 951 T 4808 34
oo 3 84 654 . 3162 T34~
47 T 92 481- - 2124 C28
5 ‘

98 258 . 936 a2, -

gain in R2 for predicting course complenon time using succeeding cumulative block times is necessary since
cumulative Gourse time is the sum of cumulative block time and remaining course time. But the R2 for
predlctmg remaining course time is also much larger than the R2 for the baseline regression. -

In any event, the standard error of estimation decreases by about 300 minutes between the baseline
‘2 regression and ‘those using the perfo:mance data on the first block. The standard errors continue to
decline at the end of each subsequent block, indicating the rate at which increasingly accurate prediction,
of course completion time can be made, given mformatlon on performance on succeedmg blocks.

Table 11 presents the regression statistics for the performance model at the lesson level for each
lesson included in the analysis. By the fifth lesson, the R2 value is higher 1han that found'in the baseline
miléétone models and the standard error. of estimation is much less. The average cumulative time to
acc&nphsh the fifth lesson was 471 minutes, wluch constituted about 7% of the entire course. O

\'_j Rsults for BTMI : . - T .
' The resuIts of the parameter estimation for the linear baseline trajectory model are described in two
v parts: how well the trajectory model fit the data for individuals, and how well the baselme vanables could
- be used to predxct the estimated parameters . - -

_ . - ( . : ' - . v . .
o3, o .

©

¥
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, Table 11 .
| STATISTICS FROM THE REGRESSION OF REMAINING COURSE TIME ON

'INITIAL LESSON TIMES FOR THE PERFORMANCE MILESTONE o
T MODEL FOR SELECTED LESSONS el ) .

T~ -

<

N ;-z ; _ P . Standard Error R . R2for -
ot e r T of ‘ Remaining
“Block - Lesson - RZ_ - Estimation Course Time
1, 1209 1564 .07
o 2 . a2 L 14620 ¢ . a8 -
e , 57 .38 . 1288 C31 0 e
S . 13* 51 . 1152 - , 35,

L2 RS CS52 ~ 11397 7 : 35 - a

T ¥ .56 1098 e 367
.56 . 1093 . S36.,
65 965 S 36

13+ 85 . 654 ST I
4 o 12e 91 Cso2 L - 28

L13% 92. - - 481 - 28 o I

s ‘5 .95 3690 . - 32
- r B .- :

: S " 12+ 97 284 S 300
i L . 13* .- 98 . 258 21

. . : ,,b', i . . - 3 N -‘

. ‘A “‘1‘2"’ correspobnd‘s; t_6 the Chiéf of Supply Lab;a “13"’ corresponds to the bllgc_k_ rg’view.' -

- . - - . .. . S L. . ] N - e

> ‘ - . PRl -
o - . . - N " - v
.

) ‘ = —‘24_ 1 -28

o . 13* - .67 951 - 34 L ol
| 2 B 5 686 S e

oo 6 . 5 99 T4z - e T
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. The first' questxon is addressed by estimating the parameters of the model for each student :
mdmdually and using the: parametgr estimates, to generate expected cumulative times. The second
questxon is addressed by trying to predict the estrmated parameter values us?ng the baselme vanables

Table 12 presents the goodness of fit statistics for cumulatxve block ti and cumulatxve lesson ‘

Jtime at the comipletion of each block, usihg the a and~b vaiues estimated for €3th student individually. .

“The goodness of fit statistics used here are the same ‘as those used in the comparison of fits: the mean,

stanard ‘deviation, medxan, mean absolute and root mean square of the dxstnbunon of restduals where the -

residual is defined as the-observed time minus expected time in minutes. The results indicate that the

trajectory ‘model provides a good descriptive fit to the data at Yoth the block and’the lesson levels. The "

. values of the mean and median residuals ate relatively small across b”locks indicating negligible bias. The _
_ values of the mean absolute residual and the foot mean square. resrdual are uniformly small, md1cat1ng a’ :

" good fit tor the data. . S

7 ‘The mean and standard devxatxon across students of the parameters at the block and lesson. level , _
_ are given in Table 13. The model, as we formulated it, relates cumulatwe elapsed time, t, to a lxnear B B _

ﬁmctxon of achievement, A

.'0_ . t—a+bA .- - . . \ . )

In thxs formulatxon the parameter b mdrcates the amount of time it takes to move through 1% of the -
course material. It would be expected that the parameter.a would be close to zero, and this indeed is the
v when it is recalled that the entire course length averages 9405 mmutes using block elapsed timeé and
7l “miinutes using lesson elapsed time. The differences in the magnitude of the estimates of b between
~ the block and lesson levels of analysns may be attributed to the d1fferences between the two levels in the

| estxmates of course lengthr

.~ The statistics on the goodness of fit of the regression of the traJectory model parameters on the
‘baseline: parameters are presented in Table 14. Judging from the extremely low values of the square of
multlple correlation coefﬁq&ts .11 and..13, and the large standard errors of estimation, the fit appears

. rather poor for the estimate of a. The estimate of b is a bit better, with the square of the mulfiple correla-
 tions of .26 at the block level and .18 at the Jesson level. How the adequacy of fit of a and b translates into '
‘the adequacy of fit on cumulative times will ‘e discussed later in the comparison of models s. The first three
variables to enter the estimation of the b coefficient — the total score on the IM/MF reading skills test . ‘
'(READST), sex (SEX) and the score on the experience with conventional instruction scale (EXPCI) -

' '7'-: entered first in the baseline milestone model regressions as-well. The trajectory model thus appears to pro-
y;Lde a good descnptlve fit of the data and leads to pred1ct1on of progress on the b351s of the same baselme
vanables as are used-in the milestone model. : Sy - S

'~\
1

Rwults for BTM2 =~ °

. o The BTM?2 model, expressed by the equatton tK =a; + b;A, was evaluated only at the bloclc level for.
e “reasons that will be discusséd below. The parameters in this model were estimated by finding the'a and b
. coefficients for sefectedrvﬂigs of K2(K ranging from .3 to 1.9 in increments of .1). The value of K>that
" minimized the sum gf squares of the residuals was taken as the estimate of the K parameter and the
assocxated a and b estimates were assigned the correspondmg values. ‘

N I !

o
T~
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| _ Table 12 h ) L
L@ . GOODNESS OF FIT S'r;%-lsncs FOR THE LINEAR TRAJECTORY {: i
' "MODEL (BTM1) AT THE BLOCK AND LESSON LEVEL . A
S B =  Block oo
iz 3 4 5 6 ~
Block Level ~ ' ' .
Residual statistics . '
Mean. ... ... . 13 ; »-45 32 2 34 =36 _
'Standard deviation 221 178 272 234 156 243 - .
“Median’ _ ' 34 42 -9 -1 24 -21 . :
" Mean absolute 163 . 128 195 175 120 186 . . ,
Root mean square, * 221 183 274 234 160 245, - s
A i : .
Les:son Level B i
Residual statistics . . _ E
- Mean - -10 24 - 12 -12 -10° "~ -13 _ _
. Standard deviation 134 176 257, 174 148 307 .
.. Mediap. - =10 21 .17 0 -15- 11
Mean absolute ~ 103 134 167 = 133 117 242
Root mean square 134 177 217 175 -, 149 307 ©
Q . - . -* -
;‘ o . Tab]e 13 LT "5
i MEAN AI\}D STANDARD DEVIATION OF TPE‘ESTIMATED PARAMETERS-FOR . k
 THE BASELINE TRAJECTORY MODEL 1 : -
: (n 368) -
| Mean -~ SD. °
. - Block Level : .
' T ~121 464 -
b 96 23 . ' S
. Lesson Level - - _ .‘\ ¢
7 50.7 , 297
2 _
. b 72. 17
— = ’
v E -
;oo o
{ -
b 8 T(
- - 26— o
. 28 3 . .
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ately 1 for most students 1nd1cates that the pro-
tends to be stable across’ students '

be explained by the way in » }uch K entérs the model asan exponent of time. For a given observed course
length, the value of the a-and b coetficients would be expected to increase as K increases.

-,

Table 16 presents the summary statistics on the descnptlve fit of thé nonlmear tra;ectory ‘model. The
low values of the mean and median indicate that-the bias in the model is negligible. The values of the mean
absolute residuals and root mean square residuals indicate a good fit to the data. Comparison of the

statistics in Table 16 with those in Table 12 show that the nonlinear model 1mproves the descnpnve fit -

substantially for the ﬁrst and last blocks _ : BN

“
.

/ ®
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PERCENT OF STUDENTS '£ 7~
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e
-
v

| {1 —t 1 1 1 ' | S —
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' -om “,  SUM OF SQUARES ‘ .

A . . . . o )
© FIGURE Ill-1 . DISTRIBUTION OF STUDENTS ON.K THAT MINIMIZES THE RESIDUAL
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_;,:___,*____._*_'. ML e L s -—Table-14-—+~ ,4 U R -_:".i_ﬂ —
' STAF{STICS FROM THE REGRESSION OF THE LINEAR
TRAJECTORY PARAMETERS ON THE BA_SI?LIN E VARIABLES

- ‘ o G Block Level T .« t Lesson Level

N %

Dependent wariable ° . Ca . ' a - b
'R with all baseline ' : . : ' : -
variables o L .26 13 c20

R2 with truncated set © €0 26 A1 : : 18

Standard errorof - L - o . : ' o

estimation - . 445 - o * 20 o282 . 16

Variable entered (R2) . : ~ W - . . o .

EEE

“Step 1. REA'I‘)S-"I:T‘ (03)  READST (1)  RVOCIL “(07). READST  (08)

>

-
[

©2 . . SEX '(06) . EXPCI  (16)  HIYEAR . (08) EXPCI  (12)

'3 - % MEMNB. (08)" . SEX (21)  STCUR (09) . SEX (16 -

] . . _ ) _ -, ‘
4 LOGREA (.09) IESéL- (.22) EXPCL - (.10) + TRCUR . (17)

' -5 © _ENTAGE (09) .\ TRCUR (23} SEX (1) LOGREA  (18) A
) a/..\ STCUR (10) READST ~ (24)  ERCUR (11) CONFIG' " (18) 2 -
-7 RVQCGN (-10) HIYEAR  (.24), : T o . -
- ' ot -
R o ENTAGE  (.25)
s 7 . STClR (25 L '
10 . S "MEMNB' (.25)- )
a R . ' ’ ) ' .. - \
‘ 11 o . TSTANX " (.26) :
- - e
v . N » -
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e o Table S N
STATISTICS ON THE ESTIMATE OF THE. v
' COEFFICIENTASAFUNCTION OFK
K Mean S.D. D N -
— —_ ) —
5 a - .06 2.
6 - 19 . 35 17
7 ¢ 50 89 27
8 "13.5- ‘ 2.24 43 -
. 9 357 . - 7.09 64
10 94.8 22.45 79
1.1 25722 . 6693 60
1.2 7317 Coo 21007 38
1.3 17679 436.88 17
1.4 4881.0, - 110423 9
1.5 .10723.9. 4597.95 6
- 16 38168.0 » 1759896 4
17 89632.0 o — 1
1.8 4777662 - - 1
¢ / N
> Table 16
| C GOODNESS OF FIT STATISTICS FOR THE NONLINEAR
g TRAJECTORY MODEL (BTMZ) AT THE BLOCK LEVEL -
o N Block ‘
| o L2z 3 4 s 8
Residual Statistics _ L g e
_ _ Mean 7. 20 ~62 350 12 39 . 45
- Standarddewanon 74 195 146 152 154 116
N g ""L:-__Medlan - S 10 . =29 187 1yEl3s w3l Ty 40, t
Mean absolute 57 139 103 116 118 95
Root mean square 76 ", 205 150 . 153 158 124
2 X
_29_ -
J1
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—_:_m. e _l::,st:matron of l{’a,. and_b _us_u-rg l.he basehne vanabl presented major probIems Because the
. “value of K corresponds to'the exponent of the dependent vanable, estimation of the three parameters
oo separately would not be fruitful. g .
" One alternative that was; e?plored was to attempt to predict K using the baséline vanables and. then
. to est;mate aand'b as a finction of K. Asa first step, K was entered as the dependent vanable in a stepwise

regression with the baselme vanab]es as mdependent variables. "
o~

The results of the regressxon, however, indicated that the baseline vanables were poor predrctors of
. K. With all the variables entered in the regression, the square of the multiple gorrelation coefficient was
only'.13 and the standard error of estrmatron was .2. With such poor predrctlon of K and the sensitivity of -
. the nonlinear model to the value of K, the nonlinear model does not appear to.be useful for predrctrng ‘
. student progress. Augmenting the trajectory. model with a nonlinear component apparently tmproves .
- the model frE)m the point of view of des‘;:nbmg the data base, but makes the model too sensitive for pre-

"s - dictive purposes. :

- RsmsﬂnPnH-'u” : A
Table 17 presents the means and standard deviations of the parameter estimates for the baseline
trajectory model at the end of each block. The estimates at the end of block 1 are left blank in the block
level analyses because the PTM model requires at least two pomts of observatlon The model, it may be
recalled is: . . . : S

t=a+bA;

where tis cumulatrve tune A is cumulative achievement, and a and bare parameters to be estrmated For
+ the block level analysis, the mean of the estimates of a are consrstently negative, but with a very large stand-
ard deviation. For ‘the lesson data, the mean of the estimates of a are substantially closer to zero, with much -
- smaller standard deviations. The lower standard deviation of thé estimates of a at the lesson level is probably
due to the larger number of data points that enter into the estimation. For example, at block 2 there are 2
data points for each student at the block level and 19 data pomts for each student at the lesson level.

Co - Another point that may be noteworthy about Table 17 is that the standard devratzon in the estrmates
e - ‘of b decreases substantrally between the initial block and block 5. At the block level, the decrease is from

30 minutes<to 24 minutes; at the lesson level the decrease is from 25 ‘minutes to 18 minutes. The decline - o

Sy contmu’es, as.mdwated in Table 13 when the. Block 6 data are included in the estrmatron . This dechne&s
probably due in part to'the increase in the. n?n?(ef’ of data points across-blocks. It may ‘also indicate that A
the leammg rate is becommg more homogeneous over time. Note, however that the parameter related to';'f'-'

. \\le%rmng rate b “still has a rather large standard devratron N '

a R S SR
S 5_. . . - a-'»". . J., - 'v'_‘,- R s . . .
ResultsforMMM : ' : S S SR /i S I

- : .
Table 18 contains the summary statrstrcs for the regressron of remauung cumulatrve course trme on
‘both the performance and the baseline variables. Comparison of these data with those presented in-
‘Table 10 for the performance milestone model indicates that the baseline variables add ¥gry little in'
predrctmg course completion time in addition to what is explained by the performance variables: At the

--block level, the standard error of estimation decreases by about IOO minutes as the:result of 1nclud1ng the

. basehne vanables at the end of Block 1. In all other cases, the tmprovement in prethctron is neghg1ble
| - —30-.-
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1. X e Table 17 e

THE PERFORMANCE TRAJECTORY MODEL

(n= 368)

Block

4

AFHRL-TR-78-7

MEAN AND STANDARD DEVIATION OF THE ESTIMATED PARAMETERS F(TR _ .

y

A . Pay
a - )

Lesson

~
b

. S.D. Mean . S.D.

Mean SD.

 Attheend
| of Block:

‘

1
2
i
4
5

413 . 96 - 28
410 ¢ 96 26
428 96 | 24

386- 92 30,

P -

Y
y

75 - 25_'
74 '22

w13 20

72 19
72 18

S o Table 18" Lo
STATISTICS ON THE REGRESSION FOR THE MIXED MILESTONE MODEL
. , . Trunc_ated Run 7 s | " . -
2 Number of Base- S ‘Standard Error B o
line Variables R?on Sof . T~
o F ‘ : _ Entered o Tmpcated RlIn- : ,Esnmz_mon ' :
. . Block L&vel ) . - ; o .
- Block 1 6 57 1489
2 1 L5 1105 - A
| R 0 - -
4 7 -0 . - -
5 O ) T L - !
,9 .  Lesson Level - o _. S o -
| .~ Block 1. . .. 4. | 53 1137
' 3 o - 7’ =
4 - 0 - -
5 .0 = -
- Note “r ind.lcates no basehne variables entered ) ’
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' f-—l-.;—-—-—f;--4-4—ACompar|son of the Baseline Models e

The goodness of fit statistics for the three baseline models are arrayed in Table 19 for the block level
analysis and‘in Table 20 for the lesson level analysis. The goodness of fit statistics indicate that all three
" models fit the data to about the same degree. The mean residuals are umformly,small at both the block
. and the lesson levels. The: median res1duals are consistently negative and consistently exceed 100 minutes
for Blocks 3 through 6. Relative to the magnitude of the mean absolute residuals and the root mean square,
residuals, however, the medians appear relatively smali; and the bias in the models does not appear to be
large enough to be a factor in model selection. T :

. The mean absolute dev1atrons and the root mean square deviations-increase substantrally over blocks
for all models. These statistics are about five times larger at the end of the sixth block than at the end of _
the first block. Of course, this is a direct.reflection of the relative magnitude of the cumulative time to the

.end of the course versus-’the cumulative time to the end of the first block. .

- N

.

Companson of the Performance Models

The predictive accuracy staustrcs for the two performance models are arrayed in Table 21 for the
- block level and lesson level analyses. The statistics are for the distribution of observed minus predicted
course time using baseline data and time-to-criterion data up to the end of each block. There is no entry
for Block 1 for the traJectory model at the Block level because thrs model requxres at least two observatrons

for purposes of estimation.

3 ., The predictive accuracy statistics mdrcate that the perfonnance m11estone model is better at predrctmg '
' o coﬁ’ fse time than the trajectory model, both at the block and-lesson levels. For all blocks, the mean _ - B
abslute residual and the root mean square residual are much higher for the trajectory model than for-the o

* milestone model. In fact, the size of these statistics indicates a lag of about one-block between the.two / )
- models. That is, it takes about one more block for the tra]ectory model to meet the accuracy of the mile- - )

fstone model

" The performance traJectory model also has a rather large bras in the first few bIocks At the block
: level, the large positive values. of the mean and median residuals at the end of Block 2 indicate a positive
" bias, which means that the model is predicting too low a value for the remaining course time. At the
" lesson level, the large negative values for the mean and median residuals at the end of Block 1 and Block 2 ,
indicate a- negauve bias, where the model is predicting too high a value for the course time. Also, it is L
interesting that at the lesson level the mean absolute residual and root mean square residual are largerfor . - 7

o the performance traJectory madel at the end of Block 1 than for the basehne trajectory model. o i

. . One’ explanatr on for the difference i in predrctrve accuracy between the trajectory-and mxlestone mod”ls ' }
o s that the milestone model tends to rely heavrly on the most recently observéd cumulatrve time, whereas S
“ .. thetrajectory model ‘tends to- rely on all the observed cum'ulatwe times; Thus, the. lag in the predxctrve R,
- -accuracy statistics for the trajectory model may-be attributed to the’ ‘weighting that: this model gives.to early s
cumulative times. In any event, the performaice milestone model appears to be supenor to the performance
trajectory model at both the block and the lesson levels. e : R S
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_Table 19

e BASELINE MODELS: BLOCK. s

»

.- - BMM1
| ‘ Mean
Standard deviation’
‘Median
Meah absolute

Root mean square

N - BMM2 | .
Mean
Standard devmt:on'
— Mcdlan

ST ~ Mean absolute
Root riean square

" BIM

. Mean ... ,
* ¢ Standard deviation
Med1an e
Mean absolu.ge
Root mean square

_ 6-283

397
47

200 .

396

13
303

“392

,_\

746
~79

575
745

-45

735

96,
561
735

127
114

963

1225

32

1448

\
| -135-
_ ,1146
" 1446 -

1217

949

1215

:: “-" indicates between —.5 and +.5, but not identical to zero.

. : . L - : : . ’
B L o - L. . .
‘ ' . . T~ e . . -
. I T Iy T N -
. B - I . . .
Y . L. - P PR A . N ]
N . g 5 - R . .
LR . . ;
.
. .
-
<
v

1454
-138
1155
1452

1446

. -136

'1146‘
1444

' R VA )
'.1—95:

1718

. 1365 -

-117
1480
1862

1368 |
1715

3y

.-'_'_-7,.,0
1865

1720
-151
¥372

~r =117
" 1480

\

’
>

1714
t =72 -83

1712 1863

J )
-
. o
: RN
) -
’ .
o
-~
. N T
: .
- :
-

1865

1862

38 36
1865

. 1477



—_— . _Table 20_
GOODNESS OF FIT STATISTICS FOR THE THREE BASELINE MODEI.S

-

-

* .o LESSON LEVEL ANALYSIS; AT THE END OF EACH BLOCK

\ wr

Block

-

AFHRL-TR-78-7

ey L T R 1 4 5 6
: ; Q\ Ml /»} . - | -
© . Mean ' 0 0 0 0 0 0
3 Standard deviation 283 574 918 . 1136 . 1320 1450
" Median 32 =75 . -108 -166  -121 -131
L , Mean absolute 220 450 735 927 1069 1178
) . Root mean square 283 : 573, 917 - 1135 1318 . '1448-
' BMM2 |
© Mean. 357 63 42 12 7 0
¢ Standard deviation 25 589 932 1143 1322 1450
. . Median | 4 6 83 -201 =142 -131
) _ - _Mean absolute 234 470 751 942 1071 1178
’ ~ 'Root mean square - 297 592 932 1142 1320 1448 ©
BTM " ‘ . _
Y. Mean -10 24 12 -1 -0 -13
. - . Standard deviation 286 . 582 928 1142 . 1327 1461
o . Median . 37 . -43 . --122 . -239 - -165  -150 .
S Mean absolute 222 458 747 937 1070 . 118T. o
‘Rootmeansquwe © 286 S8 1 927 . f114_o 1325 1459 .

- . The mean absolute dev1at10ns and the root mean square deva.atlons increase substantlally over blocks for il

models- These. statistics are about five times larger it the end of the sixth block than at the end of the first

. block. Of course, this is a direct reflection of the relative ‘magnitude of the cumulatlve t1me to the end of
RS the course versus the cumulatxve time to the.end of the ﬁrst block: -

)
N
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L o ' Table 21
| " GOODNESS OF FIT STATISTICS FOR THE TWO o
- - PERFORMANCE MODELS: BLOCK LEVEL AND LESSON LEVEL
Level, Model, and X . - | :
Residual Statistics ~  Baseline ~ Block1  Block2  Block3  Block4 . Block S
Mi]estone- e ‘ - o 7
: Mean ' 0 .0 0 .0 0 0
|  Standard deviation . 1865 -1552 . 1113 728 532 292
. Median | ~117 ~  -105 68 59 20  -29
Meanabsolute 1480 . 1219 875 563 415 230
Root mean square 1862 1550 ¢ 1112 727 532 . 292
Trajectory - : o - R o
 Mean . { -3 .. .- - 222 75 . =54 68
Standard deviation. 1865 - -~ — 1529 969 = - 728 & - 458
Medizn =~ [ -8 . — - 316. 29 . 8. 40 .
Megnabsolute” 1477 - . 134 - 710~ s43 351
| _Root eansquare 1863  * — . 1543 970 729 .. 462
: Mﬂestone _‘ e ‘ o i .
 Meamn . -0 o - 0 o " o 0
7. Standard deviation - 1460 © - 1146 - 938 643 470 251 .
 Median © ‘. -3t 2 16 7 =71~ =37 =21 -
““Mean absolute - 1178 . . 915 . 768 . Sl4: . 375 196
" _Rootmeinsquare 1448 - 1144 - - 937 - 642 . 470 251 -
-Tiaj'ectp'ry 7 | L S ‘-
‘Mean |- =13 ..280  -232  -124 66 - -26
Standard deviation . 1461 . 1823 - 1297 907 691 .. 477 . -,
Median - -150 204 =260  -111 95 = 232
Mean absolute 1187 1411 | 1042 - 732- . 554 . 378
... Rootmean'square =~ 1459 1842 1316 ~ 914 693 -  .477

-

Notc Each column contains the’ goodness of fit statistics for remalmng course time usmg the cumulanve
perfonnance data thmugh the specxﬁed block. .

._Q--( o - "f;-':,-_ _35_,37-' g

. . . . ) L W
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IV CONCLUSIONS. AND RECOMMENDATIONS )

* in the currently implemented SPMS, was comparable in accumcy of prediction to the other two models. e

Conclusions Based on the Results of the Evaluation

Based on the results of the literature review summarized in Appendix A" trajectory and milestone

_models of student progress were formulated and evaluated. The evaluation, using block elapsed times and® '

lesson times to criterion, was conducted separately on 368 students who had completed the Inventory -
Management Course early in 1977. Four models were evaluated using basehne data only; two models'were
evaluated using performance data only; and one model was evaluateﬁ using both basehne and performance

data. . : . . ,

Although the nonlinear trajectory model provided the best descriptive fit to the data, it was found
to be a poor predictive model because of difficulties in prediction of the exponential parameter K. None
of the other three baseline models appears to be substantially superior to the other two on the basis of the
predictive goodness of fit statistics. In particular, the BMM2/model, which corresponds to the model used

. For the performance models, the niilestone model was substantially better than the trajectory model
in predicting course completion | times. The trajectory model appears to need performance data on an
additional blotk to achieve the degree of accuracy in predtctxon dxsplayed by the milestone model.

In comparing the results for the baseline milestone model with those for the performance milestone
model, it is evident that prediction of student progress can be made more accurately from initial perform- -
ance data than from baseline data. This result is consistent with whafwas found in several other studies
included in the literature review (Wagner etal., 1973; Yeager and Kissel, 1969; Wang, 1968), namely, that .
the best predictors rs of student progress are those that are most related to the course content. A measure
of actual performance on an initial segment of a course, then, will be.a good predictor-of student progress
if the course is relatively homogeneous in the the types of skills that are necessary for leammg the contents.

For the Inventory Management Course, the accuracy of predxctlon of course completxon tune canbe .

- improved by using initial performance data. For example, when the block elapsed time on.the first block .

is used to predict course completion time,’ the standard error of estimation is 334 minutes less than the
standard error of estimation using the baseline data."Using the first two block elapsed times as precnctors,
the standard error of estimation is 772 minutes less than that derived usmg the baseline data (see Table 10).
Of course, the amount of tirne remaining in the course is also decreasmg at the end of successive blocks
Nevertheless, the increase in precxston of prediction of course completxon t1me is appreclable '

Fmally, on the basis of the results for the mixed milestone model, it may be concluded that aug—

. ymentmg the performance data with baseline variables as predictors modestly improves the prec:lslon of

prediction at the end of the first block. However, at the end’ of subsequent blocks, the baseline variables .
do not'add substantially to the precmon of predxcnon obtained using performance data alone . ; ' - -

-

Other Considerations '

.

As was indicated in Sectxon I, the AIS currently has a student progress management component

) that was nnplemented in July 1977. In considering recommendations for Phase It of this project, it is

] -u'nplemented mdwated

valuable to reviéw some of the initial results found for tHe currently implemented system, as reported by - A
Dallman and Grau (1977) Compansons of performance data between students who were in the IM - - ; e
course before the implementation of the SPMS with students who were in the course after the SPMS was

L3 38 Lo e
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i ® The average block elapsed times for the SPMS students were about 10% less'than the

B ‘ average blockelapsed times for the non-SPMS students: - T T e e e

® There wasa deﬁmte decrease in block grades and a definite increase in first-attempt
failure rates when the SPMS was unplemented

Daliman and Grau’s: recommendations focus on what course managers, supervisors, and instructors
A can do to improve the management system. Apparently, the procedures for generatmg the target completron
times, including the prediction equations, were found to be satisfactory.

_ Recommendation forPhase Il -~ . ’

Our recommendatron for Phase IIl is to implement a form of the performance milestone model on o .
the AIS to augment the currently implemented baseline model. “The currently implerented model provided .
about as good a predictive fit as the other baseline models that were ‘examined. Therefore, there is no ) ‘
reason to modify the procedure for predicting student performance based on the baseline data alone. ..

Our evaluation confirms what many researchers have found (Wagner et al., 1973; Wang, 1968; Yeager
and Kissel, 1969) namely, that the precision of‘prediction of student performance increases as a function |
of the relevance of the predictor variable to the course content. By taking initial performance measures on

. .the course itself, it would be possible to improve prediction of performance on the remammg course
' material, if the material is reasonably homogeneous throughout the coursg. - .

: Wlthm the currently specrﬁed level of effo;t/Phase III would consist of the following tasks:

(1) Famrhanzatron with the codmg afid design of the AIS, with special attentron pard to
* - the Adaptive Model and the studént progress management system.

(2) Consultation with AFHRL and other personnel at Lowry regarding unplementatron of o
the model. . :

. (3) Formulation of specrf cations for rntegratmg the performance model into the exxstrng
v o AIS, resultmg in a detailed 1ntegrat1on and desrgn document. . : .

I~

@ lmp]ementatron of the modifications using CAMIL and testrng for reliability.

, (5) Bneﬁng of course personnel on model output. o N
(6) Evaluatron of the model. ' |
(7) Preparatlon of the final report. -

I

The performance model as implemented could be utilized in several drfferent ways At aminimum, )
updated predictions could be used in the scheduling of the administrative outprocessxng activities and i

‘.. .progress counsehng sessions. , -
N l

.~ -« ,  Theupdated predictions could also be’ used.in a modrﬁcanon of the current student rnanagement
"o« _ system. For example -rather than students being provrded with their targets for-the entire course, they

"“. " could be informed in a stepwxse fashion. They would be given their target times on the first block or the "
o first few blocks based on the baseline model, The targets on" each subsequent block could then be provrded :

on the completron of the prior bIock using the performance model predrctlons ~

] Under this scheme, provisions would need to be made to preclude mcreasmg target time's for - \
- students not workmg up to their capacity. For example, predictions could be set as the lower of those
generated from preassessment data and those generated from performan& data. Or they could be
estabhshed as a weighted average of the two predrctlons !\ L .

. .
2 . . 1,

O ,—37-- J9
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4 An altemauve use for the performance model would be in the determination of when progress ' _

e ——— —counseling sessions are necessary.- The current SPMS spccxﬁcs progress- counselmg sessions inthe eventthat . _
a student falls two days behind his targeted path through the course. This could be replaced by a criterion ‘

that is a function of the difference between a Student’s targeted completion date based on-preassessment

‘ data, and a student’s projected completion date Hased on his performance. This type of criterion could be -
‘more sensitive to lags in. performance at the beginning of the course. For example, a-progress.counseling
. . criterion of a difference of two days between the baseline model.and performance model predictions of
. course completion time would translate into a difference of substantxally less than two days between

observed and predicted times on the first or second’blocks. This appnoach would be equivalent to setting /Q,\.
criteria for differences in learning rates rather than differences in learning time. This approach could lead S
to earlier detection of students in need of progress counseling and rcmedlal mstructxon ‘
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) -Yeager JLL,& Lindvall C M. Evaluatmg an mstructzonal mnovatlon th:ough the observauon of pup:I

oo acuvmes T?zeHzgh School.l'oumal 1968, 51(6) 248-253. . - ~-
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et Appendle el
LITERATURE REVIEW B

- - .

The hteratm'e renew covered two areas relevant to the management of student progress ) mathe-

. matical and conceptual models of student progress, and (2) incentives and rnterventron strategies to help
‘improve ¢ student motrvanon or study methods. The emphasxs was on the review of models of student prog~

' ress since the primary- thrust ‘of the project was on<he formulation, evaluation, anid ultimate implemesgation-
. of such a model. The review of mterventi’on strategies was intehded to provide.insight into how tﬁe n’todel
.. of student progress could be used in the" context of the Advanced Instructxonal System S

‘-Dacnpt!onofthehteratureS&rch : : .

R - e Quarterly Bibhography of Computers and Data Processmg = 1968 through 1976
* @ Technical Abstract Billetin — 1969 through May 1977@' T Q o

oo . . -

“The literature search used both computatlonal and manual methods to 1dent1fy references that were

o " potenttally relevant to the project Computenzed searches were made through the following files:

. 0 Srmthsoman Scrence Informanon Exchange (SSIE) - current prOJects by deﬁmtmn
9 Resources m Educatxon/Current Index t0]J oumals in Educatron (ERIC) 1P66 through : -

May 1977; s : . o ) R
.y\ - . N . \

L] Psychologxcal Abstracts —e 1967 through Apnl 1977

JuT e

R '0 Computer and Control Abstracts (INSPEC)-— 1970 thIOUSh May 1977‘ e T L

.. Natxonal Techmcal Informatxon Servicé (NTIS) - 1964 through Issue 11, 1977

"' The search strategy was desxgned to match the concepts of computer-ass:sted and computer-managed

;' mstructxon thh the concepts of adapnve control, optimization, mathemaneal models, and related terms.

“An attempt -was made to restrict citations for apphcatlons of computers to instruction in the mihtary and =

techmcal domairis; but this proved to be too limiting, Therefore the domain of instruction’ wasnotused -

- .asa delimiter i in the computer ; search in order to mclude as: many potentlally relevant sources as possrble . '_ ,,_'

in references already identified, 1dent1ﬁcatron of references from conversations with experts in the ﬁeld

o The,manual search included examination of recent issues of selected Joumals reivTew of btbhographres \

and requests made to. hbranans supemsmg specralxzed collecnons . .
The titles and available abstracts of all the references produced frorn both the computenzed and

- manual searches were scanned f or relevance. From thousands of references about 400 remamed after the .

mmal scan. About 40 °of these were then selected ds the s relevant-for this particular project. These 40
plus the references listed in the Request for Proposal, were. then rewewed in detail ig- preparation for the -
hterature review that follows. The review is orgamzea mt four sections: perspectxve on individualized

. mstructron, ‘models of student progress incentives and mterventxon strategxes and conclusron

. instruction. Cooley and Glaser (1969) define individualiZed education as “adapting instructional practxees : _1 A B

Perspectxve on Indmduahzed Instructron
- The Advanced Instructional System at Lowry AFB is based on a strategy of mdmduahzatron of

" to individual requirements.” In the case of-the Advanced Instructibnal System individualization is- RS
achxeved by the self-pacmg of mstrucuon and by prov:dmg a1temat1ve modes of instruction o selected

Iessons.
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T Grbbons (1970) traces the development of mdmduahzed mstrucnon to-before the turn of the' . .
- 7 lcentury, where it ongrnated primarily as a reactron to the conventional age-graded edugational system
"t . Sass (1971) cites the wotk: of Washburne (1922) as an early attempt at individualization of instruction.
'Washburne’s idea was to reverse the constramts on time and achievement in an educational program.
‘Rather than- havmg fixed blocks of txme for instruction and allowing acluevement to vary,,Washbume‘ ;
advocated thatan ducatxonal program be designed so that all students attain'a specrﬁed level of acl'ueve- '
“ment. In more reckpt years,- Carrold (1963) and Bloom (1968 1976) have extended and refined thrs . R
T approach in their work on mastery learrung -~ . ‘ . L

. At present, mdmduahzatron of instruction is one of the most dommant conceptsin- educatronal
"mnovanon and reform. This emphasis is due in part to the increasing apphcatron of computer technology
to education, which has-made it possible to process the large amount.of data necessary to truly mdmduahze D e
. instruction and provide u'nmedrate feedback and gurdance to the student (Suppes 1964 Cooley and Glaser o
1969). . o

A As the concept of self—paced instruction has been mcreasmgly accepted, much research has gone 1nto
* . examining rates of progress. Some of this work een directed toward determining what factors are -

- related to rate of progress in a curriculum (Wang} 68 1970; Yeager and Kissel, 1969; Wang and Lindvall,
1970). Related work has been concerned with' modetling and predicting rate of progress agner, Behringer,
and Pattie, 1973; Suppes, Fletcher, and_Zanotti, 1975, 1976; Malone et al., 1977}, Other work has been -

'concerned with alternative strategres for optrrmzmg rate of progress (Anderson, 19%6; Wang, 1976)

In the next.section, we tum to describing the. models of student progress that 1a%e been developed /
and summarizing their descriptive and predictive adequacy. We then bneﬂy review some of the most 7
_ .relevant hterature on incentives and intervention strategies.” R . \

o o Revrew of Models of Student Progress

Co The referenc.es regarding models of student progress may generally be mtegonzed by thelr degree of -. .
L speclﬁclty A number of studies have takena conceptual approach to the development ‘of models of student
.. progress,the object being the development of a framework for-a theory of mstruchon In other cases, the
" ‘authors specify axioms or- assumptions regarding the processing of information and derive speclﬁc functronal
* forms for the- relanonshxp between achievement and elapsed time. In the former category are included work f '_‘,}_ .
by. CarrolL(l 963), Bloom (1976), and Cooley and Lohnes (1976). 1In the latter category are mcluded work by '
. _Suppes and his assoc1ates (1975, 1976) Chant and Lue}berger (1974) and Hicklin (1976) ' S -

,. A drstmcnon that has beer made by Suppes, Macken, and’ Zanotn 1977 is that between studxes at.
- the mrcroscoplc level, concerning learning of specific types of material under specrﬁc types of remforcement
“schedules, and studies at the global level, where the focus shifts from protocols o{ responses ofn specific -
" trials to mean performance over substantial beriods of time. The psychologrcal hterature is replete with =
‘- “studies at the Microscopic: level of defail. However these studres are of little use'in ‘the endeavor.to develop- -
‘a model of student progress appropriate tQ‘the AlS. Therefore only the ‘models at the global level that
+ . would appear to have some use in the current pro;ect are mcluded in the hterature review.

The three mathematrcal models are first described; this is followed bya descnptlon of several corr-
. ceptual models ﬁnally, the results of prior evaluatrons of mathematlcal models are descnbed ‘

Mathematrcal Models ot' Student Progrus .

. Each of the three global models.of- student progress are. based on assumptrons regardmg how students
prdcess mformatron The three models are: the tra]ectory model (Suppes etal., 1976), the dynarmc o




Pes

E _equihbnum model (Hickhn 1976) and the generahzed Thurstona model (Chant and Luenberger, 1974)

t there are'N units of matenal Let

_-'ThenN N1(1)+Nz(t)+N3(t) Ll e

S -

--;tmr,m.m | T e T -AFHRLTR—78—7

'

TheTrmectoryModel . s -

. Supp&s,’Fletcher, and Zanottr (1976) begzn thh ﬁve asumpuons regardrng processing of mforrnauon S
-Let y(t) the posmon of the student in the course and y(t) .10 —-the student s rate of progress through

dat

. through the course; A(t) cumulatrve amount of mformat.ron mtroduced in the course up to.time and
. A(t) = the rate of introduction of information; and s(t) = the student”’ s rate of processmg or samphng
‘information. The ﬁve axioms may then be expressed as follows

~Axxom1 s()=k: A(t)/A(t)forsome constant Ky - -

-

Axiom 2: Upon mtroducuon of a new piece of mformahon at time t for a small

s , interval: of time b, s(t +h)=s(t)- [S(t) 5(°°)] s(2).

~ Axiom 3: _ The probabrhty that a new piece of mformatron is introduced for a grven B
student attime t is indeperident of t and the prevxous introduction of - .

e . «mformatmn

CAxiom4: y(t)=k; A(t) for some constant k2 ' e e
Axiom S: y(t) k3 A for some constant ki " . ‘ '
In then' discussion of the axioms, Suppes et al. state that'they are least satisfied with Axlom 2.

" because of “the absence of 2 more fundamental qualitative characterization of the rate assumptron

expressed in this axiom.” They felt that the other four ms have'a “natural mtumve content that does
mot require explicit drscussro'n - S L o N

The basrc equatron for the traJectory rnode]

(t) btk + c.

' was denvedfrom the five axions. It was stressed that thrs relatrons}up between course posmon and elapse/d

time was stochastic rather than deterministic; that is, it represented what would occur on the average fora

s ‘given. student The. parameters b, ¢, and k were meant tobe estrmated separately by student rather than as
i afuncnonofgroupdata S ST T e e e Bx R

» o o . R
N . . ) L -

" The Dynamzc Equzlzb/pwnfodel o , A A ;
.. Hickdin’s (1976) dynamic quxhbnum models are based on the assumptxon that at any partrcular trme

' ' : o 2L
N (I) the amount ofmatenal yet to be assumlated o Lo »’ Le
.Nz(t):=-the statusoftheindrvidual o R o

3(t) the amount of matenal in the lost category “
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His basic assumptlon is ‘that during a time mterval At, Nz(t) w111 ihcrease in proport.lon to the amount of
“material to be assimilated, N 1(t); and will decrease in proportion to the student’s current status N2 (1).
~ Under these assumptions and the injtial condltron that Nz(O) o, the “basrc differential equatron of

’dynarmc eqmlrbnum theory can be derived: ;
S dNth(t)é k,_N:,(t)—_ngg(t) for some 'Eo‘n‘stants ‘ki and kz o _: R
LSV e ) o ] s L
Undera.ltematrve assumptions: regardmg the values of kl and k2 and what happens to lost matenal
N Hicklmdenvestlueemodels ' _ ] L TS S
) CaseI: Under the assumptron that k2 -0, N3(0) 0, and N2(0) oo . .
Nz(t) N(l—e—kzt) . to _l ‘-\- . . . “ .' - . -:‘Y:.."-o _'_~
.b » . . . . . . s . . .- B ‘ L . .
Case II: Under the assumption that lost matenal reverts to the unassxmllated
. state, k, # 0,2and N2(0) 0, 7 : _ -
Nz(t) ( ks ) (1 - e-fkl fxpt) s
kl ko . f
) Case III Under the assumpuon that ko =# 0 and N2(0) 0

4

.. ) .. , . k . ‘ : ‘ v /_ \' - . ,’ ) -' . ,f’
Al N t _2_-)(-kt__ -kt). , - ‘ I
RS z-() (k, % eu,.?v_. e 1 | _ _ SR

Generalzzed ]hurstoneﬂodel

. The model of Instruction/Learner Interactron proposed by Chant and Luenberger (1974) was a
o generahzatlon of Thnrstone s model. Thurstone’s model (1930) was-based on assumptions regarding th
. relationship of the state of the learner, (t), and the number of potential successful acts, s(t), and fail
- .acts, e(t), in the leafner’ s repertou'e at trme t. The functron p(®) represents the fraction of. total learn

»and by deﬁmtlon
S s o
- (t)_ SO+ 60 N
° ‘.... . } _} .
___Assu_mingthat T |
I o '(-)_—Tkp(t)’ o : ‘ T L
S de(t)——k[l-p(tn and
B —s(t) e(t) wherernlsaconstant, e T . -
;: ) PR
. -



..

AFHRLTRI&T . o P . AFHRLTR-787

the basic differential equation of 'I'hurstone s mcdelf/can be derived: __:

* - . - ” v

.d%?) ?'k(p(t)[l p(t)]) 32 ;/ . R

o 'l'he functron p(t)rsasymptotrc top Oast decreases and top— 1 astmcreases Itrssymmetnc about
CopsVy2. R : , e

Chant and I.uenberger generalrze the Thurstone model by proposmg the followmg drfferentral

L equatron to specrfy the state of the learner- g

;
N
/

a dp(t)_.-'u(t) ag[p(t)] a R .

r
-

where the functron gis assumed to be contmuou.s and to approach zero as its argument approaches Zero
~ or one. The function u(t)is called the mstructronal input variable and i is assumed to represent the effect of
instructjon. The function g(p) is-called the characterrstxc learning function and represents characteristics of
*“the learnér and the matérial to be leamed The variable a‘in the formula is constant for each mdmdual and

is mtended to represent the student s aptrtude

Conceptual Models of Student Progress

" In contrast to the detailed mathematrcal models descnbed in the prevrous sectron, the conceptual

| rnodels provide schiemes for examining the variables relevant to school learning. As such, they incorporate

more factors. than do the mathematical models, but they lack the 'specifi¢ity of the mathematical models.

. The relevance of the conceptual models to the current study is in providing perspective regarding the role

of “time to learn” in past research. Wagner et al. (1973) attribute the use of “time to learn” as a cnncal
variable in modern educational and training research to 2 model of. school learning developed by John

- Carroll (1963) According to Carfoll’s model, the degree of learning-a given task is a function of the amount’
. of time spent on learning the task and the amount of time needed to learn the task. Thus Carroll’s modeI

embodies Washbume s idea of r;gardrng time ‘as a Variable ratherthan ds a given quantrty “Time spent

B Carroll’s: scheme, depends on opportunity; perseverance and aptitude; “time needed” depends on-
o aptrtude abrhty of the student to understand mstructron and quahty of instruction. .

- “Opportunrty” and’ “quahty of mstructron -are. attnbutes of the educational envrronment. The

©

t‘drrner is measured by the amount of time allowed for learning; the latter is defined with respect to the - -
..+ efficiency’ of mstructron and 1s assessed 'by the degree to which the ‘amount of” trme needed to learn is

mrmrmzed : : : : : : , -
| “Perseverance aptrtude >’ and “ability to understand mstructlon are attnbutes of the mdmdua]

student. “Perseverance” is related to a student’s wrllmgness to spend the time necessary for learmng the ,' - '

- .task; “aptitude,” in Carfoll’s scheme, is.defined as “‘the amount of time rieeded to learn the task under
_ optimal rnstructronal conditions™; and “abrlxty to. understand mstructron” was consrdered to be a factor

dependent on- general 1ntelhgence and verbal ability...

, 'Ihe-rmPortance of Carroll’s model was in regardmg time as a ma]or vanable in. predrctrng the degree '
of learning. Thus aptitude was defined wrth regard to the trme necessary to master a task rather tha.n the - .

._-. leveLof mastery wrthm a grven ttme.

) A . . X -

v, . . N o ‘ . [
R



o @13s).

Carroll’s model-has sérved as a basis for paradignis developed by Cooley and Lohnes (1976) and by.-

N Bloﬁm (1976). The Cooley and Lohnes model was mtended to provide a theoretical framework for.
evaluatrve inquiry. 'As such, it was oriented toward assessment of group rather than individual processes
‘and outcomes. Therr model retained the “opportumty” component of the Carroll model, but did not retam

‘ _the emphasrs on “time to leam > For example “txme spent” and “t.une needed” ‘were not reta.rned as”

i

mtervemng factors.

!

_ Bloom’s (1976) extensron of Carroll’s scheme has dtrect relevance to the AIS at Lowry The vanabl%
" in his paradigm consist of three major, components (1 cogmtke entry behavmrs, detemumng “the extent

to which the student has already learned the basic prerequlsrtes ‘of the learning to be accomphshed”

. (2) affectzve entry characteristics, determining “the extent to which the student is (or.can be) mottvated '
“t0 engage in the learning process’’; and-(3) the quality of instruction, which indicates “the extent to which

the instruction to be given is appropnate to the learrier.” All these factors interact. on the task to be leamed

to dete.rrmne/ﬂfe nature of the learmng outcomes the level and type of acluevement the rdte- of leammg, o

and affectrve outcomes. : . o .

n Bloom s pnmary thesrs with regard to ‘his' model is that both student charactenstrcs and quality of
instruction be modified to achieve a higher level of learning for individuals and groups. Quality of

* instruction can be evaluated by the qualities of cues, participation, and feedback in instruction. Bloom
. emphasizes the use of feedback and corrective procedures as ong way of ensuring a high quality of mstruc-

tion. Furthermore, Bloom provides evidence that “gives.support to.a strong inference that quality of
instruction has an effect on the learning processes of students as well ason thetr learmng outcomes”

Speaﬁcally wrth respect to learmng rate Bloom states that “when students are prov1ded wrth the

_time and help they need to learn and when this produces positive entry characteristics. (cognitive and
affective), students not only become better able to learn, they also become able to learn with less and less

time” (p. 191) ‘Bloom cites results from a number of studies of mastery learning (Block, 1970; Arhn 1973

' Anderson 1973) as evrdence for his claim.

He notes that a- student s learmng characteristics can be altered posmvely or negatrvely at’ practrcally

any point in a student’ s history, but that the potential for positive change is highest on the leammg tasks -
- . that are early in a series. Thus, Bloom's model in¢ludes an interaction component between a student’s
" learning characteristics and the quality of:instruction. A high quality of instruction, meaning the use of

feedback and corrective procedures“, early in a sequence of learning tasksan, accordmg to Bloom, i improve -

student e),fﬁcrency in subsequent tasl(s and can reduce the variation in leammg rates-as well

: Past Evaluatnons of Mathematxml Models of Student Progrms

Of the three mathematical models presented earher, nerther chklm nor Chant and Luenberger

) _present evaluations of their models with regard to desc'lptrve or predictive adequacy On the other hand,
Suppes and his associates have conducted-a number of studies of the trajectory model. (Suppes, Fletcher .

and Zanotu 1973, 1975, 1976 l’_arsen Markosian, and Suppes, 1977; and Malone ét al., 1977).
In the three references by Suppes, Fletcher, and Zanottr and the reference by Iarsen Markosxan,

- and Suppes, the goodness of fit of the trajectory model is: ‘assessed using data collected from a variety of *
' student populations: 297 deaf students on a CAI mathematics curriculum (Suppes et al 1973, 1976)
69 American Indian children attendmg a Bureau of Indian Affairs school and participating in a2 CAI :
- -mathematics program (Suppes etal, 1975) and 42 Stanford undergraduate students enrolled in CAIi m

S elemerrtary1<'-'gl<=(]‘-élﬁ"enet"11 T977) R S T
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© On all three sets of data the authors feel the model gives an adequate fit to. the data The most
rtant parameter in fitting the data.is the power factor k. Under the assumption that the power factor

" k is constant across students, the goodness of fit is about the same for a rather broad range’ of values of k. R R

- T e

o g ’er—ﬁx\tends to: be substantta]ly unproved by allowmg k to vary across students. .
* In the first two studies cited, the drstnbutlon of k across. students is flat’ or even U-shape,d showmg

| a great deal of variation across students In the last study, on the other hand the drstnbutron is concentrated :

"'mashortmterval- oo -/-.

For k fixed, the correlatron between the other two parameters, b and c, is very low. When all three
parameters are estimated, however, high correlations ameng the three are found. This last result is not
, surpnsmg since. changmg the va.lue of k has the effect of changmg the scale-as well as the- shape of the

trajectory. o . ' . ,

. .. Some results on using the trajectory model for prediction of performanceare contamed in the R N
. article by | Larsen et'al. (1 977) and further results are contained in an unpublished manuscript by Malone -

* etal. (1977) Larsen et al. (1977) exarmne two forms of the. trajectory. model to predict course completion

_time using performance times on initial lessons. One form requires-that all’ three parameters be estimated;
the other form assumes the power factor k to be given and fixed across students and only requn'es mdxvrdual
.. estimation of the remaining two parameters. For the initia] third of the course that consisted of a total of

. 30 lessons, the model assuming a fixed k provided substantially better course completion time predictions
~than the model that required k to be estimated for each individual student. For the remainder of the

course both models performed about as well and prov1ded what the authors regarded as good pred.rcttons

In thetr unpubhshed Manuscript, Malone et al. examine the: abthty of ten altematrve tra;ectory
models to predict final grade placement, given time on a CAI drill and practice. program in reading and
mathemaucs. The ten. models differ with respect to (1) assumptions regarding the power factor, k;(2)
~ assumptions regardmg use of performance information consisting of grade placement at interim points in -

 the: course; (3) assumptions regarding use of initial grade’ placement; and (4) assumptions regarding how to

estimate the learning rate parameter,.b. Data from approxrmately 3,000 students in third through six:h

grades in the Fort Worth Independent School District were used in the analysrs. The standard error of the.

difference between observed and predrcted grade’placement is used as the goodness of prediction measyre.

The authors find that the simplest two of the ten models. gives the best predictions. These are models that

. ‘sssume that gain in grade placement is linear in time (or the square root of time) on ‘the system, rising from
the last observed grade placement at a rate that is estimatéd from the population average. The author’s o

_explanation of the result that simpler models grve better predrct.rons is that. the predrctron was for.a pornt :

outsrde the range of observanons. : _ oo S o

. The more parameters that ‘are avaﬂable to fit the observatrons, the more sénsitive the . -

. curveisto small random fluctuations in’ ‘the data, and therefore the ‘more radrw.lly it ,
B canbe wrong outsrde the range of the data (Malone et al 1977) T

- S
-
-

Other Studzes ofStua'enr Progress ot i - _ L - ‘_g
. _ Other studres of student progress have been based on correlatronal and regressron analyses to rdennfy
factors explammg student rate of learning or to generate prediction equations. A regression analysis may

be considered to be a- mathematical model in” ‘the sense of hypothesrzmg a linear relationship between the -

- rate of learning or:the course: completion time and certain independent variables. Such an approach

' corresponds to the mllestone model specrﬁed 1n the prdposal and evaluated in the body of this report

[ . . - ' . ER R
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A number of studies conducted by the lr;;ammg Research and Development Center (LRDC) atthe =

Umversrty of Pittsburgh (Wang, 1968; Wang, 1970; W gand Lindvall, 1970) have examined. the relation-
~ship between rate of learning and'such variables-as pupil aptifude and achievement. The studies analyzed- .
several sets of data collected on elementary school students who were participating in the Individually = .
Prescnbed Instruction Prolect (IP1) conducted by LRDC. Four alternative rates of progress were ‘formulated.
- The rates expressed progress in terms of point gain on- tests, number of pages worked, and number of skills
learned per unit of time. Independent vanables mcluded measures of aptltude acadermc acl-uevement and

Correlations between the rate measures and mdependent vanables were generally very small the / -

largest correlations being-in the range between .2 and -4. The results of multiple regression analyses/and
canonical correlation analyses indicated that there was some relationship between rates and the independent
variables. For example, Wang and Lindvall got multxple correlatxon coefficients i the range between .34 .
‘and .64. However, the regression coefficients were not consistent across data sets. Wang (1970) concluded .
from the inconsistency in the results that “rate of learning'is speclﬁc to a grventask and i is not a general o
factor charactenzmg student _performance in all learning situations.” '

3 Another study conducted at the LRDC and reported by Yeager and Kissel (1969) conﬁrms the .-
unportance of using vanabl’es related to the task in attemptmg to predrct completron times. Dataon -
between 63 and 69 elementary—school students in eight dxfferent units of a mathematics pfogram were used. -
Days needed to master the unit was the dependent vanable and five independent vanables were selected
- based on hypotheses concerning the process by which a teacher might: develop a student’s prescription. _

" The study found that between 52% and 71% of the varian¢e in completron times on given learning units
could be accounted for by the ﬁve vanables selecteql farktudy. A studenit’s unit pretest score and the
- number- ofaslulls e would have to master in a given unit were the two- ‘best ,predlctors of time-to master

. . d given unit. Age wasa consxstent although less strong, predictor. IQ and numbeér of units previously
s mastered were found to be relatrvely poor predictors. Thus, variables that were the most closely related

Jto learning the- reqmred taskwere the best predrctors of completron times.

A study of Wagner Behnnger and Pattte (1973) on mdmduahzed course completxon time predxctlons
was very similar to the present study. The objectrve of the.study was to accurately predrct each student” ..

‘ course-completron date.prior to graduation, for a U.S.'Army Stock Control and Accounting Speclahst

course “that was bemg converted to an mdmduahzed curnculu.m at the time of the study

Therr literatite review led to two conclusrons that they used in their approach to.the problem (1)
measures of aptitude directly relevant to the course are better prechctors of completxon time than general
aptltude measures: and (2) the best predrctlon equauon of course complet:on time would be linear in the
mdependent vanables . . Ces? ,‘ E o ‘

.- inthe ﬁrst phase of the s dy, avallable predrctor vanables consrstmg of scores on the Armed
* Forces Qualification-Test (AFQT) and the Army Classrﬁcatmn ‘Battery’ (ACB) of tests were correlated
with time to completion and performance scores on sections of the conventional course that Itad been - «

~ self-paced. With between 61 -and 77 students included in four separate analyses, the hlghest correlatron s
* with nme to cntenon was 54 ach1eved by the Anthmetlc Reasomng test in the ACB.

L
Dunng the second and third phases of the study, a test battery was developed ‘that measured skrlls

" and knowledge relevant to the specific course. Prediction equatrons were developed using a stepw1se

regression analysis wrth mstructlonal time and total course time as dependent variables. One of the >

major findings was that by grouping students according to mode of instruction, eithrer audiovisual (AV)

- or prograrnmed instruction text (PI), a substantial improvement in prediction m;aclneved The multiple . -
" correlations corresponding to the final predactlon equations using only baseline variables were .65 and 74

. for the AVand PIstudents respectwely, with 52 and 81. students respectrvely When w1tlnn-ceurse
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o perforrrxance times were included in the prediction. equations, the mﬂﬁple'égressions increased to about -

Revxewof[ncentrves and Interventron Strategies ° - . - .- A .';.,,;;f .

.

= .85 for both groups. The baseline variables that entered both sets of equations were the, score on the
AFQT and scorgs on several course- specrﬂc tests :

. A s1gmﬁcant aspect of A1r Force technical trmmng is the overall motrvatron on the part of tramees
~to pursue theircourse.of study in an efficient and dedicated manner. Many trainees will be adequately

. * motivatéd by a desire to learn; the old maxim, “learmng is its own.reward,” appears to have a real-world .

basis. For these tramees improving-the quality of instructional matenal instructors, and-educational proce-.
_dures is the key to mmu'mzrng their course completion times. For ees without some minimum of '
motivation, the training course will take Ionger and be less effective, even if the instructional material and

' instructors are of high quahty Therefore 1mprovmg motivation is an unportant aspect of producmg more
eff‘crent trammg T : . . -

The hterature on thrs general toprc is very iarge much’too’ large to perm:t a comprehenswe revrew ,
Fortunately, however, the Air Force sponsored several recent research projects focused on the specrf' c
problems of motivation related to the Lowry AIS courses €Pritchard, Von Bergen, and Deleo, 1974;-

E Klrmosk: Raben Haccoun, and Gilmore, 1974: Raben, Wood, Klimoski and Hakel, 1974 ,Wood, Hakel,.

Del Gaizo; and Klimoski, 1975). These projects incliide comprehénsive reviews of the hterature, analysrs -

-+ -of attempts to use incentives to enhance motivation of trainees, and'general conceptual analyses of -

v

“motivation in technical training and education. Since numerous studies have found that the best approach
to predicting learning rates and to conducting aptitude-treatment analysis is one tailored to the particular’

- instructional setting (Cronbach and Snow, 1977; Wagner, Behringer, and Pattie, 1973; Packard, 1972; Wang,

1968; Yeager and Kissel, 1969), it seems reasonable that prediction of résponses to rncentwes needs to be
'consrdered in a specific setting as well, and that the Air Force reports deserve sPecxal emphasxs"

- < One.of the Air Force reports is simply an annotated bxhography of 234 references (Khmoskx et al

- 1974). The compamon report is an analytical review of the literature (Raben et al., 1974), the major corni- -
* clusion.of which is that social reinforcement is related to a large number of ¢ ‘moderating” variables in

‘ 'ment because of 1ts relatrvely Iow cost and its ef fectiveness wrth at least some individuals. . . .

- extremely complicated manner. ,This makes it 1mpossxb1e, at the present time, to predict the effects

" sotial reinforcement in a training situation. However, it is worthwhile to.experiment with social reinforce-

One empmcal study (Pntchard et aL 1974) was an expenment using three different incentive motiva-.
-tion systems high-feasibility-(i.e., .cheap and easy to rmplement) incentives based on performance (magm

- tude-of block scores); high- feasg\rlrty incentives based on effort (behavior in.the course), and high- and Tow-

feasxbrhty incentives'based on.e } . Pritchard et al. made a fairly comprehensive review of the literature
:and interviewed trainees, mstrucuonal staff, and” adrrumstrators in two technical courses at Chanute AFB

" to 1d ufy relevant incentives, 1mplemented ‘the three incentive systems and analyzed the effects of -
" incentives on trainee performance. The: ‘major conclusion was that only the incentive system mcludmg : .

low-feasrblhty (i.e., expensive or difﬁcult to arrange) incentives was cost-effectwe The study suggests th
fo wmg idelines: - n : . N
- ) Incent1ves must be fairly poWerful “Every attempt should be made to use incentives

such as choice of assignmént, promotlon and extra leave” (p. 214).

(2) Incentives are not cost-effectrve in courses where students are already perforrrung
- near capacrty : . \
3) Self-paced courses are most appropnate for incentive techmques

. e . . .
. . S . . -

o ~51— o

=
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P (4) Frequent remforcement should be sched'uled opportumtxes to earn pomts should occur
N e . atlwst onceaday : .

(5) Both authority ﬁgures with whom the student comes in daily contact and hlS pee*s should
prov1de positive social remforcement for high performance. )

'_ o Johnson, Sa10p, and Ha.rdmg (1 972) report two analogous studies of student responses to mcentxves -
and dxsmcent.wes in an avratton mechanical fundamentals course utilizing CMI materials. They found an ¢

L average *time savmg of 11% over controls when a low-feaSbehty zncentJve —~choice of Service Ratmg course .’
T after graduation — wasused. _ _ . : 3

o

_ " Prediction equations developed from Navy Basxc Test Battery scores and times from previous classes N
~-were used to predict completion times for each of the experimental students. They were told that the order

-in which they could choose from among available Service Rating courses wonld depend on the ratio of

their predlcted completxon ‘timmes te their actual completion times. They were also given the disincentive of

a Saturday morning study session if they laggéd too far behind their predicted progress rate, but tlus was )

~

. ; never apphed because no student feII very far behind his predtcted rate. _ L '

: Both the expenmental group and the control group were g1ven the mcentxve of aftemoons and , .

‘evemngs off for whatever days remained between the day they completed the course and the day the s
" course of_ﬁcxally ended( Leaves away from the base were notgranted. The time allotted to the course was .
_the same as that allot d to the-same Eourse taught by traditional methods; the aim of the mcenttve R
© program was ev:dently to minimize the _Jm‘nber of CMI students who took longer than the allotted course -
time, because no provision was made for asmgmng students to their rmual duty station nnmedxately if they -

»;ﬁmshedthecourseearly- SR - e , S ,'_.'

. 'The incentive students (expenmentals) dxd not céffer agmﬁcantly from controls In scores on final
* tests when scores on the Arithmetic Reasoning Test (their best single pred1ctor) were used as covanates to
.Y reduce mth.m-group variability. They also did not differ markedly in attitude toward the course and toward
~ the quality of their work, They did differ significantly in course completlon time, averaging 11% less time
_than the cqntL_ol group. Choice of (or at least having some controkover) ong’s trammg specxahzatxon and‘
- location of duty assignment thus; seems to be a very effecttve incentive.” . .

_ "Johnson et al. do not dxscuss how well their predlctxve equatxons fittactual student times in pagt -
courses. They also do not discuss the cxrcumstances and motivation of students taking the Navy Basic Test
Battery. Since it would be, advantageous to a student to do poorly on the aptmxde tests, g1ven the -

, mcentxve criterion used in.the course; thought should be given to mottvatrng &very student to do his best

" on the preassessment tests as well as in the course: If this is fiot possible, perhaps preinduction academic’

- performahce should be used to weight preassessment scores or a progess cntenon weighted to some .

. degree by all past students’ rates should be used o : . . ~
e %~

‘The last of the highly relevant Air Force reports (Wood etal., 1975) concemed the 1dent1ﬁcaubn of
incentives and analysis of them in terms of feasibility, attractiveness, and other charactenstrcs-A list of
incentives was developed through interviews, litérature review, and group meetmgs This hstaxzas evaluated
. .and refined through survey procedures with’ trainees and mstructors gt

s

The more attractive mcentrves mvo!ved an effect directly on the trainee, for exampIe some chorce
" in duty assignment or immediate promotion upon graduatxon ‘These tended to be quite costly or low in
administrative feasibility, but their potential strength is supported by Katz’s (1971) finding that many .
. Navy recruits were highly motivatéd by upward social mobility when they signed-up, and by Johnson,
- Salop, and Harding’s finding that choice of specialization course and choice of initial duty assxgnment
(even a choice between East Coast and West Coast) were the most valued of the available mcennves

[ .
»
:
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) Wood et al. found that Black tramees were more hkely to prefer recogmtron type incentives and

. White trainees- were more likely to prefer control- and future-career—onented mcentrves They conclude wrth"
‘a proposal to experiment with four incentive systems: : '

)] Incentrves admrmstered by the instructor based on tramee pe "é"
(2) Incentwes adrmmstered by the mstructor and the class as a,group based on mdmdual
i performance. : : S
(3) Incentives adrmmstered by the mstructor to );te md_mdua] based on the performance '
 of the class as 4 group. Lo
“(4) Incentwes adrmmstered by the mstructor and the class. based on performance of the
class. . : o

These four systems vary. along the need-related or “dynarmc chmensron as defined by Bond (1971),

-and do not prov1de for comparisons or study of interaction of task-related (*intrinsic’’) incentives and

external motivators (rewards) Thus this experiment does not permit evaluation of rewards that combme
need-related incentives with external motivation, e.g., promotion in rank for honor students. Nor does it

address Bond’s evidence that effective external motivators reduce task-related, intrinsic satisfaction. Lowry )

course managers concerned with cost-effectiveness will want to weigh the greater power of various extemal

. motivators against the lower cost of task-related and some need-related mcentrves

Among the many studres of traits that might respond to need-related mcentrves are. those of
Sprelberger et al. regarding anxiety in students. Spielberger, O’Neil, and Hansen (1972) found that students
experiencing high anxiety states tend to make more errors and perform less well on creative tasks than

. students who do not féel threatened. Spielberger et al. cite studies which found that computer instruction
Jessens stress.on anxious students and enables them to perform better. However, an incentive system that - :.
.included drsmcentrves or competition for greatly desired rewards, particularly socially oriented rewards,

m:ght raise thejr anxiety levels to a point where their progress might be hampered. Even low-anxiety trait
students, may possibly perform better under slight pressure GSpielberger et al., 1972), may do poorly

- if they: are 'low in ability-anc “the task is taken senously” (Cronbach and Snow 1977, p.398).

L Stress rmght be particularly likely if course materials are madequate According to Jam1son Suppes, o
- and Wells (1974) a study made by Shrable and Sassenrath (1970) found “that an easy program with short

steps is better suited to persons who are low on need for achievernent and high on fear of failure or test
anxiety, and that a difficult program With long steps is preferable, for those with a hrgh need for achievement’
and low fear of failure.”” However, Tobias and Abramson (1971) failed to replicate this anxiety finding. -
Cronbach and Snow (1977) summarize a ‘number of experimental studres on this topic by saying that it.

is not yet “under control”. All that can really be said about anxiety and need for achievement ha they

- - .may affect student’ progress differentially when a particular incentive system is introduced, and th .
" should be momtored in case. the mcentrve Qstem would work better if tarlored to. tlus aspect of atrainee’s- - -

e personalrty ' -

.

r

5 .
Another way to view the problem of motivation in a self- paced course is to consider how to strmu]ate

self- responsibility for one’s own learning in‘a student who is not used to having any latitude in his rate.
- Gordon (1970) suggests a gradual transfer from the teacher to the students o£ responsrbllrty for what

: -how, and how fast students leam co e ‘i-.
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Other techmques that may gromote more responsxbthty in students m a self pacedleammg
envxrorment 'have been explored. by several researchers. One of these is “miéro teaching” or “peer tuto g
 in which a student who has mastered a skill assists a peer in learning it. Colton (1974) found that the pgn
. tutor was able to do this at no cost to his own performance, although he'may not have included time asa -
consxderatlon Sloan (1970) found that college students successfully counseled other college students on .
academic, social, and personal adjustment problems This could be extended to having 2 student counsel

another one in techniques to'increase his rate of progress. In one of the Lowry incentive studies, the.. - = -

chance to tutor a classmate was viewed as one of the more desirable high-feasibility incentives. Of course,

a strongiincentive system might work agairist the willingness of faster students to serve as tutors, unless it were
structured to foster helpfulness. (The same reasoning would suggest that cheating might become a problem
with a strong incentive system. }From a cost-€ffectiveness point of view, it would be necessary to test

- whether enough improvement in student times occurred t6 offset the cost of the program. Cohen and Fish-
bein (1976) report success in training company commanders to have different behavior intentions using CAI,
and this technique (a CAI guidance program) could help the student identify and alter his attitudes toward
learning. Cogswell (1966) counseled students regardmg their performances via computer. A similar program

" could coach the gudent in techniques for making rapid progress in the course. Such programs could conceiv-

- ably replace at least some of the counseling sessions specified in the. current SPMS for students who fall behind.

A type of intervention strategythat was not included in the Air Force studies is giving the'stu'dent

. information on the average or top performance times of past students on a section of a course. This could

provide a standard by which the trainee could gauge his own Iearmng rate, and could be given to him either
instead of, or along with, the prediction charts based on their presassessment scores that are presently used.
- Colton (1974) gave students in one section of his self-paced college media course the average completion -

times of past students on each unit, telling them to treat the information as *‘a possible guide- to determine. .

how efficiently they were usin® their time” (p. 284), The experimental section averaged less’ txme than the
trol section on 18 of tiic 22 tasks: niv HEVeT, they averaged more time than the ptlot group whose ™
Vérage times they hac been told. The formz?, aims, subject matter, and students in this class were different -
from those in the Lowry courses. and it © 25 n;?/ a tightly controlled experiment, so comparability is
uncertain: In a stud: o’ -aval persunnel learning -0 use complex control systems, Myers (1969) found that
gmng students infc-mat:on on post-training perfczmance times of course graduates definitely nnproved
thexr speed. Again, :rcumst..nces were differept from the Lowry courses, and transferab;hty is. uncertam.

Teel [,1 967) reoorttng the use of a contract ._Dpl'oal;h in an electncxty-electromcs course found that

© somie students. resporiced well to this treatment 22d some did not feeling that they needed more guxdance

in acqumng fundamentzis.;Face-to-face meetings setting up contracts-on a'smaller scale, e.g., over
lack of a prerequisite skili or: completmg a bloc¥of lessons by a certain date — might help SO
students to manage their time better. It might possibly improve class times if contracts were sed for all
.studerits rather than pnly as a counseling tool for those who fall behmd

mmga

Other techniques that have been used. include team leammg and varied presentatxon of X&enal
A

‘.where the student chooses_ how he wishes to be taught a given section of the course. o

-
—-.&_..

« Methods to Improve CourseMarenaI S =

P”mally, it should be noted that good course matenal can snmulate an interest in learmng and maxi- -
mize progress, and 1mprov1ng instructional materials could conceivably lead to significant time savings. .
"This can be done rigorously, using.a ‘computer model of the state of knowledge of the student at any point
in.the: course, as is being attempted by Self (1974). It could. also'be done (through experimentation) by -
_defining'an aputude-treatment decisién network to evaluate student progress at many checkpoints and
- provide, the ledrning conditions most suxted to His current state of knowledge, ability, and personality
(Schwen,‘1973) .Farr(1973) descnbes threc soplusncated CAI program$ that combme thorough analysxs of
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* the subject’s structure with flexible presentation. These approaches are expensive and may not be achievable

- 'with some types.of course material. A more practlcal approach to improving the course might be to elicit
detailed feedback from students who encounter difficulties in the course and from people who work.closely
*with students. Also, records of student times on small segments of the course could be analyzed to pinpoint
_ bottlenecks. Perhaps counseling sessions could include discussions of what changes in the course might help -
student progress. This: emphams in counseling sessions might improve the counselors’ perceptrons of their -

e

"role and make them more likely to follow procedures Also, typical gaps in the entering students” back-

‘ground could be identified — perhaps with * mrm-lesson tests such as those implemented by Wagner et al

(1973) — and suitable precourse 1 remedratron provided; experimentation would deterrnine whether such

remediation improved course completion times. Anderson (1976) found.in a study of 90-eighth-grade stu-

.dents that “A group of students enter a parttcular learning sequence with unequal amounts of relevant

- prior learning,” but “by complementing inequality in learner characteristics with 1nequa11ty in instructional

. .

time and help in the early units, we can approach student equality in later units, not only in the achievement

level attained, but also in.the amount of on-task time needed to attain the criterion level” (p. 233). Struc-
tured observation of student behavior in the classroom has been used by Splelberger et al. (1972) to identify

o

pomons of a course that produce anxiety-in students, and by Yedger and Lindvall (1968) to evaluate instruc-

tional innovations. " Finally, course material can be examined to see whether it follows sound educational

prmcrples such as eliciting active behavior from the student (Suppes,’ 1964) prowdzng qutck feedback -

remediation with “enough information for the student to’ dlagnose his owrt shortcomtngs (Rosenbaum _'
1969 - 3), and avo1d1ng ambrgurty, excessive repetmon and requmng unrelated skills? " '

Concluszons

Based on the review of the lxterature on mathmatrcal models of student progress and on mot1vatron

” - g

-

and intervention strategtes the followlng conclustons were made

T

. There are very few global..mathemaucal models of student progress.

. e/ The mathematlcal models tfiat have been fotnd to be most successful at- predrct.lon have been
/ those with relat:ve]y slmple structure.- .. . - D o '
e The accuraty of predlctton of student progrcss mcreases asa functlon of the relevance of the .

. predictor variables to the leamlng task

‘e Powerful extefhal 1ncentwes improve ﬂudent perforrnance intrinsic’ (task-related) or soctal oL

- incentives have less ef|

... Some po/v'/erful external mcentwes may drsplace and ot
 intrinsic or soc1al 1ncent1ves when both are present.

L

- .

t but are generally easier to rmplement because of lower cost.”

Kers augment the effect of

L Response to mcentwes varms-—by the demographtc charactenstlcs of the students such
as age and socioeconomic status, as well as by aptltude and prxor knowledge It may also

vary dependrng on measurable personality traits.

.

"® Aside from incentives, rate of learning can be increased by improving mstructlonal matenal

and the qualrty of :nstructlon and by fOstertng self-responsibility through innovative approaches

-
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SUMMARY STATISTICS . |
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For purposes of reference the summary staustlcs for the data mcluded in the analysxs are shown in’
lzxulatwe

- Table B-1'and B-2. Table B-1 shows the means and “standard devxatxons for the baseline variables ¢
" block elapsed times, and selected cumulative lesson elapsed times. Table B-2 gives the correlations

the variables mc]uded‘ in the analyses
. ;
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Table B-1 : .
-« MEANS AND STANDARD DEVIATIONS FOR VARIABLES
INCLUDED IN THE EVALUATION o .
(n=368)* - R
“Variable Type 4 Variable Title . Mean . - SD.
‘Baseline © 7° " Sex ,, - (79% male) .
L Highest | Schiool Year Completed ' 12.4 ' 9
® Age at Course Entry B 209 26
. - Reading Vocab. General Scale : 133 St -
Reading Vocab. Scientific Scale’ = 80 29
- Reading Vocab. Total Scale o s 213 v 74
Pre-Course State Curiosity - = 641 =~ 88
- Pre-Course State Anxiety. 3 ... 374 - - 89
"  Trait Curiosity L { . 255 5.8
Y Traif Anxiety Nt et . 364 - 88
Internal-External Scale . 0 146 43
) TextAnxlety C ' ... L300 74 .
- -Prefer. for Audio Mode : . 107 - 7 26
. Prefer. for Visual Mode ' ' 6.8 - 1.8
B . Prefer. for-Printed Mode - . ... . 49 . . 14
. Experience with Self-Pacing ¥ . - . 14
v Experience with Convent. Instru. . -~ 68 ' 15-
.IM/MF Reading Subscale1 - .~ . 43 ' 1.6
IM/MF Reading Subscale 2 . 61 {21
' IM/MF Reading Total el 103 32
' _" IM/MF Logical Reasoning Scale ...203 - 1K
S Concealed Figures Scale ' L. 58 27
e e -~ Memory for Numbers Backwa.rd Scale . 186" 28
IRV ISP T 'j' ' "Memory- for'NumbersTota.l Scale R 353 50
"~ . Cumulative Actual -~ : CABELT 1 B S 1219 © 439
. ’Block Elapsed "~ . CABELT2 - : S0 2915, . 815
~.Times** . <~ - CABELT3 | S Tos2100 «1449-?»-
| -~ 7 ™ CABELT4 | . U 660L. . 1726
o S ' CABELTS - 8218 2038
S - 'CABELT6 : © ot 9405 - s 2193
* Cumulative Lesson CET?9 (Block 1) L 1033 '336_" .
Elapsed Times at - CET19 (Block 2) - 2378 - 677 .. .
the End of Each 'CET31 (Block 3) - , ) {4025 . . 1073
Block * CET40 (Block 4) ' .. .5063 . - 1311
CETS52 (Block 5) L 250 1504
.. CET61 (Block 6) ° 7186 . 1680 ¥

*Students in course vetsion 1 vmh all bloc elapsed um&e rehable agd a coqrsé entry da'ie'in('lm.; ".ﬁ» a
: “_Sum of block elapsed times mmus_th\_ of absence umes “ L S we s

- =N .
. Y :
; =3
: ; © o lsy -59 :
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Table B-2 B

. CORRELATIONS BETWEEN BASELINE VARIABLES AND
‘CUMULATIVE TIME VARIABLES AND AMONG
CUMULATIVE TIME VARIABLES
(n=368) '

-

Variable R o ) ' " L _ .
o Label . = CABELTI CABELT2 - CABELT3 CABELT4 CABELTS .CABELT6
L . SEX ( . .28 27 - 27 27 26 25
) " r HIYEAR\:. .01 - .01 01 00 00 01 -
 ENTAGE) - .08 © .08 06 - 05 . 02 03
RVOCEN’ -22 -27 -.27 =27 =27 =25 .
- RVOCSC =20 . =24 -.26 -.26 -27 =25
RVOCTL -.23 . =287 -.29 -29 -29 0 =27
. STCUR .07 . 05 .02 - .03 01 T02
STANX - .08 - .09 - a1 .10 a0 0 ' l10
TRCUR . 0 08 07 - 07 - .06 . 06
TRANX. - 03 - .00 02 03 04 . 04
S . IESCL - -.04 . -13 - =17 -17 - =18 -17
~o-- .. TSTANX = .13 a7 17 .18 .19 .18
S PREFA .o? : 00 01 01 .01 00
T 0
S

" PREFV 7 . .03 . .04 . 03 . - .03 .03
.Y, PREFP .. -04 .05 06 06 .06 - 06
t-, - EXPSP °  -08 .10 LA a2 ar 12 )

" EXPCI -18 -25 =27 -28 - =29 . -2
READSI ~ -.24 -30 -30 . =31 =32 ¢ =32
READS2 ~ -~.28 . -33 -33 ~32 .-31L -30 -
READST *~ -31 -37 -37 ~36 . '-37 . -35

'LOGREA - -23 =~ . =34 -31 =31 =30 . =30

- CONFIG -~ -05. = =10 -*  -lI0 c=11 <10 . =l

- MEMNB_ .~ .05 - =09 -16. = =15 . =14 o =d3

.- MEMNT. .02 =14 -20 . -18 <17 v =15
_-CABELTI -~ —-.z 87y ~ .76 . 15 - 720 . 71
" CABELT2 - .87 - R R < A ) -8 . .8
. . -CABELT3. 76 .93 . . t.— . 99 96 . 94
. CABELT4 -~ .75 . 91  ~ 99 - — % 98 97
" CABELTS = .72~ .88 - 96--. . 98 . - .99
CABELT6 .71 .~ .86 C94. . 97 . 99 -
~CET9 ~ . .8 . .80 - .73 B JO . . 69
. _CETI9 73, 0 -84 . %8O 79 0 -.78 - 76
" 'CET31T. - .69 . .80 - .82 8 - 8 19
CET40 - t68 - .78 ..o - 8. -8 '+ - 8. .8

- .CETS2. '~ "~ 68 - . 371 = 80 .83 . 8 = -8 .

@

- CETél ~ .66 - .76 4 79 . 82 83 . 84

< . B X -

. . - . . . . . d
s . ’ c : . L e e e
.. ’ T T o

et
]
)




..  AFHRLTR-787 S | . AFHRLIR787

Table B-2 (Continued)
. Variable'’ - . : L
~ _Label - - CET9 - CETI9 CET31 'CET40 = CETS52 CET61
SEX .27 22 230 23 /22 21
HIYEAR . . .00 .0Q -02 . -.03 - 00 _ 01
ENTAGE 06 - 04 05 - 05 05 05 .
RVOCGN. = -32 ., =29 . = =27 =25, = =23 . =21, -
RVOCSC - - -25 - =25 =22 =20 =19 =17
RVOCTL ~ -32 - =30 -:28 -26 ° =237 . =22
STCUR 06 05 .06 05 - 04 05
STANX- 11 a2 .10 .09 - 07 06
TRCUR .10 » .08 09 09 1o - 09 _
TRANX® .01 01 - 00 -0l -.02 =027 T
IESCL =09 - - =13 ch\-al 0 <10 - -08 -06
TSTANX . .19 .. . .22 = \J9~ =~ a7 15 12 ey
PREFA . .04 02 - 00 .01 01 01 ﬁ co
"PREFV .02 -05 -06  -04 -05 =03 . o
" PREFP -09 -.09 -09 . - -08 -07 . . -.06
. EXPSP ~15 =15 =14 . =14 C-13 7 -3
. EXPCI’ -28 - =28 =29 - =28 -26 . -26 -
READSI -, =30 -31 - =28 =28 =28 - -.28
READS2®  -30 - -29 . -28. | - .-28 -26 ..=26
.. READST =  -35 . ' -35- ~33 - =33 . =32 - =31
. "LOGREA -28 =~ -32 =30 - . =29 =27 =126
... CONFIG .. =10~ . =09 -06. -06 - -03 =04
" MEMNB =09 ° =09 =10 =10 . . =08 . 207
MEMNT -- = =09 10 -I2 e =12 =10 =097 S
.~ (For CABELTS: (see previous page) _ T T .. ¥
CET9 - o - 90 .82 78 . - A3l 71
.. CET19 =~ 90 = S 93 . B9 .84 81
- CET3r . . 8 .93 - . .98 “94 91
. CET40 .78 o+ 4 89 . .- 98. T .. 98 - " 95
- CET52 73 T 84 . 84 L . 98 i = .99
. CET61 .. b . 8191 - 95s . 99T =Tl
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