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learning of fur ther instructional materials to a great extent. This
fact urge. us to tap what information—processing strategy was used to
respond to a given prob lem, not only considering individual differences
in ability or achievement level, derived solely from the performance
score.. It was seen that there were response patterns which yielded the
same achievement level 9 ~tit the answers were obtained by two different
approaches. If these individual differences in information—processing
skills would not be detected on a diagnostic test, then a proactive
inhibition effect will cause a serious learning deficiency , even for
many good students, upon studying further instructional materials.
2. A model useful in identifying discriminating items that are

sensitive to differences in inst ruct ional  method was developed. It also
I. helpful in identify ing an ~~~~~~~~~~~ instructional background to a
certain extent .
3. A method that ept imates 9 by regressing 9 onto test—items was

developed and compa,Z’red wI th  9 estimated by the maximum likelihood
method. The new method provided as good 0 as the traditionally
established method did. This method is powerful when the number of
subjects and test—Items available are small. Also estimates are always V

obtainabi. , and moreover f ree from a choice of ordering tes t—items.
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-~ This is the f in a I ~~~eport  of a year—1on~~ project which exp lored

psychometric properties of response—time data  and developed a model in

which response—time was incorporated in scoring achievement tests.

V a l i d a t i o n  of the model w i t h  real data  ha s not ye t been done , though the

foundation of the model is based on theoretical and empirical research

conducted’by the principal investigator and Maurice Tatsuoka tn the past

few years. Many studies related to response—time have been done by

exper imental psycholog ists and cogni tive scien tists since the earl y years

of this century . They first tried to discover an empir ical  rela tionsh ip

between intelligence and reaction time (we ca l l  i t  response—time in th is

s tud y) in the  percep tua l domain but the results f r o m  various studies were

so diverse t h a t  convincing relations were not obtained . Due to recent

technical advances in computer science , computerized testing allows for S

more accurate measurement and control of time data. Thus it enabled

cogn iti ve psycholog ists to provide a large amoun t of Inform a t ion abou t the

relations between response—time and various types of stimuli. Moreover,

many psychological studies pertinent to an information—processing view of

mental abilities have indicated the existence of a series of cognitive

processes which differ among individuals. :The intention of the mode l is to

try to quantif y individual differences in information—processing skills In

terms of a latent response—time variable (analogous to the abilit y variable

in latent trait theory) which affects the time taken by an exam inee to

answer each of a given set of test items. We did not attemp t to give a

precise psycho logical  meaning fo r  th is cons truc t beyond say ing that it may

be regarded as a p erv I st v e  trait of individuals to he slow or quick in

solving items of a certain domain.’ The scope of t h i s  s tud y was summarized

- 
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t n  Techn ica l  Repor t  N o .  3 , ~ Mod e l [or I I1c_~ rn~~rat  in~ R e s p o n s e— t i m e

Da ta in S co r t n ~ Achievement T~ st .~~

The other object of t he  p r o j ec t  was to apply adaptive testing

techni ques to the Interact tve mode of ac twa 1 i n s t  ruct  tons and t est  ing with

computer—managed rout Ing svstems.~ The computer—based education system

at  the University of Illinois (P1~ATO~ has been w idely util i zed In teaching

many subject areas for the past several ve.Irs. Computerized adapt lye tests of

si gned—numbers ope rat t en s  t or a Vt Ufl  I or h i g h  schoo l , and of mat r lx at gebra

for the multivariate statistics courses In the Department s of Psychology

and Educat lena I Psychology at the IT 0 I ver s  i t  v of  I l l  t o o t s , were imp lement  t’d

a long with computer—managed rou t ing systems by which each student was se n t

o t he Instruct tonal u n i t  c or r e ’sp oaad tu g  to  t he  leve l of achievement at

which she/he stopped in the  initial tests. Conventiona l posttests were

admin istered at the  end of Inst ruct  t on .

The prac t  ica l  u se of ad ap t  I Vt ’ diagnostic test Ing together with

compute r i zed  in st ru c t  t on r a i s ed  t n t  crest Ing q ue s t ion s  and problems • Some

of the  findings in  t he  e’mp t rt ca l  study were summarized in Techni cal  Report

No • 2 , The Dange r of Re l y I n~ S~ i t ’  lv on Di ~~~~os t i c  Ad ap t  I ye Test ing  when

Prior and Subsequent  I n s t  ru e  t tona l Methods  ar t ’  I) t f  f e ren t  • The

d imens  t o n a l i t y  of p e r f e r n i • a u c e ’ scores on the  post t e s t  f o r  signed—number s  was

f a r  f rom s a t i s fy i ng  u n l d i m e n s l o n . a l l t v , w h i l e  the  scores on the very same

t es t  obtn toed f r o m  the  previotis St u d v — — i n  w h i c h  adap t  lye  di  agnost  t c  t e s t i n g

was not used and hen ce s t u d e n t s  st t a d i  ed a w h o l e  ser 1 es of Instruct t o n a l

lessons——show ed •a st r o n g  tendency  toward no Id imens tonality • A c lust ei

.anal ys is of the  examlnees’ response pa tte rns led us to f i n d  a group et

studen t s  whose p er f o r m a n c e  on the  t e s t  was signif (cant li.’ di i terent f r o m  t h e

-- 
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da ta genera ted by the Monte Carlo method , hut it often fails to converge

and cannot estimate the parameters for real data in which even a very few

instances of  certain kinds of unusual data are included; it also fails for

ei ther  very hig h or ve ry low 9 values. This sens i t iv i ty  is un fo r tuna t e ,

p a r t i c u l a r l y  when adaptive tes t ing  is used in prac tice , either as a

d iagnostic test or a posttest at the end of instruction. When diagnostic

adap tive testing is used for routing each student to his/her most

appropr ia te  ins t ruc t ional  un i t  in a series of lessons w r i t t e n  on computer— V

based education systems, the problem of having nonconvergent 8 values is

severe . Some of our data  showed about 10% of the s tudents  f a i l i n g  to

ob ta in  any f ixed  estimates of 9 variable.  The purpose of the study

described in Technical  Report No. 1 was to propose a new est imation method

by which estimates of 0 are always obtainable even for a small number of

items. The results are compared with those obtained by the maximum

likelihood method. It seems that the least squares multip le regression

method is a useful alternative for providing estimation of 0 when the other

parameters , discriminating power and difficulty, are known.

ABSTRACTS OF RESEARCH REPORTS

TECHNICAL REPORT NO. 1

The Least—Squares Est imat ion of Latent Trait Variables by

A Hu bert Space Approach

This paper searched for a new method for estimating a given latent

trait variable by the least squares approach. The beta weights are

obtained recursively with the help of Fourier series and expressed as

functions of item parameters of response curves. The values of the latent

V V ~~~~~~~~~~~~~~~~~~~~~~~ S~~~~ ~~~~~~~~~~~~~~~ V V V ~~~~~~~V~~~~~
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tr ai t var iable e s t i m a t e d  by t h i s  method and by the m a x i m u m  l i k e l i h o o d  netI~ed

were compa red u s i n g  r e a l  d a r t .  The r e s u l t s  were very close , and vet the

v a l u e s  of the latent r U t  vari able estimated b y the  m u l t  i p ie r eg res s ion

meth od  were 5ilw ,iv ’~ 1 th t  l i Va b l e .  The m a x i m u m  I i ke l  Ihood met h od , on the  o t her

hand , o f t e n  f a i l s  t o  converge .

TECHN I CAL REPOR r  NO. 2

The Dan ger  of R e ly i n g  S o l e l y  On D i a g n o s t ic  A d a p t i v e  T e s tin g

When P r i o r  and Suhstquent I n st r u c t i o n a l  Methods  are D i f f e r e n t

A c o m p u t e r i ze d  dia gno stic a d a p t i v e  t es t  f o r  a se r ies  of p r e—a l gebr a

si g n e d — n u m b e r  lessons (which  are also on the  compute r  sy s t e m )  was

p r ’ d I . i m m e d  5 i t ong  w i t h  a compu te r—m anaged  r o u t i n g  sys tem by w h i c h  each

examinee  was Sen t  to the i n s t r u c t  iona l  u n i t  co r r e spond ing  to the level of L

s k i l l  at  w h i c h  she /he  s topped in the initial t e s t .  U pon comp l e t i o n  of the

course i c o m p u t e r iz e d  c o n v e n t i o n a l  p o s tt e s t  was g i ven  to the examinees .

The p o st t e s t  scores were  f a r  f r o m  be ing  u n t d t ’ l . ’l l s iona l , wh i le the  p r e te s t

and p o s t t e s t  da ta obta ined  f r o m  a p rev ious  s t u dy , In which the  p r e t e s t  was

a compu te r i zed  c o n v e n t i o n a l  t es t  and s t u d e n t s  were for c e d  t o  go th r o u g h a l l

instructional units regardless of t h e i r  achievement  in the pre tes t ,

indicated a strong tendency to he unidimensional. ru e response patterns of

the posttest in the present stud y showed a h igh error ra te f or the sk i l l s  V

pr ior to stopping levels for one subgroup of examinees.

A cl uster ana lysis was performed on the response patterns of the V

sk i l l s  and f our d i f f e r en t  groups were f o u n d .  ~\ d i sor  im in a n t  ana l ys is

In d ic a t e d  s i g n i f i c a n t  differences among the fou r groups in response

patterns of the skills in signed—number operations. Aft er tmterviewing the

teachers and several children , we came to the conclusion that it was the

V 
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difference between pr I or and c u r r en t  I n s t r u c t  tona l methods  t ha  at  co , i I  u sed

s tuden t s  and c , i I I s t d a mess a n  the  p o st t e st  d a ta .  In  other words , there

was a proactive inhibition iffec t.

The s c o rin g  procedure  of the adaptive testing did not consider

i n d i v i d u a l  d i f f e r e n c e s  in i n f o r m a t i o n — p r o c e s s i n g  s k i l l s  w h i c h  were a f f e c t e d

b y the i n s t r u c t i o n a l  method used in p r ev ious  t e a c h i ng .  Thus , the students

who were t augh t  to p e r f o r m  t h e  b e g i n n i n g  p a r t  of a set of h i e r a r c hi c a l l y

ord ered sk il ls  by instructional method A would very likel y get confused in

a lesson in which a different instructiona l method B was adopted .

(‘onsequentlv , quite a few peculiar response patterns were seen in the

per fo rmance  on the poste.’s t.  This  f a c t  cau t i o n s  us t h a t  one should he

c a r e f u l  not to rely solely on t e s t  r e s u l t s  d e t e r m i n e d  b y p e r f o r m a n c e  scores

on a d i agnos t i c  p r e t e s t  when a computer—managed  i n s t r u c t i o n a l  sy s tem is t o

rou te  each examinee to h e r / h i s  i n i t i a l  level of i n s t r u c tio n .  I t  was

suggested tha t  we must somehow u n r a v e l  what  I n f o r m a t i o n — p r o c e s s i n g  s t r a t e gy

was used and consider this knowledge simultaneousl y.

TECHNICAL REPORT NO. 3

A Model For Incorporating Response—Time Data l~ Scor ing

Ach ievement Tests

The dif f erences In type of i n f o r m a t i o n — p r o c e s s i n g  s k i l l  developed by

different instructional backgrounds a f f e c t , n e g a t i v e l y or positivel y ,  the

l ea rn ing  of f u r t h e r  advanced i n s t r u c t ion a l m a ter i a l s .  That  is , i t  p r i o r

and subsequent in s t r u c t i o n a l  methods are d i f f e r e n t , a p r o a c t i v e  i n h i bi t i o n

e f f e c t  produces low ach ievement  scores on a p o s t te st .  This f a c t  poses •i

serious problem for routing of s t u d e n ts  to an i n s t r u c t i o n a l  level on the

sole h~ sis of perf ormanc e on a d i a g n o s t i c  adap t ive  t e s t .  I t  is e s s e n t ia l

- 
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7 V

t h a t  we somehow unrave l what  i n f o r m a t i o n — p r o c e s s i n g  s t r a t e g y  was used and

consider this knowled ge simultaneousl y.

F o r t u n a t e l y ,  response—time o f t en  provides  supplementary information

which differentiates among individuals showing identical quality of

perf ormance. A model that reflects this kind of information , obtainable

f rom re.sponse—time scores, is formulated in a similar manner to latent

trait theory and is discussed. This model is u s e f u l  in i d e n t i f y ing

d iscr imina ti ng i t ems  tha t are sensi t ive to d i f f e r e n c e s  in i n s t r u c t i o n a l
V
S

method. It also is helpful in iden t i f y i n g  an i n d i v i d u a l ’s in s t ruc t ional

background to a certain extent.

L
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