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McClain Page 1
INTRODUCTION

Throughou: ~h2 past iwen=-y-four morn<hs The Urniversity of Iowa has
bzen involved wizh daevelopmsnt, implementa*ion, and opsration of
compu-er Lkassd -est i<ém fools and a test-conszruction and course-
management system *itlzd IPSIM (Icwa's Itenm Pool Systen for
Instruc=icnal Managem=nt). The evolution of *his sys<em has been
irfluential in corvincing us zha:t test i<em pools are a valuable
rzsource for educators and that course-ard pool-maragemen: progranms
are ap sffective utilization of <the compu*er in +he 3instructional
precess, particularly benaficial for <self-paced, individualized
courses,

This +ypz of compu*er application to *he instructional process
appsars *o possess wide ranging pctential and *o be viewed by mo:zz
users fclass-oom instructors) as a needed, cost-effective investmen=
of <ime, 2ffor*, and monay. The computer aids +th2 ins*tructor in
szveral <cf <he most time-ccasuming ard least-valued parts of his/her
job--the productior ard grading of tests ard the analyses of “heir
rasul-s, *he evaluation of s*uden* performance, and the keeping of
class raccrds. Addizionally, information corcerning class performance
iz provided to assist irstruc*ors in identifyirg and corracting weak
parts of th: curriculum and in adjusting instruction to the
parformance and r.zsds of “he s*udents.

Thz IPSIM system, originally devised for a frashman medical
course iIn the Pazhology Depar-men® of the Collags of MNedicine, is

impl:ment=d on The Univsrsi*y of Iowa's IBHM 360 Model 65 compurer.

. The Pa-=hology it-m pool evolvad from +he effor:ts of members of a
m2dical educazors' group callsd GRIPE ( Group for Rasszarch and
Instruc=ion in Pa*hology ®duca<ion) and is ccmprised of over 4,000
questions and studen*-performancs da*a, wi-h 20 msdical schools ir “he
ERIC

= ||m Provided

___3;7777 e

|
' &)




O

ERIC

Aruitoxt provided by Eic:

McClain Page 2

Uni-ed S+a=es and Canada pressntly uxilizing Zi%s capabilities, The
basic system has been ex*ended tc other academic areas at Ths
Universi-y of Iowa through *hs development of i*em pools in Ma:erials
Scierc= for the College of Eangineering, in Introductory Chenmistry for
*he Chemistry Departmant, and thrcugh work orn ar item pcol fer +*he
Division of Educa=ional Media.

A deatailasl description of the original system developed o manage
“ne medical irem pocl and the self-paced Pathology course is contained
in & paper presen-=sd &t <he Fifth Ccrference on Compu*ers in the
Uréergraduate Curricula held in Pullmer, Washington, Juns 24-26, 1974,
Tae follcwingy ssction will brizfly summarize +he fea*ures of this
system with th: romainder of <the paper detailing +he significant
enhancements made =0 =he IPSIM system for +the application in
Chamistry.
REVIEW OF IPSIM

The IPS™M sys*em which consis<s of approximately twsnty ccmputer

programs wri-

ot

er ir PL/1 (Programming Larguage One) is to=ally

oparatioral, ard we ars fully utilizing its capabilitiss. The i:en
pr>cls, *he core of the sysiem, ar:s s*ored as keyed ind2x2d saquen=ial

files wi*h wvariable 1lang*th records wu=ilizirng IBM's PL/1 da*a base
mapagsmen« rouzires znd 3isk storage conven-ions. An  ize2m pcol is
uzuz2lly comprised of =ast gquastions as well as other descrip+ivse
informa<ior. (¢#.g., key phrases or words, crecss references, statistical

charac*eristics, e*c.) which are filed by the systam.

rn
O
ry

Ir compu-srizirg 2 pool of quastions, a clazsifica*ion scheme

O

rganizing ard irdexing izems must b2 developzd. 3ven +*hcugh *h=
sys*em will alsc permi* alphabs*ic let%ers -o be used if decirad, arn
elqgh=-digi* numbe:z is most cf+ern employ=d £or cataloguing and
r2~rieving it ms iIn our work i* The Wniversi*y of Iowa. The first twe

4




McClain Page 3
4igi<s of an i<em pool number are utilized to designate the MHCA

(najor-conten= area) and the follcwing T WO digits dero-

D

subcategories, the TD's (-opic descriptors), under each MCA. The
rzmairing four digits represen* the sequence number of the itam (three
digicts) and -he version number (final digiz).

Employing +the generic key capability of file management, i*enms
can be select2d by specifying either the entire number or any gereric
par* of +the MCA-TD number. Illustrating the generic concept through
use of alphabatic letters for simplicity, all names in a telephone
book file b=2girning wizh the letter A would be re*rieved by calling
for A, 2ll names beginning with Al by AL, names with -he first three
iat%2rs of Alb by ALB, all names having the first four letiers Albe by
ALBE, ¢tc., Or ar entire spacific name such as Alber+ would be
ratrjzved by specifying ALBERT. Sirce most item re=rieval is either
for 2 relativsly small number of specific entries or for a large
rumber of erzries from a g:sneric subse*, the generic k2v capability
tas bsen sxtrimely useful.

Ir addizior *o the i%em rumber, =he sitructure of a typical itenm
po0ol 2n%ry may irnclude the following components: (1) *=he question
and/or =extual ma<srial; (2) <*he correc* answer; (3) *“he question
format, a number used by the system for questions having 2 common se=
of a=tributes; () *he MCA ard TD phrases; (5) the SCA (seccndary-
con+en- area) which iIndicates a cross reference; (6) =he KP(key
phrass), a Adescription or reference of *he knowledge regquired by a
studer+* <o correcxly arswsr “he ques<ion; ard (7) tha performancsz
data, wi-h one 1line of data per each occasion the i+sm is used.
Comprising th: performanc: da-a is informa*ior such as <he percentags

of s*udents selecting <=ach response (fcil) or failing *o indicate a

cheics ¢f answers; +he number of students tes%ed; th2 MPL (minimum-

o
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pass 1level); the discrimiratior 4index; and +he difficulty of a

To create ard manage the ltem pools, computer programs have been
writt=2n to bank (add qusas*iors cr other materials/infermation *o a
pocl), delez2, edit (correc* errors), update (add parformance daa),
and rename (change classificaticn number) the %tzst qusstions. An iten
car. ba banksd which contairs any number or all of ths components
1iszed in =he preceding paragraph, a feature enabling tha IPSIM systen
to be flexible and +hus permitting it to be utilized in creating
various pools (=.9., test questions, course objectives, text
raferances, =2%cC.). The sequence and version numbzar of an item can
¢ither be supplied by +th: wuser upon bankirg +he gquestion or bs
automatically added sequen*iazlly *o *he MCA-TD rumkter by the systenm.

The system provides thres basic forms of output--an item listing,
ar index, and 2 test. A iisting is simply a prin“ed copy of an iten
corn*airing or2 or any number of the seven components previously
discussed. in irdex, a cazalng with cach entry a brief descrip*ion of
“he 1-em, provides the wuser with a quick method of identifying
appropriz*e questions for “hs par*icular application. A <tesz, being

defined as a seri

{1

s of quzstions regardless of its use or purpose, can
ba generzted ir two ways: a printed copy for reproduction as a
"paper-and-percil" +“est or a serizs of queszicns coded in CWIII
(Coussawriter 111), IBM's author language for interac+ive
adminis<ra*ion by the computer via a <ermirnal.

kegardlzss of how a “2st is administered, a very impor:ant and
of-er omi-*ed follow-up procedur: is the collac+ion of performancs
datz, The IPSIH system is programmed *o utilize input from either

mark scan cards ¢r CHWIII szudsnt records zo perform an i%2m and tes-

6
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McClain Page 5
analysis. Ths student-performance da<a obtained is added *o *he pool,
the update making it more informative,

TeC accommodate self-paced, individualized courses computer

programs have been devised to record student data and provide status

o]
[{H)

por-s detailing s<udent progress on individual units., These reporzts
can b= run at sp.cifizd periols of time and ars valuable asseis <*o
course management,

In summary, the IPSIM system is designed to: (1) creats and
manage itsm pools; (2) gerera=ze tests; (3) score tes*s; (4) analyze
studen*-performance data; and (S) provide student-progress reports.
CROSS REFERENCING

It has been our =xperience at The University of Iowa that
szlec-ion of a classifica*ion schemz is by far *he single most-
important aspsct in building any item pool. The classificartion schenme
has probably failed, if the user can ever make a simple request for

informazion from a pool and receive a major percentage of the pool's

()]
ot

n-

ri

'.l

€s in responsa. The sch2me needs +*c act as a very definite
filtering process.

A dominant philosophy iIr our work has been that if a specific
i-em doss indeed £it Intc mor:s than one category of the classifica*ion
schem=2, =2ither the schame¢ has failed or the i*em should be handled as
“wo absolutely distinct iiems. Unforturately, +*hs mulziple-entry
principls has proven =0 be not en*tirely satisfacrtory for all
applica=ions. One solu*ion is to allow 1liberal cross referencing
within 2 pool. However, *here is pot2rn*tial danger herz iIrn tha* the
desir=d fil-ering process car easily be nega%ed by indiscriminate
cross referen~ing.

Nur solution a* The UJnivsrsiiy of Jowa, which we 4ferp *he
‘M"parent/alias corcept" and advise our users *o use with cau+icn,

7
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involves one-way referancing. The parent is comprised of +he question
or *=2x7, any o0f +the descriptors, and any performance data,
Furth=rmore, it includss a count of the aliases which refererce the
parsn* (used -0 assure tha* the parent is rot deleted or renamed
bzfere all alisses are removed from the pool). Each zlias contains
cnly a refersnce to the parenz, the parent's item rumber. Thare is nc
doub* bu* =<hat <his method can be abused, bu: we believe it provides
just erough flexibility so as +to handle the -exceptions in i*en

classification wizhout negating the filzering prccess impos=d by the

W
]

gsr2ric classificatior scheme. 1In cur opirion, cross raferencing is
dz2finitely no: an alternazive to a classification scheme.
COMPUTER GENERATED MULTIPLE CHOICE QUESTIONS

To be of greatest benafit and value for a self-paced course an
izem pool should be 1largs enough so +here is ro nesd for test
s=curity. Ir fact, <h: pool of questions migh: bz an important
l2arnirg 2id for -he studsrt if it were %0 be made available +o¢
him/h=r. Bu- with staic mul+iple-choice questions, probably mors
*nan 2,000 i+t=ms for a onc-semester courss would Lte needed. It 1is
belicved, however, +*haz a computer-genera*ed question could be
équivalsnt +o a2 large number of s=atic questions in +h2 itam pool,
d2pendiing upon *h2 creativiy of *he writar.

The IPSIM system was =xpand2d to not only be used as an aid in

prevaring teszs f pool of itzms but also *c be employed as ar aid

Lp]

om

s

‘s producing +he +est i-em itself. Even *houjh it is most affective

foz d=2veloping qu<stions with numerical answars, compu*er-question

"
.

¥
By

raticr can also be uzilized for devising non-rumerical questions.

O

g

|J-
b

The sys+<:sm retrt

31}

"

vaeg a skelezon or proto=yps of an item from ths
poel ir a mann2r ZIden-ical <o that for regular test~-question

o szl=c+ion, The prototype sziates *h: rules for cres=ing “he specific
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variable componerts in bozh a que<iton ard its mul*iple-choice foils.
The rules sp2acify exactly hcw *o gererate entries for *he variable
par=s of i*ems: <the <ype of sntry (alphabetic, d=cimal, or irteger),
the range of numeric valuss, *he rumbar of significar* digits, and the
algorithms for selscting or «calculating variables. Ornly this
pro*otyp= is banked in the it:m pool, with the system cons*ructing the
actual question during tes* production.

The effactiveress of computsr-genzrated questzions can best be
illus*rated through usz of a simple example. The instructor writes
<he izem pro*o*ypz as follows:

What volume of 'R 3 .1 .5' M. 'T HCL; HBr; HI; HC1l04;!

%21l neuzralize 'N 10 40' mls. of 'R 3 .1 .5" H.

'T NaOH; KOH; NH3;'?

(A) 'RA 3 X3%XU/X1l' mls. or 'TA X2!

(B) 'PA 3 2%X6' mls. of 'TA X2!

(C) 'RA 3 X6/2' mls. of 'TA X2

(D) 'FA 3 1/X6' mls. of 'TA X2!

(E) 'RA 3 X3*X1l/XU' mls. of 'TA X2
Enclosed within each se* of single quozation marks is a rule for
creatirg ths variable and is replaced by the computer-genarated ern+try
during *est producticn. Immeiizzely follcwing the first gucte mark is
one of the three charactsrs which informs the computer of the type of
“2x= -0 be crea=ed: an R for real decimal rnumb=2rs, arn ¥ for integer
numbers, ard 2 T for tex*ual (alphabs<ic) materials. Nexs is either a

blark =space fo»r randomly gesnsra+ed variables or =he lezter A for +ex-

<

gznerated by an algorithm. Thus, *hs eix forms of compu*er-gensrated

variabl

131

s are R, ¥, T, RA, NA, and TA.

In <he above exampls <the first variable item, 3sno<zd by “he

system as X1, is a randomly genera*ed decimal numbsr of “*hres=

9
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sigrificant 1igits having 2 numeric value between .1 and .5 in

|

magrizude. Ths s2cond item %o be gensrated, X2, <signifies randomly
chosen =tzxtual mazerial from & given list. X3 is a random integer
b=<wezr. 10 and 4C. The compu%er-generated variable for X4 and X5 .qre
similar ir form *o X1 and X2, respectively.

In the first foil, the variable X6 is a d2cimal number with three
s=grificant digits calculated by th= give; algorithm X3*X4,/X1., It is
importan= <to note *hat *the algorithm (formula) can utilize any of the
ari*hme:ic opsrations as well as some basic func*ions (e.g., SQR, LOG,
SIN, anrd COS). Furthermore, the algorithm can refersncs any variable
in *he i“em preceding or feollowing it. The second text of *he A foil
is a2 simple rzferesnce to zhe =zextual material selected in X2.

When the gernerated multiple-choice question ig prinied as part of
an examina*ion, the order of the foils is scrambled. A sample
exscu=ion of zhe aforemsntionsd item with the foils unscrambled is:

#hat volum2 of .217 M. HBr will neutralize 26 mls. of .36 M. NaOH?

(3) 41.5 mls. of HBz

(B) 82.9 mls. of HBr

(C) 20.7 mls. of HBr

(D) .0281 mls. of HBr

(*) 16.3 mls. of HBr

The ccmputer-genera*ed question system was designed so <hat: (1)
gques-icns car be constructed by instructors who havs a nminimal
knowladge of computsr programming, ard (2) as *he proto:ypes ars:
wri<cen Iirn th: qu<s=ziorn forma= accep-=2d by 1IPSIM, compu=ar-generated
izems can bs mix2d with and selec-ed in the same marner as the sztatic

.
entrl

W

e
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AYTOMATIC-TEST GENERATION

For i<s self-paced coursss, The University of Iowa's
undergraduate chemistry division had a2 res=d for genarating a 1large
nunber of unique <asts over specific subject-mattsr areas. To satisfy
~his nezd and as a response to the increasing interest in automatic-
test gerera-ion, IPSIM was augmented to vperform auiomatic-test
g2neration in a2 manrer which has provan +o be quite successful.

According +o direc-ions given by <the user, ta2st generation

typically proceeds as follows: Cons:truct three forms of a +est which

but will resul- in a wide range of scores (variance of the difficul:y
index about 600).

To satisfy +the request, 1IPSIM performs 2 two-phase seclection
process:

(1) 1In Phas=2 I, all applicable items are grouped. Than for cach

T, 3 random subset of a sufficient size *o perfornm

ot

form of 2 te

/7]

~he next phase is selectad.
(2) In Phase 1II, “he items from =ach subset which best fi+ the
user's *es* specifica+ion are chosen. once the izems ars
de*srmined, +the wusar car employ any of thz +e3% printing,
automatic scoring, and analysis capabili+ies available wi=h
IPSINM.
This general description do=s not sarve *o demcnstrate any specifics
of IPSIM's auzoma<ic-%est gersration., In par+-icular, wha= ars
"zpplicable i<ems" in Phase I? In Phase II, wha< consti*u+tes a 'bes-
fien?
A b=zst £fi- is achieved by weigh*ing each Ztem Zin a given subse=
by *k= weightirg formules. Itsms with the  highzst weigh- will

@ corstitute <hz s3+ of itzms which most clossly approximate the *egt's

|
!
1
|
|
|
|
|
I
|
l

will be of average difficulzy (difficul‘y index of *he tzst about 60)

o o e 1il




d=sir=d charac=eristics.

aze summariz=d as follows:

Difficul+y Index

Variance c¢f Above

Discrimina*ion Index

Past Usags

No. of I*ems ir a
'lca=<egory"

How badly use- wants
i-zms Ir a "category"

In addi+*ion =0 =he

rzlevant parazmaters which +he user can override are

Subset

calculated avg.

calculated

calculated avg,

NA

calcula+ed

NA

six <elsmente in

Blemerzes involvsd in the

McClair Pag2 10

Item
actual/defaulx
(can override)

NA

actual/d=fault
(can override)
actual

NA

the above *able,

wzigh+=ing

schenme

defaul+*
(can override)
Default
(can override)

NA

NA

NA

NA

four other

incorporated to

allew him to sxpecimert wi-h znd/or massage the weigh=wing fcrmulas.

Applicabls

for inclusion. For

complztes tes® zpecifica<ion.

under the MCA-TD »f #22-33.

everything

items

axample,

¢Xcept the

ars ones whick meet *h2 user's specificazions

Jescrimination

IPSIN utilizes izs

index

defaulzc

DEFDISC (40),TEST (CATEG (#22-33)) is a

The applicable i*ems ar2 all *hose found

values for

value indicated by the

DEFDISC which is to b2 assignzd %o arny items lacking such data.

Two o*h=r
forms
25) .
t2st is:

the above

CATEG (#22-33)).

parameters

Modifying *he

which can

DEFDISC (40},

above

category #88-83, i+ becomes DEFDISC (40),

12

example

(d=faul- = 1) and +*he number of quastions ir ths test

TZST (NOFORH (4) ,

TEST (NOFORM (4) ,

b2 overriden are the number of

(d=faul: =

Thus, <he specification tc ge= four, thir*y-five i+em forms of
NOQUEST (35),
to irclude i-ems from

NCQUEST (35),
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CATEG (UNION(#22-33,#88-88))), whsre UNION is *he normzal set union
opera*icn.

One of the primary purposes of the CATEG (category) descriptor is
to zqualize any disparity in *he number of items frcm a specific MCA-
TD. If #22-33 has significan*ly fewsr items +han #88-88, th2
probabili%ty of final inclusion of items from #22-33 is a good deal
less +than that of items from 488-88, 1In some applications this is
desirable bu* in others it is not. The following example demonstzrates
how tc equalize these protabilities: DEFDISC (40),
TEST (NOFORM (4) ,NOQUEST (35) , CATEG (#22-33) ,CATEG {#88-88)).

Thus far we have 3introduced +the basic form of IPSIM's test-
specification larguage and have overr ddern several of the test-
descrip=ion parameters. Howaver, +the most extensive aspect of the
larguage is the capabili*y of specifying criterion for the inclusion
of irens. In <he preceding =xample, the criterion was merely all
izems cf #22-53 ard all of #38-88.

Adding--irclude items from #22-33 which are no+ aliasss for
entriss in #88-88--th= test specification becomes:
DEFDISC (40) ,TEST (NOFORM (4) , NOQUEST (35) , CATEG (UNION ( QUAL (NOT(ALIAS
(#88-88)),#22-33" ,#€8-88)). This introduces +the QUAL descriptor which
stards for qualification. (Items from #22-33 are qualified *o no+* be
aliases of itsms in #88-88.) Also, the example introduces cne of ths
~hree 1logical operators; AND,OR are the other two. ALIAS is a sc-
called bottom-level descriptor because it is applied Airec:tly to the
i-ems. If, instead of specifying 4items which are no- aliases for
eptries in #88-88, we specify items which are sithsr computer-
gzrerated qu:-stions (deno-ed by a FORMAT of 9) o:r questions which are

aliases, “he specificatiown changes tc

13
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DEFDISC (40) ,TEST (NOFORH (4) , NOQUEST (35) , CATEG (UNION (QUAL (OR (FORMAT (9),
ALIAS) ,#22-33), #88-88))).

It ZIs not difficult to ses hcw complex a test specification can
become. On th= czher hani, suppose the user says he wanis izems <£from
#22-,3 arnd #88-88. These izems should have a difficulty cf at least
fifty and be computer-generatad questions or aliases. Firs+ of all,

the three qualifications can be 1logically combined in several

differens ways. Secondly, which rparts of the qualifications are.

intended %o apply to #22-337? Which to #88-88? Which +o both #22-33
and #88-887 This illustrazes the age-old dilemma c¢f +he wuser
trénslazing what he thinks he nesds *o tell-the computer into what *he
compuzer needs tc¢ be *old.

A~ *his point in automatic-test genera*ion we feel it is
mportant to have a language which can rever be ambiguous +o the
COMpPUTET, Our *est-specification language is powerful enough o
express any possible inclusiorn criterion in an unambiguous manner and
yst Dpe as rc=asonable o work with as some computer programming
languzges, To Illustra*e both its heavy recursiveness and its
flexibilizy in adap*ing =to *he user's way of thinking, suppose two
us=rs ask for the following tasts:

All items from #22-33 and #88-88 I*ems from #22-33 which

with difficul=~y of a- least 50. have difficulty of at least

But *hosz from #22-33 must be

[1¢]

i“her computer-gsnerated

questions or aliases, aliases. Also, items from

#88-88 which have difficul*y

of a* leasz 50.

The two <est zpecifications are:

CATEG (QUAL (GE(DIF,50), CATEG (UNION (QUAL (AND (GE(DIF,S0),

14

50 ard be either computer-

genzrated ques+ions or be
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UNION (#88-88,QUAL (CR (FORMAT (9), OR(FORMAT (9) ,ALIAS)) ,#22-33),
ALIAS) ,#22-33)))) QUAL(GE(DIF,50),#88-88))).
The first specification shows how rscursion can be employed, with the
en*irzz cazegory qualified to have a difficulty of at lzast fifty. The
iz2nms from #22-33 are thzn further qualifiecgd. In +he second
specification, each MCA-TD is indeperndently quglified. Though +tkhe
first specification is shorter, it is exactly the same specification
as -he second ore. In fac*, “he judgmert as +o which is +the nmore
accurate depends upon the user's reasoning.

Ir conclusion, automatic-test generation is achieved a% The
Universi*y of Iowa by a two-phase selection schenme. In the firs:

phase IPSIM groups all applicable items, cnes which mset the inclusion

n

second phase. The criteria are expressed via a language which: (1) i
powerful =enough to express any inclusion criterion; (2) is as
rzasonable +to wcrk with as some computer languages; (3) is extendable
1 *hz sense -hat the addition of bottom-level descriptors have been
anticipated and space allocated for them; (4) is flexible to the
user's way of thinking. From ths subse: of randomly chosen items
formed 1in Phase I, Phase IT seclects th2 se* of items which best fit
the characteristics desired for the test. Random selection provides
unique subsets for ecach ferm of a desired test. Fitting of items *o
the d=sired t3st crit~rion is achieved by +he weigh%ting formulas. 1n
addi<ion to <he desized characteristics of a tes%, all the parameters
in *hes2 formulas can be ovarriddsn by *he user-.

TPEIN's automatic %¢st-generation system has iritially performei
b2-+<er *han we hed anticipatzd. Due “o *“he flexibility in nmassagirng
~he fi**ing criterion, =he existence of varied i+em descripsors in =he

izem pools, and +the comple*en:iss of *he inclusicn crierion aspect of

15
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the language, we believs that this systam hasz even greater potsntial
tharn has yet beer u=ilized.
THE CHEMISTRY APPLICATION

Ar application u%ilizing the enhancements of the IPSIN system has
bszn the Jevelopment of a self-paced Introductory course in chemistry.
A rodifiezd Keller plan for chemical principles was in:iroduc=d on a
trial basis Fall semester, 1974, in three firs:-y2ar chemistry
courses, with a %“est group of 200 subjects cut of a chemistry student
populaticr of 1,000. General use of the planr was scheduled <=0 begin
Fall semester, 1975; but bscause of *he success of the initial effort,
“Wo courses wi*h a studern* enrollment rumbering approximately 600
employed *his plan Spring szmes=er, 1975, with +he assis*ancs of *he
IPSIM systen.

In *he modifisd Keller plan, the contents of each of thes *wo

n
'
1
|.l
b
[e]
n
(D
3
D
n
ot
W

r chemistry courses is Jjivided in*o six or more units.
A student is permitted to taks an examination over a unit as many
times as and wherzver hs/she wishes. It is believed %0 Dbe L&
importart for a studen* to &acquire a strong general kncwledge of
chemical principles thar to acquite mastery of a few “opics.
Therefore, thz simple mastery system of “he Keller plan is not used as
the standazd fcz grading; instead, a student's evaluaticn is
d2-z2rmined by *o-aling =he highest scores carnad for each of “he unit
examinatliorns.

Thrcughosna+ zh= Co21rse, students are aid=d by a =tex-,
supplsmantary auto=utorial materials, conver*ional lactures,
discussiors, ard opsn =-utorial sessions. It is anzicipated *hat in
fu-ur= years studen*s will also bs assisted through use of audiovisual

mitsriale ani computsr-assisted insiruction +*echriquzs. The ultimate

16
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goal is %o provide the studert with a =ruly irdividualized program
while mainfaining a high s:tandard of quality.

T+ should be clear that implemenzation of & self-paced program in
an inzroductory course of nearly 1,000 studen*s is impossible withou=
the effec ive wutilization of +schnological inrovazions. Using ths
IPSIY system, Wwe have been able to generate, score, ard record resul%s
frcm the more thar 200 differsnt examinations raquired in the progranm.
An essential feature has bszen *“he ability +fo g2nerate nmultiple
#xamirna<icns »f egqual difficulty.

SUMMARY

Briefly, +he IPSIM systam provides =he user wi*h the ability %o:
(1) creaze anl manage item pools; (2) produce "paper-and-pencil"
tasts, including compuisr-generated forms; (3) provide CWIII code for
interactive -est administra=zion; (4) construct mulziple-choice
qusstions from =2 protoiype s-atement; (5) score tests; (6) analyze
s=uden*-performance da*a; and (7) compose student-progress reports.
The +~hree erhancements <o *h: system (cross refersncing, computer-
gsrerzted mul“iple-choice questions, and automatic *es* genera*ion)
ware added zo provide capabilitiss for *he chemis“ry applica*ion, bu=
they apo~ar to have wide ranging potertial fecr other subject-matter
areas as well., WIth the additions =o the original system, we have a
flexible syst2m which has proven to be a valuable asse: to i<s nmusers

ih @ variety of instructioral applica-iorns.
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