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ToWhomAre WeTalking?
TheNeedfor a Primer on
"Conversational" Rasch

Rita Bode
Rehabilitation Institute of Chicago

ave you ever walked in on a conversation where people were speaking
another language? This happenedto mewhenI attended an AERAses-
sion sponsored by a nonquantitative division that soundedinteresting . As
I sat there I realized that, although they were speaking English, I didn't
have the foggiest idea what they were saying . That's what a novice must

feel like whentuning into someRasch"conversations," be they oral or written, and that is one
reason why a publication such as Popular Measurementis needed. While I'm hardly an expert
(I consider myself an advancednovice), I have noticed the glazed look on the faces of someaudi-
ence membersat Raschpresentations and thought about the needto improve our ability to commu-
nicate .

Whatis jargon and whydo people use it? Jargon isn't just the use of specialized terminology ; it
also refers to the use of ordinary words that are given special meaningin certain contexts . Experts
mayuse certain terminology to describe a complex set of phenomenaor train-of-thought . When
other experts use that sameterminology to refer to these phenomena,jargon is created . As these
descriptions becomemorewidely known, the jargon becomesmorefamiliar . For novices, however,
the use of the jargon alone will not lead to understanding without reference to the original descrip-
tion of the phenomena.

Thus, within a group of experts, jargon is useful in makingcommunicationmoreefficient . But
whydoexperts use jargon in other situations? There are probably manyreason whythey doso. They
maybecomeso accustomedto using the jargon that they forget that they acquired an understanding
of it through somelearning process . Theyassumethat others have gonethrough the sameprocess in
understanding of the underlying phenomena. In this process, wetypically acquire specific bits of
information until we've collected a critical masswhich enables us to understand the concept as a
whole. Oncewe've assimilated this critical mass, wetake mental shortcuts that skip over the inter-
mediate steps . Weforget that weprogressed from step Ato step B to step C, etc ., in our acquisition
and automatically leap from step Ato step Z. While other experts canfollow these leaps, it confuses
novices whoneedto be lead step-by-step (as did the experts whenthey first acquired their knowl-
edge) to understand newconcepts .

Another reason jargon is used might be that it masksa lack of true understanding of someof
the concepts involved . In the process of acquiring knowledge, certain connections maynot have
beenmadewhich resulted in these gaps in knowledge. If the concepts involved are truly under
stood, they can be explained in other terms ; however, wherethere are gaps in understanding, one
mayresort to the use of jargon .

Whatever the reason for using jargon, weneed to do a better job in communicating what
Raschis all about to those whodon't already knowabout it . If conversing with Raschexperts, we
can still use jargon to expandour collective understanding of newapplications, but if wewant to
converse with novices, weneedto develop bilingual skills . Conversing with novices requires the use
of language which novices can understand, and contexts andexamplesthat are relevant to them.
Since there is no readily available "Rasch-to-English" dictionary, weneedto develop one basedon
what would makesense to novices, not other experts . With the multiplicity of contexts in which
Raschis used-in education, medical rehabilitation and health sciences in general, business, etc .-
multiple versions would be needed. Weneedto pool our resources and over time compile a list of
ways of describing objective measurementto introduce newaudiences .
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ResearchProblems
RaschSolutions

DonnaSurges Tatum, Ph.D.
DECISIONMAKING

e conduct research becausewehave questions about howto react to a
given situation . The time, energy andmoneyinvested in the research
and the effects of decisions require confidence in the research process .
Unfortunately the complete information contained in the data does
not always see the light of day. This is becausetraditional data analysis

techniques do not access the subtleties and complexities inherent in most research situations .
Weknowthat there are problems weshould deal with whenanalyzing data . But becausewedo

not knowhowto do so, wedo the best wecan with what weare used to . Todaytechniques enable us
to address these problems directly and efficiently, instead of having nightmares about them.

RATINGSCALES
RAWRATINGSCALESDONOTHAVEAUNIFORM,LINEARSTRUCTURE

Rating scales are one of the most commonlyused research tools . Surveys, evaluation instru-
ments, andpsychological tests dependon ratings . Standard analyses treat these ratings as if the choices
were evenly spaced steps equally separated . This is not the case.

Research showsthat the spacing around rating choices are not equal . Manyraters have a
tendency to group their choices around the middle of the scale values . Theend categories are further
from the points next to themthan the other categories are from each other, becausesomeraters do
not like to makeextreme judgments.

Instead of the intention that each category on the scale be evenly spaced:
1 2 3 4 5 6

Reality is messier :
1

	

2

	

3 4

	

5

	

6
terrible

	

poor

	

fair

	

good

	

very good excellent
RAWSCORESARENOTSUITABLEFORADDINGANDAVERAGING

ITEMS
ALLITEMSARENOTEQUAL

Whensurveying for such things as attitudes, speechconfidence, or speaking ability, the items
used are not all at the samepoint on the scale . Someitems demanda more intense attitude than
others, or a greater level of ability .

It is easier for students to agree that they are more comfortable preparing a speech than that
they enjoy giving speeches. It is easier for themto demonstrate knowledgeof their topic than to have
goodgestures .

Indeed, it would not be useful if all items did measureat the samepoint on the scale . That
would not allow us to discover the structure of the variable . Important information is contained in
the differences between elements, the difference between hard and easy items . Understanding the
hierarchal structure of the items improves information for decision-making .

ITEMSMUSTBEPROVENVALIDANDRELIABLE
Items must also be examined to determine whether they all relate to the samevariable, or

whether there are different subscales . Theitems must behavein a predictable manner. Whensome
items are misunderstood by those that use the rating form, wemust discover this . Wemust find out
whether our items fit the theoretical construct we intend - the idea which motivates our research .

EXAMINEITEMSFORORDEROFDIFFICULTYASWELLASVALIDITY



RATERS
ALLRATERSARENOTEQUAL- THEYARE
INDIVIDUALIN THEWAYTHEY
JUDGEASITUATION

Raters are a crucial element in manyresearch projects .
Weknowfrom Communicationand Psychology theory that
weeach live in our ownperceptual world, and attend to our
ownthings . Oneperson will react moreto howa speech is
organized than howit is delivered . Another maybe the oppo-
site .

Nomatter howhard we try to train raters, wewill never
achieve the ideal in which all raters are the same. Instead of a
false assumption of sameness,wemust address the issue of dif
ferences . In fact, the real differences betweenraters is impor-
tant additional information .

But different raters havedifferent levels of severity when
judging an event, thus wecannot take their raw scores and
add themto comeup with an objective measure. Onerater's
"3" maybe worth more than another rater's "4" because that
first rater is consistently morecritical in her judgments. Once
again wesee that wecannot use the raw scores for mathemati-
cal functions .

RATERSMUSTBECONSISTENT
IN THEIRJUDGMENTS

Wehope that our raters are well-trained and well-be-
haved. But if a rater is inconsistent in judgment, then wemust
be able to detect whois or is not providing consistent evalua
tions . Otherwise wewill have no basis upon which to make
comparisons.

RESULTS
ANAVERAGEORPERCENTAGEIS NOTAMEASURE

Whenresults are given in terms of raw scores with aver-
ages or percentages, they are descriptive of one-time events .
The results are not true measuresbecause they can not be
used to perform arithmetic functions such as addition, sub-
traction, and multiplication .

Oneof the fundamental errors madein research is to
use scores to perform a function for which they are not
equipped- to measureinstead of describe . This is like using
a "rubber ruler ;" there is no consistency or comparability be-
tween persons, items, or groups. Scores describe a one-time
event, after which the rubber ruler has to be thrown awaybe-
cause it is of nofurther use. It is not a calibrated ruler of units
with fixed intervals . There is no commonframe of reference
with standardized measures. Subsequentresearch will be "mea-
sured" with another rubber ruler that is not really the same
thing, even though the appearanceis the same. This leads to
fuzzy descriptions instead of facts of measurement.
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DIRECTCOMPARISONSREQUIRE
ASTRAIGHTLINE

Without a straight line markedin equal intervals, direct
comparisons lack precision and accuracy. Tracking products
over time, from group to group, or in field tests canbe tedious,
difficult, and imprecise . If a calibrated ruler is usedto measure
instead of a rubber ruler, then pictures and mapscanbedrawn
to showthe results . Awell-drawn picture is worth a thousand
numbers. It creates perspective .

ASTABLEFRAMEOFREFERENCEMUSTBE
CREATEDANDMAINTAINEDTOMAKE

MEANINGOUTOFDATA

SOLUTION
Manyyears of careful research produced a scientific

methodbasedon the RaschModel. This system for research
and data analysis is Objective Measurement. In 1953 Georg
Rasch, a Danishmathematician, washired by the Danish gov-
ernment to develop achievement tests to place armyrecruits .
Hediscovered a mathematical modelthat wascompletely dif-
ferent from any used previously for this type of data analysis .
In 1960Raschcameto the University of Chicago for a year
wherehe metBenjamin D. Wright . Professor Wright, a psy-
chologist whooriginally trained as a physicist, saw the impli-
cations of this method. In 1963 he founded the MESAPsy-
chometric Laboratory at the University of Chicago where he
and his colleagues refined and extended the Raschmodel. In
the process they revolutionized social science research .

METHODIN BRIEF

This is a brief explanation of the concepts inherent to
understanding Objective Measurement. This unique approach
to rater-mediated evaluations provides the most objective
meansfor assessmentyet discovered .

TheResearchSituation :
Atraditional analysis of raw scores is primarily descrip-

tive . It gives us a simple snapshot of the research situation . It
portrays a specific group of people using a particular set of test
items at a given time . All the elements are inextricably bound
together . Rawscores are not linear, anddonot havethe math-
ematical properties of true measurement.

Social scientists take a snapshot of the research situa-
tion as represented by the circle below. Theyor others repli-
cate the snapshot and then comparesnapshots. However, these
circles are not directly comparable. Eachone is unique unto
itself . Eachcircle reflects a particular, discrete situation . Av-
erages, percentages, or percentiles based on raw scores are
sampledependent, and can only represent what is happening

POPULARMEASUREMENT7



in that circle with those elements at that time . The results
are not a measurethat transcends from the particular to the
general .

PERSON ITEMS

items RATERS

4,

ITEMS

PERSON

MeasuredElements
Whenraw score's are conditioned using Objective

Measurementtechniques, something wondrously useful oc-
curs . Thestrands in the analysis are disentangled from each
other, and smoothedout into straight lines . Theyare cali-
brated into commonunits, providing context-free rulers that
are able to measureat any time and any place . Theseresults
are precise reproducible measurementinstead of fuzzy idio-
syncratic descriptions of statistics .

Investigation is nowpossible in a mannerthat conforms
to scientific principles . Instruments are constructed andcali-
brated to produce generalizable results . Eachelement can be
examinedseparately, allowing us to delve into the data in a far
deeper waythan has beenpossible with traditional methods.
Wediscover information heretofore unavailable .

personpersonpersonpersonpersonpersonpersonperson

rafersrafersrafersrafersrafersrafersrafersrafersrafersra

ifemsifemsifemsifemsifemsifemsifemsifemsifemsifem

This is it in a nutshell :
Observational statistics like rawscores andratings de-

scribe a one-time event with all elements interwoven . Objec-
tive Measurementgives us straight lines, precise measures, and
separated elements that remain stable across time andsample.
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Ph.D. in
Disability Studies

TheCollege of Associated Health Professions
at the University of Illinois at Chicago is now
accepting applications for a newinterdisciplinary
doctoral programin Disability Studies offered
jointly through three academicunits, the Depart-
mentof Disability andHumanDevelopment, the
Department of Occupational Therapy, and the
Departmentof Physical Therapy. This research
is intensive programis designed to prepare stu-
dents for leadership roles in the disability field .

Minimumrequirements for admission to the pro-
gram are a bachelor's degree, a GPAof 4.0
(A=5.0), GraduateRecordExamScore(quanti-
tative +verbal) of at least 1000, three references
pertaining to the applicant's academicskills and
accomplishments, anda 300-500wordstatement
addressing one's research interests in Disability
studies, goals for graduate study, andcareer de-
velopment. Apersonal interview with faculty is
recommended. Fall 1998 applications deadline
is June l .

Prospective applicants mayobtain additional in-
formation andan application by writing to :

Disability Studies Admissions Committee
College of Associated Health Professions (M/C518)
808 S. WoodStreet Room169
Chicago, IL 60612
Telephone inquiries should be directed to :

(312) 996-8237
Fax: (312) 413-0086
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THELEXILEFRAMEWORKFORREADING
This Lexile Frameworkfor Reading helps you to match your Lexile measure to literature titles and everyday world

texts such as USAToday. Your reading measureis determined by locating the text measurein Lexiles you canread with 75%
comprehension. In other words, if you canread TheOld Manand the Seameasuredat 900 Lexiles, andanswercorrectly 75
out of 100 questions about it, you can read at 900L. Eachentry on this maphas beenmeasuredto determine its location .

SPRING1998 POPULARMEASUREMENT9

200 Ronald MorganGoesto Bat
260 OneFish, TwoFish, RedFish, Blue Fish

300 Mog- TheForgetful Cat
350 Little Rabbit

380 Tales of a Fourth GradeNothing

430 Yonder
L

480 Curious George c
530 There's a Boyin the Girls' Bathroom

560 Madeline's Rescue C7
620 Jack and Jill

640 The HardyBoys: TheSubmarineCaper F"

690 Howto Eat Fried Worms
730 Harriet the Spy

a

780 The Boy Scout Manual
810 Johnny Appleseed
830 Sounder
880 The RedPony C7
920 To Kill a Mockingbird
960 The Adventures of TomSawyer lb

`5
Y

990 Jonathan Livingston Seagull
d v

1040 The Pearl w
1060 Dr. Zhivago 5
1080 USAToday

1100 Treasure Island C7

1120 National Geographic w y
t~

1160 Trivial Pursuit GameInstruction ,e =
W l=

1200 Gulliver's Travels
m o

1220 TheCall of the Wild
1240 1040 Tax Instructions

1300 U.S . NewsandWorld Report

1340 ABrief History of Time a w
o u

1360 TheOdyssey v d
1400 TheWall Street Journal c c~

1450 TheCompleteWorksof Homer c
s

U

1480 TheGettysburg Address ~Y
v

1540 TheU.S . Constitution
1570 TheDeclaration of Independence

b

1630 TheNewEngland Journal of Medicine
1670 TheAgeof Empire
1690 Antiseptic Principles of the Practice of Surgery



AMapTo
Higher Levels

OfAchievement
A. Jackson Stenner, A.D.

Student testing is a sensitive topic, one that often gen-
erates moreheat than light amongeducators, parents, com-
munity groups, andother interested parties . By measuringstu
dents' skill levels, teachers and administrators hope to gain
information that can help them to improve student perfor-
mance. Unfortunately, current testing methodsinterpret re-
sults in terms of howthe test-taker compareswith other stu-
dents, rather than assessing achievement against meaningful
standards . Students, along with their parents and teachers,
are left with the knowledge that "Johnny is at the eightieth
percentile of comparison group," instead of understanding that
"Johnny has achieved a desirable goal, such as being able to
read USAToday."

As a result, teachers lack anobjective assessmentof what
their students can read, and parents have only a frustratingly
vaguesense of whether or not their children are progressing
satisfactorily .

To combat this problem, several researchers under the
auspices of the National Institutes of Health have developed a
unique tool that provides a clear measureof a student's read
ing assessment. Called the Lexile Framework,this tool assesses
students according to an absolute, invariant standard, rather
than merely comparing their reading performance to that of
their peers . Teachers and parents receive the information they
needto help students take the necessary steps to improve their
reading .

WHATIS THELEXILEFRAMEWORK?
TheLexile Frameworkis an assessmentsystem that en-

ables educators to determine precisely a student's level of read-
ing comprehension. Thesystemis basedonresearch conducted
over a 15-year period by Drs. A. Jackson Stenner and Malbert
Smith of MetaMetrics, Inc ., Dr. Donald S. Burdick of Duke
University, and faculty from the University of North Carolina,
the University of Chicago, andStanford University, with fund-
ing from the National Institutes of Health . This research, in
turn, wasbasedonmorethan 40 years of study by various spe-
cialists in the field of reading comprehension. In 1994, the
Lexile Frameworkwas madecommercially available by
MetaMetrics, Inc ., an educational research anddevelopment
firm based in ResearchTriangle Park, North Carolina .

TheLexile Frameworkapplies well-established analytic
methods to the definition of "reading comprehension." At

0 POPULARMEASUREMENT

the heart of this system is the Lexile Analyzer, a Windows-
based software program that can evaluate the reading chal-
lenge of any text - books, articles, test items - by analyzing
its syntactic complexity and semantic difficulty . The analyzer
calibrates the text by carefully dissecting it and studying its
characteristics, such as sentence length and word frequency .
Unlike other readability formulas, the Lexile Frameworken-
ables you to place people and text on the samescale .

Oneoutcomeof co-calibrating text and people is a mea-
sure of reading difficulty expressed as a Lexile, a unit of mea-
surementfor reading comprehension. Longer sentence lengths
and words of lower frequency lead to higher Lexile measures,
since words that are unfamiliar to the reader contribute more
to a text's difficulty than do familiar words. Wordfrequency
information is derived from the five-million word corpus
AmericanHeritage WordFrequencyBookby John B. Carroll,
Peter Davies, and Barry Richman.

Text samplesfrom anysource-books, newspapers,stan-
dardized test items - canbe calibrated simply by being scanned
into a computer andimported into the Analyzer . For example,
the Lexile Analyzer could be used to calibrate the contents of
an entire school library . With each book's Lexile calibration
included in the card catalog, librarians, teachers, andstudents
could select materials appropriate for readers at different lev-
els moreeasily and accurately .

In addition to calibrating the reading difficulty of spe-
cific text, the Frameworkalso canbeusedto measurea student's
reading ability . Whenstandardized test items are calibrated,
the Analyzer generates a table, called a correspondence table,
that acts as a yardstick for measuringa student's level of read-
ing comprehension. Sucha correspondence table can be gen-
erated for any test, thereby providing a corresponding Lexile
measureto each numbercorrect on the test . If a student's
Lexile measureis already known, the table can be used to pre-
dict a student's count correct on the test .

Students' Lexile measurementscan also be determined
by the Lexile Test of ReadingComprehension,which uses au-
thentic text from published sources to assess students' reading
abilities . Alternately, school systems can construct their own
tests using the Lexile Analyzer.

"The Lexile Frameworkstandards are literature-based,
makingthe Frameworkuniquely useful to educators and par-



ents," says Dr. William J . Brown, Jr ., an assessment specialist
and former director of testing with the North Carolina De-
partment of Public Instruction . "All other reading tests re-
quire you to interpret results in terms of howthe test-taker
comparesto others . Becausethe frame of reference is the nor-
mative group, the ruler by which you're measuring is madeof
rubber - it bendsas the cohort changes."

In contrast, notes Brown, the Lexile Frameworkcreates
an absolute standard that is embeddedin the ability to read
the text, andmeasuresthe ability of the test-taker by his per-
formance against those reading standards .

"You might compare it to the President's Physical Fit-
ness Test," says Brown. "A child is expected to do so many
push-ups and pull-ups or run a certain distance in a certain
time, and that tells youhowfit he is adwhathe needs to do to
increase his level of fitness . In the sameway, if youknowthat
a student is reading at 700 Lexiles, you understand what level
of material he's mastered and what books you could recom-
mendthat would help him to improve his academicskills ."

Theproduction of recommendedreading lists is another
unique benefit of the Lexile Framework. Through a
componentof the system called the Lexile Report /(,
Generator, parents and teachers receive students'

	

M. ;
Lexile measureswith examplesof what they can
read, along with student-specific lists of books
whoseLexile measurementsare appropriate for'~~""' :, .;-~ . .'-

readers at that level . These recommendedmaterials
are an ideal matchfor a student's current ability- neither so
easy as to bore nor so difficult as to frustrate the student . Stu-
dents andtheir parents andteachers are presented with a clear
path to improved reading comprehension.

In addition, a richly annotated Lexile Mapprovides an
extensive list of texts, from novels and nonfiction books to
newspapersandmagazines, at various levels of Lexile measure
ment. This color-coded poster-sized graphic makesit easy to
"see" howreading develops and to select other reading mate-
rials as students progress in their reading comprehension.

"The Lexile Frameworkmanifests what good teachers
try to doanyway, which is to judge where a student is and find
material that will challenge him adequately without being so
difficult that he loses his motivation," says Brown. "The prob-
lemis that as children get into the latter stages of elementary
school, the variance in texts and amongstudents increases
dramatically . Thechoice of material expandsand the range of
reading skills widens, so it becomesmuchharder for teachers
to makeaccurate judgments about wherechildren are andwhat
materials are goodchoices for them. Byusing the Lexile Frame-
work, schools can take the guessworkout of this equation, and
operationalize the selection of developmentally appropriate
material for their students ."

Thebenefits for families are no less important . By giv-
ing parents an accurate assessmentof their children's achieve-
mentsand recommendingspecific materials to enhancetheir
skills, the Lexile Frameworkcan relieve parents' frustration
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and confusion andmakethemactive partners with the teacher
in students' academicprogress .

"Most teachers will tell you that trying to explain to par-
ents a child's test results in percentiles is their worst night-
mare," says Brown. "Saying that little Julie is in the sixty-fifth
percentile for her grade is too vague for a lot of parents .

	

It's
the kind of `eduspeak' that can confuse and possibly alienate
families instead of bringing theminto the educational process .
Whatparents want to knowis, `Howis mychild doing? Is she
learning what sheneeds to learn and movingforward at a steady
pace? Andwhatcan I doto help her?' With the Lexile Frame-
work, parents get firm answers to these questions and con-
crete suggestions for helping their child ."

In addition, Lexile measurementscan help students
themselves to take a moreactive role in their ownlearning, by
giving thema clear picture of their abilities and a mapthey
can follow to increase their reading comprehension.

"If you can say to a student, `You are reading at 900
Lexiles, so a goodchoice for you nowwould be Hemingway's

TheOld Manandthe Sea. Whenyou master that, you'll be
ready for Twenty ThousandLeaguesUnderthe Sea

or TheHobbit,' it gives him the idea that he
has an important role to play in his own

progress . Having a clear-cut path to follow en-
courages him to moveforward and succeed."

Using score-to-measure correspondence
tables, the Report Generator can forecast a student's

performance on standardized tests such as the Scho-
lastic Aptitude Test (or SAT). This "advance warning" can
give students the information and incentive to achieve the
levels of mastery neededfor optimal performance on critical
tests like the SAT

"'Empowerment' has becomea hackneyedword, but
that's the key advantage of the Lexile Framework- it gives
students, parents teachers and administrators accurate infor
mation that empowersthem," says Brown. "With a Lexile
measure, you knowprecisely wherea student stands in terms
of an absolute scale of reading comprehension, and you know
exactly what steps that student needs to take to reach higher
levels of performance."

A. Jackson Stenner, Ph.D.

Jack Stenner is co-founder and Chairmanof MetaMetrics, Inc .
MetaMetrics is a privately held corporation that specializes in research

anddevelopmentin the field of education . HehasbeenPrincipal Investigator

on five grants from the National Institute of Health, (1984-1996) dealing with
the measurementof literacy .

Jack Stenneris also former Chairmanandco-founder of National Tech-
nology Group, a 700-person firm specializing in computer networking andsys-
temsintegration which wassold to VanStar Corporation in December1996.

He holds a Ph.D degree from DukeUniversity and Bachelor degrees
in Psychology andEducation from the University of Missouri .

Jack is President of the Institute for Objective Measurementin Chi-
cago, Illinois . Heserves as a board memberfor TheNational Institute for
Statistical Sciences (NISS) and is ImmediatePast President of the Professional
Billiard TourAssociation (PBTA).

Jack resides in Chapel Hill, North Carolina with his wife, Jennifer, and
their four sons.

POPULARMEASUREMENT1 1

R

E

A

D

N

G

R

u
L
E
R



AMapTo
Higher Levels

OfAchievement
A. Jackson Stenner, A.D.

Student testing is a sensitive topic, one that often gen-
erates moreheat than light amongeducators, parents, com-
munity groups, andother interested parties . By measuringstu
dents' skill levels, teachers and administrators hope to gain
information that can help them to improve student perfor-
mance. Unfortunately, current testing methodsinterpret re-
sults in terms of howthe test-taker compareswith other stu-
dents, rather than assessing achievement against meaningful
standards . Students, along with their parents and teachers,
are left with the knowledge that "Johnny is at the eightieth
percentile of comparison group," instead of understanding that
"Johnny has achieved a desirable goal, such as being able to
read USAToday."

As a result, teachers lack anobjective assessmentof what
their students can read, and parents have only a frustratingly
vaguesense of whether or not their children are progressing
satisfactorily .

To combat this problem, several researchers under the
auspices of the National Institutes of Health have developed a
unique tool that provides a clear measureof a student's read
ing assessment. Called the Lexile Framework,this tool assesses
students according to an absolute, invariant standard, rather
than merely comparing their reading performance to that of
their peers . Teachers and parents receive the information they
needto help students take the necessary steps to improve their
reading .

WHATIS THELEXILEFRAMEWORK?
TheLexile Frameworkis an assessmentsystem that en-

ables educators to determine precisely a student's level of read-
ing comprehension. Thesystemis basedonresearch conducted
over a 15-year period by Drs. A. Jackson Stenner and Malbert
Smith of MetaMetrics, Inc ., Dr. Donald S. Burdick of Duke
University, and faculty from the University of North Carolina,
the University of Chicago, andStanford University, with fund-
ing from the National Institutes of Health . This research, in
turn, wasbasedonmorethan 40 years of study by various spe-
cialists in the field of reading comprehension. In 1994, the
Lexile Frameworkwas madecommercially available by
MetaMetrics, Inc ., an educational research anddevelopment
firm based in ResearchTriangle Park, North Carolina .

TheLexile Frameworkapplies well-established analytic
methods to the definition of "reading comprehension." At
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the heart of this system is the Lexile Analyzer, a Windows-
based software program that can evaluate the reading chal-
lenge of any text - books, articles, test items - by analyzing
its syntactic complexity and semantic difficulty . The analyzer
calibrates the text by carefully dissecting it and studying its
characteristics, such as sentence length and word frequency .
Unlike other readability formulas, the Lexile Frameworken-
ables you to place people and text on the samescale .

Oneoutcomeof co-calibrating text and people is a mea-
sure of reading difficulty expressed as a Lexile, a unit of mea-
surementfor reading comprehension. Longer sentence lengths
and words of lower frequency lead to higher Lexile measures,
since words that are unfamiliar to the reader contribute more
to a text's difficulty than do familiar words. Wordfrequency
information is derived from the five-million word corpus
AmericanHeritage WordFrequencyBookby John B. Carroll,
Peter Davies, and Barry Richman.

Text samplesfrom anysource-books, newspapers,stan-
dardized test items - canbe calibrated simply by being scanned
into a computer andimported into the Analyzer . For example,
the Lexile Analyzer could be used to calibrate the contents of
an entire school library . With each book's Lexile calibration
included in the card catalog, librarians, teachers, andstudents
could select materials appropriate for readers at different lev-
els moreeasily and accurately .

In addition to calibrating the reading difficulty of spe-
cific text, the Frameworkalso canbeusedto measurea student's
reading ability . Whenstandardized test items are calibrated,
the Analyzer generates a table, called a correspondence table,
that acts as a yardstick for measuringa student's level of read-
ing comprehension. Sucha correspondence table can be gen-
erated for any test, thereby providing a corresponding Lexile
measureto each numbercorrect on the test . If a student's
Lexile measureis already known, the table can be used to pre-
dict a student's count correct on the test .

Students' Lexile measurementscan also be determined
by the Lexile Test of ReadingComprehension,which uses au-
thentic text from published sources to assess students' reading
abilities . Alternately, school systems can construct their own
tests using the Lexile Analyzer.

"The Lexile Frameworkstandards are literature-based,
makingthe Frameworkuniquely useful to educators and par-



ents," says Dr. William J . Brown, Jr ., an assessment specialist
and former director of testing with the North Carolina De-
partment of Public Instruction . "All other reading tests re-
quire you to interpret results in terms of howthe test-taker
comparesto others . Becausethe frame of reference is the nor-
mative group, the ruler by which you're measuring is madeof
rubber - it bendsas the cohort changes."

In contrast, notes Brown, the Lexile Frameworkcreates
an absolute standard that is embeddedin the ability to read
the text, andmeasuresthe ability of the test-taker by his per-
formance against those reading standards .

"You might compare it to the President's Physical Fit-
ness Test," says Brown. "A child is expected to do so many
push-ups and pull-ups or run a certain distance in a certain
time, and that tells youhowfit he is adwhathe needs to do to
increase his level of fitness . In the sameway, if youknowthat
a student is reading at 700 Lexiles, you understand what level
of material he's mastered and what books you could recom-
mendthat would help him to improve his academicskills ."

Theproduction of recommendedreading lists is another
unique benefit of the Lexile Framework. Through a
componentof the system called the Lexile Report /(,
Generator, parents and teachers receive students'

	

M. ;
Lexile measureswith examplesof what they can
read, along with student-specific lists of books
whoseLexile measurementsare appropriate for'~~""' :, .;-~ . .'-

readers at that level . These recommendedmaterials
are an ideal matchfor a student's current ability- neither so
easy as to bore nor so difficult as to frustrate the student . Stu-
dents andtheir parents andteachers are presented with a clear
path to improved reading comprehension.

In addition, a richly annotated Lexile Mapprovides an
extensive list of texts, from novels and nonfiction books to
newspapersandmagazines, at various levels of Lexile measure
ment. This color-coded poster-sized graphic makesit easy to
"see" howreading develops and to select other reading mate-
rials as students progress in their reading comprehension.

"The Lexile Frameworkmanifests what good teachers
try to doanyway, which is to judge where a student is and find
material that will challenge him adequately without being so
difficult that he loses his motivation," says Brown. "The prob-
lemis that as children get into the latter stages of elementary
school, the variance in texts and amongstudents increases
dramatically . Thechoice of material expandsand the range of
reading skills widens, so it becomesmuchharder for teachers
to makeaccurate judgments about wherechildren are andwhat
materials are goodchoices for them. Byusing the Lexile Frame-
work, schools can take the guessworkout of this equation, and
operationalize the selection of developmentally appropriate
material for their students ."

Thebenefits for families are no less important . By giv-
ing parents an accurate assessmentof their children's achieve-
mentsand recommendingspecific materials to enhancetheir
skills, the Lexile Frameworkcan relieve parents' frustration
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and confusion andmakethemactive partners with the teacher
in students' academicprogress .

"Most teachers will tell you that trying to explain to par-
ents a child's test results in percentiles is their worst night-
mare," says Brown. "Saying that little Julie is in the sixty-fifth
percentile for her grade is too vague for a lot of parents .

	

It's
the kind of `eduspeak' that can confuse and possibly alienate
families instead of bringing theminto the educational process .
Whatparents want to knowis, `Howis mychild doing? Is she
learning what sheneeds to learn and movingforward at a steady
pace? Andwhatcan I doto help her?' With the Lexile Frame-
work, parents get firm answers to these questions and con-
crete suggestions for helping their child ."

In addition, Lexile measurementscan help students
themselves to take a moreactive role in their ownlearning, by
giving thema clear picture of their abilities and a mapthey
can follow to increase their reading comprehension.

"If you can say to a student, `You are reading at 900
Lexiles, so a goodchoice for you nowwould be Hemingway's

TheOld Manandthe Sea. Whenyou master that, you'll be
ready for Twenty ThousandLeaguesUnderthe Sea

or TheHobbit,' it gives him the idea that he
has an important role to play in his own

progress . Having a clear-cut path to follow en-
courages him to moveforward and succeed."

Using score-to-measure correspondence
tables, the Report Generator can forecast a student's

performance on standardized tests such as the Scho-
lastic Aptitude Test (or SAT). This "advance warning" can
give students the information and incentive to achieve the
levels of mastery neededfor optimal performance on critical
tests like the SAT

"'Empowerment' has becomea hackneyedword, but
that's the key advantage of the Lexile Framework- it gives
students, parents teachers and administrators accurate infor
mation that empowersthem," says Brown. "With a Lexile
measure, you knowprecisely wherea student stands in terms
of an absolute scale of reading comprehension, and you know
exactly what steps that student needs to take to reach higher
levels of performance."

A. Jackson Stenner, Ph.D.

Jack Stenner is co-founder and Chairmanof MetaMetrics, Inc .
MetaMetrics is a privately held corporation that specializes in research

anddevelopmentin the field of education . HehasbeenPrincipal Investigator

on five grants from the National Institute of Health, (1984-1996) dealing with
the measurementof literacy .

Jack Stenneris also former Chairmanandco-founder of National Tech-
nology Group, a 700-person firm specializing in computer networking andsys-
temsintegration which wassold to VanStar Corporation in December1996.

He holds a Ph.D degree from DukeUniversity and Bachelor degrees
in Psychology andEducation from the University of Missouri .

Jack is President of the Institute for Objective Measurementin Chi-
cago, Illinois . Heserves as a board memberfor TheNational Institute for
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GALTON: TheFirst Psychometrician?

E
ver wonderhow manybrush
strokes it takes to create a
painting? Or howto measure
boredom,attraction to the op-

posite sex, the efficacy of prayer, or the
intelligence of earthworms? Sir Francis
Galton wonderedabout these things
and set out to develop procedures and
instruments by which such questions
could be answeredand replicated . In
fact, he countedeverything that appeared
to have any form of regularity .

He counted brush strokes while
sitting for his ownportrait at two differ-
ent times in his life . Karl Pearson sug
gested his "pained" expression was due
to his concentration while counting . It
took about 24,000 strokes for eachpaint-
ing .

He counted spikes of flowers on
trees . By counting the spikes of flowers
on a typical tree, and then the number
of trees along a one mile stretch of road,
he estimated that the number"one mil-
lion" could be represented as the flowers on a rowof trees ten
miles in length .

Hecounted the fidgets of persons sitting through a bor-
ing lecture . Heinvestigated the "instances in which menwho.
are moreor less illustrious have eminent kinfolks ." This was
the basis for his argument that genius is hereditary (Galton,
1869) . Oneconclusion wasthat great commanderstend to be
small becausetheir relative chanceof being shot varies as the
square root of the product of their height and weight .

Whenlooking at facial features, he wonderedwhether
persons with differentiated mental characteristics also have
differentiated physical features .

	

Heactually attempted the
developmentof composite portraits for "ideal criminal" classes .
Healso looked at the numbersof attractive, indifferent, and
repellent-looking women. Theobjective wasto form a "Beauty
Map"of the British Isles .

Galton's work producedmany"firsts ." His investigation
of points of similarity between twins was the first use of con-
trol groups in psychological research . His research into varia
tions in weather conditions resulted in the first published me-
teorological mapsof Europe. His work on fingerprint charac-
teristics led to the legal use of fingerprint identification .

Hecounted earthworms on a rainy sidewalk whenhe
was helping Charles Darwin investigate the intelligence of
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Larry H. Ludlow, Ph.D. - Boston College

Larry H.

worms. Heexaminedthe degreesof viv-
idness of mental imagery, and the in-
stances of phantasmagoria, causes of
snoring, and on and on. Heseemsto
have always carried a notebook and
sometype of ingenious device capable
of pricking a piece of paper by which he
recorded, unobtrusively, various aspects
of events occurring around him. He
even performed arithmetic by taste and
smell .

What, you might reasonably ask,
is the purpose of this article? It waswrit-
ten because it provides somerelatively
obscure, yet fascinating, information on
the early history of psychometrics . For
someyears nowI have taught a course
in psychometrics . Animportant feature
of the material covered in the course is
the historical context within which the
models and methodsweemploy have
evolved . However, mylectures never
included anything about Galton other
than his development of regression and

correlation . A little-appreciated fact is that Galton's original
version of regression analysis consisted of reading the "incli-
nation" off a graph of medians, labeling it r as a coefficient of
"reversion," and then using it as an "index of co-relation ."
Correlation, as we know it, was actually a byproduct of
regression . (See Pearson, 1930, Vol . IIIA, ChapXIV) .

Myapproach to the history of psychometrics is fairly stan-
dard . It begins with the classical Germanpsychophysics of the
1800's with Weber,Wundt, andFechner, movesinto the 1900's
ability testing movementwith Cattell, Binet, andSpearman,
and then into the psychological scaling methodsassociated
with Thurstone . Moderntest theory texts are introduced
wherestandard presentations include something like "the field
of psychometrics has a history of growth and development ex-
tending over some75 years since the early work of Binet in
France and Spearmanin England" (Thorndike, 1982, p 1) .
And"psychometric methods" is simply defined as "procedures
for psychological measurement"(Guilford, 1954, p 1) . Stan-
dard stuff .

But, while working on a project tracing the role that re-
siduals have played in the evolution of scientific models, I
stumbled across someearly research of Galton's . Practically
everything a reasonable (or obsessed) person might want to
knowabout Galton appears to be covered in the four volumes

Ludlow
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of The Life, Letters and Labours of Francis Galton by Karl
Pearson. In particular I becameintrigued with his reference to
"psychometric experiments" andI subsequently set out to track
downthe original use of the word "psychometrics ." That ef-
fort resulted in this paper.

Galton's interests in mental operations led him to pro-
pose a "new instance of psychometry" (Galton, 1879, p 149) .
In his article, "Psychometric Experiments," he defined "psy
chometry" as the "art of imposing measurementand number
uponoperations of the mind." Hethen argued that "until the
phenomenaof any branch of knowledge have been subjected
to measurementand numbers, it cannot assumethe status or
dignity of a science ."

There are two interesting points in these quotes. First, I
assumedpsychometrywassimply a term coined by Galton and
that it represented sometransference of Galton's experiences
in the Germanpsychophysics labs to the realm of "mind." It
turns out that there was a "science of psychometry" during
the mid-to-late 1800's devoted to the investigation of mental
divining of qualities and properties of objects or persons by a
"psychometrician" (Buchanan, 1854) .

Second, his quote is remarkably similar in spirit to Will-
iam Thomson'scirca 1883famousdictum about measurement
andscience . SeeMertonet al . for what Baron Kelvin of Largs,
or Lord Kelvin (William Thomsonat the time) said, and how
andwhyit differs from what is engraved in the facade of the
University of Chicago Social Science research building . Ac-
tually, the statement's sentiment can be traced back to John
Arbuthnot (1692) . His work illustrated what he called the
psychometric side of anthropology .

For his 1879 article Galton repeated an experiment in
"mental operations" four times, under different circumstances,
at intervals of about one month. Theexperiment consisted of
recording the "thoughts arisen through direct association" with
a list of 75 words. Hedid not publish his lists because"they lay
bare the foundations of a man's thoughts with curious distinct-
ness, and exhibit his mental anatomywith morevividness and
truth than he would probably care to publish to the world ."
This is a goodexampleof the honest and openwriting style so
characteristic of the period . In other words, he conducted
experiments in what wenowcall free-association . This could
well be the earliest investigation of free-association, a psycho-
analytic technique developed from the `talking cure' and
Freud's interpretation of dreams(Berg andPennington, 1966,
p 594)) . Hethrew his resulting thoughts into a "commonsta-
tistical botch-pot" (This sounds like our word "hodgepodge"
and our analysis called the "shotgun approach") . Galton de-
termined (a) the rate at which ideas were formed (50 per
minute), (b) the frequency of recurrent associations (about
onehalo, (c) the frequency within periods of his life that asso-
ciations could beattributed (showing "in a measurabledegree,
the large effect of early education in fixing our associations"),
and (d) the character of associations that occurred (verbal,
sensory, "histrionic") .
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Thesignificance of this article is that it is, I believe, the
first published investigation in the field that wepresently know
as psychometrics . Although he had notes titled "Psychomet
ric Inquiries 1876," and published "Psychometric Facts" in
Nineteenth Century, March1879, p 425-33, they were not of
a statistical nature . Granted, Galton's psychometric research
differs somewhatfrom what we, as psychometricians, typically
meanwhenwesay we are conducting psychometric analyses,
but his work is compatible with our current approach to psy-
chometrics . That is, psychometrics is the quantification of
psychological phenomena.

Whatelse does Galton have to offer? Whenaddressing
mental tests he states :

"There are manyfaculties that maybe said to be potentially
constant in adults though they are not developed, owing to want of
exercise . After adequatepractice, a limit of efficiency would in each
case be attained andthis would be a personal constant (emphasis
added) ; but it is obviously impossible to guess what that constant
would be from the results of a single trial . Notest professes to do
morethan showthe efficiency of the faculty at the time it wasap-
plied, and manytests do even less than this" (Galton (1885), in
Pearson, Vol . II, pp. 371-2) .

This quote contains the kernel of the classical true-score
concept, including notions of reliability andvalidity . Note also
that the quote appears 20 years earlier than the seminal work
on measurementerror by Spearman. Galton, the first
psychometrician? . .Yes .
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GEORG RASCH

The Man
Behind

The Model

Georg Rasch, Doctor of Philosophy in mathematics
(1930), member of the International Statistical
Institute (1941), charter member of the Biomet-
rics Society (1947), Professor of Statistics at the

University of Copenhagen (1962), and Danish Knight of the
Order of Dannebrog (1967), was born in Odense, Denmark,
on 21 September 1901, the youngest and "least practical" of
three brothers .'

His mother was ill throughout his childhood and Rasch
had few recollections of her. But his fiercely religious father
left deep and lasting impressions . Wilhelm Rasch, sailor, ship's
officer, mathematics teacher and self-anointed missionary, was,
"the most hard-boiled evangelist I have ever known."

Wilhelm dragged his family to Svendborg in 1906 to open
a mission high school for prospective seamen . In 1914 Georg
became fascinated by the trigonometry texts in his father's li-
brary and fell in with aschool teacher who made mathematics
"something with which a wonderful world was opened ."

The teacher realized that Georg was a born mathemati-
cian and persuaded his frugal father to invest in sending Georg
to the cathedral school in Odense where there was a good
mathematics curriculum . Georgmade the most of it and went
on to the University of Copenhagen in 1919 .

I entered the Faculty of Science, to which math-
ematics belonged, and got into immediate contact with
my teachers . I had, ofcourse, to learn the elements of
function theory and even geometry, but I concentrated

Benjamin Drake Wright, Ph.D.

Georg Rasch

upon the analytic part . What caught my interest was
the theory ofLagrange equations . This resulted in my
first publication (Neilsen & Rasch 1923).

Igot a stipendfor my studies and became amem-
ber of college Regensen where we received free room
and board. Since I did not see any further reason for
doing arithmetical work for my living, I left Professor
Neilsen and got another teacher, Professor Norlund,
who had written an extremely good book on difference
equations .

Nprlund was my professorfor the rest ofmy time
as a student, and I was his assistant teacher from 1925,
when I graduated, until 1940 . The topics in function
theory that Norlund lectured about together with the
other topics I had to study in order to lecture as his
assistant built up my mathematical background.

Norlund was also director ofthe Geodetic Insti-
tute to which I became attached to provide mathemati-
cal and computational assistance . This added to my
income and in 1928, I married my sweetheart, Elna
Nielsen, with the charming nickname "Nille" . Two
daughters were added to the family in 1931 and 1933.

My thesis, defended in 1930, was the fruit of
my cooperation with Norlund, but in a field which he
himself did not cultivate . It dealt with matrix algebra
and its applications to linear systems of differential equa-
tions . I have always loved to think, but I have never
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been inclined to do much reading. So I had never seen
anythingabout matrices . Norlund gave lectures on dif-
ference equations in which he wrote out every equation
in detail every time . When working through my notes 1
discovered, to my surprise, that these long equations
could be condensed in a simple way . I did not know
anything about matrices at that time, but just invented
them for myself and discovered what their rules must
be. Only later did Ifind out thatothers had formalized
the same idea .

I invented my own theory ofmatrices, especially
as they applied to linear systems of differential equa-
tions. The part of my thesis on the theory and applica
tion ofproduct integrals which developed a linear sys-
tem ofdifferential equations as a generalization of the
ordinary elementary integral was published in German
(Rasch 1934) . Years later I learned that the techniques
developed in this paper played a part in solving prob-
lems in atomic theory and were also used to prove some
difficult theorems in group theory .
The early 1930s were difficult . Aside from teaching as

Norlund's assistant and small jobs for the Geodetic Institute,
there was no work in mathematics . So Rasch helped two medi
cal acquaintances studying the reabsorption of cerebrospinal
fluid to understand their data . This gave him his first experi-
ence with the exponential distribution and material for his first
experimental paper (Fog, Rasch & Starup 1934) .

The success of this collaboration motivated Fog and
Starup to engage Rasch to teach mathematics and statistics to
a small group of psychiatrists and neurologists . Word of this
got to the head of the Hygienic Institute, who was also inter-
ested in statistics . The outcome was that Rasch served the
Hygienic Institute as statistical consultant from 1934 to 1948
and also become attached to the State Serum Institute, a rela-
tionship which continued until 1956 .

About the same time Norlund, for whom Rasch still
taught mathematics, and Madsen, Director of the Serum In-
stitute, got into a conversation about Rasch's work and de
cided that to do his job at the Serum Institute, he needed to
learn the latest developments in statistics . They applied to
the Rockefeller Foundation for Rasch to study with R.A . Fisher.

The Rockefeller fellowship was granted, but, while it was
brewing, Rasch went to Oslo on a Carlsberg grant to study
Ragnar Frisch's confluence analysis, a technique developed for
economics, but similar to factor analysis . Then in September
1934 Rasch joined Fisher at the Galton Laboratory in Lon-
don.

I went through Fisher's statistical methods and
soongot hold ofhis 1922 paper where he developed his
theory ofmaximum likelihood . What caught my inter
est was his idea that this is a form ofgeneralization of
the same kind as Gauss attempted when he invented
least squares .

The meaning of least squares is not, in Fisher's
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interpretation, however, just a minimization of a sum
ofsquares . It is a maximization of the probability ofthe
observations . There is an essential difference between
this and the simple idea ofminimizing sums ofsquares .

This philosophy went further when Fisher got to
his concept ofsufficiency . To mathematical minds suf-
ficiency may appeal as nothing more than a surprising
nice property, extremely handy when accessible, but, if
not, then you just do without it . But to me sufficiency
means much more than that . When a sufficient esti-
mate exists, it extracts every bit of knowledge about a
specified feature of the situation made available by the
data as formalized by the chosen model . `Sufficient'
stands for `exhaustive' as regards the feature in ques-
tion .

What is left over when a sufficient estimate has
been extracted from data is independent of the trait in
question and may therefore be used for a control of the
model that does not depend on how the actual estimates
happen to reproduce the original data . This is the cor-
nerstone of the probabilistic models that generate spe-
cific objectivity.

The realization of the concept of sufficiency, I
think, is a substantial contribution to the theory of
knowledge and the high mark ofwhat Fisher did . His
formalization of sufficiency nails down the conditions
that a model must fulfill in order to yield an objective
basisfor inference .
During his year in London, Rasch also discussed the prob-

lem of relative growth with Julian Huxley. Using data on crab
shell structure, Rasch discovered that it was possible to mea-
sure the growth of individual crabs as well as populations .

It meant a lot to me to realize the meaning and
importance ofdealing with individuals and not with de-
mography . Later I realized that test psychologists were
not dealing with the testing of individuals, but were
studying how traits, such as intelligence, were distrib-
uted in populations . They were making demographic
studies and not studies of individuals .
Rasch began teaching statistics to biologists in the fall of

1936 . Then in 1938 the director of the University of
Copenhagen Psychological Laboratory learned of Rasch's in
terest in statistics . The director asked Rasch to give some lec-
tures to his psychologists . The result was a connection lasting
thirty years .

Rasch began his work on psychological measurement in
1945 when he helped standardize an intelligence test for the
Danish Department of Defense (Rasch 1947) .

In carryingout the item analysis I became aware
ofthe problem ofdefining the difficulty ofan item inde-
pendently of the population and the ability of an indi
vidual independently of which items he had actually
solved .
A friendship with Chester Bliss formed in London in 1935
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brought Raschto the United States in 1947 to participate in
the founding of the Biometrics Society (Rasch 1947a) andthe
postwar reorganization of the International Statistical Insti-
tute . Tjalling Koopmans,a fellow student of Ragnar Frisch's
confluence analysis and Fisher's sufficient statistics, invited
Raschto spendtwo months with the Cowles Commissionfor
Researchin Economics at the University of Chicago, where
RaschmetJimmie Savage.

In 1951 I wasfaced with a task the solution of
which added a newtool to myarsenal . TheDanish
Ministry of Social Affairs wanted an investigation of
the development of reading ability in 125 former stu-
dents of public schools in Copenhagen,whoin their
school years hadsuffered from serious reading difficul-
ties and therefore had received supplementary educa-
tion in that discipline .

For each of these students were recorded the re-
sults of repeated oral reading tests during his school
years . It wouldbe a simple task to follow the develop
mentof a student's reading ability over a numberof
years if the samepart of the sametest wereusedevery
time, but at each testing it wasnecessary to choose a
test which corresponded to the student's standpoint, so
each student wasfollowed up with a series of tests of
increasing "degrees of difficulty ."

In a concrete formulation of this problem I imag-
ined - in good statistical tradition - the possibility
that the reading ability of a student at eachstage could
be characterized in a quantitative way- not through
a moreor less arbitrary grading scale, but by apositive
real numberdefined as regularly as the measurement
of length .

Whetherthis would be possible with the tests in
question could not be knownin advance. It had to be
tried out through a separate experiment which wascar
ried out in January 1952. In this experiment 500stu-
dents in the 3rd - 7th school year weretested with 2 or
3 of the texts used in the earlier investigation . (Rasch
1977, 58-59)

1 chose the multiplicative Poisson for the reading
tests because it seemeda good idea mathematically, if
it wouldwork. It turned out that it did andso I wanted
to havesomemotivation for using it . In order to doso,
I imitated the proof of a theorem concerning a large
numberof independent dichotomous events, each of
which had a small probability . Under these conditions
the numberof events becomesPoisson distributed . I
took care that myimitation endedupwith the multipli-
cative Poisson model, that is, I madesure that there
was a personal factor entering into each of the small
probabilities for the dichotomousoutcomeandthat each
item wouldhave its ownparameter and then I hadmy
newmodel.

I had taken a great interest in intelligence tests
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while working with them in 1945. It struck methat I
might analyze the test wehad constructed then, and
which hadbeen taken over by the Military Psychology
Group.

Thefirst thing I did was to analyze the Raven
tests . They worked almost perfectly according to the
multiplicative modelfor dichotomous items . That was
myfirst exampleusing the newly discovered model. Now
I comparedthe results of the Raven's test and the re-
sults of myanalysis of the military intelligence test . The
intelligence test did not conform.

WhenI showedthis to the headof the military
psychologists hesawthe point . I had talked to himabout
myattempts to makesenseof intelligence tests by means
of the model I had discovered in connection with the
multiplicative Poisson . I had also told him about the
Raven's tests . NowI presented the examination of the
test he actually hadin current use from the Psychology
Laboratory . I pointed out that it seemedto consist of
different groups of items with quite different kinds of
subject matter .

His immediate reaction wasto call onBorgePrien
whowasworking for the military psychologists and to
give him the order that, within the next six months, be
fore the next testing session in November1953, to have
ready a newintelligence test consisting of four different
subtests, each of these to be built in such a waythat
they followed the requirements that Raschdemanded.

It wasremarkable. Prien actually did that in six
months. Heinvented tests, which, whenyou see them,
are rather surprising . Hereally did invent items of the
samesort, from very easy to very difficult, and spaced
in a sensible way. Wedid dosomechecking in the pro-
cess andomitted or modified items that did not seemto
be working . It wasa masterpiece . Prien had been told,
All youhave to construct is four different kinds of tests,
with very different subject matters and each of them
should be just as goodas Georgtells us that Raven's
tests are .' Andso hedid . That waswhenI really began
to believe in the applicability of that elementary model.

THEBOOK
The establishment in 1955 of the Danish Institute for

Educational Researchbrought Rascha wealth of problems re-
quiring clarifications, elaborations, and extensions of the prin-
ciples already laid down.

In 1957I gavesomelectures on the researches I
had done since Prier's construction of the newintelli-
gence tests . I told about the multiplicative Poisson and
about the nice little modelwhich sorts items out from
each other . Mylectures were tape-recorded, and my
daughter Lotte got the task of deciphering them and
writing themdown. Shemadea proper work out of it,
and what she did wastaken over by the Educational
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Institute, andthey had it mimeographed.
At that time the institute consisted of five differ-

ent departments, eachwith its ownhead. Every Friday
morning the companyof them, together with the direc
tor, Erik Thomsen,andI hada meetingwherewedis-
cussed current matters . Thomsenorganized it so that
on a numberof these Fridays we went through my
manuscript . That clarified manypoints that I hadbeen
vagueabout. I wasforced by the youngfellows there to
makeclear what I meant.

Apreliminary Danish edition of the manuscript
wascarefully scrutinized by the staff membersof the
Institute . TheDanish text wastransformed into En
glish by G. Leunbach, whohas also revised later addi-
tions in English . Finally, in 1960, LjSavage of the
University of Chicago reviewed the final manuscript
critically .

Theoutcomeof the reading test experiment was
beyondexpectation : astatistically satisfactory analysis
onthe basis of anewmodelwhichrepresented agenu-
ine innovation in statistical techniques!

But the understanding of what the modelentails
tarried several years . Thenat the 1959anniversary of
the University of Copenhagenthe highly esteemedNor
wegian economist RagnarFrisch - later Nobel Prize
winner-cameto Copenhagento receive an honorary
doctorate . I visited him the next day, andhe asked me
what I hadbeendoing in the 25years since I stayed at
his institute in Oslo for a couple of monthsto study his
newtechniques of statistical analysis . I soon concen-
trated onthe comparisonof reading speedswhich I pro-
ceededto explain .

Applying mymeasurementmodel to reading
speedsstates that the probability that person nin agiven
time reads an., words of text i is determined by the Pois-
son distribution .

ThePoisson distribution has the important prop-
erty that the sumof the two Poisson distributed vari-
ables is also Poisson distributed with aparameterwhich
is the sumof the twoparameter values .

In aclass of possible outcomesof this kind where
the total numberof wordsread, an+, has a fixed value,
the probability of the outcomesan andan conditional

on the total an+, is given by dividing the two Poisson
variables .

Until nowFrisch hadonly listened politely, but
nowI presented acrucial point whichdemandsacare-
ful inspection .

Whenone Poisson distribution is divided into
another, factors cancel, and the resulting conditional
probability doesnot contain the person parameter. The
probability that the given numberof wordsread, an+,
is composedof an and an words of the two tests is
therefore expressed by
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which is determined by the observed numbers
an andan andby the ratio between the difficulty pa-
rameters of the two tests E andE., while it is not influ
encedby which person is involved . Onseeing this Frisch
openedhis eyes widely andexclaimed: "It (the person
parameter) waseliminated, that is most interesting!"
Andthis he repeated several times during our further
conversation . To which I of course agreed every time
- while I continued reporting the mainresults of the
investigation andsomeof myother work.

Only somedays later did I all of asuddenrealize
what in myexposition hadcaused this reaction from
RagnarFrisch . Andimmediately I sawthe importance
of finding ananswerto the following question : "Which
class of probability models has the property in common
with the Multiplicative Poisson Model, that oneset of
parameters can be eliminated by meansof conditional
probabilities while attention is concentrated onthe other
set, andvice versa?"

What Frisch's astonishment had done wasto
point out to methat the possibility of separating two
sets of parameters must be afundamental property of
avery important class of models. (Rasch 1977, 63-66)
By 1953 Raschhad used a Poisson model to analyze a

family of oral reading tests andwith BorgePrien haddesigned
andbuilt a four-test intelligence battery each test of which fit
the requirements of his logistic modelfor item analysis . Rasch
discussed his concern about sample dependent estimates in
his article on simultaneous factor analysis in several popula-
tions (Rasch 1953) . However, his work on item analysis re-
mainedunknownoutside Denmarkuntil 1960, whenhe lec-
tured in Chicago, gave a paper at the Berkeley Symposiumon
Mathematical Statistics (Rasch 1961), andpublished Probabi-
listic Models.

PREFACEto Probabilistic Models
For several years statistical methodshave beena fa-

vorite instrument within various branches of psychology. Warn-
ings have, however, not always been wanting. Twoinstances
from recent literature mayserve as examples.

Skinner' vigorously attacks the application of statistics
in psychological research, maintaining that the order to be found
in humanandanimal behavior should be extracted from in
vestigations into individuals, andthat psychometric methods
are inadequate for suchpurposes since they deal with groups
of individuals .

Asfar as abnormalpsychology is concerned Zubinz ex-
presses a similar view in stating : "Recourse must be had to
individual statistics, treating each patient as a separate uni
verse . Unfortunately, present day statistical methodsare en-
tirely group-centered so that there is a real needfor developing
individual-centered statistics ."



Individual-centered statistical techniques require mod-
els in which each individual is characterized separately and
from which, given adequate data, the individual parameters
can be estimated . It is further essential that comparisons be-
tweenindividuals becomeindependent of which particular in-
struments tests or items or other stimuli - within the class
considered havebeenused. Symmetrically, it ought to be pos-
sible to comparestimuli belonging to the sameclass - "mea-
suring the samething" - independent of which particular
individuals within a class considered were instrumental for
the comparison.

This is a huge challenge, but once the problem hasbeen
formulated it does seempossible to meetit . Thepresent work
demonstrates, by wayof three examplesfrom test psychology,
certain possibilities for building up models meeting these de-
mands. Andit would seemquite possible to modify and ex-
tend the methodsusedhere to cover muchlarger areas, but in
order to investigate howfar the principles go - and what
should be done outside possible limits - muchresearch is
needed. It is hoped, however, that planned continuations of
the present workandcontributions from others will gradually
enlarge the field where fruitful models can be established .
(Rasch 1960, xx-xxi)

In her 1965review Jane Loevinger wrote,
Rasch(1960) has devised a truly newapproachto psy-

chometric problems. . . . Hemakesuseof noneof the classical
psychometrics, but rather applies algebra anewto a probabi-
listic model. Theprobability that a person will answeran item
correctly is assumedto be the product of anability parameter
pertaining only to the person and a difficulty parameter per-
taining only to the item . Beyondspecifying oneperson as the
standard of ability or one item as the standard of difficulty,
the ability assigned to an individual is independent of that of
other membersof the group and of the particular items with
which he is tested ; similarly for the item difficulty . . . . Indeed,
these two properties were oncesuggested as criteria for abso-
lute scaling (Loevinger, 1947) ; at that time proposedschemes
for absolute scaling hadnot beenshownto satisfy the criteria,
nor does Guttmanscaling doso. Thus, Raschmust be cred-
ited with an outstanding contribution to one of the two cen-
tral psychometric problems, the achievementof non-arbitrary
measures. Raschis concernedwith a different andmorerigor-
ous kind of generalization than Cronbach, Rajaratnam, and
Gleser . Whenhis modelfits, the results are independent of the
sampleof persons andof the particular items within somebroad
limits . Within these limits, generality is, one might say, com-
plete . (Loevinger 1965, 151) .

In the 60's I introduced a moredefinite version of an
old epistemological concept. I preserved the nameof objectiv-
ity, but since the meaningof that word has undergonemany
changessince its Hellenic origin andis usedin everyday speech
as well as scientific discourse with manydifferent contents, I
addeda restricting predicate : specific .
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Myprofessional background is mathematical and sta-
tistical, not philosophical . Theconcept has therefore not been
carved out in a conceptual analysis, but, on the contrary, its
necessity has appeared in mypractical activity as a statistical
consultant . (Rasch 1977, 58)

It is the two earliest andmost popular membersof this
"very important class of models" which Raschapplies in Proba=
bilistic Models. Although the book focuses on the measure
ment of reading accuracy, speed, and intelligence, the basic
principles employedare fundamental to all scientific work.

Whenfirst suggesting the models (for measuring) I could
offer nobetter excuse for themthan their apparent suitability,
which showedin their rather striking mathematical proper-
ties . In Rasch(1961) a moregeneral point of view wasindi-
cated, according to which the modelswerestrongly connected
with what seemedto be basic demandsfor a muchneeded
generalization of the concept of measurement.

In continuation of that paper myattention wasdrawn
to other fields of knowledge, suchas economics, sociology, his-
tory, linguistics, evaluation of arts, etc . whereclaims are aris-
ing of being taken just as seriously as Natural Sciences.

Onafirst sight the observational material in Humani-
ties wouldseemvery difficult from that in physics, chemistry
and biology, not to speak of mathematics. But it might turn
out that the difference is less essential than it would seem. In
fact, the question is not whether the observations are of very
different types, but whether Sciences could be firmly estab-
lished on the basis of quite different types of observation . (Rasch
1967.)

The psychometric methodsintroduced in Rasch's book
go far beyondmeasurementin education or psychology. They
embodythe essential principles of measurementitself, the prin
ciples on which objectivity and reproducibility, indeed all sci-
entific knowledge, are based. (Rasch 1960, xix)

THEFRIEND
Oneday in November1959 Jimmie Savageasked me

whether I knewa DanenamedRasch. Hehad encountered
Raschat a biostatistics conference in Washington. Drawing
on a 1947association in Chicago, Raschhad pressed for a re-
turn visit . Hehad a newway to construct objective mental
measurements. Jimmie hadsomemoneyfor a visiting profes-
sor. If he invites Rasch, will I guarantee students? Having no
control over students, I guaranteed myself .

Georg beganhis lectures in March 1960. At first they
are jammed- most of the statistics department, quite a few
social scientists, evensomestudents . Georgis bold, dramatic,
and uncompromising. He is also enthusiastically forthright
about the futility of manytraditional procedures . Unfortu-
nately the statisticians are not interested in changing their ways
and the social scientists find it "too mathematical ." By three
weeksonly one "student" remains.

Nevertheless, Georg marches in each morning, sets up
his notes, grasps the lectern and delivers a lecture . Thenhe
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scans the room, focuses onhis one student, steps off the plat-
form and squeezes into the seat beside meto answer all my
questions .

But it is lunchtime . In order not to interrupt our dis-
course, Georg invites meto his
kitchen where, while continuing
our animated discussion, we
mashsardines into black bread
with plenty of oil andblack pep-
per and wash them downwith
Danish beer.

Whydid I stay with Georg
whenmystudents andcolleagues
departed? Wasit mypromise to
Jimmie? Wasit mycompassion
for Georg? Of course . But the
clincher was a dawningrealiza-
tion that Georghad discovered
a practical solution to the most
stubborn and seemingly insur-
mountable obstacle to any real
social science, the almost com-
plete absence of reproducible
measures.

Later, as webecamecom-
fortable, I dared to tell Georg
about mydisappointments with
the instability of the manyfac-
tor analyses I had performed.
Georg told meabout his 1953
article on this very problem. The
danger in factor analysis is that
it seldom reproduces its results .
But only whenit canbe demon-
strated to havedoneso can it serve as a useful scientific method.

Intrigued by myfailed attempts to control semantic dif-
ferential data with factor analysis, Georg insists on taking a
look at mydata . Always ready for a newproblem, he sits right
downand begins to do somequick calculations and to draw a
few rough plots . Thenhe writes out a "Rasch" modelfor rat-
ing scales and wetry to apply it to mydata by hand. It is May
1960.

Georg's newmodel makesits public debut in his June
1960 Berkeley Symposiumtalk and travels hometo Denmark
to becomethe basis for Erling Andersen's education . Wenever
finish applying it by handbut after I spendthe spring of 1964
and, then with Bruce Choppin, the summerof 1965 in
Copenhagenwith Georgthe newmodelfinally gets applied to
mysemantic differential data through a pairwise FORTRAN
algorithm, "BIGPAR,"written by Bruce in the fall of 1965.

Theday after myfamily and I arrived in Copenhagenin
May1964, I went to Georg's Institute about l lam. Hewas
very happyto see me, showedmearound quickly and hurried
meoff to lunch at his "nearest favorite restaurant," TheLittle
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BenWright andGeorgRaschin Athens, Geor-

gia, April 1973.

Prince, whereGeorgwasvery well knownto the management.
Course by course, the proprietor brought us samples of every
kind of dish imaginable . In Denmarkthey call this the
"Alretning" which I believe means"everything in the kitchen ."

Georgencouragedmewith "the
advice the wise old Chinaman
gave his son. If one eats slowly
there is nolimit to howmuchone
can eat ."

So weate slowly and for
hours . Frequently in the course
of our infinite banquet we
stopped religiously to toast one
another andslake our thirst . This
was especially important when
eating herrings on black bread
smearedwith lard - a Danish
delicacy .

After each bite it was de
rigueur to look directly into one
another's eyes, raise our glasses
toward each other, emit a hearty
"Skol" and downthe 2 ouncesof
Akvavit in a gulp . This wasnec-
essary so that "the herring could
swim." Twoounces of liquid,
however, almost always proved
insufficient to keep the herrings
happy. So weusually followed
the Akvavit with a half bottle of
goodDanish beer "to keep those
herrings swimming."

Later, as wemovedonfrom
fish to beef, we shifted naturally

to a "nice red wine" which kept us and I supposethe herrings
swimmingthrough meatand cheese but had to yield to an even
"nicer white wine" to float fruits and desserts which in their
turn must be saluted farewell with some"fine cognac." The
proprietor whohadbeenwith us off and on all afternoon fi-
nally sat downwith us at about 3 :30 to help smokea rich cigar
and sip "very old Madeira." Georgapologized that he himself
had never learned to smoke. But he assured us that his dear
wife Nille did smokeand especially liked cigars .

Most of the time wedid not meet at his Institute . In-
stead I took a perfect commutertrain out to suburban Holte
where he lived in a handsomemansion of manylarge rooms.
Our mathematical work, however, took place upstairs in a
rather small bedroombecause that was the only place in the
housewhereNille had allowed Georg to install a blackboard .
Andwithout a blackboard, Georgcould not work at all .

Georg had a regular round of consultations at various
research institutes : TheArmy, The SerumInstitute, TheEu-
genics Society, and Erik Thomsen'sInstitute for Educational
Researchwhich published Georg's great book.
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These consultations usually took place after lunch .
Georgwould introduce meto everyone there, settle downin
the big chair and invite the young menattending to report
their progress with the measurementresearch they were doing
under his direction . Oncethey got started Georg's eyes would
fall shut and it would look for all the world like he was defi-
nitely sound asleep . Not at all surprising considering whatwe
had had for lunch . This usually embarrassedthe host who
would hasten to myside and whisper into myear that Georg
wasnot really asleep . Andperhaps not . For whenthe reports
wheredone and the voices of the youngreporters faded away,
Georg would shake himself, openhis eyes, tell themin detail
exactly what to do next and rush us off to the next consulta-
tion .

WhenGeorg and Nille gave us a dinner party out in
Holte . Georgmet each guest at the door, asked themwhat
they would like to drink, and then, whatever they asked for, be
it sherry, whiskey, vermouth or a dry martini, always had their
first drink with them. Hehad a vodkamartini with Claire and
then a Bourbonwhiskey with me.

At the dinner table a large bottle of red wine was put
betweenevery lady andgentlemanso that the gentlemancould
keep the lady's glass full without inflicting uponher the em
barrassment of asking for more. Throughout the manycourses,
whenevera guest caught the eye of another anywherearound
the table, each grasped their wine glass firmly, raised it high,
invoked a hearty "Skol" and finished the glass . As far as I can
rememberit wasa lovely evening. I believe that wasthe evening
Nille taught meto whisper endearments in Danish into the
inviting ears of her beautiful daughters .

Mysubsequent gastronomical adventures with Georg
never fell short of our first lunch . OnLaesoein August 1967
where I spent a monthin his 200-year-old thatched roof farm
house, webeganeach day by cooking a fine English breakfast
which weserved to Nille on a tray in her bedroomand then
downedourselves in the little dining roomthat looked out on
the yard .

ThenGeorgwould take meback to his office/bedroom,
"created out of the former pigpen of the farm house" where
one wall wasa large blackboard . There wewould spend3 or 4
hours working on the mathematics and implications of his
measurementmodelsandwould just be getting really serious
whenthe soundof clinking glasses would drift downthe gar-
denpath toward our mathematical sanctuary . It wasNille with
a choice of cocktails before lunch .

Wheneverpossible lunch was in the garden and it was
always fulsome : herrings, cheeses, cold meatsand salads, and,
of course, the essential Akvavit and beer to help it down.
Needless to say, after lunch we all nappedor perhaps "passed
out" would be a better description .

About3pmGeorgwould pushhis headthrough the small
windowjust abovethe bed in mytiny guest room, look fiercely
downuponmyunconscious form and shout, "BOO!!" That
was whenwesubmitted ourselves to Nille's devotion to race
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car driving and surged out to explore the island . Georgalways
sat in back, clutching the dog, "just in case." Wecareened
around the narrow lanes of the little flat island to visit Nille's
manyisland conquests, the fishing folk wholived on the is-
land for whomNille wasthe grandest of urban ladies .

Weusually took a large box of candy to the island "Fat
Lady," so fat in fact that she had not been able to squeeze
through a door or windowof the roomshe inhabited for de
cades. The"Fat Lady" held court every afternoon, listened to
and resolved family and financial disagreements, and told for-
tunes . The grateful islanders never failed to bring her a few
more pieces of candy.

Whenthe weather was warmwewent to Danzigmann
beach, a sandy peninsula jutting out into the Kattegat toward
Sweden. Wechangedinto our bathing suits in front of one
another without the least self-consciousness . Georg, whowas
then 66, set off on his "traditional" run waydownthe beach
andback and then wethrew ourselves into the 50-degree wa-
ter for a brief and extraordinarily invigorating "swim." Georg
usually did moreof that than I did . Nille took the sun. And
then of course we had a "bite to eat" which often took the
better part of an hour to complete.

In the evening a local lady referred to by Nille as "Mrs .
Laeso" served by candlelight the sumptuousbanquet that Nille
had somehowgathered andsupervised during the morningand
perhaps whenGeorgand I were napping.

There were manycourses and several wines. Often there
wasamazing, "just caught today," fish, virgin lobsters, andcrabs
which Nille had collected from her fishing friends downat the
docks. As the evening darkened we talked about old times,
their childhoods, their young marriage, the hardships of the
1930's and the war. Often as Georgremembereda particular
time or momenthe wept with the joy and sadness of it .

After the long meal weusually wentinto the next room,
put an Italian or French opera on the phonograph, sipped co-
gnac and/or Madeira, and Nille and I smokedour cigars .

Oncein a while wedrove out into the Laesoenight to
visit a party at a fisherman's thatched cottage . Thelight was
by candle as no electricity had as yet reached these cottages .
The music was homemadeand the dancing lively, muchlike
our Americanfolk dancing . Most of the dancing wasdoneby
the women,as the menseemedcautious about becomingin-
volved in anything so impulsive . Nille sported about the room
arousing excited, happy conversation with the ladies, intro-
ducing meeach time, and then getting meto dancewith each
lady in turn and also having a danceor two herself . All the
while Georgwouldsit contentedly in a comfortable corner sip-
ping beer. "Onoccasions like these, I only get involved at the
highest diplomatic level ."

Most nights before wefinally retired wetook Nille's dog
for a walk downthe country road beyondthe cottage . Some-
times it waspitch black, sometimesbright moonlight . Weheld
handsand talked and laughed as wewalked.

I worked and played with Georg for 20 years . Hewas
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always happy, optimistic, full of fun, ready for anything . He
loved puns and knewcountless anecdotes of endearing hu-
manfoibles . Hewasgenerous, wise, infinitely forgiving, and
the most modestgenius I have ever met.
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BenWright :
the Measure

of the Man
John Michael Linacre, Ph.D.

F
or over 30years BenjaminD. (Ben) Wright has beenthe
leading expert on measurement(in its usual sense) in
the social sciences . For manyyears he wasits only con-

spicuous proponent . Yet this inevitable situation cameabout
seemingly by accident .

Benwasraised in pre-WWIINewYork City . His mother
was a Professor of Psychology at NewYork University, but the
exciting field of study wasphysics . Quantummechanicsseemed
to be the key to an intriguing, dynamic future . WWIIwas
joined, and in 1944Benvolunteered for the Navy. Aspart of
his training to becomea Naval officer, he wassent to Cornell
University wherehe obtained a Bachelor's degree with honors
in Physics and Philosophy .

The war concluded, and Benembarked, not onboard
ship, but on his intended career in advancedphysics . In 1947
he took a job at the Bell TelephoneLaboratories in NewJersey
to work with Charles H. Towneson microwavespectroscopy .
Then, in 1948, he becamea research assistant to Prof . Robert
S. Mulliken at the University of Chicago to work on ultravio-
let absorption spectra . His research entailed performing the
sameexperiment over and over again . Eachexperiment re-
quired manyprecise measurements. Almost all experiments
ended up invalid . There were incorrect experimental condi-
tions, flawed experimental procedures, andhumanerrors . Fi-
nally an experiment yielded results that documentedtheoreti-
cal predictions in a useful way. That experiment would be
deemeda success, and the next experiment would commence.
This research wasideal for obsessive introverts . But, despite
his love for physics, Benwas not one of those . So he looked
around for a more lively field of study . His first choice was
English, but the English professor he interviewed was so un-
happywith his life that Benlooked further .

Society at large wasjust becomingawareof the problem
of the mentally disordered . It was still routine to incarcerate
such people in a lunatic asylum. For mentally disturbed chil-
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dren, this implied a life sentence. Bruno Bettelheim had a
broader vision . He was convinced that seriously disturbed
children could be helped to live productive lives at somelevel .
Hetook on the Orthogenic School and engagedon a radical
andhighly experimental programto discover howto help chil-
dren whomothers hadrejected as beyondhelp . Benwasfasci-
nated by this daunting challenge, and so, in 1950, he joined
the School as a counselor of schizophrenic children and Bruno's
research assistant . In later years, Bruno was criticized for his
manyfailures, but Benalready knewfrom his experience in
physics that it is the long road of learned-from failure that leads
to success.

Bennowembarkedon the study of Freudian psycho-
analysis and psychotherapy, but maintained his interest in
mathematics and measurement. Hepublished two papers with
Bruno (1955, 1957) focusing onteachers andcounselors, rather
than children . But ultimately the emotional, mental, andeven
physical stress of dealing with dysfunctional children became
overwhelming. Benbeganto realize that child psychoanalysis
might not be the wayfor him after all .

Bruno was a Professor in the Departmentof Education
at the University of Chicago. TheDepartmentencountered a
sudden need for an instructor in introductory statistics and
Bruno nominated Ben because of his ease around numbers.
So Benstarted teaching statistics in 1956, but soon ran into
trouble . Henoticed that the statistical textbook gave errone-
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ous advice . Accordingly Benfollowed his training in physics,
and started teaching according to his theory of statistics rather
than parroting accepted wisdom. This soon drew the ire of
the Education faculty as they encountered students whohad
not beenindoctrinated into the conventional statistical lore .
The Chair of the Department, Frank Chase, supported Ben,
but the matter wasfinally brought before the University's fore-
most statistician, Prof. Leonard "Jimmy" Savage. Jimmydis-
cerned that Benwas indeed correct . Thus Ben's status as a
maverick statistician was confirmed .

Louis Thurstone hadbeenactive in the University's Psy-
chology Department, advocating the theory and practice of
factor analysis until 1950, andBenhad gotten to knowhimin
1948.

	

In 1959, Ben took advantage of the University's re-
cently acquired Univac I (1 kilobyte) computer to write a fac-
tor analysis program. This waspart of "exploratory work on
waysto convert observational and test data to meaningful mea-
sures" (Orden, 1961, p.11) . Over the next few years, Benper-
formed hundredsof analyses for clients, using the resulting in-
cometo support his wife, Claire, andchil-
dren Amy,Sara, Chris, andAndy. Thecli-
ents, however, were frustrated . Factor
analysis proved to be highly sample- and
analyst-dependent . Eachnewsample of
the "same" data yielded a different factor
structure . Factor analysis wasclearly not
the road to scientific progress .

In 1959, JimmySavage ran into
Danish mathematician GeorgRaschat a
Biometrics Society meeting in Washing
ton D.C . (Georgwasa founding member).
Jimmyhad gotten to knowGeorg in the
Autumnof 1947whenGeorgwasa guest
at the Cowles Commissionfor Research
in Economicsat the University of Chicago.
Raschhad also published papers on factor
analysis (1953), but it wasthe needto tell
the world of his recent discoveries in so-
cial science measurementthat Georg im-
pressed uponJimmy.

Shortly afterwards, Jimmytalked
about Georg's work to Ben, and Benex-
pressed someinterest . Jimmyhad funds
for a visiting professorship, so he said :
"Well, Ben, if you tell meto have him
come, I'll bring him. I don't see a reason for the Statistics De-
partment to have him. But, if you think the people in Psy-
chology or Education will be interested, then I'll bring him."
SoGeorgcameto the University of Chicago in 1960, andBen
felt himself obligated to attend Georg's lectures .

Georg's first lecture washeavily attended by the Statis-
tics Departmentand the statistical people in the Social Sci-
ence Division . In his lecture Raschcriticized factor analysis,
but, more significantly, his teaching style was bombastic and
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uncompromising. As the lecture series continued, people
stopped coming. Thesocial scientists couldn't understand the
math. Thestatisticians thought he might be insulting them.
Jimmyfell asleep about half way through the first lecture and
slept all the way through the second. Thenhe stopped com-
ing . Ben felt concerned about Georg being deserted by his
audience and also discerned that what wasbeing said wasin-
teresting . AndGeorgdidn't give up. Hebrought in his note-
book. Heopenedit carefully . Hegave his lecture, evenwhen
there wasno one there but Ben, his last student . Sothey made
friends . They discussed methods to analyze Ben's semantic
differential data . But then Rasch's visit wasover and he went
back to Denmark.

BenandGeorgmaintained desultory contact over the
next three years . Then, in 1964, whenBen again encoun-
tered the problem of analyzing semantic differentials, he used
a visit to Georgas an excuse to take a trip overseas .

In Denmark, Georg and his wife, Nille, proved genial
hosts to Ben, Claire, and their four children . Georgspent the

Claire andBen

mornings lecturing Benon math and statistics . Herejected
the conventional emphasisof social scientists onsummarysta-
tistics, such as correlations and reliabilities, and went right to
the observation itself and modeledit . ToBenthis madesense,
in fact, better sense than anything he had heard previously .

WhenBenreturned to Denmarkin 1965, he took along
graduate student Bruce Choppin. Ontheir return to Chicago
they got right to work writing FORTRANprogramsfor all the
algorithms described in Georg's book (1960) . Thetheory and
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technique were presented at a Mid-WestPsychological Asso-
ciation symposium,encompassingall those interested in Rasch
measurement, in the fall of 1965 in Chicago. That was the
debut of Raschwork in this country .

Again Benmight have drifted awayfrom measurement,
except that he encountered Nargis Panchapakesan,a physi-
cist from Calcutta with an interest in education . Ben per
suadedher to get another Ph.D . while developing effective es-
timation procedures for Raschmeasures. By 1967, the work of
Ben, Bruce, and Nargis wasbearing fruit in the newly imple-
mentedUCONestimation procedure . In the spring, Benpre-
sented a paper to the Psychometric Society . Then, in the fall,
Benjamin Bloom, at Georg Rasch's instigation, invited Bento
speak at the 1967 Educational Testing Service (ETS) Invita-
tional Conference. Ben felt that ETStalk, and a few pub-
lished papers, wouldsurely allow him to pass the baton to other
researchers andlead to the speedy completion of his ownRasch
work. But this wasnot to be.

The introduction of the UCONprocedure marked a
changein the relationship betweenGeorgandBen. This new
development, which melded theoretical ideal with practical
necessity, offended Rasch's mathematical sensibility . Benwas
no longer Georg's compliant disciple, but was becomingan
authority in his ownright .

The practical application of Raschmeasurementnow
proceeded apace. The first ever pre-session at the Annual
meeting of the American Educational Research Association
(1969) wason the Raschmodel. Researchers, in small num-
bers at first, started to becomeinterested in capitalizing on
Raschmeasurement. The second pre-session in 1970 proved
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"Measurementis not just anyarbitrary arithmetical manipulation of

responses; it is a theory of the phenomenonbeing measured. The theory
maybe relatively strong or weakin the assumptions it makes, but theoreti

cal assumptions are being made, implicitly or explicitly . If the theory is

wrong, or if our numerical relational system is not related homomorphically

to our empirical relational system, then the arithmetic weperform on our

numberswill not answerquestions about the empirical relational system

- or worse, it will answer them incorrectly . In a time that permits the

facile use of various computeralgorithms to turn responses into numbers,

this point is important . All measurementis theory in somesense andwe

ignore the theory at our peril ." pp. 245-6 in Anderson, A. B., Basilevsky,

Alexander, Hum,DerekPJ. Measurement: Theory andTechniques. In

Peter H. Rossi, JamesD. Wright &AndyB. Anderson(Eds.) 1983. Hand-

bookof Survey Research. SanDiego, CA: AcademicPress, pp. 231-287.

to be the start of the long-continuing Rasch-basedtesting pro-
gramoperated by the Portland (Oregon) Public Schools . And
then students started to enroll with Ben. David A. Andrich in
1971 (Ph.D. '73), GrahamA. Douglas in 1972 (Ph.D . '75),
Geofferey N. Masters in 1977 (Ph.D. '80), and the flow con-
tinues . Benhas chaired 110 Ph.D. committees, of which 75
focused on Raschmeasurement.

Benis as active as ever, in manywaysmoreso. His expe-
rience in constructing Rasch measuresfrom manydifferent
types of social science data, and in reviewing analyses performed
by others, far exceeds that of anyother researcher . Yet he per-
ceives there are vast areas of observational data waiting to be
addressed and still muchto be learned . Raschmeasurement
has nowbecomeexactly that intriguing anddynamic field of
study for which Benyearned as a youngman.
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HowGoodWas
BobbyFischer In 1992.7

In 1992, former world chesschampionsBobbyFischer andBoris Spasskymet in a
grudge matchto finally answer the question, "Whois the better player?" Theyprevi-
ously met in single combat. Fischer defeated Spasskyto becomeworld chess champion.
But the matchwas morean exhibition of gamesmanshipthan chess. Fischer retired
from competitive chess shortly afterwards .

In 1992, they met again. OncemoreFischer prevailed with 10wins, 5 losses, and
15 draws in 30chessgames. Fischer wasnolonger internationally ranked, but Spassky's
proficiency wasdeemedto be 2560international master points . World championGary
Kasparovwasthen rated at 2780master points . Howwould Fischer have fared against
Kasparov?

The proficiency of the leading international players in 1992 can be
ascertained from their performance in the top ten tournaments reported
in ChessInformant . In most tournaments, 10 or 12 players participated,
each playing all others present . Theresult of each matchwasrecorded, as
well as the international ELOpoints standing of each player according to
their career performance. In these tournaments there were 88 different
players, with 40 different international standings . Neither Fischer, Spassky,
nor Kasparovparticipated .

Theoutcomeof each encounter betweentwo players wasentered as
a paired comparison into a data file for analysis by the Facets computer
program. Theplayers were identified by their international standings, so
that the measurecorresponding to each international standing could be
estimated from a many-facet Raschanalysis of player performance. Re-
sults are shownin Figure 1. Each "X" in the figure corresponds to one of
the 88 tournament players . Themostproficient player in the tournaments
wasAnatoli Karpovwith a standing of 2715. His measurewas5.41ogits, relative to the
overall meanperformance level of the 88 players which wasset at 3.0 logits .

The diagonal line in Figure 1 is the best-fit line betweenthe inter-
national standings and the logit measures. Its slope is 66 international
standing points per logit . Fromthis plot, Spassky's 2650standing would
give him an expected measureof 3.41ogits . Kasparov's 2780corresponds
to 6.7 logits . Figure 2 plots matchoutcomesconceptualized as rating scale
categories (win, draw, loss), based on the performances of the 88 tourna-
mentplayers . Fischer's raw score of 171/2 against Spassky's 121/2 places
him as .5 logits more proficient than Spassky, i .e ., at 3 .9 logits . Thus
Fischer's estimated international standing is 34 better at 2594points .

Figure 2 would predict Fischer's outcomein a 30-gamematch to be
8 wins, 19 draws and 3 losses = 171/2 . This is reassuringly close to the
observed outcomeof 10 wins, 15 draws, and5 losses . This relative lack of
draws by Spasskyand Fischer maybeexplained by players being moreready
to agree to draws in tournaments whenthe overall winner is no longer in
doubt .

WorldchampionKasparovhad a standing of 2780. This is 2.81ogits
aboveFischer's estimated 2615. Fischer's performance against Kasparovcan be pre-
dicted from Figure 2. Theresults of a 30-gamematchwould be 5 draws and25 losses
for Fischer without anywins! Nevertheless, Fischer could be proud. Despite his almost
20-year absence from tournament play, Figure 1 showsthat his performance would
place him amongthe top twenty of these tournament players
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Figure 1 . Measuresandinterna-
tional standings of 88 leading
chess players .

Relative ChessProficiency (Logits)

Figure 2. Probability of match
outcomes.














































































