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Glossary 
ability 

a generic term for an individual's location on a 
measurement variable (ie, a parameter to be estimated) 

calibration 
the process of estimating the difficulties of test items from 
students' responses to th.em 

computer adaptive testing 
a process by which items are selected for administration one 
at a time from an item bank on the basis of a student's 
performance on preceding items 

criterion referencing 
the process of interpreting individuals' test performances in 
terms of specified learning objectives (sometimes used to 
describe the interpretation of test performances in terms of a 
specified performance standard) 

described proficiency scale 
a measurement variable/ scale described in terms of the 
knowledge, skills, understandings, attitudes or values 
typically observed at various locations along that scale 

dichotomous scoring 
the scoring of individuals' item responses in two categories 
only (usually right /wrong) 

differential item functioning 
the observation that an item is atypically easier or harder 
for one group of students than for another (eg, unusually 
difficult for females) 

difficulh; 
an item's location on a measurement variable (a parameter to 
be estimated) 

equating 
a statistical process that converts scores on different tests to 
the same scale, allowing them to be compared directly 

fit analysis 

item 

the statistical analysis of how well responses to an item (or by 
a person) match the expectations of a measurement model 

a test question or task 

item bank 
a collection of test items calibrated on the same measurement 
variable 

item bias 
the observation that an item is atypically easier or harder for 
one group of students than for another (eg, unusually 
difficult for females) 

link items 
items shared by two or more tests, allowing those tests to be 
equated 
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logit 
a unit of measurement 

measurement 
the process of estimating students' locations (abilities) on a 
measurement variable from their responses to a set of items 

measurement error 
an indication of the uncertainty associated with the estimate 
of a student's ability 

norm referencing 
the process of interpreting individuals' test performances in 
terms of the performances of a relevant reference group (eg, 
students of the same age) 

objectivihJ 

a characteristic of a measurement system enabling measures 
to be compared without regard to the particuJars of the tasks 
used or judges involved 

outcomes 
the results of learning (eg, knowledge, skills, understanctings, 
attitudes, values) 

partial credit 
the scoring of individuals' item responses in several ordered 
categories 

performance standards 
levels of ability set as targets or requirements for particular 
purposes (usually operationalised as 'cut-scores') 

progress map 
(see described proficiency scale) 

Rasch 1nodel 

ratings 

a measurement model capable of providing objective 
measures in a defined unit of measurement 

judgements of individuals' performances or responses made 
in terms of a set of ordered categories (ie, a rating scale) 

standard setting 
the process of setting a performance standard 

unid imensionali ty 
an idealised state in which individuals' responses to a set of 
items are governed only by the variable those items are 
designed to measure 

unit of measurement 

variable 

a constant amount of a continuous variable that can be 
repeated and counted 

something that varies - in this context, an ability (attitude etc) 
that can be conceptualised as varying along a continuum 
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what is 'measurement' ? 
Conceptualising Variables 
In life, the most powerful ideas are the simplest. Many areas of 
human endeavour, including science and religion, involve a search 
for simple unifying ideas that offer the most parsimonious 
explanations for the widest variety of human experience. 

Early in human history, we found ourselves surrounded by objects 
of impossible complexity. To make sense of the world we found it 
useful, and probably necessary, to ignore this complexity and to 
invent simple ways of thinking about and describing the objects 
around us. One useful strategy was to focus on particular ways in 
which objects differed. 

The concepts of 'big' and 'small' provided an especially useful 
distinction. Bigness was an idea that allowed us to ignore the 
myriad other ways in which objects differed - including colour, 
shape and texture - and to focus on just one feature of an object: 
its bigness. The abstract notion of 'bigness' was a powerful idea 
because it could be used in describing objects as different as rivers, 
animals, rocks and trees. 

For mud1 of our history, the concept of 'bigness' no doubt served 
us well. But as we made more detailed observations of objects, and 
as we reflected on those observations, we found it useful to 
distinguish size from weight, even though size and weight usually 
were closely related. And, as we grappled with our experience that 
larger objects were not always heavier, we introduced the more 
sophisticated concepts of density and specific gravity. 

Each of these ideas provided a way of focusing on just one way in 
which objects differed at a time, and so provided a tool for dealing 
with the otherwise unmanageable complexity of the world around 
us. Bigness, weight, length, volume and density were just some of 
our ideas for describing the ways in which objects varied; other 
'variables' included hardness, temperature, inertia, speed, 
acceleration, malleability, and momentum. As our understandings 
improved and our observations became more sophisticated, we 
found it useful to invent new variables subtly distinguished from 
existing variables: for example, to distinguish mass from weight, 
velocity from speed, and temperature from heat. 

The advantage of a variable was that it allowed us to set aside 
- at least temporarily - the very complex ways in which objects 
differed, and to see objects through just one lens at a time. For 
example, objects could be placed in a single order of increasing 
weight, regardless of their varying shapes, colours, surface areas, 
volumes, and temperatures. The weight 'lens' allowed us to see 
objects on just one of an essentially infinite number of possible 
dimensions. 

We sometimes wondered whether we had invented these 
variables or simply discovered them. Was the concept of 
momentum a human invention, or was momentum 'discovered'? 
Certainly, it was a human decision to focus attention on specific 
aspects of variability in the world around us and to work to clarify 
and operationalise variables. The painstaking and relatively 
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recent work of Anders Celsius (1701-44) and Gabriel Fahrenheit 
(1686-1736) to develop a useful working definition of temperature 
was testament to that. On the other hand, the variables we 
developed were intended to represent 'real' differences among 
objects. Ultimately, the question of whether variables were 
discovered or invented was of limited philosophical interest: 
the important question about a variable was whether it was useful 
in practice. 

Human Variability 
But it was not only inanimate objects that were impossibly 
complex; people were too. Again, a strategy for dealing with this 
complexity was to focus on particular ways in which people 
varied. Some humans were faster runners than others, some had 
greater strength, some were better hunters, more graceful dancers, 
superior warriors, more skilled craftsmen, wiser teachers, more 
compassionate counsellors, more comical entertainers, greater 
orators. The list of dimensions on which humans could be 
compared was unending, and the language we developed to 
describe this variability was vast and impressive. 

In dealing with human complexity, our decision to focus on one 
aspect of variability at a time was at least as important as it was in 
dealing with the complexity of inanimate objects. To select the best 
person to lead the hunting party it was desirable to focus on 
individuals' prowess as hunters and to recognise that the best 
hunter was not necessarily the most entertaining dancer around 
the campfire or the best storyteller in the group. There were times 
when our very existence depended on clarity about the relative 
strengths and weaknesses of fellow human beings. 

The decision to pay attention to one aspect of variability at a time 
also was important when it came to monitoring the development 
of skills, understandings, attitudes and values in the young. 
As adults, we sought to develop different kinds of abilities in 
children, including skills in hunting, dancing, reading, writing, 
storytelling, making and using weapons and tools, constructing 
dwellings, and preparing food. We also sought to d evelop 
children's knowledge of local geography, flora and fauna, and 
their understandings of tribal customs and rituals, religious 
ceremonies, and oral history. To monitor children's progress 
towards mature, wise, well-rounded adults, we often found it 

'Physical concepts are the free creations of the 
human mind and are not - however it may seem -

uniquely determined by fhe external world.' 

Albert Einstein 

The Evolution of Physics, 1938 

/ 
/ / 

dimension 
[di(s) - apart; 
metiri - to measure]: 

separated out for 
measurement 
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The weight variable 
can be visualised as a 
continuum of increasing 
heaviness. 

convenient to focus on just one aspect of their development at a 
time. 

We sometimes wondered whether the variables we used to deal 
with the complexity of human behaviour were 'real' in the sense 
that temperature and weight were 'real'. Did children really differ 
in reading ability? Were differences in children's reading abilities 
'real' in the sense that differences in objects' potential energy or 
mome11tum were 'real'? 

Once again, the important question was whether a variable such 
as reading ability was useful in practice. Common experience 
suggested that children did differ in their reading abilities and that 
individuals' reading abilities did develop over time. But was the 
idea of a variable of increasing reading competence supported by 
closer observations of reading behaviour? Did this idea help us to 
understand and promote reading development? As with all 
variables, the most important question about dimensions of 
human variability was whether they were helpful in dealing with 
the complexities of human experience. 

In summary, our decision to focus attention on one aspect of 
variability at a time was a significant breakthrough in the 
management of complexity. The conceptualisation of variables 
was our first step towards measurement. 

Inventing Units 
The second step towards measurement was the invention of units 
representing equal amounts of the variable being measured. 
Important 11un1an progress in counting units was made in relation 
to the most intangible of variables: time. 

Time, unlike other variables such as length and weight, could not 
be manipulated and was much more difficult to conceptualise. 
But, amazingly, man found himself living inside a giant clock. 
By carefully inspecting the rhythmical ticking of the clock's 
1nechanisrn, man learned how to measure time by counting units of 
time. 

The regular rotation of the Earth on its axis marked out equal 
amounts of time and provided humans with a basic unit of 
measurement: the day. By counting days, we were able to replace 
qualitative descriptions of time ('a long time ago') with 
quantitative descriptions ('five days ago'). This was the second 
requirement for measurement: a unit of measurement. A unit was a 
fixed amount of a variable that could be repeated without 
modification and counted. The invention of units allowed the 
question how much? to be answered by counting how many units. 

The regular revolution of the moon around the Earth provided a 
larger unit of time, the 'moon' or lunar month. And the regular 
revolution of the Earth around the sun led to the seasons and a still 
larger unit, the year. The motion of these heavenly bodies provided 
us with an instrument for marking off equal amounts of time and 
taught us that units could be combined to form larger units, or 
subdivided to form still smaller units (hours, minutes, seconds). 
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Ancient civilisations created ways of tabulating their 
measurements of time in calendars chiselled in stone, and used 
moving shadows to invent units smaller than the day. By 
observing the rhythmical motion of the giant clock in which we 
lived, humans probably developed a sophistication in the 
measurement of time before we developed a similar sophistication 
in the measurement of more tangible variables such as length, 
weight and temperature. 

The invention of units of measurement was equally crucial to 
accurate communication about distances. 111 man's early history, 'a 
long way' became '2-days walk', again allowing the question !tow 
much? to be answered by counting !tow many units. For shorter 
distances, we counted paces. One thousand paces we called a mile 
(mil). Other units of length we defined in terms of parts of the 
body - the foot, cubit (length of forearm), hand - or in terms of 
objects that could be carried and placed end to end: the chain; the 
link (1I100 of a chain); the rod, perch or pole (a pole); and the yard 
(a stick). 

Our recent and continuing use of many of these units is a reminder 
of how recently we mastered the measurement of length. The same 
is true of the units we use to measure some other variables (eg, 
'stones' to measure weight). And still other units were invented so 
recently that we know the names of their inventors (eg, Celsius 
and Fahrenheit). 

Pursuing Objectivity 
The h1vention of units such as paces, feet, spans, cubits, chains, 
stones, rods and poles which could be repeated without 
modification provided humans with instruments for measuring. 
However, an important questio11 in making measurements was 
whether different instruments provided numerically equivalent 
measures of the same object. 

If two instruments did not provide numerically equivalent 
measures, then one possibility was that they were not calibrated 
in the same unit. It was one thing to agree on the use of a foot 
to measure length, but whose foot? What if my stone was heavier 
than yours? What if your chain was longer than mine? 
A fundamental requirement for useful measurement was that the 
resulting measures had to be independent of the measuring 
instrument and of the person doing the measuring: in other 
words, they had to be objective. 

To achieve this kind of objectivity, it was necessary to establish and 
share common, or standard, units of measurement. For example, 
in 1790 it was agreed to measure length in terms of a 'metre', 
defined as one ten-millionth of the distance from the North Pole to 
the Equator. After the 1875 Treaty of the Metre, a metre was re­
defined as the length of a platinum-iridium bar kept at the 
International Bureau of Weights and Measures near Paris, and 
from 1983 a metre was defined as the distance travelled by light in 
a vacuum in 1/299,792,458 of a second. All measuring sticks 
marked out in metres and centimetres were calibrated against this 
standard unit. Bureaus of weights and measures were established 
to ensure that standards were maintained and that instruments 
were calibrated accurately against standard units. In this way, 

biblical measures 

And God said to Noah, 
' ... This is how you are to 
make it: the length of the 
ark 300 cubits, its breadth 
50 cubits, and its height 
30 cubits.' 

Genesis 6: 15 

Ephron answered 
Abraham, 'My lord, listen 
to me; a piece of land 
worth 400 shekels of 
silver, what is that 
between you and me?' ... 
and Abraham weighed 
out for Ephron the silver 
he had named ... , 400 
shekels of silver, 
according to the weights 
current among the 
merchants. 

. 

Genesis 23:15 

And Joseph stored up 
grain in great abundance, 
like the sand of the sea, 
until he ceased to 
measure it, for it could 
not be measured. 

Genesis 41:49 



Maintaining standards 

Whereas Edward 
Masters, Thomas Draper, 
Henry Chesheire and 
Margaret Ball stand 
severally presented in 
this court for keeping 
and using unlawful 
strikes*, it is therefore 
this day ordered by this 
court that John Stratford, 
esquire, and Thomas 
Corbyn, esquire, shall be 
and are hereby desired 
to examine whether the 
said several persons have 
caused their strikes to be 
made equal to the brasen 
standard provided by the 
lord of the manor of 
Atherston and to certify 
their doings to this court 
at the next General 
Sessions of the Peace. 

Warwickshire, 
Epiphany 1673 

*strike =Instrument for measuring 

measures could be compared directly from instrument to 
instrument - an essential require1nent for accurate communication 
and for the successful conduct of co1nmerce, science and industry. 

If two instruments did not provide numerically equivalent 
measures, then a second, more serious possibility was that they 
were not providing measures of the same variable. The simplest 
indication of this problem was when two instruments produced 
significantly different orderings of a set of objects. 

For exa1nple, two measuring sticks, one calibrated in centimetres, 
the other calibrated in inches, provided different numerical 
measures of an object. But when a number of objects were 
measured in both it1ches and ce11titnetres and the measures in 
inches were plotted against the measures in centimetres, the 
resulting points approximated a straight line (and with no 
1neasurement erro1~ would have for1ned a perfect straight line). 
In other words, the two measuring sticks provided consistent 
measures of length. 

Howeve1~ if on 011e instru1nent Object A was measured to be 
significantly greater than Object B, but on a second instrument 
Object B was measured to be significantly greater than Object A, 
then that would be evidence of a basic inconsistency. What should 
we conclude about the relative standings of Objects A and B on our 
variable? 

A fundamental requiren1ent for measurement was that it 
should not matter which instrument was used, or who was doing 
the measuring (ie, the requirement of objectivity/ impartiality). 
Only if different instruments provided consistent measurements 
was it possible to achieve this kind of objectivity in our measures. 

In Summary 
Measurement is one of mankind's most powerful and significant 
inventions. 

Measurement begins with the decision to pay attention to 
only one way in which objects or persons differ. This decision 
to focus on just one aspect of variability allows objects to 
be conceptualised as having a single order 011 a variable 
('dimension'). The conceptualisatio11 of a variable as a continuum 
of increasing amounts is the first step towards measurement. 

The second step towards measuren1ent is the invention of a u11it. 
A u11it is an an1ount of a variable t11at ca11 be repeated witl1out 
modification and counted. The use of a unit ensures that equal 
numerical differences represent equal amounts of the variable. 

The third and final step is to ensure objectivity in measurement. 
Measures are objective when they do not depend on a knowledge 
of the particular instrument used to obtain them, or of the person 
involved in the measuring process. The test of objectivity is 
whether equivalent numerical measures are obtained with 
different instruments and with different persons doing the 
measuring. 
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aspiring to measure 
Educational Variables 
In educational settings it is common to separate out and pay 
attention to one aspect of a student's development at a time. 

When a teacher seeks to establish the stage a student has reached 
in his or her learning, to monitor that student's progress over time, 
or to make decisions about the most appropriate kinds of learning 
experiences for individuals, these questions usually are addressed 
in relation to one area of learning at a time. For example, it is usual 
to assess a child's attainment in numerical reasoning separately 
from the many other dimensions along which that child might be 
progressing (such as reading, writing, and spoken language), even 
though those aspects of development may be related. 

Most educational variables can be conceptualised as aspects of 
learning in which students make progress over a number of years. 
Reading is an example. Reading begins in early childhood, but 
continues to develop through the primary years as children 
develop skills in extracting increasingly subtle meanings from 
increasingly complex texts. And, for most children, reading 
development does not stop there: it continues into the secondary 
years. 

Teachers and educational administrators use measures of student 
progress and attainment for a wide variety of purposes. 

Measures on educational variables are sought whenever tl1ere is a 
desire to ensure that limited places in educational programs are 
offered to those who are most deserving and best able to benefit 
from them. For example, places in medical schools are limited 
because of the costs of providing medical programs and because of 
the limited need for medical practitioners in the community. 
Medical schools seek to ensure that places are offered to applicants 
on the basis of their likely success in medical school and, where 
possible, on the extent to which applicants appear suited to 
subsequent medical practice. To allocate places fairly, medical 
schools go to some trouble to identify and measure relevant 
attributes of applicants. Universities and schools offering 
scholarships on the basis of academic merit similarly go to some 
trouble to identify and measure candidates on appropriate 
dimensions of achievement. 

Measures of educational achievement and competence are sought 
at the completion of education and training programs. Has the 
student achieved a sufficient level of understanding and 
knowledge by the end of a course of instruction to satisfy the 
objectives of that course? Has the student achieved a sufficient 
level of competence to be allowed to practise (eg, as an accountant, 
a lawyer, a paediatrician, an airline pilot)? Decisions of this kind 
usually are made by first identifying the areas of knowledge, skill 
and understanding in which some minimum level of competence 
must be demonstrated, and by then measuring candidates' levels 
of competence or achievement in eacl1 of those areas. 
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The intention to obtain 
only one score for each 
student so that all 
students can be placed 
in a single score order is 
known as the intention 
of unidimensionality. 

Measures of educational achievement also are required to 
investigate ways of improving student learning: for example, 
to evaluate the impact of particular educational initiatives, 
to compare the effectiveness of different ways of structuring and 
managing educational delivery, and to identify the most effective 
teaching strategies and most cost-effective ways of lifting the 
achievements of under-achieving sections of the student 
population. Most educational research, including the evaluation 
of educational programs, depends on reliable measures of aspects 
of student learning. Some of the most informative research studies 
track student progress on one or more variables over a number of 
years (ie, longitudinal studies of progress). 

The intention to separate out and measure variables in education 
is made explicit in the construction and use of educational tests. 
The intention to obtain only one test score for each student so that 
all students can be placed in a single score order reflects the 
intention to measure students on just one variable, and is called 
the intention of unidimensionality. On such a test, higher scores 
are intended to represent more of the variable that the test is 
designed to measure, and lower scores are intended to represent 
less. The use of an educational test to provide just one order of 
students along an educational variable is identical in principle to 
the intention to order objects along a single variable of increasing 
heaviness (see page 3). 

Occasionally, tests are constructed with the intention not of 
providing one score, but of providing several scores. For example, 
a test of reasoning might be constructed with the intention of 
obtaining both a verbal reasoning score and a quantitative 
reaso11ing score for each student. Or a mathematics achievement 
test might be constructed to provide separate scores in Number, 
Measurement and Space. Tests of this kind are really composite 
tests. The set of verbal reasoning items constitutes one measuring 
instrume11t; tl1e set of quantitative reasoning items constitutes 
another. The fact that both sets of items are administered in the 
same test sitting is simply an administrative convenience. 

Not every set of questions is constructed with the intention that 
the questions will form a measuring instrument. For example, 
some questionnaires are constructed with the intention of 
reporting responses to each question separately, but with no 
intention of combining responses across questions (eg, How many 
hours on average do you spend watching television each day? 
What type of book or magazine do you most like to read?). 
Questions of this kind may be asked not because they are intended 
to provide evidence about the same underlying variable, but 
because there is an interest in how some population of sh1dents 
responds to each question separately. The best check on whether a 
set of questions is inte11ded to form a measuring instrument is to 
establish whether the writer intends to combine responses to 
obtain a single score for each student. 

The development of every measuring instrument begins with 
the concept of a variable. The table on page 8 shows 
some of the many hundreds of variables listed in the 
Mental Measurements Yearbook for which measuring instruments 
(tests and questionnaires) have been constructed. 
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abstract reasoning 

achievement orientation 

adding fractions 

adventurousness 

aggression 

altruism 

anxiety 

arithmetic ability 

artistic expression 

asocial behaviour 

assertiveness 

attentiveness 

attitude toward mathematics 

auditory perception 

body satisfaction 

business judgement 

cautiousness 

clerical accuracy 

cognition of semantic relations 

collaborating 

communicating information 

competitiveness 

comprehending dialogues 

computer programming 

conscientiousness 

copying shapes 

creativity 

critical thinking 

decision making 

depression 

dexterity 

division of decimals 

ego strength 

emotional resilience 

empathy 

expressiveness 

extroversion 

fine motor function 

following directions 

goal orientation 

gross motor function 

handwriting 

hyperactivity 

i1npulsiveness 

interpersonal competency 

intuitive thinking 

kindergarten readiness 

language comprehension 

leadership potential 

letter recognition 

life satisfaction 

listening comprehension 

manual dexterity 

mathematical understanding 

memory for sentences 

narrative writing 

nutrition knowledge 

oral reading 

perception of objects in space 

personal self-care 

physical prowess 

pitch discrimination 

problem-solving ability 

proofreading 

reading ability 

reasoning 

relationship identification 

sales comprehension 

school adjustment 

school readiness 

self-confidence 

sociability 

spelling 

stress tolerance 

tactile differentiation 

typing speed 

verbal reasoning 

visual discrimination 

vocabulary knowledge 

written expression 



The intention underlying each of these instruments - and many 
others reported in the educational and psychological 
measurement literature - is to assemble a set of items capable of 
providing evidence about the variable of interest, and then to 
combine responses to those items to obtain measures of the 
variable. This intention raises the question of whether the set of 
items assembled to measure any given variable work together to 
form a useful measuring instrument. 

Equal Intervals? 
When a student takes a test, the outcome is a test score, intended 
as a measure of the variable that the test was designed to measure. 
Test scores provide a single order of test takers - from the lowest 
scorer (the person who answers fewest items correctly or who 
agrees with fewest statements on a questionnaire) to the highest 
scorer. Because scores order students along a variable, they are 
described as having 'ordinal' properties. 

It is common to assume tl1at test scores also have 'interval' 
properties: that is, that equal differences in scores represent equal 
differences in the variable being measured (eg, that the difference 
between scores of 25 and 30 on a reading comprehension test 
represents the same difference in reading ability as the difference 
between scores of 10 and 15). The attempt to attribute interval 
properties to scores is an attempt to treat them as though they 
were measures similar to measures of length in centimetres or 
measures of weight in kilograms. B11t scores are not counts of a 
unit of measurement, and so do not share the interval properties 
of measures. 

Scores are counts of items answered correctly and so depend on 
the particulars of the items counted. A score of 16 out of 20 easy 
items does not have the same meaning as a score of 16 out of 20 
hard items. In this sense, a score is like a count of objects. 
A count of 16 potatoes is not a 'n1easure' because it is not a count 
of equal units. Sixteen small potatoes do not represent the same 
amount of potato as 16 large potatoes. When we buy and sell 
potatoes, we use and count a unit (kilogram or pound) which 
maintains its meaning across potatoes of different sizes. 

A second reason why ordinary test scores do not have the 
properties of measures is that they are bounded by upper and 
lower limits. It is not possible to score below zero or above 
the maximum possible score on a test. The effect of these so-called 
'floor' and 'ceiling' effects is that equal differences in test scores 
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do not represent equal differences in the variable being measured. 
On a 30-item mathematics test, a difference of one score point at 
the extremes of the score range (eg, the difference between scores 
of 1 and 2, or between scores of 28 and 29) represents a larger 
difference in mathematics achievement than a difference of one 
score point near the middle of the score range (eg, the difference 
between scores of 14 and 15). 

Although test scores do not have interval properties, it is 
(mistakenly) common to treat them as though they do. Interval 
properties are assumed whenever number-right scores are used in 
simple statistical procedures such as the calculation of means 
and standard deviations, or in more sophisticated statistical 
procedures such as regression analyses or analyses of variance. In 
these common procedures, users of test scores treat them as 
though they have the interval properties of inches, kilograms or 
hours. 

Objectivity 
Every test constructor knows that, in themselves, individual test 
items are unimportant. No item is indispensable: items are 
constructed merely as opportunities to collect evidence about 
some variable of interest, and every test item could be replaced by 
another, similar item. More important than individual test items is 
the variable about which those items are intended to provide 
evidence. 

A particular item developed as part of a calculus test, for example, 
is not in itself significant. Indeed, students may never again 
encounter and have to solve that particular item. The important 
question about a test item is not whether it is significant in its own 
right, but whether it is a useful vehicle for collecting evidence 
about the variable to be measured (in this case, calculus ability). 

Another way of saying this is that it should not matter to our 
conclusion about a student's ability in calculus which particular 
items the student is given to solve. When we construct a test it 
is our intention that the results will have a generality beyond 
the specifics of the test items. This intention is identical to our 
intention that measures of height should not depend on the details 
of the measuring instrument (eg, whether we use a steel rule, a 
wooden rule, a builder's tape measure, a tailor's tape, etc). It is a 
fundamental intention of all measures that their meaning should 
relate to some general variable such as heigl1t, temperature, 
manual dexterity or empathy, and should not be bound to the 
specifics of the instrument used to obtain them. (Just imagine 
the inconvenience of physical measures if every time they were 
reported they had to be accompanied by information about 
the particular instrument used to obtain them!) 

The intention that measures of educational variables should have 
a general meaning independent of the instrument used to obtain 
them is especially important when there is a need to compare 
results on different tests. A teacher or school wishing to 
administer a test prior to a course of instruction (a pre-test) and 
then after a course of instruction (a post-test) to gauge the impact 
of the course, often will not wish to use the same test on both 
occasions. A medical school using an admissions test to select 

It is a fundamental 
intention of all measures 
that their meaning should 
relate to some general 
variable, and should 
not be limited to the 
specifics of the 
instrument used to 
obtain them. 



applicants for entry often will wish to compare results obtained 
on different forms of the admissions test at different test sittings. 
Or a school system wishing to monitor standards over time 
or growth across the years of school will wish to compare results 
on tests used in different years or on tests of different 
difficulty designed for different grade levels (eg, third, fourth, 
and fifth-grade reading tests). 

There are many situations in education in which we seek measures 
that are freed of the specifics of the instrument used to obtain them 
and so are comparable from one instrument to another. 

It is also the intention when measuring educational variables 
that the resulting measures should not depend on the persons 
doing the measuring. This consideration is especially important 
when measures are based on judgements of student work or 
performance. To ensure the objectivity of measures based on 
judgements it is usual to provide judges with clear guidelines and 
training, to provide examples to illustrate rating points (eg, 
samples of student writing or videotapes of dance performances), 
to use multiple judges, procedures for identifying and dealing 
with discrepancies, and statistical adjustments for systematic 
differences in judge harshness /leniency. 

Although it is clearly the intention that educational measures 
should have a meaning freed of the specifics of particular tests, 
ordinary test scores (eg, number of items answered correctly) are 
completely test-bound. A score of 29 on a particular test does 
not have a meaning similar to a measure of 29 centimetres or 
29 kilograms. To make any sense of a score of 29 it is necessary to 
know the total number of test items: 29 out of 30 items? 29 out of 
40? 29 out of 100? Even knowing that a student scored 29 out of 40 
is not very helpful. Success on 29 easy items does not represent the 
same ability as success on 29 difficult items. To understand 
completely the meaning of a score of 29 out of 40 it would be 
necessary to consider each of the 40 items attempted. 

A longstanding dilemma in educational testing has been that, 
while particular test items are never of interest in themselves, but 
are intended only as indicators of the variable of interest, the 
meaning of number-right scores is always bound to some 
particular set of items. Just as we intend the measure of a student's 
writing ability to be independent of the judges who happen to 
assess that student's writing, so we seek measures of variables 
such as numerical reasoning which are neutral with respect to, and 
transcend, the particular ite.ms that happen to be included in a test. 
It is this dilemma tharmOclern measurement theory (described in 
the next section) resolves. 
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In Summary 
In education, we seek measures on a wide variety of variables. 
Reliable measures of educational variables are essential to 
successfully evaluating the effectiveness of educational programs, 
monitoring educational standards over time, comparing 
achievement levels in different education systems, investigating 
relationships and influences on educational achievement, 
allocating scholarships and places in educational courses, 
measuring individual growth over time, and making decisions 
about the stage an individual has reached in his or her learning. 
Educational measurement always begins with the intention to 
estimate students' standings on some variable of interest. 

In education, we assume that test and questionnaire scores have 
interval level properties whenever we calculate simple statistics 
such as means and standard deviations and use more 
sophisticated procedures such as regression analysis. However, 
ordinary test scores, because they are not counts of a unit of fixed 
amount, do not have interval properties. Equal differences in 
number-right scores do not, in general, represent equal differences 
on the variable of interest. 

In education, we also intend our measures to have a ge11erality 
that extends beyond the specifics of a set of items, and beyond the 
particular persons involved in the measuring process. Test items 
are not in themselves important: they are simply convenient and 
interchangeable opportunities to collect evidence about the 
variable a test is designed to measure. Howeve1; the meaning of 
number-right scores is bound to particular sets of items. Every test 
has its unique set of number-right scores - equivalent to every 
measuring stick being calibrated in its own unit of length. 

The following article describes a measurement model that can be 
used to 

0 establish the extent to which a set of items work together to 
provide measures of just one variable; 

• define a unit of measurement for the constructiOn- of 
interval-level measures of educational variables; and 

• construct numerical measures wl1icl1 l1ave a meaning 
independent of the particular set of items used. 



Falling Short of Measurement 

Norm-referenced testing 
Ordinary test scores (counts of items answered correctly) do not share the properties of measures 
such as lengtl1s in centimetres or weights in kilograms. A test score, such as 28 out of 40, does not 
have a general meaning like 28 centimetres because it is botmd to a particular set of test items. 

h1 an attempt to give test scores meanings beyond the specifics of a particular instrument, a common 
practice is to refer test scores to defined populations of students. For example, if 65 per .cent 
of Scottish fourth-grade students scored below 28 on a particular test, then .t11e score of 28 on that 
test would be re-expressed as the 65th percentile for Scottish fourth-graders. This method of 
interpreting test scores, while useful, does not provide a measurement scale with interval properties. 
It is equivalent to marking out a stick for measuring children's heights not in constant units such as 
inches or centimetres, but in percentiles. The 60th percentile would be the mark separating tl1e 
shortest 60% of students from the tallest 40%; the 90th percentile would separate the shortest 
90% of students from the tallest 10%; and so on. 0£ course, t11e 60th percentile for Year 4 students 
would be at a different position on the measuring stick from the 60tl1 percentile for Year 3 students. 

It is always possible to locate percentiles on a measuring stick calibrated in inches or centimetres. 
But percentiles are not a substitute for a well-defined unit and so do not provide a basis for 
measuring (counting units). 

A more detailed discussion of the norm-referenced interpretation of scores can be found on page 38. 

Criterion-referenced testing 
A second attempt to address the limitations of test-bound scores is to refer test results to 
narrowly defined domains of learning and to attempt to conclude in an absolute sense whether.or 
not an individual has 'mastered' each domain. A.11 exa1nple of sucl1 a domain n1ight be 'subtracfing 
two 2-digit numbers'. Has tl1e student mastered the subtrnction of 2-digit numbers or not? In a 
criterion-referenced test, a set of items is writte11 to address each don1ain, and. a student, .is 
considered to have 'mastered' tl1e domain if they answer 80% of items correctly. 

111is method of interpreting test scores, while superficially attractive, has a number of shortcomings 
in practice. Even when domains are defined as narrowly as 'subtracting two 2-digit numl)ers· 
a student's success rate depends on t11e particular iten1s adn1inistered. Subtrac'ti.011 
vertically are easier than items written horizontally. Subtraction items requiring re;grtlt1JJUJ1g.ai;<r. 
harder than items not requiring regrouping. Subtraction items involving zeros are noto.1:iousJl.y 
difficult. Whether a student answers 80% of items correctly depends on the patti<:ular ifc1l11s 
administered. In an attempt to remove ambiguities of this kind, a common approach is tnrl<'flnii · I 

achievement domains more precisely (eg, subtracts two 2-digit numbers when written vertic:al.liy 
and when regrouping is not required). But the consequence of this approach has beerl'to fragn1ertt 
and atomise school curricula into increasingly long lists of increasingly trivial skills. 

In practice, a criterion-referenced test is like a measuring stick wit11 only on_e_ ""'"Y•.vf,'~ 
Students eitl1er meet tl1e criterion or they do not. These domain-specific 1m:u,uuu0 
yes/no results provide a limited basis for monitoring individual 1rr<Jwth in 
lea1ning over time. 
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a model for measuring 
The preceding article identified several reasons why ordinary test 
scores (counts of items answered correctly) do not have the 
properties of 'measures' such as lengths in centimetres or 
temperatures in degrees Celsius: 

• Although the intention in most test development is to produce 
a single score for each student (in other words, to construct a 
single dimension along which students can be ordered from 
lowest to highest), much test development is not accompanied 
by an explicit check on the validity of summarising item 
responses in a single measure. 

• Although the use of test scores in most statistical analyses 
assu1nes they have interval level properties, because test scores 
are not counts of a unit of measurement, ordinary test scores are 
not on an interval scale. 

• Althottgh our interest in educational testing is always in so1ne 
underlying variable - and not in a specific set of items -
ordinary test scores (eg, 28 out of 40) are always bound to a 
particular test, a11d so do not have instrument-neutral meanings 
(like 28 centimetres or 28 kilograms). 

In short, ordinary 'number-right' scores do not have the properties 
of measures. 

This article describes a method for constructing educational 
111easures. These measures - when t11ey can be constructed - share 
the properties described on pages 6 to 12. In other words, they are: 

• estimates of locations on a single variable (unidimensional) 

• expressed in a constant 11nit of measureme11t (interval-level) 

• freed of the particulars of the instrument used (objective) 

Measures with these properties do not come easily. The method 
described here requires data (observations) satisfying a 
demanding set of requirements. Although educational measures 
can be constructed from responses to test items, not every set of 
test items meets these requirements and is capable of yielding 
unidimensional, interval-level, objective measures. 



How does the difficulty of the task (ii) 
compare with the person's ability (fl)? 

One Variable 
The model for measuring described here begins with the intention 
to focus on just one aspect of variability (ie, one variable) and to 
estimate individuals' locations on that one variable. 

Suppose, for example, that the variable of interest is 
'high-jumping' ability. We might hypothesise that individuals 
differ in their high-jumping abilities and that it is possible to 
obtain useful estimates of high-jumping ability by observing 
performances on some relevant 'high-jumping' tasks. Whether 
this idea is supported in practice will depend on the extent to 
which performances on the tasks we use are consistent with the 
proposition that individuals differ along a single dimension of 
high-jumping ability. 

The notion of a high-jumping variable is represented in the picture 
on the next page. In this picture, high-jumping ability is imagined 
to increase up the page. The height of the bar determines the 
task difficulty, represented by the Greek letter delta (ii). Along this 
continuum of increasing difficulty, high-jumping abilities (fl) of 
individuals also might be mapped. One individual's imagined 
ability fl =7 is marked. 

Several observations can be made about this picture. 

First, the high-jumping abilities (fl) of individuals and the 
difficulties (ii) of high-jumping tasks can be conceptualised as 
positions along the same continuum. Easier tasks and individuals 
with lower abilities will be located towards the bottom of the 
continuum; harder tasks and individuals with higher abilities will 
be located towards the top. 

Second, the high-jumping ability of this individual has been 
labelled with the Greek letter fl (beta) to reflect the fact that this 
person's ability can never be known exactly - it can only be 
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imagined and then estimated from observations of the person's 
performances. The more high-jumping tasks the person attempts, 
the more information we will have, and the more confidence we 
will have in our estimate. 

Third, this high-jumping variable has been marked out 
(optimistically) in what appear to be equal units. To develop 
measures of high-jumping ability, we require a constant unit of 
high-jumping ability. 

Planning Observations 
To measure individuals on a variable, it is necessary to assemble 
evidence relevant to that variable. In the case of high-jumping 
ability, evidence in the form of observations of success or failure on 
a number of high-jumping tasks is likely to provide an appropriate 
basis for estimating individuals' abilities. For other variables, the 
most appropriate evidence might be collected using paper and 
pen tasks, or by judging portfolios of work, completed projects, or 
products such as items of technology or works of art. 

To estimate a person's location on a variable it usually is not 
sufficient to observe the person's performance on, or response 
to, just one task. Success or failure on a single high-jumping task 
or a single question on a reading test provides very limited 
information about an individual's ability. Reliable measures 
require multiple observations. 



. 

Measurement requires 
observation under 
controlled conditions. 

. . 

Measurement also requires observations under controlled 
conditions. The idea that individuals differ in high-jumping ability 
may originally have been developed from casual observations 
of people leaping over logs, rocks, hedges and fences. But to 
compare (and measure) high-jumping ability, we would not ask 
some individuals to jump a fence, others a hedge, and still others 
a rope. Rather, we would standardise the conditions of obser­
vation to minimise the influence of factors irrelevant to the 
variable of interest. The same is true of all measurement. For 
example, when we measure the heights of children, we measure 
them in a controlled and artificial situation - shoes off, chin up, 
and back to a wall. 

Records of Observations 
Once a decision has been made about the assessment method to 
be used, a decision is required about the observations or judge­
ments to be recorded. Here there are several possibilities. One 
possibility is to record ratings of individuals' performances or 
work. Judges' ratings commonly are used in the assessment of 
performances in areas such as gymnastics, public speaking, diving 
and instrumental music, in tl1e assessment of student writing, and 
in assessing products of student work in technology and art. A 
second possibility is to use a system of partial credit scoring to 
identify students who give partially correct answers or who are 
partially successful in solving a problem. A third possibility is to 
use dichotomous scoring to record success or failure on a task. For 
example, students' responses to test questions often are recorded 
as either right or wrong. Individuals' attempts to clear a high­
jump bar also are recorded dichotomously (cleared/missed). 

It is usual to tabulate records of observations. The following table 
shows how a set of high-jump records might be tabulated 
for N persons. Each person's results are recorded in one row of the 
table. Individuals are assumed to have different abilities 
(Bi- Bz, B3, ... , BNl· Each column corresponds to a particular height 
of the bar (with difficulty ii) and the outcome of each attempt is 
recorded as either 1 (success) or 0 (failure). 

o, o, 
1 1 1 
1 1 0 
1 1 1 
1 1 0 
1 0 1 

1 1 0 

Tasks 

04 
1 
1 
1 
0 
0 

1 

o, 
0 0 
0 0 
0 0 
0 0 
1 0 

1 0 
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A Measurement Model 
The measurement model developed by Danish mathematician 
Georg Rasch provides a basis for estimating a person's ability 
P from that person's row of recorded performances. The model 
proposes a mathematical relationship between a person's ability p, 
the difficulty ii of the task being attempted, and the probability P1 
of the person succeeding on that task. 

This mathematical relationship is shown in the following picture. 
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For a person with ability p, the modelled probability of 
success P1 decreases with increasing task difficulty ii. 

This picture shows how, in the Rasch model, a person's probability 
of success P1 decreases with increasing task difficulty. The 
relationship is shown here for a person of ability P=7. The more 
difficult the task (ie, the higher the bar), the lower the person's 
modelled probability of success. 

When the result of a person's attempt at a task is scored 1 for 
success or 0 for failure, the person's probability of succeeding P1 
and probability of failing Po sum to one (P1+P0=1). 

Expressed mathematically, the Rasch model gives the probability 
P1 of a person with ability p succeeding on a task of difficulty ii as: 

P1 = exp(p-o) I l+exp(p-o) 

Georg Rasch (1901-1980) 



Ii P1 

12.0 .007 
11.8 .008 
11.6 .010 
11.4 .012 
11.2 .015 
11.0 .018 
10.8 .022 
10.6 .027 
10.4 .032 
10.2 .039 
10.0 .047 
9.8 .057 
9.6 .069 
9.4 .083 
9.2 .100 
9.0 .119 
8.8 .142 
8.6 .168 
8.4 .198 
8.2 .231 
8.0 .269 
7.8 .310 
7.6 .354 
7.4 .401 
7.2 .450 
7.0 .500 
6.8 .550 
6.6 .599 
6.4 .646 
6.2 .690 
6.0 .731 
5.8 .769 
5.6 . 802 
5.4 .832 
5.2 .858 
5.0 .881 
4.8 .900 
4.6 .917 
4.4 .931 
4.2 .943 
4.0 . 953 
3.8 .961 
3.6 .968 
3.4 .973 
3.2 .978 
3.0 .982 
2.8 . 985 
2.6 .988 
2.4 .990 
2.2 .992 
2.0 .993 

Notice that the probability of success P1 depends on B-6 
(in other words, on how far the bar is from the person's level of 
ability). When the bar is set at the person's ability, B -Ii =0, and 

P1 = exp{O) I 1 +exp(O) = 0.5 

A Unit of Measurement 
The Rasch model can be rearranged as: 

B - Ii= ln(P1 /Po) 

where the unit in which B and Ii are expressed is called a 'logit'. 
When the Rasch model is used to construct measures of ability, 
the resulting measurement variable is calibrated in logits. 

The table on this page shows the modelled probability P1 of a 
person with ability B=7 succeeding on tasks with difficulties Ii 
ranging from 2 to 12 logits . 

The Key to Objectivity 
A funda1nental intention in all measuren1ent is that measures of a 
variable should be independent of the details of the particular 
instrument used to obtain them. In educational measurement, our 
interest always is in tl1e variable (ie, construct) to be measured, 
and not in any particular item or set of items. Every test is simply 
a convenient sample of many possible items that could be used in 
the collection of evidence about that variable . 

At the most elementary level this intention means that, if we were 
to consider two persons A and B with assumed abilities BA and BB 
on the variable of interest, then our estimate of the difference 
PA-PB between these two persons should not depend on which 
particular test items we happened to use to estimate this 
difference. If on one set of items person A was estimated to be, say, 
1 logit more able than person B, then on any other set of items 
measuring that variable, person A should be estimated to be 1 logit 
more able than person B {within the limits of measurement error) . 

In our high-jumping analogy, we would hope that our estimate of 
the relative high-jumping abilities of persons A and B had some 
generalisable meaning - that its meaning was not limited to the 
few observations we had made or by the particular heights at 
which we had set the bar. Only if our estimates of the relative 
abilities of individuals are generalisable to tasks beyond those 
used to obtain them do we have any hope of constructing 
'measures' of variables . 

When two persons A and B attempt the same dichotomously 
scored task, there are four possible outcomes: both persons 
succeed {.I.!); person A succeeds but B fails (.Ix); person A fails 
but B succeeds (x.I); and both persons fail (xx). Only two of these 
outcomes (.Ix and x.1) contain information about the relative 
abilities of persons A and B . 



If the probability of person A succeeding on the task is Pp,, and the 
probability of person B succeeding is PB, then the probabilities of 
these four possible outcomes are given by the following joint 
probabilities (see note on page 22): 

both persons succeed p ,/,/ PAxPB 

person A succeeds but B fails p ./x PA x (1-Ps) 

person A fails but B succeeds Px./ (1-P A) x PB 

both persons fail Pxx = (1-P A) x (1-Ps) 

The conditional probability of person A succeeding and B failing, 
given that one person succeeds and the other fails, is: 

And the conditional probability of person A failing and B 
succeeding, given that one person succeeds and the other fails, is: 

From these two equations it follows that: 

exp(PA -o) I exp(PB -o) 

In other words, 

The implications of this feature of the Rasch model are shown in 
the picture on the page opposite. 

In this picture, the high-jumping abilities (PA =7 logits; PB=6 logits) 
of two persons A and B are marked. The graph shows how the 
Rasch probabilities of persons A and B both succeeding (.f .f), 
A failing and B succeeding (x.f), A succeeding and B failing (.fx), 
and both failing (xx) vary with task difficulty o. 
The important point in this picture is that the ratio of the width of 
the lighter grey region (P ./x) to the width of the darker grey region 
(P,./) is constant for all values of o (eg, .24/.09 = .36/.13 = .11/.04). 

The significance of this feature of the Rasch model is that it is not 
necessary to know or to estimate the height of the bar (difficulty 
of the task) to estimate the relative abilities of persons A and B. 
If these two persons were given multiple attempts at clearing the 
bar at any particular height, an estimate of their relative abilities 
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could be obtained from the number of times A succeeded and B 
failed (N.rx) and the number of times A failed and B succeeded 
(Nx.r ). All that is required is to calculate the proportions 

P.rx = N.rxl (N.rx+Nx.rl 

Px.r = Nx.r I (N.rx+Nx.r) 

and to substitute into: 

Where bA-bB is an estimate of the difference BA-PB· In other words, 
if a set of high-jumping data conform to the Rasch model, then the 
difference (p K PB) between persons A and B can be estimated (in 
logits) by setting the bar at any height and simply counting the 
results .rx and x.r. 



Note. on probabilities 

When one c.oin is to13sed, there are two possible outcomes: 
head (H) and tail (T). If the coin is unbiased, then there 
is a 50:50. chance for each outcome. In ·other words, the 
probabilities are: 

l'(H)=0.5 

l'(T) = 0.5 

Joint Probability 

When two unbiased coins are tossed, and the results of 
the two tosses are independent of each othe1; there are 
four equally likely outcomes: HH, HT, TH, and TI. 
The probabilities are: 

l'(HH) = l'(H) x P(H) = 0.5 x 0.5 = 0.25 

P(HT) = l'(H) x P(T) = 0.5 x 0.5 = 0.25 

l'(TH) = P(T) x P(H) = 0.5 x 0.5 =0.25 

l'(TI) = l'(T) x P(T) = 0.5 x 0.5 =0.25 

Cg11gi!;igngl l'.rnl:mbility 

If we. are told that a particular toss of two coins resulted 
in 'odds; (HT or TH) rather than' evens' (TI or HH), 
the probability that the result was HT and not TH is: 

P(HT) I (P(HT) + l'(TH)) = 0.25 I (0.25+0.25) = 0.5 

An Illustration 
To illustrate this fundamental feature of the Rasch model, we now 
consider the results of a hypothetical high-jumping exercise. 

Suppose that, to estimate the relative high-jumping abilities of 
persons A and B, we set the bar at three different heights (i, ii and 
iii) and recorded the two jumpers' results on each of 100 attempts 
at each height: 

Height of AandB A clears B clears A and B Total 
bar both clear B misses A misses both miss attempts 

,/ ,/ ,/x x,/ xx 
. 

iii (hard) 1 11 4 .. 84 100 
· .. 

ii 14 36 13 37 100 
.. 

i (easy) 64 24 9 3 100 
. .. 

Only the shaded part of this table contains information about the 
relative abilities of persons A and B. We can now use the equation 
at the bottom of page 21 to estimate the difference between the 
high-jumping abilities of persons A and B: 

bA-bB =In (N,/x/Nx,/) 



This difference could be estimated using the jumpers' results on 
each of the three heights separately: 

based on attempts at height i 

bA- ba = ln ( 24 I 9) = 0.98 logits 

based on attempts at height ii 

bA- b8 = ln ( 36/13) = 1.02 logits 

based on attempts at height iii 

bA- ba =In ( 11 I 4) = 1.01 logits 

Analysing Fit 
Notice that, because the 'results' in the table on page 22 fit the 
Rasch model extremely well, the three estimates are almost 
identical. Attempts at heights i, ii and iii all lead to the conclusion 
that person A:s high-jumping ability is about one logit greater than 
person B's ability. 

The comparison of these three estimates provides a simple test of 
the fit of these data to the Rasch model. If, in a real high-jump 
experiment of this kind, the three heights did not lead to similar 
estimates of the difference between persons A and B, then that 
would be evidence that the data did not conform to the model. 

Objective Comparisons 
Notice that, in the preceding example, we did not need to know 
the heights i, ii and iii of the bar (in inches, centimetres or logits) 
to estimate the relative abilities of persons A and B. When data 
fit the Rasch model, it is possible to compare abilities without 
knowing, or even having to estimate, the difficulties of the tasks. 
This is a unique feature of the Rasch model. 

To further illustrate the point that Rasch ability estimates are 
independent of the difficulties of the tasks, notice that we could 
have estimated the relative abilities of persons A and B from the 
results of any 200 attempts: 

i and ii bA-bB =In ((11+36)/(4+13)) 

ii and iii bA-bB =In ((36+24)/(13+9)) 

i and iii bA-bB = ln ((11+24)/(4+9)) 

= ln (47 /17) 
= 1.02 logits 

= ln (60/22) 
= 1.00 logits 

=In (35/13) 
= 0.99 logits 

or - the best estimate of all - from the results of all 300 attempts: 

bA-bB =ln((11+36+24)/(4+13+9)) 
= In (71 I 26) = 1.00 logits 



Because it is possible to simply sum down the middle columns of 
the table on page 22 in this way, without regard to the difficulties 
of the tasks, there is no reason to require persons A and B to make 
more than one attempt at any given height. The two jumpers 
could make one attempt each at, say, L different heights, with the 
outcomes recorded in a table such as this: 

Height A and B A clears B clears A and B Total 
number both clear B misses A misses both miss attempts 

./ ./ ./x x./ xx 

1 0 1 0 0 1 

2 0 1 0 0 1 

3 1 0 0 0 1 

... 1 

L 0 0 1 0 1 . 

Once again, the relative abilities of persons A and B could be 
estimated by summing down the middle columns of the table to 
obtain N,;x and Nx,1 and then substituting into: 

If the performances of persons A and B were consistent with their 
performances in the table on page 22, then the totals of the two 
middle columns would have a ratio of about 2.7:1, leading to an 
estimated difference of about 1.0 legits, regardless of the heights 
they attempted. 

In the above case, the fit of the data to the model might be tested 
by comparing the estimate bA- b8 based on attempts at the first 
L/2 heights with the estimate based on attempts at the second 
L/2 heights; or by comparing the estimate based on all the even­
numbered heights with the estimate based on all the odd­
numbered heights. These four estimates will be very similar when 
the recorded observations fit the Rasch model. 

Application to Test Data 
The procedure just applied to high-jumping data also can be 
applied to a set of test data. In a test, each respondent has only one 
attempt at each item. If that attempt is recorded as either right(,;) 
or wrong (x), then the test performances of two respondents A and 
B on a test of length L could be summarised in a table as follows: 

Item AandB A right Bright AandB Total 
number both right B wrong A wrong both wrong attempts 

,I ,I ,Ix x,I xx 

1 0 1 0 0 1 

2 0 1 0 0 1 . 

3 1 0 0 0 1 

... 
I 

1 

L 0 0 1 0 1 
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The relative abilities of persons A and B are estimated by summing 
down the middle two columns of the table to obtain N.1x and N,.r 
and then substituting into: 

In (N.rx/Nx.r) 

The fit of these test data to the Rasch model could be tested 
by comparing estimates obtained on different subsets of items 
(eg, even items, odd items; first half of test, second half of test). 

Estimating Locations on a Variable 
If all possible pairs of students taking a test are considered in this 
way, and all these 'pairwise' estimates are brought together, then 
it is possible to estimate the locations of all students taking the 
test along the same variable. This procedure is known as the 
'pairwise' method of estimating students' abilities on a variable.' 

The result of applying the pairwise estimation procedure to a set 
of test data is an estimate of each student's location on the variable 
the test is designed to measure. The diagram on this page shows 
a distribution of Year 3 students' estimated locations on a variable 
of increasing reading achievement. These estimated locations are 
mapped on an interval-level scale marked out in logits. 

In Summary 
The Rasch model described in this article specifies the 
requirements a set of test data must meet if they are to provide 
measures which are: (i) estimates of individuals' locations on a 
single variable I dimension; (ii) expressed in a constant unit of 
measurement; and (iii) freed of the particulars of the instrument 
used to obtain them. 

Measures with these properties do not come easily. Although they 
can be constructed from responses to test items, not every set of 
test items meets these requirements and is capable of yielding 
unidimensionaL interval-level, objective measures. 

The key to objective measurement resides in the fact that, when 
two persons A and B attempt an item, under the Rasch model, the 
ratio P .rx I P x.r is governed only by the relative abilities of the two 
persons: 

ln(P .rx / P x.r) 

(where P .rx is the modelled probability of person A succeeding and 
B failing the item, and Px.r is the probability of A failing and B 
succeeding). It is this feature of the model that makes possible 
measures which are 'freed' of the particulars of the items used to 
obtain them. 

When the Rasch model is applied, it provides a measure for each 
student on a continuum marked out in equal intervals called 'logits'. 

1 Choppin, B. (1976). Recent developments in item banking. In ON de Gruitjer & LJ Vanderkamp (eds). Advances i11 
Psyclwlogicnl and Ed11catio11nl Meas11reme11t. London: Wiley. 



mapping variables 
A fundamental characteristic of 'measures' is that they indicate 
positions on general variables. In other words, they have 
meanings that are not limited to, and can be generalised beyond, 
the specific instruments used to obtain them. For example, 
measures of length in centimetres indicate positions on the general 
variable 'length' and have meanings that do not depend on the 
details of the instrument used (eg, wooden rule, steel tape 
measure, callipers, dressmakers' tape). 

Educational measures also are intended to indicate positions on 
general variables. For example, measures of reading ability are 
intended to indicate positions on the general variable 'reading 
ability' and to have meanings that are not limited to the particular 
passages of text or particular test questions used to obtain them. 
Test developers know that individual test questions are never of 
significance in themselves: they are simply opportunities to collect 
samples of behaviour for the purposes of estimating positions on 
the general variable of interest. 

Whe11 it comes to interpreting educatio11al measures, it is important 
to look beyond the specifics of the instrument to the generalities of 
the underlying measurement variable. It is to this topic that we 
now turn. 

Marking Out a Variable 
In our discussion of the measurement of high-jumping ability we 
noted that the difficulties of high-jumping tasks and the abilities of 
individuals could be conceptualised as positions on the same 
variable. In real high-jumping events, the difficulty of a task is 
determined by the height of the bar from the ground. When the 
bar is set at increasing heights, these increasingly difficult tasks 
define increasing levels of high-jumping ability. 

But an alternative to measuring the height of the bar from the 
ground would be to estimate the difficulty of each high-jumping 
task from records of jumpers' success rates on that task. If a group 
of jumpers attempted the same set of tasks, then the height cleared 
by the greatest number in the group would be estimated to be the 
easiest, and the height cleared by the smallest number would be 
estimated to be the hardest. Using the measurement model on 
page 18, the difficulty of each task could be estimated (in logits) 
from the available records of jumpers' performances. 

This process of estimating the difficulties of a set of tasks is known 
as' calibration'. To illustrate the calibration process it is convenient 
to begin by considering one individual's attempts at two high­
jumping tasks Y and Z with difficulties oy and Oz. If the person has 
one attempt at each height, then there are four possible outcomes: 
the person succeeds on both {.!.-'); succeeds on Y but fails Z (n); 
succeeds on Z but fails Y (x.-'); and fails both (xx). 

Only two of these four possible outcomes (.tx and x.-') are 
useful in estimating the relative difficulties of the two tasks. 



Following steps parallel to those outlined on page 20 - which 
include calculating the conditional probability of the person 
succeeding on each task, given that they succeed on one but fail 
the other - the distance between tasks Y and Z on the variable is: 

Oz-oy 

If this person attempts tasks Y and Z on a number of occasions, 
and on each occasion a record is kept of whether the outcome is xx, 
.1x, x.1 or .! .!, then the distance between tasks Y and Z can be 
estimated as: 

dz-dy 

where dz -dy is an estimate of Oz -Oy, n.1x is the number of times 
the person succeeds on Y but fails Z, and nx.1 is the number of 
times the person succeeds on Z but fails Y. 

The important observation here is that this estimate does 
not depend on the person's ability. The distance between tasks 
Y and Z can be estimated by counting the outcomes .1x and x.1 for 
any person. And, when data conform to the model, the estimates 
obtained in this way from the performances of different indi­
viduals are statistically equivalent. 

From this observation it follows that, to estimate the distance 
between tasks Y and Z, it is not necessary to ask individuals to 
make more than one attempt at each task. For any group of 
persons, all that is required is that a record be kept of the number 
of .Ix and x.1 outcomes for the group. The distance can then be 
estimated as: 

dz-dy 

where N.1x is the number of persons succeeding on Y but failing Z, 
and Nx.1 is the number of persons succeeding on Z but failing Y. 

This process can be repeated for all possible pairs of tasks, and the 
estimated distances between tasks brought together to calibrate all 
tasks along the same variable. 

When this procedure is applied to records of students' 
performances on a set of test items, an estimate (in logits) is 
obtained of each item's difficulty, allowing all items to be 
calibrated along the variable on which students are measured. 

The diagram on the next page shows two sets of items calibrated 
along a variable of increasing reading achievement. The items 
shown here were administered in two tests: a test for third grade 
students and a test for fifth-grade students. The easiest item 
(numbered 3.1 on the Year 3 test) is at the bottom of the diagram; 
the hardest (numbered 12 on the Year 5 test) is at the top. From 
this diagram it is clear that the Year 5 test was generally more 



28 

difficult than the Year 3 test, although there are many items on 
both tests in the range 300 to 400. (The numbers on the vertical 
scale are multiple logits.) 

Reading items calibrated along a variable of increasing 
reading achievement 

When a number of test items are calibrated along a variable in this 
way, the locations of individual items provide insights into the 
underlying variable. Each item is an example of the variable in 
the region in which it is calibrated. For example, item 3.1 above 
is a relatively easy reading item requiring a relatively low level 
of reading ability. This item requires Year 3 children to look at 
the cover of an age-appropriate storybook and to identify 
key elements of the story from the book title and illustration. 
Children with very low reading abilities (below about 100 on this 



'John Ogilby's publication 
in 1675 ofmaps of the 
main routes out of 
London was the first of 
its kind anywhere in 
Europe. The roads were 
illustrated in strips going 
parallel up the page, 
regardless of the 
direction they took on 
the ground. They were 
illuminated with drawings 
of the instruments used 
in their construction: 
road wheels to measure 
distance, quadrants and 
surveyors' chains. 
Features along the roads 
were .also illustrated.' 

John Ure 

scale) will probably not be able to complete tasks of this kind. 
Item 3.1 is the only item on these two tests illustrating this level of 
early reading development. 

At the other extreme, the most difficult reading items on these two 
tests are items 12, 23 and 27 on the Year 5 test. To answer these 
items correctly students have to interpret the expression 'last 
but not least', infer meaning from figurative language, and 
demonstrate an understanding of the connection between the 
content and form of a piece of text. These are examples of 
relatively high levels of reading skill in the region of 600 on this 
scale. 

An analysis of what students have to do to provide the correct 
answer to each item on these two tests provides the beginnings of 
a 'map' of reading development across the third to fifth grades of 
school. The reading achievement map on page 30 summarises the 
skills assessed by most of the items on these two tests. A more 
detailed version of tl1is map would include examples of the test 
items themselves to illustrate positions along the map. And a still 
richer understanding would be obtained by adding other 
calibrated items to this picture and investigating typical features 
and demands of items at various locations along the continuum. 

Analysing Stability 
An important question when mapping variables in this way is 
whether the locations of items along the variable are stable across 
the students being measured. Individuals can be measured and 
compared meaningfully on a variable only if the variable itself is 
stable. 

At the most elementary level we can ask whether the same 
estimated difference d2 -dy in the difficulties of two items Y and Z 
is obtained from the responses of different groups of students (eg, 
male, female, high-scoring, low-scoring, odd-numbered, even­
numbered students). This test can be conducted by counting 
the students in each group with Y right and Z wrong (N,r,) and 
the number of students with Y wrong and Z right (Nx.r ), and then 
estimating the difference as: 

dz-dv 

When observations fit the Rasch model, this difference is the same 
(statistically equivalent) for different student subgroups. More 
generally, if an instrument is stable in its functioning across the 
students with whom it is to be used, then for any given item pair 
(i,j), statistically equivalent estimates of the difference di-di will be 
obtained from the responses of different subgroups of students. 

The statistical analysis of the stability of item difficulties across 
different student subgroups is known as 'differential item 
functioning' (difJ analysis. 

The graph on page 31 is a pictorial display of the results of a 
dif analysis. This graph was constructed by calibrating the items 
on a statewide primary-school reading test on male and female 
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Recognises the connection between presentation style and nature 
of information (eg, question-and-answer format for interview data). 

Infers meaning from figurative language. 

Interprets idiomatic language (eg, 'last but not least'). 

Recognises how linguistic features (eg, excla1nation marks) 
support ideas implicit in text. 

Selects several pieces of information from a complex presentation of text. 
Recognises probable context for a piece of writing. 
Explains an author's point of view. 
Recognises the tone of a simple poem. 
Orders detailed events from a narrative. 
Recognises conventional linguistic features (eg, pronunciation guides). 
Interprets factual information. 
Recognises the relationship between two pieces of text. 
Generates research question to explore topic about which they have read. 
Works out meaning of unknown word fron1 context and picture clues. 
Finds evidence to support a statement. 
Orders instructions in a procedure. 
Extracts information from complex presentation of text and pictures . 
Infers missing step in a procedure. 

Recognises main idea in paragraph of factual text. 
Decides whether writing is fact or fiction based on described events. 
Recognises text genre from book titles. 
Makes connections betvveen pieces of factual inforn1ation in simple text. 
Predicts a plausible ending for an illustrated story. 

Recognises how elen1ents of an illustration support text in a story. 
Uses title and illustration to predict story setting. 
Interprets picture to predict what happens next in illustrated story. 

Uses book title and illustration to identify key elements of story. 

Some indicators on a reading achievement map 



'If a yardstick measured 
differently because of 
the fact that it was a rug, 
a picture, or a piece of 
paper that was being 
measured, then to 
that extent the 
trustworthiness of that 
yardstick as a measuring 
device would be 
impaired. Within the 
range of objects for 
which the measuring 
instrument is intended, 
its function must be 
independent of the 
object of measurement.' 

(Thurstone, 1928, 54 7)1 

pupils separately and then plotting these two sets of difficulty 
estimates against each other. The easiest item in this set (for both 
males and females) is at bottom left; the hardest is at top right. 
The unshaded band shows the region of statistical equivalence 
under the model (95% confidence region). 

Two items (arrowed) are located above the band. Relative to the 
other items on this test, these two items are significantly more 
difficult for females than for males. A question that might be 
asked about these two items is whether their content places 
females at a special disadvantage. A third item is just below the 
band and, relative to the other items on this test, is more difficult 
for boys than for girls. 

When used routinely in test development, dif analyses provide 
a basis for identifying items that may be biased against particular 
groups of students. Only if items retain their relative difficulties 
throughout the student population with which they are to be 
used (ie, are 'unbiased') do they provide the stability required of 
a measurh1g instrument. 

Item Banks 
The map on page 30 shows reading items from two tests calibrated 
on a continuum of increasing reading achievement. Otl1er reading 
items could be developed and calibrated along this continuum, 
provided that responses to those items also fit the Rasch model. In 
theory, there is no limit to the number of items that could be 
calibrated along a variable, and the larger the number of calibrated 
items, the richer the description and illustration of that variable. 

A collection of calibrated test items is referred to here as an 'item 
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bank'. Some writers use the term 'item bank' to refer to any 
collection or pool of test questions. We follow the convention 
proposed by Bruce Choppin of reserving the term 'bank' for a set 
of items calibrated together on a common measurement variable. 
Only if items have been calibrated together along a common 
variable do they constitute a bank. 

An item bank is constructed by jointly calibrating items from 
different tests or by undertaking special 'equating' studies in 
which students take items from more than one test. The items on 
pages 28 and 30 were calibrated along the same variable using the 
fact that some of the Year 3 items also were included in the Year 5 
test. These common items provided the 'link' required for the joint 
calibration of the two tests. In the calibration process, the total set 
of Year 3 and Year 5 items was in effect treated as one large test in 
which only some items (the common items) were taken by all 
students. 

Further items could be calibrated on this reading variable by 
embedding some of the items on page 28 into new tests as they 
were developed. The already calibrated bank items would pro­
vide the link required to bring new items on to the variable. (In 
practice, this could be done by independently estimating the 
difficulties of all items on a new test and then adjusting each of the 
item difficulties by the amount required to make the average 
difficulty of the common items the same as their average in the 
bank.) This process is known as 'common-item' equating. 

An alternative procedure for calibrating a large number of items 
on the same variable is to ask groups of students to take more than 
one test. A group of students taking two tests provides the link 
required to calibrate those two tests on the same variable. In the 
calibration process, the two tests are in effect treated as one large 
test. Tl1is process is la1own as 'common-person' equating. 

Common-person equating was used to equate the fourteen forms 
of the TORCH Tests of Reading Comprehension. The easiest of these 
tests (Form A) was designed for use with third-grade students; the 
hardest (Form N), for use with tenth-grade students. The tests 
were arranged in intended difficulty order, and all students in the 
equating study were asked to attempt two tests of similar intended 
difficulty. In the diagram below, each line joining two tests 
represents a group of students attempting those two tests. 



The linking of the fourteen Tests of Reading Comprehension in this 
way allowed all TORCH items to be calibrated along a continuum 
of increasing reading ability. Teachers using TORCH choose a 
test appropriate to students' current reading abilities. Because 
all tests are calibrated along the same variable, performances on 
one test can be compared directly with performances on any other 
test, and reading growth can be monitored over time. 

Item banks vary in size from several dozen items to many 
thousands of items. Once a bank has been constructed, it can be 
used as a source of calibrated items for the construction of new test 
forms. Any combination of calibrated items selected from an item 
bank is capable of providing student measures on the bank 
variable. When students' responses conform to the Rasch model, 
these measures are directly comparable with measures based on 
any other selection of bank items. 

The advantages of an item bank include the fact that it is not 
necessary to administer exactly the same test items to all students. 
A set of relatively easy items can be selected and administered to 
students with relatively low levels of achievement, a set of more 
difficult items can be administered to more able students, and the 
results on the two tests can be compared directly. Student 
measures of this kind are 'objective' in the sense described on 
pages 10 and 11 - their meaning does not depend on knowledge of 
the particular items used to obtain them. 

Computer Adaptive Testing 
When items are drawn from a calibrated-item bank, and students' 
responses conform to the Rasch model, it is possible to compare 
directly the performances of students taking different selections of 
test items. In a computer adaptive test, items are presented one at 
a time on a screen. After a student has attempted an item, the 
student's ability (B) is re-estimated based on the student's 
performance on that item and all preceding items. The bank is 
then automatically searched for the item with the difficulty 
estimate closest to the student's new ability estimate. This item is 
administered and the process continues. The test usually ends 
when a specified level of confidence about a student's ability 
estimate is reached. 

A computer adaptive test is tailored item-by-item to individual 
test takers and so consists of items matched to the ability levels of 
individual students. There is no reason why, in a computer 
adaptive test, any two students should take any item in common. 
And, because all items are calibrated and drawn from the same 
item bank, students' test results are directly comparable, 
regardless of the items they have attempted. The advantage of a 
computer adaptive test is that it contains few, if any, items that are 
inappropriately easy or inappropriately difficult for individual 
students. 



In Summary 
When items are calibrated along a variable, they begin to give 
meaning to that variable. They indicate typical observations at 
particular locations along the variable. When considered together, 
calibrated test or questionnaire items provide insights into the 
nature of typical progress or development. They form a 'map' 
against which student progress can be observed and monitored. 
The larger the number of items calibrated along a variable, the 
more richly the variable can be described and illustrated. 

The key to the objective calibration of test or questionnaire items 
resides in the fact that, under the Rasch model, when an individual 
attempts two items Y and Z, the ratio P .1x I P x./ is governed only 
by the relative difficulties of the two items: 

Oz-oy 

(where P ./x is the modelled probability of the individual 
succeeding on Y but failing Z, and P x./ is the probability of the 
individual failing Y but succeeding on Z). When data conform to 
the Rasch model, it is possible to estimate the relative difficulties 
of any pair of items Y and Z from a simple record of student 
performances on those two items, regardless of the students 
involved. 

In practice, it is essential that checks are made on the extent to 
which observations conform to the model. Only if item difficulty 
estimates are stable across the student population with which they 
are to be used can all students in that population be measured and 
compared on the same variable. Checks on differential item 
functioning indicate the extent to which a variable maintains its 
meaning across particular subgroups of the student population. 

When a large number of items are calibrated on a variable, they 
constitute an item 'bank'. An advantage of an item bank is that it 
allows items to be selected and combined into different tests and 
students' performances on these different tests to be compared 
directly. A computer adaptive test draws on a bank of calibrated 
items to construct tests tailored to the item-by-item performances 
of individual test takers. 

1 Thurstone, LL (1928). Attitudes can be n1easured. America11 journal of Sociology, 33, 
529-554. 



reporting measures 
Educational measurement begins with the intention to estimate 
students' locations on some variable of interest. In education we 
are interested in many different aspects of student development, 
including reading ability, scientific literacy, respect for other 
cultures, mathematical competence, love of learning, logical 
reasoning, proficiency in the use of technology, and interperson­
al skills. Every attempt to measure is an attempt to establish 
students' current levels of attainment in some aspect of their 
development. 

Measuring instruments - tests and questionnaires - are designed 
to provide observations that can be used to estimate levels 
of attainment. But particular measuring instruments are never 
important in themselves: every test item can be replaced by one of 
many other equally appropriate items; every test can be replaced 
by some alternative selection of items. In education we intend our 
measures to have a generality that extends beyond the specific set 
of items used to obtain them. We are interested in a sh1dent' s 
performance on a particular selection of items only to the extent 
that it indicates the student's standing on the underlying variable 
that the test is designed to measure. This intention is common to 
all measurement. For example, when we use a set of bathroom 
scales, we expect the particular bathroom scale we use to be 
irrelevant to the result, and the measure of our weight to be 
expressed in a metric that is not peculiar to that instrument. 

If measures are to be compared meaningfully from one instrument 
to another (eg, from one reading test to another), and if they are to 
be used to measure change and to monitor growth, then they must 
be reported on measurement scales that are not tied to any one 
instrument. 

Interpreting Measures 
In edt1cational measurement, our primary interest when 
interpreting and reporting student attainment is usually in the 
knowledge, skills, understandings, attitudes or values that 
students have acquired. We also may be interested in comparing 
students' levels of attainment with the attainments of other 
students (eg, students of the same age or grade, students in 
other States or countries) or in knowing what progress sh1dents 
have made since some earlier occasion. But for many purposes -
and particularly for the purposes of instruction - our primary 
interest is in knowing how students are progressing in relation 
to some continuum of developing knowledge, skills, under­
standings, attitudes or values. 

To interpret educational measures in this way, it is first necessary 
to give substantive meaning to the variable being measured by 
mapping the kinds of observations typically made at varying 
locations along that variable. An example of such a mapping is 
shown on page 37. The numbers on the left of page 37 indicate 
increasing levels of reading ability as defined by the Lexile 
Framework for Reading'. The literature titles are examples of 



books at different levels of reading difficulty. The easiest book 
shown here is Ronald Morgan Goes to Bat (200 !exiles); the most 
difficult is Jonathan Livingston Seagull (990 !exiles). A student with 
a reading level of, say, 880 should be able to read text at that level 
(eg, The Red Pony) with 75 per cent comprehension. On the right of 
the page are examples of texts at increasing levels along this 
continuum. 

The progress map on page 37 allows students' reading abilities 
(measured on the Lexile scale) to be interpreted in terms of the 
kinds of texts they are likely to be able to read and understand, 
and suggests books that might be appropriate at particular levels 
of reading ability. (The appropriateness of a book for a particular 
student will depend, of course, not only on its difficulty level but 
also on its content and level of interest for the child.) 

Every measurement variable in education can be mapped and 
illustrated with examples of the kinds of skills, responses or 
behaviours that characterise levels of development along that 
variable. Descriptions and illustrations attach substantive 
meaning to a variable and clarify the nature of growth in the area 
being measured. Progress maps of this kind are sometimes called 
'described proficiency scales', and the process of interpreting 
students' levels of attainment with reference to such maps, 
'standards referencing'. 

In the construction of measurement variables it is common to 
define broad levels of attainment and to describe and illustrate 
typical observations within each level. The proficiency scale in 
Civics on page 40 was constructed from an analysis of US 
students' performances in the National Assessment of Educational 
Progress. The numerical scale on the left of the page is divided 
into four broad levels, and the kinds of knowledge and 
understanding typical of students at each level are described.' 
As in the Lexile example, these described levels provide a frame of 
reference for interpreting measures of attainment. 

Performance Standards 
As well as providing frames of reference for reporting and 
describing students' current levels of attainment and charting 
progress over time, measurement variables of the kind illustrated 
on pages 37 and 40 also can be used in setting expectations or 
targets for student achievement. For example, the map on page 37 
could be used to identify a level of reading ability that might 
reasonably be expected of all students by the end of fourth grade. 
The map of developing Civics knowledge on page 40 might be 
useful in thinking about the level of Civics knowledge to be set as 
a target for all eighth-grade students. Expectations or targets for 
student achievement also are called 'performance standards'. 

A performance standard identifies the kinds of skills or 
understandings expected of students and, operationally, takes the 
form of a minimum score that must be achieved if a student is to 
be considered to have met the standard (eg, 270 on the Lexile scale; 
320 on the Civics scale). Minimum scores, also known as cut­
scores, are set through a 'standard-setting' process in which 
judgements are made item-by-item about the likely performance 
of a student who just satisfies the standard. For example, to set the 



Literature Titles 

990 Jonathan Livingston Seagnll 
980 Fatherhood 
960 The Adventures of Toni Saivyer 
960 Pictionary Ganze Instructions 
920 To Kill a Mockingbird 
920 The Lion, the Witch & tlie Wanlrobe 
900 

890 Stuart Little 
880 The Red Polly 
870 A Taste of Blackberries 
830 Sounder 
810 Mrs Frisby & Rats of NIMH 
810 Johnny Appleseed 
800 

780 Boy Scout Mallual 
780 Little House on the Prairie 
770 The Cricket in Ti111es Square 
730 Harriet the Spy 
710 Vallished 
700 Where the Red Fem Grows 
700 

690 Hozu to Eat Fried Won11s 
670 Cl!ocolate Fever 
650 01! the Ball ks of Plum Creek 
640 Hardy Boys Subntarine Caper 
620 Jack alld Jill 
610 Flossie and the Fox 
600 

580 The \\?tipping Boy 
560 Samet/ting Over at Ballpark 
560 Madeline's -Rescue 
550 The Boxcar Children 
540 Sarnlt, Plain and Tall 
530 A Boy in the Girls' Bathroom 
500 

490 Co111111ander Toad 
480 Curious George 
450 Alligator under 111y Bed 
450 Sophie and Gussie 
440 Soniething Queer Goi11g On 
430 Yonder 
400 

380 Tales of 4th Grade Nothing 
370 Where is C11ddly Cat? 
350 Little Rabbit 
320 Advelll11tes of Mr Toad 
310 Ira Sleeps Over 
300 Mag, the Forgetf11l Cat 
300 

290 Zack's Alligator 
270 Bingo, Best Dog ill lite World 
260 Ol!e Fish Two Red Fish Blue 
220 Freight Trai11 
210 Frog alld Toad All Year 
200 Rol!ald Morgall Goes to Bat 
200 

Example Text 

I discussed the question in all its forms, politically. and scientifically; and I 
give here an extra.ct from a carefully studied article which I published\~ 
the number of the 30th of April. It ran as follows:- 'After examini:tig one 
by one fl1e different hypotheses; rejecting all other suggestions; it becomes 
necessary 'to admit the exis_tence of a marine animal of enormous poWei'. 
The great depths of the ocean are entirely unknown to us. Soundi:tigs 
cannot reach them .. :' 

It was higher than a big scythe blade and a very pale lavender above the 
dark blue water. It raked back and as the fish swam just below the surface 
the old man could see his huge bulk and the purple stripes that banded 
him. His dorsal fin was down and his huge pectorals were spread wide. 
On this circle the old man could see the fish's eye and the two grey 
sucking fish that swam around him. Sometimes they attached themselves 
to him. Sometimes they darted off. 

Te?'pleton,_ 0£_ course,_ lVa_s_ miserabl_e _over _the-10_ss_-o~ his beloved. egg. 
_But he _c?_uldn't_ resist_ lJpasting. '~t P,~)'_S __ to_ ~av_e _tl~ngs/ he _said _in __ his_ surl}r 
_voice:_ / A ra,t 1_1ever knows whe_n s~met!i_frlg }~ 8-oing_ td _c91~~ in ,J:ffildy.: 
I _n,ever tl:t~?w aw_ay anything.' 'WeU/ 'said __ q~e o_f_the l~_mbs,_' 'tllis '!'hole 
business is well and good for Charl~tte, but what ab9ut th~ rest of us? 
1he smell is u.nbearable. Who wants to live in a ba!ll that is perfumed 
with rotten egg?' 1Don't-wOrry:.- you'll get used to it,' said-Templeton. 

He did not know how tl10 world is simplified for kings. To them, all men 
are subjects. 'Approach, so that I may see you better,' said the king, who 
felt consumingly proud of being at last a king over somebody. The little 
prince looked everywhere to find a place to sit down; but the whole planet 
was crammed and obstructed by the king's magnificent ermine robe. 
So he remained standing upright, and since he was tired, he yawned. 'It is 
contrary to etiquette to ya\vn in the presence of a king,' the monarch said. 

'Aar,' Encyclopedia answered:aft_~r a -moment. He-always' \Vaited _a 
moment. He.wanted tq b.e. help(ul. But he was afraid thatp~ople migij~ 
not. like him ff he. answered their. questions too quickly and so11nded too 
smart. His father-asked-him more questio,ns _than anyon~ else.,_ :Nf~-_B_~Y'n 
was tl1e. c11ief of police ofldaville: 1he town hadfour banks, thre; Il1ovie . 
theatres, and a little' league. It had_ the usual_number __ of gasoline:staticins, 
_churches,_school_s1 S_tOres, _and comfo,rtable houses_ oq_ s_hacl-y,strCe __ ts. 

The following Saturday morning my mother drove me to the highway to 
get the New York bus. It was my first time going alone and my mother was 
nervous. 'Listen, Margaret- don't sit next to any men. Either sit alone or 
pick out a nice lady. And try to sit up front. If the bus isn't air-conditioned 
open your window. And when you get there ask a lady to show you the 
way downstairs. Grandma will meet you at the information desk.' 'I know, 
I know.' We'd been over it three dozen times ... 

When Bear got home, he dumped all the money out of his piggy bank: The!l 
he 'yent downtown .. , and bought the. mo.on ~beautiful .hat. TI;at night he 
put tl10 hat up in a tree wheye the 'P??n ~9t1lcl, fjl)ci,Jtr ;f!1e'1ij~ JV,"jt\l{I ari.4 
watched while .. the rno?n slmv ly crept tlP tiirQugij the,branch<Jl! itnd tr]ei:lqrc 
the hat. 'Hurrah!' yelled Bear, .'It.fits.JciStJightLJ?11:ing th~ Jligbt,j~ijile ]5ear 
slept,.the hat feUoutofthe.tree.!11 th~ipo~gB~~r f1111n~.t\l.eh~tonhis. 
doors_~P· 'Sothe-;moon_:got JUC _a_:hat-t6_0Vie{l'._clajt,Tled:~~a~.--;' > · , 

In the great green room there was a telephone and a red balloon. And a 
picture of the cow jumping over the moon. And there were three little bears 
sitting on c11airs. And two little kittens and a pair of mittens. And a little 
toyhouse and a young mouse. And a comb and a brush and a bowl full of 
mush. And a quiet old lady who was whispering 'hush'. Goodnight room. 
Goodnight moon. Goodnight cow jumping over tl10 moon. Goodnight light 
and red balloon. Goodnight bears. Goodnight chairs. Goodnight kittens. 



pass score on a final-year Dentistry examination, experts in the 
field might judge the likelihood of a minimally competent dentist 
correctly answering each item on the examination. 

When a performance standard is established, there is a special 
interest in knowing not only where students stand on an 
underlying continuum of achievement, but also where they stand 
in relation to a defined point (cut-score) on that continuum. In 
some contexts, such as final-year professional examinations, this 
question may be of primary interest in the interpretation of test 
results. 

Reporting Growth 
A measurement variable also provides a frame of reference for 
monitoring and reporting growth over time. By measuring an 
individual's level of attainment on a variable on different occasions 
it is possible to track that individual's development over time, to 
plot his or her growth trajectory, and to evaluate improvement 
from one occasion to another. The interpretation of a student's 
current level of attainment by reference to that student's attainment 
on some earlier occasions is sometimes called 'ipsative' referencing. 

In longitudinal studies of student achievement, the same indi­
viduals are tracked over a number of years. It is common in these 
studies to collect not only achievement measures, but also 
information about students' educational histories and experiences, 
their home backgrounds and relevant out-of-school activities. 
An attempt is then made to understand factors influencing 
learning over a number of years of school. Longitudinal shidies 
depend on the possibility of making and comparing achievement 
measures on the same variable/ s over extended age ranges. 

It is also possible to measure and compare the achievements 
of a group of students on different occasions. When the progress 
of a group is followed, questions can be asked about average or 
typical rates of growth. The Third International Mathematics and 
Science Study (TIMSS), for example, measured the mathematics 
and science achievements of fourth-grade students in each 
participating country and, four years later, measured the 
achievements of eighth-grade students in those countries. In this 
way it was possible to measure average or typical growth in 
mathematics and science acl1ieven1ent over four years in each 
country. 

Comparing Attainments 
Measures of student achievement also can be interpreted 
by comparing them with the achievements of other students. 
The process of comparing a student's measure with the measures 
of other students is known as 'norm referencing'. 

A measure is interpreted 'normatively' whenever it is compared 
with the performances of others. The observations that a shident 
has achieved the highest test score in her class, has performed in 
the top 10 per cent of students in the State, has a reading age of 6.2, 
and is achieving at the 85th percentile for her age group nationally 
are examples of norm-referenced interpretations of achievement. 



If a student's achievement is to be interpreted by comparing it 
with the achievements of other students, then it is important to 
clarify the nature of the comparison group. Is the comparison 
group all 10-year-olds in the State/ province? All 10-year-olds 
in the country? All fifth-grade students in the State/ province? 
All fifth-graders in the country? 

Some testing programs measure the achievements of all stud­
ents in an education system at identified grade levels. These 
'full-cohort' or 'population' testing programs make it possible to 
compare a student's performance - or the average performance of 
a class or school group - with the achievements of all students in 
the same grade throughout the education system. 

But measures are not always available for all students in a 
comparison population, requiring inferences to be made about the 
population from a carefully selected sample of students. The 
drawing and testing of student samples is common practice 
in international achievement studies such as the Programme 
for International Student Assessment (PISA) and the Third 
International Mathematics and Science Study (TIMSS), and in 
national surveys of achievement such as the US National 
Assessment of Educational Progress (NAEF). By measuring the 
achievements of representative samples of students, these 
programs provide information about the achievements of national 
student cohorts. A State or school choosing to use test materials 
from these programs is then able to compare individual or group 
performa11ces with national and international norms. 

An example of a national survey of this kind was the Australian 
National School English Literacy Survey which measured the lit­
eracy achievements of carefully drawn national samples of Year 3 
and Year 5 students. The measured reading achievements of these 
national samples are shown on page 42. Each of the bars in this 
graph corresponds to a score on the Year 3 or Year 5 reading test, 
and the approximate percentage of students in each bar is shown. 

The reading variable along which these students were measured 
also appeared on page 30. By referring to page 30 it is possible to 
interpret a student's measured level of reading achievement in 
terms of the kinds of reading behaviours he or she is likely to 
display. By referring to page 42 it is possible to interpret that same 
measure in terms of the reading achievements of Australian Year 3 
and Year 5 students. For example, from page 30 it can be seen that 
a student with a reading measure of 200 on this scale typically 
would be able to use combinations of pictures and text to 
demonstrate some understanding (eg, use a book title and cover 
illustration to identify key elements of a story; interpret a picture 
to predict what happens next in a story; use a title and illustration 
to predict a story setting; recognise how elements of an illustration 
support text in a story). From page 42 it can be seen that 89% of 
Year 3 students and 97% of Year 5 students were performing above 
this level. 

Publishers of commercial tests usually provide test 'norms' 
allowing users to compare performances on a test with the 
performances of students of the same age or grade. Test n01ms 
show the percentage of students in a norming sample achieving 
each score on the test. 
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stud~~!~~{1111s I eye I are developing a knowledge ofthe nature of democratic institutions and 
p(Oc\!~~~~· .f,o.r. \!)(ample, they recognise the value of. having more than one candidate in an election 
and 1he[rnrmrtanp~ ()f the secret. b<!Hot They are awar~ of.the functions of a variety of government 
lns!ltutl,ons and d.ispi<'!Y a beginning understanding o(federallsm, as indicated by their ability to recognise 
the .. re~popslbilitie.~ of d.iflerent levels of government The.s.e students are developing an understanding 
oft~~ re9ipr9p~I relatiorshlP. betwe.en c.itizen and govern111ent .. In addition to perceiving the purpose of 
indly.idH~l,pghl~f~ a dem.ooratlc society and being able. to.identify some of these rights, such as the 
rlg~tt~ yot!!,(!lJeY know of alternatlv~ ways to .influence g~yernment - for example, making public 
~pe~c~e~ orwritlqg letters to public officials, These students are developing a broader and more 
dlv.ersef)o.lltical .. vocabulary. 

Students at this level have a rudimentary knowledge of civics. They possess a beginning political 
awareness of the distinctions between the public and private domains and are familiar with some 
knowledge about elections and are developing awareness of democratic principles such as the rule 
of law, as evidenced by 1heir understanding that laws apply to government officials, These students 
also recognise that Individuals - specifically the accused - have rights. Their elementary political 
vocabulary includes such terms as candidate, ballot, vice-president, judge, juror, and citizen. 

Described levels of attainment in Civics (US National Assessment of Educational Progress) 

Comparing Subgroups 
When sufficiently large numbers of students are measured on 
the same variable, it is possible to compare and report the 
performances of student subgroups on that variable. The com­
parison of student subgroups is illustrated on page 43, where 
Year 3 and Year 5 students in the Australian National School 
English Literacy Survey have been grouped according to 
socio-eco11omic status based on parents' occupations. Five 



socio-economic categories were constructed at eacl1 Year level; 
the lowest (manual and unskilled labourers), middle, and 
highest (professional and managerial) are shown here. The 
box-and-whisker plots have been constructed to show the median, 
middle 60 per cent, and middle 80 per cent of students in each 
subgroup. 

From the six box-and-whisker plots it can be seen that the 
difference between the reading achievements of the lowest and 
highest socio-economic groups is greater at Year 5 than at Year 3. 
It also can be seen that, on average, Year 3 students in the highest 
socio-economic group have higher reading levels than Year 5 
students in the lowest group. It is common in statewide 
assessment programs and national and international surveys to 
identify student subgroups and to compare and report the 
achievements of these subgroups. 

Monitoring Trends Over Time 
The construction and maintenance of measurement variables is 
essential to attempts to mo11itor trends in educational achievement 
over time. Because it usually is not desirable to administer the 
same test to the same stt1dents on different occasions, or even 
to administer the same test to different cohorts of students year 
after yem; attempts to monitor trends over time depend on the 
calibration of different tests along a common variable. 

One major national effort to mo11itor trends in educational 
achievement over time has been the US National Assessment of 
Educational Progress (NAEP). Selected results from NAEP 
Reading are shown on page 44. Average reading achievements of 
national samples of white, black and Hispanic 9, 13 and 17-year­
old students are shown here over the period 1971 to 1996. All 
reading tests over this 25-year period were calibrated on the same 
reading variable, enabling the reading levels of 9, 13 and 17-year­
olds to be compared, and 25-year trends in reading achievement to 
be graphed and analysed. 

From the graph on page 44 it can be seen that white students 
performed at significantly higher levels of reading achievement 
than black and Hispanic students throughout the 25-year period at 
all three ages. However, while there was no significant change in 
the reading levels of white students over this period, the average 
reading levels of black and Hispanic students increased 
significantly from 1971 to 1996. This was true at all three ages. 
Still closer inspection shows that, while there were improvements 
in the reading achievements of black and Hispanic students 
between 1971 and the late 1980s, there appears to have been no 
further improvement in the average achievement of these students 
during the 1990s. 

Many large-scale assessment programs, including a number of 
national and international surveys, provide education policy 
makers and administrators with information about trends in 
educational achievement. A prerequisite for the study of trends is 
a carefully constructed measurement variable along which growth 
and decline can be charted. 
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In Summary 
Educational measurement is a process of estimating students' 
locations on some variable of interest. Once measures of an 
educational variable have been made, a variety of questions can be 
asked about any student's measure: 

What kinds of knowledge, skills, understandings, attitudes or values does 
the measure indicate? In other words, where does the student stand 
on the variable of interest and what can be concluded about 
the student's current level of attainment? This question can be 
answered by referring to typical observations at varying locations 
along the variable (ie, the kinds of tasks the student is likely to be 
able to complete; the kinds of responses they are likely to give). 

OOOC\J...:tCO co (]) O') 0) O> 
0) 0) O> 0) O') ..- ..- ..-..- ..-



Is the student pe1forming at the level expected of students of his age or 
grade? In other words, where does the student stand in relation 
to a pre-specified performance standard? This question can be an­
swered by referring the student's measure to the expected or 
target level of attainment for the age I grade and deciding whether 
it is significantly above or below that level. 

What progress has the student made since the last assessment? In other 
words, what growth has occurred? This question can be answered 
by measuring a student's achievement on a number of occasions 
and monitoring improvement over time. 

How does the student's attainment compare with the attainments of other 
students of the same age or grade? In other words, how does it 
compare with age or grade norms? This question can be answered 
by referring the student's measure to the distribution of measures 
for the norm (reference) group. 

Similar questions can be asked about entire groups of students. 
For example: What kinds of texts can be read and understood by 
the average six-year-old? What percentage of Year 5 students met 
the expected performance standard? What are typical rates of fine 
psychomotor skill development in 3-year-olds? How do national 
mathematics achievements compare with international bench­
marks? 

Answers to questions of this kind are essential to informed 
decision-making in education and depend on the availability of 
reliable measures on carefully constructed variables. 

What Is Measurement? 
Measurement is tl1e location of objects on variabl~~ by Ille ans of experie;:5e. We i~~~i~ 
measurement with the idea of. a yarfob)e .. •. t~i~)dea S~l"\ b~ vist1ali~ed as. a Jin~ P;Oin~g·~\? •• 
direction which indicates '."hich way signifies 'more'. We give explicit meaning to a y<tt,ia])le:])Y 
specifying the kinds of questions (ob~erv<l;lions, te~t ~l<;n.'s) "\Vith whichwe hoP;~ t9 d~fine}~:.;;Y".e. 
test the validity of thes.e questi()nsby exposi~1gth~!llto ('!Xp~ri~\l~~>anddisccrveringiJ'\l:t~r~<l;~> 
useful circumstances under which they defini;. a lil"\~· yYe !Ua~e the meaning of the v~ri~b!~ 
operational by estimating (calibratil"\g) tll~ re\;i\iyt:P;()~itio!lSC>! the valid questio;1s 011.tht;JJ.r\e '11lB. 
labelling the line accordingly. If .w7 cai)inye1lt qu,rstif)11s \y8ch rel<1i11_theiJ; pqsitiolls .alo11.g fl}il).e . 
over a useful range of applicatioJlS, tl1en w7 J:iaye a variable with an operational definiti()!l al()ng 
which objective measurements can be atte!llpt~d, · · 

We make measurements on this vaflabl~b/<\~plyit\i;'~ stlif~ble sel~dtid!l 6£ qu~~~()1ls'l6~i{()laj~~·t ··· 
(person) we wish to measure, ob~erving what happens and estimating frorri the pattern of 
reactions (responses) where am9n.8·~~e, ())"dere.d·_q?esti.?.11.s •. the.q]Jj~ct•J'J"Obably 9t~!l~~,. '11{.e\~ft.~}!l.·••i· 
validit,y of this m.easurement by comparing· the observed resp?nse pattern with· its es~mated 
expectation to see if the pattern can be accepted as a plausible outcome of the measuring system 
we have defined. · 

Benja111i11 P \!Vrig~t 
U11iversity ()~Chicago 

· _30 March 1979 

1 Stenner, J (1996) Meas11ri11g reading comprehension with tlte /exile framework. Paper presented at the Fourth North American 
Conference on Adolescent/ Adult Literacy. Washington. 

2 Anderson, L, Jenkins, LB, Leming, J, MacDonald, WB, Mullis, IVS, Turner, MJ & Wooster, JS (1990). The Civics Report Card: 
Trends in Ac11ieveme11t from 1976 to 1988 at Ages 13 and 17. Princeton: Educntion Testing Service. 
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