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This monograph deals with the derivation, reporting and
interpretation of test results in the broad sense. It is the revision and
extension of the first five chapters of my doctoral dissertation, The
Derivation, Reporting and Interpretation of Language Test Scores
with Some Recommendations for the TEM. The original work consists
of eight chapters. It forms part of an attempt to unify the theories in
educational and psychological testing in general, and language testing
in particular, with those in the hard sciences. The motivation of the
attempt is to simplify the current theories so as to prevent their
misuses and abuses, and ultimately facilitate their applications.

In preparing the dissertation, my goal was specific: to offer some
practical recommendations for the TEM testing program with respect
to the expression, communication and- consumption of the TEM
results. I came up with some specific recommendations first, and then
started searching for theoretical supports for each of them. But
unconsciously, as I realized later, I slipped into validating the
complicated theories needed for supporting the recommendations. I
was shocked again and again as I tried to disentangle the current
theories, for I found that many of the conventional theories were
unjustified. To compensate for the urgent need, I developed some
models of my own, and suggested that these models along with the
new item hardness model I built a few years ago be used. All these
models together with the recommendations for the TEM testing
program were recorded in the dissertation.

As 1 felt these models may be of some general significance, I

vii



The Derivation, Reporting and Interpretation of Language Test Scores

decided to take out the first five chapters and have them so revised
that they may be self-contained and independent enough for
publication. By early November, 2005, the revision work was
completed. So I laid the manuscript aside and began to look for a
publisher. In the meantime, I reflected over the theories that I have
invented and the theories that I have advocated. Thanks to the recent
debate on reliability theory waged by Educational and Psychological
Measurement, my special attention was drawn to reliability issues.
The more I thought over the reliability theory I have used in the book,
the more uneasy I became. In the late fifties of the 20th century,
Cronbach and his associates thought reliability was the most mature
part of testing theory. But as they started to work with it, they realized
that reliability theory was far from being mature and error free. To
liberalize and extend the classical theory, they developed
generalizability theory (GT). This theory assumes, among other things,
that the input data be linear or at the interval or ratio level.
Unfortunately, all the data used by GT theorists are clearly nonlinear.
As the item hardness model I have developed is meant to transform
the nonlinear data into linear data on the performance dimension, I
translated the raw data by weighting each item with its own hardness,
and then tried the data on the simplest GT design pxi. What a surprise!
The result was exactly the opposite of what GT predicts: the index of
dependability was greater than the coefficient of generalizability. 1
tried several real data sets, the results were exactly the same. To pin
down the problem, I looked at the next simplest design i:p. I found
that the interpretation in GT contradicted the conventional sampling
principles on the one hand and was logically incoherent on the other.
A real shock to me! According to sampling theory, pxi design and i:p

viid



Gictacc

design should be equivalent in effect, in terms of both population
estimate and the uncertainty of estimation, but GT claims that the
overall group uncertainty is less for the former design than it is for the
latter. When the uncertainty of group mean is in question, GT claims
just the opposite! How could this be possible? In interpreting
individual measures, A is greater than B, while in interpreting group
mean measure, B is greater than A? As group mean is based on
individual measures, A must be equal to B for interpreting both the
individual measure and the group measure. Therefore, there should be
no distinction between the pxi design and i:p design, at least when the
study of uncertainty is the concern.

As Cronbach and his associates referred us again and again to R.
A. Fisher (1925) for decomposition of variance components, I tried to
find that old book to see if there is any solution in the classic. Thank
God! In chapter 7 I bumped into Fisher’s basic definition of intra-class
correlation and learned why he applied ANOVA to intra-class
correlation analysis. From the perspective of the basic definition,
another contradiction was identified with GT: According to the well
known relationships in probability theory with respect to variance and
covariance, it can be easily shown that like inter-class correlation,
intra-class correlation, too, is invariant of the linear transformation of
input data, that is, the dependability index should be identical to the
generalizability coefficient. But according to GT, the linear
transformation of the input data will turn the dependability index into
the generalizability coefficient, with the latter being equal to or greater
than the former in value, and one being different from the other in
function. Although GT claims that generalizability is for relative
decision making, whereas dependability is for absolute decision
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making, and yet what it really means is that dependability is
calculated from the non-transformed measure (raw score) and
generalizability is calculated from the transformed score (deviated
score or standardized linear score). The contradiction identified
suggests that either GT is syntactically incorrect or the established
mathematical relations are invalid. We tend to believe that the former
is true. This being the case, the semantic distinction is unnecessary.

In the mean time, efforts had been made to revise the
conventional reliability theory in strict accordance with the current
GUM and VIM spirit: To avoid using the ideal quantities and focus
the attention on the obtainable ones. To be more specific, instead of
using the concepts of the true scores and error scores, we should focus
our attention to the estimated scores and their associated uncertainty.
The fruit of this endeavor is the basic definition form of reliability
coefficient. I was quite happy with the result, for with the basic
definition, reliability coefficient can be calculated from the measure
specific uncertainty resulting from both Lords’ binomial sampling
model and the information function of item response theory. If
reliability is defined as the ratio of “true” variance to observed
variance, the basic definition is the unconditional variant and
operational definition of reliability. Besides, it makes explicit that only
when the group variance is greater than or equal to the overall group
uncertainty expressed as a variance, is the reliability coefficient
defined. Seen from this perspective, intra-class correlation stepped up
by Spearman’s general formula is only one conditional approach to
reliability. If the internal consistency condition is met and the test
taker group is heterogeneous enough, that is, if none of the inter-item
correlation is negative and the variance of the estimated measures of
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the group is greater than or equal to the overall group uncertainty, GT
offers a valid approach to reliability. If any one of the conditions is not
met, neither GT nor classical test theory is valid for estimating
reliability coefficient.

As is known to all, reliability coefficient alone cannot indicate
the reliability of measurement result. Therefore, it is recommended, in
practice, that both the reliability coefficient and group variance or its
positive square root be reported. Not satisfied with the current practice
in educational and psychological testing, I went on looking for better
measures of reliability in GUM (Guide to the Expression of
Uncertainty in Measurement) and VIM (International Vocabulary of
Basic and General Terms in Metrology). There, the answer was ready
for us. Both the uncertainty and the coefficient of variation (known as
relative standard uncertainty) are good measures of the reliability of
the result of measurement and they were exactly what 1 had been
looking for. I was so convinced that I decided to recommend the
GUM-proposed practice to educational and psychological testing,
language testing included.

But what about the conventional reliability coefficient? Shall it
be discarded or shall some specific functions be identified for it? I
chose the second altemmative. As reliability coefficient is
conventionally used for three purposes, namely, estimating overall
group uncertainty, estimating the individual specific true score, and
correcting for the attenuation of correlation coefficient, I checked
them one by one. With the introduction of the new theory, there is no
point in using reliability coefficient to estimate the overall group
uncertainty, for before the coefficient is calculated, the overall group
uncertainty is already there. Then I checked it for the second proposed
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use. In defining reliability coefficient as the square of the correlation
coefficient between the true score and observed score, it is assumed
that true score is independent of observed score. This is equivalent to
saying that the error of measurement is a constant across the test taker
population (see Gulliksen, 1950). But in estimating the true score, it is
assumed that the farther away an observed score is from the group
mean, the greater is the error. This contradicts the independence
assumption. On the other hand, by definition, reliability coefficient
characterizes only the random error, but in estimating the true score, it
is used as if the error it characterizes were systematic, positive for
scores that are lower than the group mean and negative for scores that
are higher than the group mean. This is another contradiction.
Evidently, the second use is invalid.

 To test the validity of the third use, I traced back to the very
origin of reliability coefficient, that is, Charles Spearman’s original
papers. In Spearman (1904a, 1904b, 1910), the original proposal was
found: to correct for the attenuation of correlation coefficient caused
by the faulty input data. But Spearman (1904b, 1910) made it clear
that to correct for the attenuation, the “error’ characterized by the
coefficient must be due to observation rather than sampling.
Spearman purposefully rejected the test-retest error not because its
effect should not be correctec\i, but because the effect cannot be
corrected. To him, repeated measures were measures of different
functions rather than different observations of the same function
(Spearman, 1910). In deriving the general formula, Spearman let, at a
critical stage, the left side of the correction formula be equal to “1.”
This is the condition that must be met before reliability coefficient is
used to correct for attenuation. It is easy to show that when sampling
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over content is the case, the correction formula is incorrect.
Apparently, according to the function the coefficient exercises, it
should be called the index of attenuation. Unfortunately, owing to
Spearman’s original loose usage, it came to be called reliability
coefficient, a name that fails to mean what it intends to mean. As
reliability is a frequently used word, we take it for granted that it
means what it usually means in our everyday language. But this time,
reliability is not that reliable! As more and more evidence had been
collected in the long search for the exact meaning of reliability, I felt
obliged to rewrite the manuscript.

Into the following text, the foregoing discoveries and more have
been integrated. But that was no easy job for me. On the one hand, the
coherence and the practical orientation of the original text had to be
kept. On the other hand, the new discoveries in theory had to be built
in. In order to delimit the use of “reliability coefficient,” the
conventional process of testing has been divided into two phases: The
measuring phase and the inspection-by-sampling phase. And
reliability coefficient is only defined for the result of measurement,
not for the result of sampling. Throughout the text, more attention was
paid to the semantics than to the syntax of testing, for it is my
conviction that testing itself is semantics rather than syntax, at least, it
is more of the former than of the latter. Unlike the conventional
approach, the approach taken in the text is individual based. That is,
both the individual test taker’s performance and the uncertainty of its
estimate are taken as the immediate objects of investigation rather
than the individual difference and the overall group uncertainty. It
seems to me that individual difference is not qualified as a proper
measurand, nor should the overall group uncertainty be regarded as a
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as a parameter to be directly estimated. Instead, the former should be
determined on the basis of the result of measurement or estimation,
and the latter, if needed at all, should be evaluated through the
individual specific uncertainty. Compared with the item response
theory of latent trait, the theory in the following text may be referred
to as the item response theory of apparent performance.

So many people have lent their helping hands at various stages of
the present research that it is impossible for me to list them all, and
their helps have come to me in so many different ways that I could
mention only some of them. First and foremost, [ owe my deepest
debt to Prof. Shen Zou of Shanghai International Studies University,
who literally assigned the task to me. Without her “assignment,” I
would not have taken such a systematic look at score related issues. I
am also grateful to Dr. Wei Zhao, senior associate vice president for
research of Texas A & M University and division director of the
Division of Computer and Network Systems, National Science
Foundation of the United States, who has not only timely bought and
brought me most of the necessary reference materials at his own
expense, but also has spent many precious hours discussing the central
topics of the research with me. To the accomplishment of the present
research, his generosity, help and especially his penetrating questions
are indispensable. Dr. Yuemei Zhou, Dr. Guoxing Yu and Dr.
Xiongying Tang, all have aided the present research by collecting
important reference materials. Without their aids, it would have been
impossible for me to know some of the key events in the history of
reliability studies. Both Robert Brennan and John Linacre answered
my questions relating to the history of reliability. John has also kept
me being informed of the latest of the Rasch-model-based research
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and other activities by sending me the Rasch Measurement
Transactions the moment it is ready. I would like to express my
heartfelt thanks to them all for their great help.

To my family, my daughter and my wife, I would like to say a
special thank you for their sacrifice, criticism, concern and help. My
dear daughter Winnie, has not only suffered from the long absence of
Daddy, but also offered quite a lot pungent criticisms to the
presentation of theory. In the past seven years, my wife, Hong Zhao,
has not only suffered from the scarcity of family activities but also the
worries of my health. For her love, understanding, sacrifice and
unfailing support I dedicate this book to her.
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