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i ' Focusing in on & Latent Trait;

Co An Attempt at Construct Validation by
means of the Rasch Model,
John H.A.L. de Jong

The Rasch model for test analysis is a so-called
latent trait model. In a model of this kind, a
relationship is specified between observable test
performance and the unobservable traits or ebilities
assuned to underlie performance aon the test.

In most cases the test coastructor has no clue as to
wvhether the latent traits postulated by the model are
dndeed the adilities he wants to measure. Try-out
sessions of a listening comprehension test on native
speakers and on foreign language learners have yielded
data possidbly offering a means to ddentify the ability
which, according to Rasch test analysis, underlies the
main trait measured by the test.

ED282417

Introduction

As the subtitle of my paper indicates I will try to prove
construct validity of a test by means of the Rasch model.
The test I will deal with is a foreigrn language listening-
comprehension test, which has recently been developed at
our Institute for Educational Measurement (Cito). I will
start with a brief description of the test. Secondly I

. will define the ability, which we propose to measure with
3 the test, which is in fact the theoretical congtruct.

\ : In the body of the paper I will offer evidence for a

w , relationship between the construct as defined and the

i MATERIL o T g COCETHIS  mgagure of f£it of items according to the Rasch model.
Finally I will illustrate the assumptions made in this

- — paper with examples from the actual test. ‘
E _\Lua_m_mm After Fhiel Theunissen's paper (this volume) I feel free

to assume a certain knowledge of the Rasch model but I

TO THE EDUCATIONAL RESOURGES will explain oconcepts of particular importance for the

E INFORMATION CENTER (ERIC)." evidence which I hope to give.
: RS - L
U The test itself
Oftos 3 DEPARTMENT OF EDUCATION It is important to make the preliminary remark that the
EDUCATIONAL RESOURCES WFommaTon  EOST WaS developed as a research project: to investigate
/ CENTER (ERIC) techniques of testing foreign language listening
_"ix":“#r'?.'}"'m?' rion o oueaaies  cOmprehension, techniques which were new to us. Obviously
D:ﬂr::or:.c::nlqgg have been made toimprove  SUCH & test will contain a larger number of items of poor
roproduction quaity quality than any of our tests constructed for actual use
e e e mtmdee,  in £inal examinations.
OERI position or policy. .
Rl e . The test uses life recordings taken from different radio
. - programs, cut into rather short samples of “wpken
language (about 25 seconds each). The language to be
tested is English. Testees listen to the tape, hear each
.. »  sample only once and have to respond to a multiple choice
0o TS question with two options printed in a test booklet. They
O \ . have a 10 second pause in between samples to decide on
3 ' their choice.
o BEST COPY AVAILABLE 5
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Tvo types of items were used:
A True-false items
Testees have to decide vhether the statement in the

test booklet is in accordance with vhat has bsen said
on the tape.

B Modified cloze items with two ions
Words to be deleted from the text were not randomly
selected but were chonen for their semantic relevance.
In sach sample a word or group of words was cut out
from the tape and replaced by an electronical sound.
Testees smre to decide which of the two options
Presented in their test booklet could be used to
restore the text. Thus the typical problem with cloze
items - acceptable word or exact word acoring ~ could
be avoided and no productive skill was tasted.

The test was tried out on two groups: .

= & representitive sample of 575 Dutch pupiis taksn
from the target population (pu»ils preparing for
final Secondary School examinations after 6 ysars of
English as & foreign language)

= & group of 30 native speakers of comparable age and
educational background

The construct

For construct validation it is necessary to determine the
concept which accounts for performance on the test
(American Psychological Association, 1974; Cronbach and
Meehl, 1955). In a forrign language listening
comprehension test we :‘opa that difference in raw scores
on the test can be expliined by difference in ability ¢to
understand the spoken language in question.

What is the abiiity to understand a spoken language?
Without going into the discussion on the Unitary
Ccupetence Hypothesis versus the belief that linguistic
competence can be broken down into a number of totally
distinct factors or Vollmer's suggestion of a
hierarchical model (Vollmer and Sang, 1981; Vollmer,
1981) one can safely assume that native speakers of a
language do possess this ability.

S§till we all know that native speakers differ in their
ability to follow the spoken language according to thaeir
ability to cope with the language material at the
conceptual level.

Obviously, defining foreicn language listening
comprehension as ‘the ability native speakers demonstrate
in understanding gpoken samples from their native tongue*
is too comprehensive. To rule out non-linguistic factors
the concept should be narrowed down to: 'The ability to
understand the foreign language at the level of native
speakers of comparable age and educational background'. A
group of native speakers thus defined will have to do

. extromely well on the items in the test and in any case,

they will have to do no less than the most able listenars
in the target population of non-natives. Furthermore no
significant variance in native speaker scores on the test
is to be expected. I will not g0 into this point here but
small variance in native speaker scores on the test has
bsen reported (de Jong en van den Nieuwenhof, 1982).
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In" terms of the Rasch model: the model postulates
unidimensionality of the ability or underlying trait.
Because we expect mative speakers to show greater ability
in listening comprehension, they should have higher
pProbability of getting the right answer on each item, if
the item requires listening ability,

Figure 1:hem characteristic ourve for #am |
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Now please consider figure 1 which represents the item
chavacteristic curve for an imaginary item i. Different
levels of ability (x-axis) are plotted against the chance
of gatting item i right (y-axis). A person of ability ‘'a’
¢.g. has exactly .50 chance to get the item right. A
chance of 1.0 is of course the highest poszible chance
and would require ability at + o, In other words a chance
of 1.0 is the upper limit, the ceiling for any person
doing item 1.

Figre2:lem cheractaristic orve for fem i
0
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Figure 2 represents this relation betwesn ability and
probability of getting item & right again. On the y-axis
4 dotted line at .8 represents the observed proportion of
right answers in a group of native speakers defined as
before. From their observed responses we can estimate the
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And because wé expect non-natives to show less ability in
solving the itsm than native speakers - their ability
level on the x-axis should be to the left of that of
native speskers (apg) - we expect them to have less
chance in getting the item right. This implies that for
the target group of non-native speakers the upper limit
of their chance to get the ftem right is set by the
native speaker scores on that item: for this item .8 (and
not 1.0). If they score higher than the native speakers
then the ability required for the item is not the ability
we get out to measure.

Por this research Rasch analysis was done by computer
with the program CALFIT (Wright and Moad, 1975). The
unconditional waximum likelihood procedure (UCON) of this
program was used to estimate al.lity and difficulty
parametars (Wright and Stone, 1979).

The prograa divides testees into six groups of roughly
the same size according to level of ability estimatad
from their performance on the tast.

The program then calculates, for every item, the
probability of success on that item for the six groups,
and expresses the probability as an expected number of
right answers in each group.

Figpm 3 :Rem chaacwrintic ainve &c e |

w

sstimated prob. right
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In fact this presents us with a rough estimation of part
of the item characteristic curve (figure 3). Only a
‘rough estimation’, because no more than six points
(1.e.: at the six ability levels) are defined, and only a
‘part’ because ability is not likely to vary from minus
infinity to plus infinity among the testees.

This estimation of the probability of success is compared
to the actually cbserved usan performance of each of the
six groups on the item.

The difference bstween the estimatcd and the cbserved
performan~e is the basis Zor the calculation of a measure
of fit of the item in the tgst.

Of course there are numerous possibilities for departure
of the observed performance from the estimate:d curve.
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In figure 4 two of these possibilities are presented, for
tvo items (1 and j) of equal difficulty: the probability
of success for each of the six groups is the same on both
items. The items do not differ much in degree of
dsparture from the expected curve thus their measure of
fit in the test will not differ much. But on item i a
larger number of persons from the low ability groups gave
a right answer than was expected, whereas in the higher
ability groups there are fewer right angwers than
expected. The item discriminates less well between the
ability groups than we would expect from their
performance on the whole test. For item jJ it is just the
opposite: this item is highly discriminative.

In fact, the difference in ability between the six groups
is invarisble, or at least is not likely to change during
the administration of the test, thus the differences in
performance between the groups should remain constant on
the items in the test if the items all measure the game
ability.

Now in postulating unidimensionality of the ability, vhat
W8 expect in yeneral is that whenever an itea does not
£it, i.e. dces not measure the same differences in
ability betleen the groups of the target population as
the whole test does, the item requires a different
ability and natives will not necessarily show high scores
on this item; they might even cbtain lower gcores than
non=-natives.

However, imagine a test constructor designing a test to
measure physical strength. As items he uses different
sizes of nails. He postulates: large long nails require
more strength to hammer down than small, thin cnes do. He
scores the persons taking his test by the number of blows
they need to drive in each nail completely. Obviously, if
he presents his test to pPeople who are poor at aiming, he



is liadble to f£ind physical strength to be higher
correlated with number of saashed fingers than with
nusber of blows. What he is doing is measuring two
distinct traits or abilities at the same time: physical
strength and skill at aiming.

Fgure §:Latent trait of 19st T ,mquiring twe
distinct ebiltes, A and B,in 8 3:2 ratie

7 seciMty for abily A —e

@ Iteme crequiring ebllifty A enclueively.

O Itese requirieg adility 5 excluelvely.

O Euesplee of ltwee requirieq both abllity A asad 8,
The teet T .

=" The letent treit of teet T .

-=" Lisite for itcme to fit Lo teet T .

Figure 5 gives a graphic representation of such a test.
Test T requires two distinct abilities A and B in a 3:2
ratio. The items requiring either ability A or ability B
exclusively are represented es dots on two lines
intersecting at an angle of 90°. Items at the
intersection of the two lines require no specific
ability, neither for ability A nor for ability B. Moving
avay from the intersection, itess require more and more
specificly either ability A or ablility B and will
consequently discriminate more on that ability between
persons taking the test. Because the test requires both
abilities A and B, the latent trait of tast T will be
defined as a line going through the intersection of trait
A and trait B at an angle defined by the ratio of the two
abilities in the test. For items to fit in the test they
will have to test both abilities more or less in this
ratio or one of either ability at a not too specific
level. Items discriminating highly on either ability will
not fit. ’
Because test T contains more items requiring abilicy A
than items requiring ability B, highly discriminating
items on the trait of test T are more likely to test
ability A specificly, whereas items with low
discrimizative power in the tast have a greater chance to
be items testing ability B.

1z the example of the test constructor who wanted to test
Pliysical strength the best solution for him is to get ri2

7
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of the tiny, thin naile that require a good aim.
What will happen with the test is shown in figure 6.

Figwe §:Latant wrait of et T'.requiring two
distinct abBties. A avdB.in 8 8.1 ratio
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Test T' still requires the same two distinct abilities,
but now the ratio is 6:1. A number of items requiring
ability B have been deleted from test T and a new .
definition of the latent trait for test T' is obtained.
The angle formed by the latent trait of test T' and
ability A has become smaller and automatically more items
requiring ability A will fit in test T'. Items with high
discriminative power on ability A now fall within the
limits for items to fit in test 7Y,

With thie picture in mind we can redefin® cur expection
mentioned earlier: whenever an item does not fit in our
listening comprehension test and this item has a low
discrimination index, w» & not expect native speakers to
do well on this item. In fact, they might just as well
score lower than (some of) the non natives from the
target population. 1¢, however, an item does not £it, and
aisfit is due to high discriminative power on the trait
of the test, we expect that this item is no problem at
all for natives; the item will eventually fit after the
items showing misfit in combination with a low
discrimination index will have been deleted from the

In other words: we expect to find a correspondence
between native speaker ability and the latent trait
observed in Rasch amalysis of foreign language learner
response, and to be able to improve this correspondence
by deleting items on which low native speaker scores were

8



Results

In figure 7 the discrimination index of the misfitting
items of the listening comprehension test is plotted
against the measure of £it of the items. The dotted
horizontal line represents the critical upper 1imit of
the fit-measure («0S level of significance in the P
dintribuuon, with S over intinicy degrees of freedon),

The vartical 1ine represents the median discrimination
index: items to the right have more discriminative power

] 3
discriminasion indam

onammmm>n
o-u.am.nm-msn

Each dot in the figure represents one of the misfitting
ilems. In addition, for each item an indication ig given
vhether more or less tiiea .8 of the group of native
Speakers chose the right angwer. Wy take .8 of the native

Now we feel confident to start the operstion of pulling
out nails, i.q.: deleting items from the listening
comprehension tegt. 9
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In figure 8B every dot representa one of the 59 items in
the listening comprehension test. The proportion of
native speakers who gave right answers on each iten (x=-
axis) is plotted against the measure of fit in Rasch
analysis of the responses observed in the target
population (y-axis). The critical upper limit of the fit
measure at 2.21 is indicated by a horizontal line. The
vertical line represents what we take as the lower limit
for native speaker response. Most of the items (35 out of
59) fall within both limits. Another 9 items surparns both
limits and thus confira the hypothesis too: misfitting
itens are too difficult for natives because they meacure
the wrong trait, they do not test native speaker
listening ability. A total of 44 (3549) items come up to
our expectation. Still we are left with 8 items showing
misfit that are not too difficult for natives, and 7
items with a low native speaker score apparently fitting
in the test: a total of 1S iteas contradicting the
hypothesis. Pigure 8A Presents the same findings once



he' compléte circle represents the whole test of
ith the different gections representing the
item falling either within or without one or both of ocur
criteria.
Phi-correlation between measure of fit and native speaker
Score as dichotome variables is .37.

The next step is to delete the 9 items that surpass both
limits and & another Rasch analysis on the remaining S0
items. The results are presented in figures 9a and 9B.

After the 9 items have been removed one more item falls
within Soth limits and three more surpass both limits. we
have gained four items: a total of 48 now comes up to our
expectations. Phi-correiation ras moved up to .56,
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Another 3 items can be deleted from the test now (figures -
10A and 10B) leaving 47 items in the test. Two more items
are now within both limits whereas 3 more surpass both '
limits: a gain of S items supporting the hypothesis. Only *
6 items are left that do not correspond with our
expectations. Phi-correlation is now .77.

Figre 10A and 108 :Netive spesker fetporee versus messure of fit
in Rasch analysis of iarget popudation reapones {47 iwrme)
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Deleting the last three items that surpass both linits
and reanalyzing the remaining 44 itemg (figures 11A ana
118) we £ind one more item to fall within both limits.
There are no more items, however, that suzass both
limits and the deletion process seeas at a4 dead end. wWith
& total of S4 items in favour of our hypothesis and S
contradicting it, phi-correlation is now .80, But of the
4 remaining items that apparently aisfit in spite of
sufficient native speaker score, two items show a
negative difference between the mean score of native
speakers and that of the target population; the target
population did better than native speakers on these two
items. This means that the misfit of these items in fact
does correspond with our expectation.

Figre 11A and 118:Nathe spedr TREpONEs viras messue of fie
in Resch anslysls of targse papudation reepones (44 [tams)
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Pigures 12A and 12B show what happens if we delete these
two items: one more item falls within both limits and
only two out of the initial 59 items refuse to come up to
our expectation: one slightly misfitting item easy enough
for natives and one item that is too difficult for
natives but still fits. The 40 items falling within both
limits now cluster in the bottom righthand corner of the
graph in figure 12B: these items fit extremely well in
the test and present no difficulties for the group of
native speakers. .

Correspondence between native speaker ability and the
latent trait observed in Rasch analysis of the target
population response expressed in phi-correlation is 91,
and confirms our hypothesis that the latent trait of this
test s in fact the ability of native gpeakers to
understand samples of their mother tongue. Thus 40 items
out of the original S9 items will make a valid test for
measuring listening comprehension of English.

Figre 2A and 28 :Native spesker responss versus messure of fit
in Resch analysis of targst populstion respones {42 items)
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The remaining 19 items do not measure this ability.
Pigures 13A and 138 represent the results of a Rasch
analysis of these 19 items regarded as a separate test.
Figure 13A pictures the items in this test: 1S items
surpassing both critical limits and 4 items surpassing
only one of these limitss presented as a gection from the
orginial 59 item test (on the left) and regarded as a
séparato tast (the circle on the right). Figqure 13B shows
that (apart from one slighty misfitting item) these items
will fit together in a test. What this test measures is
not clear as yet but anyhow it does not discriainate
between able ~nd less able listeners of English of
comparable age and educational background.
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Examples

I wvould now like to illustrate the different kinds of
items in the test by giving examples of items that do fit
in the test and of those that do not fit.

The first example is item number 17.

Item no 17
Tape:

(wilson:) One of the things that worries me about thas
is how paople are going to be able to keep
track of their spending when they’'we just
got & plastic card which they hand to the
shop keepers NoWeeso

(rortescues) You've just raised a wery isportant
question, that if you're peying for goods
with that wad of notes you can see how many
you've spent and you have scme 1dea of the
total of your day’s shopping vhereas if you
go into a mumber of eh shops and pay with eh
the samé credit card, you come avay with
nothing other than recsipts and there's no
sense of actually spending money.

Question bocklets
17 The use of a credit card can sake people less avars

of the amount of money they spend.
A True 3 Palse

The proportion of the native speaker group that chose the
right answer (A) was 1.00 and .86 of the target
population chose this answer. All the native speakers
found the right answer cbvious and for the target
population it was an easy item. The item is easy if you
understand English. Nevertheless, the item initially
showed misfit (3.86) in Rasch analysis of the target
population response. Misfit is combined with a high
discrimination index of the item (2.35) but disappears
after the operation of deleting items showing misfit
along with a low native speaker score. Fit measure for
item 17 improved and went down from an initial 3.86 to
2.97, 2.47, 2,10 respectively, as more and more itens
were deleted, in the way I have just described, anding up
at .73 in the final 40 item 'good’ test of figures 12A
and 12B.

figure 14 pictures the item characteristic curves of item
17 in the 59 item and in the 40 item test.

16



The correct answer is A. A porportion of 68 of the
native epeaker group and .69 of the target population
chose this answer.

Though .69 of the target population indicates that the
item is of normal difficulty the native gpeaker score is
far too low. The major part of the target population went
‘through the ceiling' scoring higher than the native
speakers. What is wrong? Mr. Wilson asks whether people
ars ‘reluctant' to use the new facilities like credit
cards etc. Watts's answer seems to be 'yes®' because he
gives an explanation saying ‘credit is an emotive tern'.
Linking this to ‘reluctance' used in the question, the
listener can conclude that people do not like the idea of
credit. The item is more a test of intellectual
gymnastics than a straightforward test of English which
explains why it is equally difficult for native speakers
and for the target population who have a simular
educational background. The itenm, however, fits in the 59
item test (1.99) but has a very low discrimination index
(«39)c After deleting the first 9 items in the operation
described, fit measure leaps up to 2.82 and the itea no
longer fits.

Figure 15 gives the item characteristic curves of this
item in the 59 item test (figure 15A), after deletion of
9 items (figure 15B) and in the 19 item bad test (figure
15C).

Figure B: hem charsciwristic curves for iem ne 34
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Both these examples were trua~false items. JLAN 43 18 a
modified cloze item with two options:

Tape:

Prince Charles has been speakiny about Britain's
industrisl future. Hs told dajeyates st a conferaov in
Sournemouth of the iron and scwel trades unicn thyt iR
only the two sides of industry would co-operate STV,
Britaia's performance internacionally could be == /WAR-~.

Question booklets

43 A wastly isprowed
B wery disappointing

P A Pttt
Item 43 is a good item: 1.00 of the native syeAkers and
«86 of the target populition chose the right anawer (A).
It is an easy item but not taa 23sy. Neverthyléag, the
item does not fit (5.41) as discrimination iy fao0 nigh
(2.08). 1In the subsequent siages of deletioy the fit
measure goes down from the injtial 5.41 to 3,95, 3.21,
1.86 to a final .58 in the 40 item test: ar vxflensly
good fit! The discrimination index is now 1.42s Figure 1§
shows the item characteristic curves in the Y9 and in the
40 item test.

Figre 18: hem charscierimic cwrves for item ne 4l U
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We continue with itea no 44:

Item no 44

Tape:

Prince Charles sppealed for sanagesent and unions to
Teach & Petter understainding and went oo to express hia
concezn that Britain was —~-fuix--- its overseas
campstitors.

Question booklets

44 A cvolerating
3 Sslling behind

Again this item vas no problem for tha native speakers:
1.00 of this group gave the right answer against .71 of
the target population.

Initial miafit of the item in the 59 item test is 3.31
hut goes dovn to 1.73 after the deletion operation.
Pigure 17 giveas the item characteristic curves.

Figee 17: hem cayacwristic curves tr e ny 44
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Item no 6 is anothe:z exsmple of & trickey true-false
itam:

Item no 6
Tape:

(wilsons) Seyacur Portescus, is this evclution to the
elisination of soney, one which is happenirng
virtually al} ovar the world?

(Portescue: ) Yes T thingk it ia. Poerhaps the most
interesting place is Japan, because the
individsal dossn't use chegues in Japen,
they use ossh end tiey use pass~books, You
can see Jagap making the switch from cash tg
electronic funds transfer without passing
through the intermediats stage of cheques,

Question bocklet:

6 Japan has slre.dy switched frem cheques to electronic
noney transfer,
A Trae B Palse

Obviocusly, native speakers had great trouble in spotting
the incorrectness of the statement: only .56 chose ansver
B. Of the target population a proportion of .52 chose
this answer. The question is too daifficult; he
interpretation process Necessary to arrive at the right
answer is impossible in the short time allowed by the
speed of the ongoing tape. The tone of voice is pesitive:
there is ‘elixination of money® in Japan, Japan ia ahead
in nodernizing the payment systems but just because Japan
is %0 far ahead and skipped the stage of cheques
sltogether the answer should be 'Palse’. The item shaws
sevare misfit (5.88) and does not discriminate at all
according to expectation awong the testees in the rarget
population (=.04)! In the 19 item °'bad’ test, howaver,
the item shows perfect £it (.57) and normal
discrimination (1.02). It seems to me that the 19 {tem
'bad?' test would be a good test of intelligence or
alertness but it is not really a proper test of English
listening comprehension.

Flgure 18 shows the item characteristic curves of this
item in the 59 item test and in the 19 item 'bad® test.
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Fgre 18: ham charscwristic owves for item ne@
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The last example I wish to discuss is item 45, one of the
tvo with a high native speaker score but an even higher
score in the target pPopulation, the last two items to be
deleted.

Ites no 45
Tapes

Uganda‘'s nev president, Nr. Godfrey Benaisa, has aprealed
to the psople of the country to co-operate in building a
prospsrous country that respects the rule of law, the
protection of human rights and the establishment
meoBigg e

Question booklet:

45 A of a nev state
B of democracy

Rative speakers scored sufficiently hich on this item:
+84, but of the target population .90 chose answer B. One
could defend both options, but the word ‘democracy’ seenms
to go better with ‘respects the rule of law* and *human
rights' and vas in fact the original word. Knowledge of
political jargon in 4 revolutionary context and thus
general intelligence or knowledge of the world is tested
rather than English listening ability. The item fits in
the original 59 item test but after saveral deletion
operations it acquires a fit measure of 3.43 and is
deleted in its turn. In the 19 item 'bad® test item 45
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. shows perfect fit.
. Figure 19 gives the item characteristic curves.
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Figure 20 Presents the mean of all itea characteristic
curves and shcus the achievements of native speakers ana
of the six ability groups of the target population on the
whole test and on selections of items from the test.
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speakers score only slighty above the average of the
target population, native speakers have no advantage in
doing this test: it ig not & test of Engligh listening
comprehension for thig Population.

correlations were Calculated between the 19 item *paq’
test and two Seperate random selections without
replacement of 19 items from the 40 ites 'begt’ test.
Selections were made to be of equal length gor easy

Table of product-moment correlaticns between 3 selections
of 19 items from the listening comprehension test
(n=578),

All A B c
All 59 items x
At 19 'bad’® items «40 ‘%
B: 19 *hest’® items «78 «06 x
C: 19 '“.t' items «75 -, 01 «47 x

From the correlation indices in the table it is clear
that there is no relation between the 19 ‘bad’ items and
either of the two selections of 'best® items and testees
scoring high on the 'begt* items will not nNecessarily
score high on the 'bad’ items. The two selections of
‘best’ items have a positive correlation significant at
the .005 level which {s fairly high if we consider test
length.

Conclusion

The latent trait of the listening comprehension test
analyzed here can be identified as the ability native
speakers demonstrate in understanding spoken samples
from their mother tongue. Two thirds of the test
constitute a vaiid mesasure for listening Comprehension of
English as a foreign language. The other third of the
test seems more suitable for testing an ability which
might be general intelligence or knowledge of the world
but does not discriminate between different ability
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