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test with a phonological distance metric 

Robert McAllister and Benny Brodda 
Inst för lingvistik, Stockholms universitet 
 
Abstract 
We are in the process of developing a new speech comprehension test with special 
consideration of test features which enhance construct validity. These features 
include a careful selection of test stimuli as well as an innovative test methodology 
with the use of a phonological distance metric. Introduction 

The first and foremost problem to be addressed in the setting up of guidelines 
for the construction of a comprehension test is that of the definition of ”speech 
comprehension”. The decoding of the speech signal and the subsequent 
understanding of the spoken message involves a complex of physiological and 
psychological mechanisms that makes this definition and the description of this 
phenomenon a formidable task indeed. The comprehension test which is the object 
of this report is being developed with a linguistically based view of this process. In 
this paper we will attempt to briefly describe the theoretical bases for the principle 
features of the test. These theoretical considerations provide then, in turn, the basis 
for a judgement of test validity, particularly that which Cronbach (1960) refers to 
as "contruct validity".The work on the development of a comprehension test has, as 
its point of departure, the identification of the need for a tool which could provide 
an explicit measurement of speech comprehension in several contexts. An inventory 
of the need for explicit measurement of speech comprehension was carried out by 
McAllister and Dufberg (1989) It was found that such methods are needed in 
various research contexts as well as in some major clinical settings such as 
Audiology and Logopedics and Phoniatrics. 

 
 
Lexical access in speech 
comprehension 
A psycholinguistic view of speech perception or 
speech comprehension has yielded the 
assumption that the ultimate linguistic goal of 
the physiological and cognitive activity involved 
in speech comprehension is that which linguists 
refer to as ”lexical access. The exact nature of 
the information contained in the lexicon for each 
lexical unit has been a subject of linguistic 
debate and inquiry for centuries. Lexical access 
in the context of speech comprehension refers to 
the first step in the comprehension process 
which involves decoding the auditory 
information in order to recognize the words and 
sentences intended by the speaker and thereby 
the basic semantic content of the message. We 
would hasten to add that we are well aware that 
our view of the complex processes behind the 
everyday experience of understanding each 

other is not fully characterized by that which 
leads to what we here have termed lexical 
access. It is our hypothesis, however, that a valid 
test of lexical access ability may be a fair 
predictor of spoken language comprehension 
ability. 

In order to access this vast storehouse of 
linguistic units, the listener utilizes various kinds 
of information. The construction of our test is 
based on the claim that this information is of 
two general types: signal dependent information 
and signal independent information. We would 
further claim inclusion of a measure of the 
ability to successfully handle these two 
information types might enhance the validity of 
a speech comprehension test  

Test construction features 
As our assumption is that lexical access is the 
goal of the process which we are attempting to 
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test, it follows that we have constructed a word 
test. 

Phoneme and word frequency 
An important aspect of the construction of our 
test has been consideration of phoneme and 
word frequency in Swedish. We have reasoned 
that the phoneme distribution in the word 
material should reflect the distribution of the 
phonemes in the language being tested. This was 
the original idea in the principle of "phonetic 
balancing" first conceived by James P.Egan at 
the Psychoacoustic Laboratory at Harvard 
University in the 1940's and followed by Fant 
and Lindén in the phonetically balanced tests for 
Swedish from 1954 (Fant & Liden, 1954) which 
are still used today. Our phoneme and word 
frequency data are drawn from the TMH text 
data base which is considerably larger than those 
used for the so called FB-lists used in these 
Swedish speech audiometry tests. The TMH 
data base is composed of 150 million words 
from various sources. Using the 500 most 
common Swedish words from this data base, we 
have subsequently consulted the Spoken 
Language data base (Talspråksdatabas) 
compiled by Allwood and collegues at 
Gothenburg University (Allwood, 1999) and the 
phoneme frequency part of the TMH database. 
This selection process was an attempt to obtain 
test stimuli which reflected the word and 
phoneme frequency in Swedish and would be 
uniformly familiar to native Swedish listeners. 

Uniformity of test stimuli 
Other aspects of the test stimuli which represent 
a deviation from the conventional form of 
speech comprehension tests is that the test words 
are not of uniform prosodic or morphological 
form. The TMH database has made it possible to 
select common words with both accent 1 and 2 
in a proportion that reflects the general 
proportion of accent occurrence in Swedish. 
Also the test words are presented in their most 
common morphologically inflected forms. The 
reason for this is the aforementioned 
understanding of the lexical access process as a 
result of the utilization of both signal dependent 
and signal independent information. It follows 
that the test score is more likely to reflect speech 
comprehension ability if both signal dependent 
and signal independent information need to be 
used in the recognition of the test items. We 
hypothesize that this is more probable if the 

prosodic and morphological form of the test 
items is not uniform. 

Test administration 
For each test, the test program selects 40 words 
from the 100 potential test stimuli according to 
several predetermined principles which insure a 
uniform test material. A few dummy stimuli are 
then presented to the subject and he or she is 
asked to adjust the presentation volume to a 
comfortable level. Then a calibration tone is 
played and the output voltage at the previously 
calibrated earphones is registered. The test 
stimuli are then presented in a carrier phrase 
word by word via the earphones and the testee is 
asked to repeat the word heard. After the 
presentation of 10 stimuli without masking noise 
the noise is initiated so that the signal to noise 
ratio is +30 dB. For every correct answer which 
the test administrator registers the noise level 
increases. In the beginning of the test, the noise 
level increases rapidly with each correct 
response until the subject is not able to 
accurately repeat the target word. For every 
unsuccessful attempt at repeating the target 
word the noise level is decreased, for every 
successful attempt, the level is increased. This 
adaptive procedure is followed until all the 
words have been presented and the final signal 
to noise ratio is the test result. 

The phonological distance metric 
This measurement of the phonological distance 
between the target word and the word spoken by 
the testee is the product of an algorithm 
developed by B. Brodda. The experiments 
which were the basis for this distance 
measurement were done between 1966 and 1970 
as a consultation for the Swedish Patent Office 
which was interested in the possibility of the use 
of a computerized comparison of the 
phonological similarity between trade mark 
names. New registration of a patented trade 
mark was partly dependent on its not being 
phonologically too similar to any existing trade 
mark. This method of an explicit measurement 
of phonological similarity proved to be useful in 
this application and is still used today as a 
commercial product with which millions of 
word comparisons are carried out each year. The 
measurement is used in our test when the testee 
does not succeed in repeating the target word 
test stimulus. In this event, the test administrator 
transcribes the word actually said by the testee 
and this word is compared to the target word. 
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The result of our version of this measurement is 
a number between 0 and 1 which has a role in 
the control of signal to noise ration for the 
immediately subsequent test word. 

Continued test development 
At the time of writing this preliminary report on 
our new test we are in the process of test 
normalization. A large number of native 
Swedish speakers are being given the test in 
order to determine normal test results for 
different normal hearing age groups. We are 
therefore, in the process of acquiring experience 
in the administration of this test which will 
undoubtedly lead to further developments in 
both the test stimuli and test administration. One 
important analysis of the normalization results 
will be an item analysis of the test stimuli. 

With support of the above test construction 
features we would argue that this new speech 
comprehension test has a high degree of 
construct validity (Cronbach, 1960). In the next 
stage of test development we hope to be able to 
continue our investigation of test validity with 
experiments leading to a judgement of 

concurrent validity. We hope to acquire a basis 
for this judgement through a comparison of the 
results of our test with the results of other 
speech comprehension tests run on the same 
subjects.  
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