AUDIX

1AUDIX: Using Java-based software forremediating auditory perceptual deficits.Grawemeyer, B., & Cox, R1.School of Cognitive &Computing Sciences,University of Sussex, Brighton BN1 9QH, GBbeateg@cogs.susx.ac.uk, richc@cogs.susx.ac.uk&Lum, C.Department of Speech and Language Sciences, Queen MargaretUniversity College, Edinburgh EH12 8TS, GBcarmel@cogsci.ed.ac.ukCSRP - 521October 25, 2000AbstractAUDIX is a knowledge-based multimedia system for auditory discrimination exercises. Theaim of AUDIX is to deliver computer-based cognitive rehabilitation therapy to patients, whichthey can use independently at home on an ’on-demand’ basis. Specifically, AUDIX providescomputer-based auditory discrimination training. This training is intended for adults who haveauditory-perceptual deficits or Ôword sound deafnessÕ (e.g. Howard & Franklin, 1988), as aresult of acquired brain injury. The nature of this perceptual problem is an inability to perceivedifferences between phonemes in speech. This deficit requires a type of therapy calledÔauditory discrimination trainingÕ. A knowledge-based approach to the design of AUDIXensures that the domain dependent therapy knowledge is separated from the system core andprovides flexibility. For example, the clinician can add new knowledge (e.g. new therapyitems or stimuli), or create a new knowledge base in order to provide exercises for anindividual patient. This paper describes the AUDIX architecture and outlines the advantages ofcognitive rehabilitation therapy over more conventional computer-therapy programs.

Address all correspondence to Dr. R. Cox, School of Cognitive & Computing Sciences, University of Sussex,Falmer, Brighton, BN1 9QH, UK. Electronic mail may be sent to richc@cogs.susx.ac.uk

AUDIX

2Introduction

AUDIX2 provides a knowledge-based system for auditory discrimination exercises.The system is designed to deliver computer-based cognitive rehabilitation therapy. This is incontrast to many existing programs, like the MINDS software tool from Brand (1992) or thesoftware program from Lopez-Bascuas et.al. (1999), which are designed for use in patientassessment.

AUDIX is designed to facilitate the amelioration of auditory deficits in brain injuredpatients. This training is intended for adults who have auditory-perceptual deficits or Ôwordsound deafnessÕ (e.g. Howard & Franklin, 1988), as a result of acquired brain injury. Thenature of this perceptual problem is an inability to perceive differences between phonemes inspeech. This deficit requires a type of therapy called Ôauditory discrimination trainingÕ,described by numerous researchers (e.g. Luria, 1980; Kertesz & Wallesh, 1993; Gielewski,1983; Morris, Franklin, Ellis, Turner, & Bailey, 1996; Morris, 1997).AUDIX is designed to give patients with word sound deafness the option of accessingan intensive auditory-training therapy regime at home, Ôon-demandÕ. AUDIX presents auditorydiscrimination exercises (phonemic contrasts) and is designed for use by adult aphasic patientswho need to re-learn auditory discrimination skills.

There are several advantages of computer-based therapy. Using computers in researchon the efficacy of therapy allows the actual processes and procedures of therapy to be deliveredindependently of the clinician. This, in turn, allows the process of therapy to be described moreobjectively, compared to traditional face-to-face therapy. The patient may also practice as muchas s/he wants, away from the clinician. Computer-based therapy exercises are available to thepatient at any time and can be used as little or as often as the patient wishes. For example, apatient may do more exercises on a day when s/he feels well and fewer on days when s/he feelsless well. Patients may also experience therapy more as a partnership of equals rather than theoften asymmetrical Ôclinician-patientÕ relationship. This helps the self-confidence of thepatients, as discussed in Crerar and Ellis (1995).Computer-based therapy programs can also provide rich information about a patientÕstest results and provide a way of tracking improvement over time. Therapy software is alsomore interactive, dynamic and responsive compared with the paper-based exercises thatclinicians typically set for patients between face-to-face therapy sessions.Computer-based therapy systems also provide a rich source of data for researchpurposes, including data that human clinicians cannot gather, such as the patient reaction times.This kind of information was recorded in a controlled single-case experimental study usingAUDIX in which its effectiveness in the auditory training of patient with word sound deafnesswas evaluated (Lum, Grawemeyer, Roy & Cox (submitted).Therapeutic intervention using AUDIX

AUDIX was designed to train an adult aphasic patient (CB) to discriminate (i.e. hear)the difference between ’minimal pair’ sets of words. Minimal pairs are words which sound thesame except for a change in either the initial or final sound of the word (e.g. pay, may, bayor cup, cub, come).

Aphasic patients can have auditory discrimination problems despite having normalhearing acuity Ð it is a difficulty in perceiving the some speech sounds in the presence ofnormal hearing. As mentioned above, the condition is often referred to as "word sounddeafness" (e.g. Howard & Franklin, 1988). The patient may no longer able to distinguishbetween, for example "pat" and "bat". Therapeutic techniques to improve the patient’s ability todiscriminate sounds are based on providing auditory discrimination exercises. The patient istrained with minimal pair sets of words. These are words which sound the same except for a

The source code for AUDIX, and java class files for a demonstration version (compiled for PCWindows 95/98)are downloadable using a Web browser from http://www.cogs.susx.ac.uk/users/richc/audix.zip (file size 4.6 MB,11.9 MB uncompressed).

AUDIX

3change either in the initial, medial or final phoneme of the word, e.g. "pie", "bye", "my" or"cup", "cub", "come".

AUDIX therapy involves presenting the patient with sets of words (often 3 sometimesonly 2) that have close phonemic contrasts. Typically, a speech clinician works first withwords, which contrast initial, then final and then medial positions. When the patientÕsperformance improves, the clinician may increase the complexity of the task by increasing thenumber of choices (e.g. 2 to 3 words) presented to the patient. A future version of AUDIXwill also allow the therapist to increase the length of time (delay) between presenting the wordand when the patient is allowed to respond.Design of AUDIXThe design of AUDIX reflects the contributions of the patient during development. Althoughevery effort was made to anticipate the patientÕs requirements, ultimately it is the patient (user)who has the final say on whether or not the program is usable from his/her point of view. Thesystem design has changed considerably over time. For example, in an early version of thesystem, clickable pictures of lip-shapes with their associated sounds were presented only at thebeginning of each exercise. In later versions, these interactive Ôaudio diagramsÕ were madeavailable to the patient at any time during an exercise, i.e. for reference at any time. Theperformance accuracy criteria for moving forward through sequences of exercises were alsofine-tuned.

Figure 1 shows the basic screen from AUDIX for a typical auditory discriminationexercise. It displays the written representation of minimal pairs in p/b/m phonemic contrasts.The top of the screen shows clickable images of relevant lip-shapes, as discussed above.AUDIX highlights the first trial (the first line) and selects randomly a target stimulus for thistrial. The relevant sound file is then played. The patient hears the sound over headphonesconnected to the computerÕs sound card output. A Òplay againÓ button gives the user the optionof repeating the stimulus sound.

The userÕs task is to discriminate the target stimulus of the actual trial from one, two ormore distracter items, and to select one of the written representations. If the patient selects thecorrect written stimulus, the system reacts with a rewarding ÒapplauseÓ sound and changes theÒplay againÓ button into a ÒnextÓ button. Following an erroneous response, the system reactswith a neutral ÒbeepÓ sound and the patient is required to re-respond until the correct responseitem is chosen. The patient then presses the Ónext Ò button and the next trial is presented.When the patient has completed 3 consecutive exercises with a 90% or greater accuracy rate,the next exercise from the selected order is presented to the patient. This sequence is repeateduntil the exercise sequence is finished.

All responses and target stimuli data, including erroneous response sequences, aretime-stamped and stored in a data log file for later evaluation by the clinician. Informationabout the selected items and the reaction times from the patient is stored in an ASCII file.Figure 2 shows an example.

AUDIX also provides a means by which the clinician can select the order of exercisesfor therapy. Figure 3 shows the clinician set-up screen. Here, the phonemic contrast positionand type can be selected and the order of administration specified. The clinician can modify orcreate a new type of exercise for a particular patient (discussed below).Implementation

AUDIX is developed in Java and is therefore platform independent and flexiblyreconfigurable (Flanagan, 1997; Linden, 1998). It can run on a PC under Microsoft Windows95/98, a Macintosh computer (under MacOS) or on a UNIX machine. The auditorydiscrimination exercises could also be provided via the Internet, as Java applets running in aweb browser. These features represent a significant advantage over previous systems, whichtend to be platform and operating system dependent, pre-internet and therefore out-of-date.

Most currently available rehabilitation software is platform specific and can thereforeonly be used (typically) on either Macintosh computer or IBM compatible PCs. An example of

AUDIX

4current software is RehaCom3. The software claims to provide computer-aided rehabilitationof cognitive functions, providing adaptive and individualized training. RehaCom is designedfor PCÕs (486 or Pentium) and runs under MS-DOS version 5.0 (or higher).

Java, AUDIX’s development language, provides a way to focus on the data in theapplication and the methods that manipulate that data. In an object-oriented system such asAUDIX, the source code can be organized efficiently, e.g. through inheritance. Subclassescan inherit behavior from the referring superclass, which is efficient from the point of view ofcode re-use and organization. Another advantage of Java is its platform independence(architectural neutrality). AUDIX can be used on any systems for which a Java runtimeenvironment is available. It can run over the Internet and on UNIX workstations, Macintoshcomputers and PCÕs under the Microsoft Windows operating system.

The following software was used in the development of AUDIX: Java JDK 1.2 fromSun Microsystems4 and SoundEdit 16 version 2 from Macromedia5. The system wasimplemented on a PC with an AMD K63 Processor (400 MHz), 64 MB RAM, an ATI videocard 128 GL, and a Sound Blaster 16 PCI sound card.Sound Recording Procedure

As mentioned above, AUDIX provides a means for the clinician to specify the auditorydiscrimination exercises for each individual patient. To add or create new exercises, therelevant sound files and descriptions of the exercises in the knowledge base have to beprepared. The sound recording procedure will be explained in this section. Knowledge-basemodification procedures are discussed in the following section.

Spoken stimuli were recorded by a speech clinician on to digital audio (DAT) tape in anacoustically dampened audio laboratory. The DAT tape was replayed into the audio line inputof a Macintosh G3 computer. SoundEdit 16 version 2 (Macromedia) was used to digitize theaudio clips, and they were saved in AIFF format. This sound format is a common audio formatand allows the storage of high quality digitized samples at 22 kHz or 44 kHz (CD quality). Toprovide an appropriate sound for each stimulus in CD quality, the AIFF files have a sampledepth of 16 bit, are recorded in stereo at a sampling rate of 44 kHz. High quality sound outputis important because of the nature of the patientÕs task (auditory discrimination).

Because AUDIX is implemented in Java JDK 1.2 (Sun Microsystems), the developedsystem can be used with several audio file formats. Java JDK 1.2 is capable of handling thefollowing audio formats: AIFF, AU, WAV, MIDI (type 0 and type 1 files), RMF

Java (JDK 1.2) can handle 8-bit and 16-bit audio data at virtually any sample rate. InAUDIX, audio files are rendered at a sample rate of 22 or 44 kHz in 16-bit stereo6.

When the sound files have been prepared, the knowledge base of AUDIX can beadapted. The next section describes the way in which new stimuli or phonemic contrastsequences (exercises) are added to AUDIX.The knowledge-based system

The idea behind this knowledge-base system is to provide a way for the clinician tospecify the behavior of the exercises, for example to add more stimuli relevant for a particularexercise or to create a different kind of exercise (different kinds of exercises are describedbelow). The knowledge base is an ASCII file, which can be easily modified with the use ofany basic text editor. All the domain dependent therapy knowledge is stored outside the system

Rehacom, Schuhfried Ltd, Hyrtlestrasse 45, Modling, Austria. Sun Microsystems, Inc., 901 San Antonio Road, Palo Alto, CA 94303-4900, USA Macromedia Inc., 600 Townsend St, San Francisco, CA 94103, USA If the runtime hardware doesn’t support 16-bit data or stereo playback, the audio output is 8-bit and/or mono.

AUDIX

5core in a knowledge base. If the domain dependent therapy knowledge was ÒhardÓ codedinside the AUDIX system, the program code would have to be re-implemented following anychange to an exercise, and would require a programmer. AUDIX was therefore implementedas a knowledge-based system, where the domain-dependent knowledge is stored in anindependent file. The system core of AUDIX is therefore independent of any particular type ofexercise output by the system, as shown in Figure 4.

A special knowledge representation language was developed to express the domaindependent therapy knowledge in the knowledge base. A knowledge-based system contains aknowledge base where the knowledge used by the system is explicitly coded and not implicitlyÒhiddenÓ in the program code. This makes expanding or modifying the domain knowledgestraightforward. The central task of a knowledge-based system can be seen in therepresentation and processing of knowledge.

A knowledge base is a symbol structure, which represents a set of facts about thedomain of discourse methods (Berg & Fritzinger, 1997; Guida & Tasso, 1994). The termobject is used to refer to elements in the knowledge base that are expected to indicate entities inthe domain. For example a knowledge base which contains humans as its domain of discoursemight contain an object which represents Socrates as a human. Objects are also used torepresent abstract concepts such as the concept of humans and like sets of entities such as theset of philosophers. A property of an object is a statement that certain relationships holdbetween entities denoted by some objects. For example a property of the object whichrepresents Socrates might be his birthplace in Athens.

Frames can be used to represent common sense knowledge so that the knowledge canbe used by the computer system. Frames were developed in the seventies (e.g. Minsky, 1974).They are tools for representing knowledge in a structured and flexible manner. A frame is acomplex data structure which contains information about the components of the concept beingdescribed, links to similar concepts, as well as procedural knowledge on how the frame canchange over time. The common schemata of a frame can be seen in Figure 5.

A frame consists of slots that define its constituent parts. Each slot can be split intofacets that specify local information, like the value of the slot, or the inferences and consistencychecks that should be performed when the slot value is retrieved or updated.An AUDIX frame has the following structure:(defframe <framename> (superframe <framename>)

<attributes>

(parts (<partname> (frame <partframename>))

The name of the defining frame is represented after the keyword defframe. In asuperframe, a frame can be specified from which a defined frame inherits all of itsproperties. Inside a slot, various parts can be defined. Each part is characterized through itsname (partname). The following list represents the referring frame of the part.

For example:(defframe initial-pbm-01 (superframe initial-pbm)

...(parts

(pay-item (frame pay))

(bay-item (frame bay))

(may-item (frame may)))

... )This means that frame initial-pbm-01 is a part of an exercise of minimal pairs in theinitial position with p/b/m contrasts of voice and manner (initial-pbm). It includes the partspay-item, bay-item and may-item, which represent a set of stimuli. The structure of thestimulus of pay-item is described in the frame pay.

A frame definition includes all the information about a particular object. A frameconsists of attributes. To add a new stimulus, another contrast or to create a new exercise,

AUDIX

6frames have to be defined to expand the knowledge base. For example the following steps areinvolved in adding a new stimulus. First, a new frame is created for each new stimulus asfollows:(defframe bay (superframe initial-pbm-01)

(voice "initial-pbm-bay.AIFF")

(item "bay"))

Each stimulus is represented by its voice and item. By means of the attribute "voice",it is possible to state which sound file refers to the current stimulus, e.g. "initial-pbm-bay.AIFF", which includes the name of the sound file for stimulus bay. In attribute "item",the word, which represents the stimulus, can be expressed as a string, e.g. "bay".

The knowledge base has an important influence on the kind of exercise presented in thesystem. One way to modify the knowledge base is to add new knowledge, as described in thissection, e.g. to present a set of contrasts in the referring contrast position. This design ofknowledge base permits the clinician-user to set up exercises in which particular sets ofcontrasts are presented (e.g. selected on the basis of initial, medial or final position in theword, and/or on the basis of particular voice characteristics, etc).Interface

AUDIX provides an environment that emulates the concrete (paper-based) material thatthe users (patients and clinicians) are already familiar with. Traditional therapy materialconsists of illustrations of, for example, words and sounds with their associated lip shape(s),or cards showing the written representation of the stimuli as words. Figure 6 gives an exampleof a card presented to a patient for the discrimination of p/b/m contrast stimuli.

These physical cards formed the basis of the design of the computer-based system.The system user is confronted with minimal pair sets of words that have to be discriminated.As described earlier, a typical exercise consists of listening to an aurally presented word (e.g."pie") and then selecting a written representation of the word from an array of words Ð e.g.between "pie", "bye" and "my". Figure 1 shows an example of an AUDIX exercise on thesame contrast as that shown on the card in Figure 6.

AUDIX gives performance feedback in the form of applause (audio clip) or a neutralbeep sound (on an error). If the patient makes an error, s/he can retry and the system logs suchrepeat attempts and factors them into the scoring. All patient -system interactions are loggedelectronically for later review by patient and clinician. The patient is presented with aperformance summary and a history of recent performances after each contrast session. Figure7 shows such a summary.

The patient can practice exercises at home, in the absence of the clinician, betweentherapy sessions, using a Laptop PC and headphones. The interface design of AUDIX hastaken into account that people who use this system for therapy have usually not had very muchexperience with computers. All interactions are via mouse-based Òpoint and clickÓ operations.Therefore the interface is very clear and easy to use. Because it is important that the patientunderstands how the auditory discrimination exercise system works, at the beginning of eachsession AUDIX provides a short explanation about the system and gives some instructionsabout the exercises which are to be undertaken by the user later on. The feedback at the end ofeach session provides the patient with an overview about the progress s/he has made whilecompleting the auditory discrimination exercises.AUDIX in use

The software has been trialled with an aphasic patient to evaluate its effectiveness inremediating the patient’s auditory comprehension deficit. A controlled single-case study of astroke induced aphasic patient who has moderate difficulties in understanding speech wasconducted. The patient used AUDIX for therapy sessions several times at home over a two-week period. Single-case study research methods (Kratochwill & Levin, 1992), were used inorder to investigate whether AUDIX-based intervention selectively improves the patientsauditory discrimination performance on trained versus untrained contrasts.

The case study patient-participant was a 44-year old man (CB) presenting withpersistent and stable word sound deafness was subjected to a full cognitive-neuropsychologicalassessment. The results provide strong evidence for the diagnosis of word sound deafness

AUDIX

7with a concomitant syntax problem in comprehending reversible verbs (e.g. shoot, push).These results contribute to forming baseline measures before therapy commenced.

Just prior to the commencement of the therapy program, the patient was administered aminimal pairs set. The items (i.e. the phonological contrasts) which he found most difficultwere divided into two lists of minimal pairs for therapy. One list of phonological contrasts wastreated (via AUDIX), with the other list the ’untreated’ set. The treated and untreated lists werematched on word length, type, phonological contrast and place of contrast. The patient workedat home supported weekly by a clinician and one of the investigators (CL). Other pre-therapyassessments included measures of syntax comprehension and production such as the PALPAsentence-picture matching test (Kay, Lesser & Coltheart, 1992). The control conditions weretest performances on the untreated phonological contrasts and the comprehension of reversibleverbs (the latter were not treated during the course of the training program).

Several outcomes were studied:

i) The patient’s improvement as a consequence of the auditory training therapy.

ii) The patientÕs response to a home-based therapy program which can be used ÒondemandÓ (under direction of the clinician).

iii) The log files of the patientÕs use of AUDIX during therapy.

At the end of the 6-week therapy program, the patient was reassessed on the pre-therapy tests. Improvement on the treated but not on the untreated list of phonologicalcontrasts or the syntax tests, suggest that the patient benefited from treatment. The results ofthis study are currently undergoing analysis (Lum, Grawemeyer, Roy and Cox, submitted).Conclusion

There is clearly a role for computers in therapy, as opposed to assessment (which hasbeen the focus of most research to date). A system (AUDIX) was designed and implementedfor one specific kind of therapy according to sound principles from both software design andengineering and on the basis of scientific research in cognitive neuropsychology. Clinician andpatient feedback informed the design, which emerged iteratively as successive versions ofAUDIX were trialled.

The evaluation study revealed that the patient liked the feedback and felt a great sense ofachievement as he saw his performance improve.

A patient (CB) used AUDIX for 6 weeks and the rich data from the system logspermitted new kinds of research question to be addressed. The use of systems such as AUDIXshould contribute substantially to knowledge about treatment efficacy.

AUDIX

8References

Berg, D.J. & Fritzinger J.S. (1997) Advanced techniques for Java developers, provensolutions from leading Java experts. John Wiley & Sons Inc., Canada.

Brand, N. & Houx, P.J. (1992) MINDS: Towards a computerized test battery for usein health psychological and neuropsychological assessment. Behavior Research Methods,Instruments, & Computers, 24 (2), 358-389.

Crerar, M. A., & Ellis, A. W. (1995). Computer-based therapy: towards secondgeneration clinical tools. In Code, C., & Muller, D (Eds.), Aphasia Therapy , (2nd Ed).London: Cole & Whurr.

Flanagan, D. (1997). Java in a Nutshell, (2nd ed.). OÕReilly & Associates, Inc.,Sebastopol, CA.

Franklin, S. (1989) Dissociations in auditory word comprehension: evidence from ninefluent aphasic patients, Aphasiology, 3, 189-207.

Franklin, S., Turner, J., & Ellis, A.W. (1992) The ADA Auditory comprehensionbattery. London: ADA.

Gielewski, E. (1983). Acoustic analysis and auditory retraining in the remediation ofsensory aphasia. In C. Code & D. Mueller (Eds.), Aphasia Therapy: Studies in languagedisability and remediation (pp.138-145). London: Cole and Whurr

Guida, G. & Tasso, C. (1994). Design and development of knowledge-based systems.John Wiley &Sons Ltd., Chichester, UK.

Howard, D., & Franklin, S. (1988). Missing the hearing?: a cognitiveneuropsychological study of the processing of words by an aphasic patient. MIT Press,Boston.

Kay, J., Lesser, R. & Coltheart, M. (1992) PALPA: Psycholinguistic Assessment ofLanguage Processing in Aphasia. Hove: Psychology Press.Kertesz, A., & Wallesh, C.-W. (1993). Cerebral organization of language. In J.Ditlman, H. Grim, J. Marshall, & C.-W. Wallesh (Eds.), Linguistic Disorders andPathologies: An international handbook (pp. 120-137). New York: Walter de Gruyter

Kratochwill, T. R., & Levin, J. R. (Eds.). (1992). Single-case research design andanalysis. New Jersey: Lawrence Erlbaum Associates.

Linden, P. (1998). Just Java and beyond (3rd. ed.). Sun Microsystems, Inc.,California, USA.

Lopez-Bascuas, L.E., Marin, C.C. & Garcia, F.J.S. (1999). A software tool forauditory and speech perception experimentation. Behavior Research Methods, Instruments, &Computers, 31 (2), 334-340.

Lum, C., Grawemeyer, B., Roy, J. & Cox, R. (submitted to NeuropsychologicalRehabilitation). Computer-based auditory discrimination training: A controlled single-caseefficacy study.

Luria, A. R. (1980). Higher cortical functions in man. (2nd ed.). New York: BasicBooks.

Minsky, M. (1974). A framework for Representing Knowledge. Artificial IntelligenceMemo 306, MIT AI Lab, Cambridge, Mass.

Morris, J. (1997). Remediating auditory processing deficits in adults with aphasia. InS. Chiat, J. Law, & J. Marshall (Eds.), Language disorders in children and adults (pp. 42-63). London: Whurr.

Morris, J., Franklin, S., Ellis, A. W., Turner, J., & Bailey, P. J. (1996). Remediatinga speech perception deficit. Aphasiology, 10, 137-158.

AUDIX

9Author Note

Grawemeyer, B., and Cox, R. School of Cognitive and Computing Sciences,University of Sussex, Falmer, Brighton, BN1 9QH, UK; Lum, C., Department of Speech andLanguage Sciences, Queen Margaret University College, Corstorphine Campus, ClerwoodTerrace, Edinburgh, EH12 8TS.

AUDIX was implemented in the School of Cognitive and Computing Sciences,University of Sussex in collaboration with the Department of Speech and Language Sciences,Queen Margaret University College,.

Correspondence concerning this article should be addressed to Dr. Richard Cox,COGS, University of Sussex, Brighton BN1 9QH, GB. Electronic mail may be sent torichc@cogs.susx.ac.uk

AUDIX

10Figures and CaptionsFigure 1. AUDIX window for a typical auditory discrimination exercise.Figure 2. AUDIX summary of the userÕs responses.auditory discrimination exercisesdate: 28 Jun 2000start time : 11:40:19 AMend time : 11:41:07 AMuser name: brmic-testsess. no.: 1trial no.: 2pressed item: payresponse: truepressed item: meresponse: falsepressed item: beeresponse: truepressed item: moreresponse: truepressed item: myresponse: true...

AUDIX

11Figure 3. AUDIX set-up screen (used by clinicians/therapists).Figure 4. System overview of the Knowledge-Based AUDIX system.

auditorydiscriminationexercises accessoutputsystemcoreknowledgebase

AUDIX

12Figure 5. The common schemata of a frame.facet forslot namefacet forslot valuefacet forslot range valueetc.facetslotframe

Figure 6 Example of a card presented to a patient for the discrimination of p/b/m contraststimuli paybaymaypeabeemepoorboremorepiebyemyFigure 7. AUDIX summary of user response results.