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1. Introduction 

Hearing, logopedic and vision impairment are one of the fastest growing diseases of modern society. The 

most critical is the problem of these impairments in young children.  

Therefore, there is an urgent need to organize screening tests to identify people, especially children, suffering 

from hearing, logopedic and vision impairments. Until now, there have not been proper methods and devices available 

that would allow for quick and cost-effective screening of wide population of children. On the other hand, most of these 

children have no (or very limited) access to specialized audiological, otolaryngological and ophthalmological centers. 

The Proposed systems offer wide availability at low cost. Simplicity of the test, associated with their reliability justifies 

the system as a perfect for screening tests. 

The aim of the project was then to develop a system for hearing, speech and vision screening in young 

children that would allow for accurate, quick and cost-effective detection of hearing problems. The system is based on 

multimedia methods of hearing testing, and employs a PDA-type microcomputer as the hardware platform. Internet 

communication facilitates the transmission of test results directly to reference centers and allows for access to 

databases. An additional packages of software can be used for detecting speech impairments and providing tools for 

logopedic training and for vision impairment detection. 

2. Project description 

The system of „I Can Hear…”, „I Can Speak…”, “I Can See…” is one of many computer-based tools for hearing, 

speech and vision testing developed by the Gdansk University of Technology, Poland in co-operation with the Institute 

of Physiology and Pathology of Hearing in Warsaw, Poland. The Institute of Physiology and Pathology of Hearing is a 

Research and Development Unit of the Ministry of Health in Poland. 

2.1.  ĂI Can Hearéò -  a system for universal hearing screening 

„I Can Hear…” provides a test that uses automatic questionnaire analysis, audiometric tone test procedures, and 

assesses speech intelligibility in noise. When all the testing is completed, „I Can Hear…” automatically analyses the 

results for each person examined. Based on the number of incorrect answers, the decision is made automatically by 

the expert system: does the person have normal hearing or does he or she have hearing problems and require to be 

examined in one of the consulting centers. 

Those whose hearing impairment is confirmed will be referred to treatment in rehabilitation centers. All these 

centers are connected via the Internet and are provided with special distributed database access allowing them to 

automatically register and track the patient discovered during the remote screening. 

HEARING EXAMINATION PROCEDURE 

For examination of hearing one uses a PDA-type computer, a pair of headphones and the calibrator (the 

special device ensuring proper audiometric sound levels in the headphones) (Fig. 1). 

“I Can Hear…” exploits two audiometric measurement techniques. The first one is based on generation of 

pure tones of frequency 1, 2 and 4 kHz and levels calibrated according to the current international standards for 

screening tests (ASHA). The second technique consists in playing back the recorded words spoken by a male 

speaker. Usage of masking speech noise (CCITT) made the system more insensitive to ambient noise [2]. Two 

versions of speech-in-noise tests are available. In the test dedicated to young children, the words are represented by 

pictures. In the alternative version for schoolchildren and adults, written words are displayed. However, the basic 

principle of the test remains the same.  

After the test, the system analyses each subject’s result. Based on the number of errors, the system automatically 

answers whether the person has normal or possibly abnormal hearing, which requires further evaluation in one of the 

Consultation Centers. 



      

Fig. 1. ñI Can hearéò ï sound level calibrator. System was calibrated using the state-of-the-art equipment, including 
artificial ear (B&K 4152) and the sound level meter equipped  with the sound analyser (B&K 2260). 

 

 

Fig. 2. ñI Can hearéò ï speech intelligibility test: text version, graphic version. 

 

2.2.  ñI Can Speakéò ï computerized tools for children who have problems with 
speech 

 

The PDA-based system „I Can Speak…” offers a new type of interactive speech therapy dedicated to the 

children with speech disorders. The system uses modern computer technology and multimedia. The software provides 

vital assistance to speech therapist and/or patient, which facilitates diagnosis and rehabilitation of speech disorders. 

Additionally, the system provides tools for evaluation of language skills of the child, including vocabulary and grammar 

proficiency assessment. 



On the basis of automated analysis of the content of electronic questionnaire, included in the system, and on the 

results of the interactive speech tests, the system automatically diagnoses any possible speech disorders and 

evaluates the degree of disorder. Consequently, the system informs the patient of a need to consult a speech therapy 

or phoniatry specialist.  

The examination procedure consists of three basic steps: 

STEP 1 ï Completing the questionnaire 

Before performing any examination, the user is asked to complete a questionnaire consisting of questions 

similar to those asked by a speech therapist or phoniatrician during a typical interview with the patient. 

STEP 2 ïTests of speech functions  

A number of interactive tests can be performed to examine potential speech/voice  dysfunctions, and to 

assess the level of speech development. These include 

 

Fig. 3. ñI Can Speakéò ï tests of speech functions, evaluation of vocabulary and grammar proficiency. 

 

1) Assessment of phonemic hearing 
2) Assessment of motoricity of speech-production organs (Fig. 3) 
3) Assessment of speech articulation 
4) Evaluation of mastered vocabulary (Fig. 3) 
5) Evaluation of grammar proficiency (Fig. 3) 
6) (Optionally) Assessment of auditory memory 

 

Two versions of the tests, an elementary and an advanced one, are provided. In the advanced version, 

dedicated to older children, there are more comprehensive tests for vocabulary and grammar evaluation, and a test for 

assessment of auditory memory is added. 

 

STEP 3 ï Automated ï Formulating the diagnosis and storing/transmitting the results 

 

 



2.3. ñI Can Seeéò ï universal system for diagnosing visual impairments 
 

“I can see...” is a PDA-based system which offers new interactive methods of testing vision. The software provides 

multimedia assistance in vision testing and facilitates diagnosis.  It is meant for testing children and youth.  The 

examination may be carried out by a skilled specialist who is trained in using the “I can see...” system.  

The system requires an electronic questionnaire to be filled in, which together with the results of the performed tests 

allows to assess the kind and degree of vision impairment. The system informs the patient of a need to consult the 

ophthalmology specialist. 

 

The examination procedure consists of three basic steps: 

STEP 1 ï Completing the questionnaire 

Before performing any examination, the user is asked to complete a questionnaire consisting of questions 

similar to those asked by an ophthalmologist during a typical interview with the patient. 

STEP 2 ïTests of vision functions  

Two of interactive tests can be performed to examine potential vision  dysfunctions, and to assess the level of 

speech development. These include 

1) Contrast sensitivity test (Fig. 4) 
2) Colour vision test (Fig. 4) 

 

 

Fig. 4. ñI Can Seeéò ï color vision test (children), contrast sensitivity test. 

 
The color vision test is provided in two version, which distinguish between youth and children. In the test for youth, 

the examinee has to name the number displayed on the screen. In the test for children, the child has to trace the 

presented pattern by drawing over its lines (Fig. 4). The pattern is randomly chosen from a set of pre-defined patterns. 

STEP 3 ï Automated ï Formulating the diagnosis and storing/transmitting the results 



3. Comparison of the systemsô capabilities with the contemporary state of 
technology 

 

At the moment, there are several types of screening audiometers available on the marked that use pure-tone 

audiometry methods (the possibility of measuring audiograms or performing simple screening tests). Most of them are 

costly and have not found wider application in hearing screening of young children at schools and kindergartens. 

The unique features of the presented system are: 

1) Low cost and wide availability, due to the application of a PDA computer, 
2) Simplicity of the tests, associated with their reliability, 
3) Unique combination of hearing screening tests with the tests for detection of speech/language impairments, 
4) Facilities for direct communication with reference centres and immediate transmitting of test results via 

Internet. 
 

Due to the mentioned advantages, the mobile multimedia system for hearing , speech and vision screening 

are an ideal tool to be used in screening programs. They can also be useful daily practice in audiological and speech 

therapy centres. 

4. References 

[1] /ȊȅȍŜǿǎƪƛ !ΦΣ YƻǎƛƪƻǿǎƪƛΦ _ΦΣ YǳǊƪƻǿǎƪƛ aΦΣ {ȊƪƛŜƱƪƻǿǎƪŀ !ΦΣ YƻŎƘŀƴŜƪ YΦΣ {ƪŀǊȍȅƵǎƪƛ IΦ άMobile hearing and 

speech screening applicationsέ,  XXVth ¦9t /ƻƴƎǊŜǎǎΣ tƻȊƴŀƵΣ tƻƭŀƴŘ, 2008. 

[2] /ȊȅȊŜǿǎƪƛ !ΦΣ YƻǎǘŜƪ .Φ ŀƴŘ {ƪŀǊȍȅƵǎƪƛ IΦΣ Ϧ!ǇǇƭƛŎŀǘƛƻƴ ƻŦ /ƻƳǇǳǘŜǊ ¢ŜŎƘƴƻƭƻƎȅ ǘƻ !ǳŘƛƻƭƻƎȅ ŀƴŘ {ǇŜŜŎƘ 

Thearphy", (EXIT, Academic Press, Warsaw 2002 (in Polish). 

 

 


