Benefit of Classroom Use of Three S/N Enhancing Devices to Speech Perception of Children Listening in a Typical Classroom with Hearing Aids or a Cochlear Implant
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Three experiments were performed that provided careful control of noise, distance and teacher voice loudness and content of presented information in order to observe and interpret differences in speech perception associated with different educational hearing technology devices – wall mounted sound field amplification, desktop FM and personal ear-level FM. 

Each child was tested separately. All were required to repeat recorded lists of the same 5-word HINT sentences. There were four conditions all of which used the child’s hearing aids or cochlear implant: 1) hearing aids or cochlear implant alone, 2) wall-mounted infrared sound field amplification system, 3) desktop FM, and 4) personal FM booted to hearing aids or implant. The conditions were randomized with each child repeating 3 lists of 10 sentences per condition. Listening breaks were provided and two people scored each child’s responses. 

Of the 28 children tested, 6 had cochlear implants and the rest wore bilateral hearing aids. They ranged in age from 8 – 13 years and were selected because they were oral and had age appropriate language ability and relatively good speech intelligibility. The 17 children in Experiments 1 and 2 had PTA in the better ear ranging from 33 dB to 75 dB. The 5 children with hearing aids in Experiment 3 had PTA in the better ear ranging from 73 dB to 81 dB and the remaining 6 children had unilateral cochlear implants with PTA in the profound range in the unimplanted ear. Thus, children with hearing aids had hearing losses ranging from mild to severe degrees.  The length of time children with implants had been implanted ranged from 11 months to over 4 years. 
Two environments were selected for testing. Experiments 1 and 2 were conducted in a typical kindergarten classroom. Experiment 3 was conducted in a small multipurpose room. The reverberation time was 1.1 seconds for the first two experiments and 0.6 seconds for Experiment 3. Background noise used was recorded hospital cafeteria noise. In Experiment 1 the S/N of the HINT sentences when no S/N enhancing technology was used was +10 dB, in Experiment 2 it was +6 dB S/N and in Experiment 3 it was again +10 dB. Therefore, the first two experiments posed more listening challenges than the third experiment. Despite these differences, the results of all three experiments were strikingly similar.
The speech perception results of three experiments support the use of a desktop FM or personal FM system by children with hearing loss who are auditory learners in typically noisy learning environments, whether poor or acceptable levels of reverberation are present. The use of sound field amplification with wall-mounted loudspeakers generally did not improve speech perception performance over the use of hearing aids or a cochlear implant alone. Regardless of the advancements in hearing aids and cochlear implants, digital sound processing or programmable technology cannot overcome the effects of background noise or reverberation on speech perception when an individual is seated outside of the critical distance for listening. 

Out of 28 children participating in the experiments only two participants (7%) demonstrated no substantial difference in benefit with any one S/N enhancing device over their personal devices worn alone (less than a 5% advantage among conditions). For the majority of participants, while using their hearing aids or cochlear implant only the least accurate performance resulted when using the wall-mounted sound field amplification whereas performance with either the personal FM system or the desktop FM consistently resulted in the most accurate speech perception. Thus, a vast majority of participants appear to benefit when listening with a S/N enhancing device. Over 80% of participants demonstrated no enhancement using classroom sound field technology compared to hearing aids or cochlear implant use alone.
Under the acoustic conditions present in this study, wall-mounted sound field technology provided insufficient enhancement to benefit the over 90% of these experienced listeners with hearing loss, most likely due to the speech signal degradation across distance eroding the benefit of the S/N enhancement. Based on the results of this investigation, providing wall-mounted sound field amplification in classrooms to benefit students with hearing impairment appears to be an unjustified practice, especially if the students are seated in a central location in the classroom. It is possible that there are some students who could benefit from wall-mounted sound field technology however, these experimental indicated that sound field technology rarely yields optimal performance. If an individual was placed within the critical distance for listening in relation to the placement of one or more loudspeakers, improved performance over that which was revealed in these experiments could be expected. Ideally, the individual with hearing loss would be well within the critical distance, which is the presumed reason explaining the success of desktop FM and personal FM solutions over wall-mounted sound field speakers. 

Degree of hearing loss was not a reliable predictor of the level of improvement using S/N technology. These results challenge the common perception among audiologists that performance can be predicted based on success with hearing aids or cochlear implants in quiet or relative to the individual’s degree of hearing loss.
The concept of critical distance appears to be very relevant when considering classroom amplification devices.  In typical-sized classrooms the critical distance is approximately 3 meters, however as critical distance is related to reverberation time present it can be substantially smaller than this distance in exceptionally reverberant or large classrooms. Children using personal amplification devices alone or who have wall-mounted or sound field amplification systems in their classrooms are frequently farther than 3 meters from their teacher’s mouth or the loudspeaker placement. The agreement in substantial difference in performance between desktop and personal FM systems is most likely attributable to both devices presenting a S/N benefit of approximately +15 S/N or greater while presenting amplified sound within the critical distance for listening. Although the desktop FM may have had similar results to the personal ear level FM device, degradation of the speech signal still occurs as it travels from the table top to the children’s eardrums. Although it was not possible to capture by experimental means, most participants appeared more relaxed, confident, and seemed to have a faster response time while using the personal FM versus other S/N technologies. Almost 2/3 of participants rated greatest ease of listening with the personal FM and a preference to use either the desktop or personal FM.

	
	Participants
	Age range
	Devices
	S/N w/o FM
	Reverb time

	Experiment 1
	8
	9-12
	all hearing aids
	+10
	1.1 second

	Experiment 2
	9
	8-14
	all hearing aids
	+6
	1.1 second

	Experiment 3
	11
	8-13
	5 HA, 6 CI
	+8
	0.6 second


Experiment 1 & 2:  (highly reverberant at 1.1 RT; typical kindergarten room)

+10 S/N speech stimuli alone

+15 S/N ceiling classroom sound field FM (TeachLogic infrared)

+20 S/N desktop sound field FM (LightSpeed LES 390)

+14 S/N (estimated) MicroLink personal FM set to programmable Phonak NovoForte hearing aids per manufacturer’s protocol
Experiment 3   (appropriate reverberation at 0.6 RT)

 +8 S/N speech stimuli alone

+11 S/N ceiling classroom sound field FM (Phonic Ear PE900R Vocalight infrared)

+13 S/N desktop sound field FM (LightSpeed LES 390)

+14 S/N MicroLink personal FM set per manuf’s protocol
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In summary, these results suggest that it is not appropriate to assume that students with hearing loss of mild to severe degree or those who use cochlear implants will benefit from sound field amplification and may indeed perform more poorly in an amplified classroom as compared to wearing only their hearing devices in the classroom. If a child with hearing loss is to have the best chance at accessing verbal instruction auditorily either a desktop FM system or a personal FM system linked to their listening device must be provided. It appears that the S/N enhancing devices that provide the amplified sound within the critical listening distance (indeed as near as possible to the child) allow the best performance. Performance with the desktop and personal FM was equivalent, thereby suggesting that students could be allowed to choose which device they would prefer to use.  However, observation of the students during the speech perception testing led to the conclusion that use of the personal FM device allowed greater ease of listening for most participants. 
Mean accuracy of participant responses for each listening condition in Experiment 1.

	Participant
	Personal Device
	Personal Device only
	Wall-Mounted SF 
	Desktop FM
	Personal FM

	1
	HA
	68.0%
	74.6%
	84.0%
	86.7%

	2
	HA
	76.0%
	71.3%
	86.7%
	95.3%

	3
	HA
	80.6%
	82.0%
	92.0%
	95.3%

	4
	HA
	89.3%
	84.0%
	92.7%
	96.7%

	5
	HA
	93.3%
	95.3%
	98.7%
	100%

	6
	HA
	88.7%
	82.0%
	97.3%
	89.3%

	7
	HA
	90.7%
	93.3%
	99.3%
	97.3%

	8
	HA
	72.7%
	82.0%
	97.3%
	94.7%

	Mean (Standard Deviation)
	82.4 
	83.1
	93.5
	94.4


HA = hearing aid

Mean accuracy of participant responses for each listening condition in Experiment 2.

	Participant
	Personal Device
	Personal Device only
	Wall-Mounted SF 
	Desktop FM
	Personal FM

	1
	HA
	87.33%
	87.33%
	84.00%
	84.67%

	2
	HA
	78.00%
	76.67%
	94.00%
	98.67%

	3
	HA
	65.33%
	52.00%
	74.00%
	76.67%

	4
	HA
	96.00%
	92.67%
	95.33%
	96.00%

	5
	HA
	68.00%
	76.00%
	89.33%
	84.00%

	6
	HA
	40.00%
	50.67%
	70.00%
	62.00%

	7
	HA
	85.33%
	84.00%
	88.00%
	92.00%

	8
	HA
	73.33%
	76.67%
	89.33%
	84.67%

	9
	HA
	82.00%
	70.00%
	78.67%
	88.67%

	Mean (Standard Deviation)
	75.04 (16.31)
	74.00 (14.53)
	84.74 (8.81)
	85.26 (11.01)


HA = hearing aid

Mean accuracy of participant responses for each listening condition in Experiment 3.

	Participant
	Personal Device
	Personal Device Only
	Wall-Mounted SF
	Desktop

SF FM
	Personal FM

	3
	HA
	94.67%
	81.33%
	94.00%
	98.67%

	6
	HA
	46.00%
	48.00%
	77.33%
	74.67%

	7
	HA
	80.67%
	80.00%
	91.33%
	94.00%

	9
	HA
	86.00%
	80.67%
	95.33%
	94.67%

	11
	HA
	85.33%
	80.67%
	93.33%
	91.33%

	HA Mean (SD)
	78.53 (18.88)
	74.13 (14.62)
	90.27 (7.37)
	90.67 (9.32)

	1
	CI
	78.67%
	64.67%
	92.67%
	87.33%

	2
	CI
	80.67%
	73.33%
	91.33%
	83.33%

	4
	CI
	86.00%
	86.67%
	96.00%
	98.67%

	5
	CI
	46.00%
	29.33%
	52.67%
	73.33%

	8
	CI
	56.67%
	63.33%
	86.67%
	98.67%

	10
	CI
	73.33%
	68.67%
	93.33%
	88.00%

	CI Mean (SD)
	70.22 (15.55)
	64.33 (19.10)
	85.44 (16.35)
	88.22 (9.64)

	Overall HA + CI Mean (SD)
	74.00 (16.80)
	68.79 (17.15)
	87.64 (12.72)
	89.33 (9.10)
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