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ABSTRACT 

  The Stenger Principle describes the observation that when two tones of the same 

frequency are presented simultaneously, a single tone is perceived only in the ear in which the 

tone is louder. This principle underlies the Stenger Test, which is used to identify the presence of 

unilateral nonorganic hearing loss (NOHL). Minimum contralateral interference levels (MCILs), 

which can be used to estimate true hearing thresholds in individuals with unilateral NOHL, are 

also based on this principle. In this study, the Stenger Principle is used to examine MCILs and 

the correspondence of the MCILs to true hearing thresholds in 16 adults with normal hearing. In 

Part I of the study, subjects were asked to feign a unilateral hearing loss. Average MCILs were 

12.5, 15.1, and 13.5 dB HL for 1.0, 2.0, and 4.0 kHz, respectively. These were obtained with 

nearly equal interaural stimulus levels. The average difference between MCIL and true hearing 

threshold was 7.6, 9.7, and 8.9 dB, respectively. In Part II of this study, subjects were asked to 

make lateralization judgments for simultaneously presented tones with varying interaural 

intensity differences. Individual subject ratings were compared to MCILs obtained in Part I. 

Although most subjects showed the Stenger Effect with a midline percept of the two tones, 

variability between subjects existed. In some cases the Stenger Effect was not apparent until the 

tonal image was pulled nearly to the “poor” ear. Because of the potential differences in response 

bias (a client may show the Stenger Effect with a small shift in the tonal signal away from the 

“good” ear or may require the tonal signal to be fully lateralized to the “poor” ear), clinicians 

cannot predict exact hearing thresholds. Rather, it is useful to describe a range within which the 

true threshold will be. The 90% ranges (5th and 95th percentiles) calculated in this study were 

approximately 1 and 17 dB. That is, the MCILs for the majority of the subjects were within ~ 1 

and 17 dB of true hearing thresholds.   
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INTRODUCTION 

Nonorganic hearing loss (NOHL) is used to describe hearing loss that, based on 

behavioral test techniques, cannot be explained by an organic cause. An individual presenting 

with NOHL may be feigning a hearing loss or exaggerating the severity of an existing hearing 

loss. While feigning a hearing loss or exaggerating a hearing loss is intentional, nonorganic 

hearing loss can also be unintentional (i.e., Conversion disorder). Other terms used to describe 

NOHL include “malingering,” “pseudohypacusis,” “functional,” and “psychogenic hearing loss.” 

Clinicians are urged to use these terms cautiously, as they can carry underlying assumptions 

about the motives of the individual with NOHL (Katz, 2009). While the motives behind NOHL 

may be unknown to the clinician, the clinician should not make assumptions as feigning or 

exaggeration may be unintentional. What makes NOHL more confusing and challenging is that it 

is difficult for the clinician to determine whether an individual is exaggerating a true hearing loss 

or has normal underlying hearing ability.  

NOHL can present itself bilaterally or unilaterally. It is difficult to determine the 

incidence and prevalence of NOHL and even more so, unilateral and bilateral NOHL, regardless 

of whether it is intentional or unintentional. Peck (2011) provides a very organized and thorough 

review of studies that have examined NOHL in adults and children. Based on studies completed 

from 1970 to 2004, he reported adult prevalence rates between 1.4% and 50%, with incidence 

rates ranging from 0.9% to 32%. The wide ranges are likely a result of studies being performed 

and data being collected in a variety of clinical settings. That is, rates among individuals in the 

military or those who could potentially seek compensation may be higher than rates found in 

hospital or even private practice clinics. Peck further stated that there is an even greater difficulty 

in determining incidence and prevalence rates in children as few studies have examined NOHL 
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in this population. In his analysis, he found incidence rates for children ranging from 0.9% to 

2.5%. Interestingly, for children presenting with sudden hearing loss, the incidence rate of 

NOHL is much higher at 54%. Thus, the clinical setting, population of interest and presenting 

onset of the hearing loss can all impact prevalence and incidence estimates.  

The clinician has clinical tools available to help identify NOHL during an audiologic 

examination. Generally, the clinician may employ cross check techniques, such as comparing 

pure tone averages to speech reception thresholds, otoacoustic emissions test findings, and 

documenting client behaviors which can be helpful in identifying and supporting the argument 

for the presence of NOHL. For unilateral NOHL, the Stenger Test, devised in 1907 (as cited by 

Bergman, 1964), is an invaluable clinical tool to identify NOHL (Chaiklin and Ventry, 1965; 

Altshuler, 1970). The Stenger Test is based on lateralization principles and is used when a 

difference between hearing thresholds of the two ears is equal to or exceeds 20 dB (Ventry, 

1962; Katz, 2009). For example, an individual may respond to 1.0 kHz at 10 dB HL in the right 

ear and 50 dB HL in the left ear. This interaural difference exceeds 20 dB; therefore, according 

to Ventry (1962) and Katz (2009) the Stenger Test can be performed to determine the validity of 

the asymmetry. The Stenger Test is a simple and quick test procedure based on the Stenger 

Principle.  

The Stenger Principle describes a perceptual event that occurs when two like stimuli 

(e.g., pure tones, spondee words) are presented simultaneously and in phase to both ears at 

varying intensities. The tonal or speech stimuli are typically fused into a single event and 

perceived at different locations in the head depending on the relative intensities at the two ears. 

When performing the Stenger Test, a tone is presented at 10 dB above the hearing threshold 

obtained in the better ear. Simultaneously, a second tone of the same frequency is presented at 10 
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dB below the hearing threshold obtained in the poorer ear. For someone feigning a hearing loss, 

both tones will be suprathreshold and will be audible. However, because the intensity of the tone 

presented to the “poor” ear will be greater than the intensity of the tone presented to the “good” 

ear, the tone presented to the “poor” ear will take precedence in perception (Katz, 2009) making 

the listener unaware of the lower level tone. In this case, the individual who is feigning a hearing 

loss does not respond to the simultaneously-presented tones as he/she is only aware of the tone in 

the “poor” ear and is unaware of the tone being presented to the “good” ear. This result is called 

a positive Stenger. If the individual responds that they detect the simultaneously-presented tones, 

the Stenger test is negative which indicates that a true hearing loss exists in the poorer ear (the 

listener could only detect the tone presented 10 dB SL in the “good” ear).  

For individuals presenting with unilateral NOHL, the Stenger Principle can be applied to 

obtain an estimate of true hearing thresholds in the “poor” ear. To do this, clinicians can obtain 

minimum contralateral interference levels (MCIL) for the client. The MCIL, also known as the 

Stenger Threshold, is performed in a similar manner to the Stenger Test with one variation. 

While one tone is presented to the “good” ear at a constant 10 dB SL re: audiometric threshold, 

the other tone is presented to the “poor” ear first at 0 dB HL and then in 5 dB increments until 

the individual stops responding to the simultaneously-presented tones. The level at which he/she 

stops responding to the simultaneously-presented tones, defined as the MCIL, is the level at 

which the tone in the “poor” ear took perceptual priority and the individual was no longer aware 

of the tone in the “good” ear. The MCIL is then used to estimate true hearing thresholds in the 

“poor” or feigned ear.  

Minimum contralateral interference levels have been examined in groups of normal 

hearing individuals that are instructed to feign a unilateral hearing loss. Peck and Ross (1970) 
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obtained mean interference levels which they defined as “The minimum SL at which the tone to 

the ‘worse’ ear interferes with the perception of the tone in the ‘better’ ear.” (p. 218). Their 

findings showed mean interference levels of 7 to 10 dB for the frequencies .5, 1.0, and 2.0 in 35 

adults with normal hearing. However, it is unclear whether they were referring to the SL relative 

to the “better” ear or to the “worse” ear. Rather than reporting interference levels, Boyd et al 

(1991) calculated Relative Stenger Thresholds for 1.0, 2.0, and 4.0 kHz. Relative Stenger 

Thresholds were defined as the Stenger threshold, which is the MCIL (in dB HL) minus the true 

threshold (in dB HL). They found that the Relative Stenger Thresholds were, on average, 11 to 

12 dB with standard deviations of 5 to 10 dB. That is, the MCILs were 11-12 dB poorer than true 

thresholds. However, some individuals were noted to have MCILs close to true threshold while 

others had MCILs that were 20-30 dB poorer than the true hearing thresholds.  

An individual’s MCIL is likely influenced by his/her response criterion used to decide 

when the tone is heard in the supposedly “poor” ear. Recall that when the tone is heard in the 

“poor” ear the person feigning a hearing loss stops responding. During lateralization, differences 

in intensity between ears may pull the tone away from the “good” ear towards the midline, may 

result in midline lateralization, may pull the tone away from midline toward the “poor” ear, or 

may result in the tone being lateralized to the “poor” ear. Therefore when MCILs are obtained, a 

person’s response criterion or decision about when the tone is heard in the “poor” ear will 

determine the magnitude of the MCIL. While some individuals may stop responding when the 

tone is perceived to just shift from the “good” ear, others may only stop responding when the 

tone lateralizes totally to the “poor” ear. Although studies have examined MCILs in individuals 

asked to feign a hearing loss and studies have examined lateralization as a function of interaural 
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intensity differences, no study to our knowledge has examined these effects in the same group of 

individuals. 

In this study, the Stenger Principle is used to examine MCILs and the correspondence of 

the MCILs to true hearing thresholds in individuals asked to feign a unilateral hearing loss. We 

further examine the level differences between ears and the lateralization ratings associated with 

the MCILs. Clinical implications from the study include: a better understanding of the amount of 

asymmetry needed to obtain a reliable Stenger Effect and the development of a range around 

which true threshold is expected when MCILs are obtained. 

This research was reviewed and approved by the Social and Behavioral Sciences division 

of the Human Subjects Protection Program at the University of Arizona. Informed consent was 

obtained for all participants. 

GENERAL METHODS 

Participants 

 Sixteen adults, 13 women, 3 men, between the ages of 18 and 33 years (M=23 yrs, 

SD=3.93 yrs) participated in the study. All adults had clear ear canals via otoscopic inspection 

and normal hearing thresholds of 15 dB HL or better at 1.0, 2.0, and 4.0 kHz in both ears. 

Thresholds were determined using the modified Hughson-Westlake technique as described by 

Carhart and Jerger (1959). Table 1 displays the mean thresholds and interaural differences for 

each frequency for the 16 participants. The majority (92%) of the interaural thresholds 

differences were 5 dB or less.  
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 1.0 kHz 2.0 kHz 4.0 kHz 

“Good” Ear Threshold 4.3 (3.3) 3.6 (4.6) 4.1 (3.8) 

“Poor” Ear Threshold 5.3 (4.3) 5.3 (3.9) 4.4 (4.4) 

Interaural Difference 

(Good-Poor) 

 

-1.3 (3.9) 

 

-1.9 (4.4) 

 

-0.3 (5.9) 

 

Table 1. Mean thresholds (in dB HL) and interaural differences (in dB) for all subjects, by 

frequency, with standard deviations in parentheses. 

 

To most closely simulate a clinical patient who is expected to have no knowledge of 

audiology or audiology techniques, any individual who was an audiologist or a graduate student 

training to become an audiologist was excluded from the study. Subjects were recruited using a 

flier posted in the Speech, Language, and Hearing Sciences building at the University of Arizona 

and either volunteered their time or received course credit for research participation. Each 

subject participated first in Part I and then in Part II of this experiment.  

General Procedures 

 All testing and data collection were completed in a double-walled sound booth. A Grason 

Stadler GSI 61 audiometer, calibrated according to American National Standards Institute 

(ANSI) S3.6-2004 specifications for ER-3A insert earphones, was used to present pure tone 

stimuli. Because headphone and insert placement can influence the SPL at the tympanic 

membrane and threshold measures (c.f., Hershkowitz and Durlach, 1969; Stuart, Stenstrom, 

Tompkins, & Vandenhoff, 1991; Wilber, Kruger, & Killion, 1988), the SPL (dBA) at each 

subject’s tympanic membranes was recorded using a Verifit Audioscan and accompanying probe 

tube microphones. Probe tubes were premeasured before insertion at measurements of 28 mm for 

female subjects and 30 mm for male subjects (Pumford and Sinclair, 2001). The tubes were 

inserted in both ears prior to threshold determination and remained positioned in the ear canals 

during Part I and Part II of this study.  
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The pre-experimental SPL measures were obtained by presenting 70 dB HL, steady pure 

tones to the right and left ear through audiometer channels 1 and 2. The SPL (dBA) 

measurements measured by the probe tubes were recorded for the frequencies 1.0, 2.0, and 4.0 

kHz, in that order. Measurements were required to be within +/- 3 dB between ears. If initial 

measurements between the two ears differed by more than 3 dB, insert earphones were removed 

and replaced to attain a difference of no greater than 3 dB. The average interaural difference was 

1.3 dB (SD=0.9 dB).  

Part I 

Procedures 

Subjects were asked to feign a total hearing loss in one ear (designated as the “poor” ear). 

The “poor” ear, or the ear to have feigned hearing loss, was randomly selected prior to beginning 

the study. Half of the adults feigned hearing loss in the right ear and the other half feigned 

hearing loss in the left ear.  

 Test frequencies were 1.0, 2.0, and 4.0 kHz. For each frequency, steady-state tones of ~2 

seconds were presented simultaneously to both ears and subjects were asked to press a button 

each time they heard a tone. The tone in the “good” ear was always presented at 10 dB SL re: 

audiometric threshold for that particular frequency. The presentation level of the tone for the 

feigned “poor” ear was varied from 0 dB HL (four participants) or from -10 dB HL (12 

participants)1 to a maximum of 50 dB HL, in ascending order. Increments of 5 dB were used for 

intensity levels lower than 10 dB HL, 2 dB increments between 10 and 30 dB HL, and 5 dB 

increments between 30 and 50 dB HL. Increments of 2 dB were chosen between 10 and 30 dB 

                                                        

1 The initial test protocol started with a presentation level of 0 dB HL for the tones presented to the 

“poor” ear; however, because of the good hearing thresholds of the participants and the small interaural 

difference needed to shift tonal lateralization, the protocol later included an initial starting presentation of 

-10 dB HL for the “poor” ear. 
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HL because this is where it was suspected that minimum contralateral interference levels would 

be for the subjects.  

Once the subject failed to respond to the presentation of the tones over a 10 dB 

increment, testing for that trial was terminated. This procedure was repeated three times for each 

frequency with the order of the test frequencies randomized without replacement and a new 

random order for each subject. Thus, each subject participated in three trials for each frequency 

for a total of nine trials.  

Data Analyses 

 We anticipated that the subjects would detect the tone in the good ear and respond to the 

initial presentation level (i.e., the tone in the “good” ear was presented 10 dB SL re: audiometric 

threshold and the tone in the “poor” ear was presented at 0 or -10 dB HL). However, a single 

subject failed to respond to the 4.0 kHz tones at the initial presentation levels even though the 

initial level in the “poor” ear was -10 dB HL. Therefore, data for this subject for the 4.0 kHz 

tones was not included in the data analyses. 

Results 

 Average MCILs were 12.5, 15.1, and 13.5 dB HL for 1.0, 2.0, and 4.0 kHz, respectively. 

The mean Relative Stenger Thresholds, defined as the MCIL minus true hearing threshold, are 

displayed in Figure 1. The average difference between the MCIL and true threshold was 7.6 dB,  

9.7 dB, and 8.9 dB for 1.0, 2.0, and 4.0 kHz, respectively. Individual variability was noted with 

Relative Stenger Threshold ranges of -3 to 22 dB, 5 to 28 dB, and 2 to 17 dB for 1.0, 2.0, and 4.0 

kHz, respectively. Table 2 displays the 90% ranges (5th and 95th percentiles) for each frequency. 

For example, using this data at 1.0 kHz, 90% of the time the MCIL would be expected to be 

within 0.7 dB (closest estimate) and 17 dB (furthest estimate from true hearing threshold) of true 
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hearing threshold. Thus, for all frequencies, the MCIL could be the person’s actual threshold or 

very close to it or the MCIL could be approximately 15 to 17 dB worse than the true hearing 

threshold.  

 

Figure 1. Mean Relative Stenger Thresholds defined as the minimum contralateral interference 

level (MCIL) minus the true threshold (dB). Error bars are +1 standard deviation. 

 

Frequency 

(kHz) 

5th – 95th 

Percentiles 

1.0 -0.8 – 16.6 

2.0 5.5 – 16.7 

4.0 2.9 – 15.7 

 

Table 2. The 5th and 95th percentiles for the Relative Stenger Thresholds (in dB). 

 

The mean MCILs were associated with very small dB differences between ears, seen in 

Figure 2. On average, once the dB level in the “poor” ear was approximately equal to the dB 

level in the good ear, the subject stopped responding to the simultaneously presented tones. 

However, variability existed, with some subjects needing a greater interaural difference than 

others.  
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Figure 2. Interaural differences in dB (“poor” ear minus the “good” ear dB level)) associated 

with the minimum contralateral interference level (MCIL) for each frequency. Error bars are + 1 

standard deviation. 

 

Discussion 

In this experiment, MCILs were between 12 and 15 dB HL, for adults with normal 

hearing asked to feign a unilateral hearing loss and were, on average, within 7 to 10 dB of true 

hearing thresholds. From the current study, the 90% range (5th and 95th percentiles) were 

calculated for the frequencies 1.0, 2.0, and 4.0 kHz and predicts that 90% of individuals would 

have an MCIL that will be between the actual hearing threshold and ~17 dB poorer than true 

hearing threshold. To our knowledge percentiles have not been reported previously.  Peck and 

Ross (1970), who also examined interference levels in adults asked to feign a unilateral hearing 

loss, stated that for 95% of their subjects the intensity level at which they stopped responding 

was within 14 dB of the sensation level of the tone to the better ear. Later in their article, they 

report that the level was within about 14 dB of true threshold for the “deaf” ear. In addition, 
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percentiles cannot be calculated from their study since only means and standard deviations of the 

interference levels were provided. Boyd et al (1991) did provide Relative Stenger Thresholds for 

their subjects. Using their data from Table 1 we calculated the 95th percentiles (1, 2, & 4 kHz for 

the 0˚ phase condition), which were 29.8, 18.5, and 24 dB for 1, 2, & 4 kHz, respectively. 

Although the 95th percentile for 2 kHz was similar to that of the present study (18.5 versus 17.4 

dB) the 95th percentiles based on Boyd et al. are much larger than those of the current study for 

1.0 and 4.0 kHz. These differences may be a result of different population characteristics as 

Boyd et al included subjects who may have had a 10 dB difference between ears and could have 

had hearing thresholds of up to 30 dB HL. In addition, the subjects in their study had “significant 

knowledge of audiometric techniques” (p. 243).  

The average interaural difference at MCIL is minimal. That is, once the dB level in the 

“poor” ear was approximately the same as the dB level in the “good” ear, subjects, on average, 

stopped responding to the simultaneously-presented tones. The largest interaural differences at 

MCIL were 15.3, 21.2, and 15.2 for 1.0, 2.0, and 4.0 kHz, respectively. Interestingly these 

interaural differences were from a single subject who may have had a response bias unlike the 

majority of the subjects. Such large interaural asymmetries suggest that this subject needed the 

tone to be confidently perceived in the “poor” ear before ceasing to respond. Other listeners may 

stop responding as soon as a small lateralization shift or a midline shift is perceived. 

Part II of this experiment was designed to obtain lateralization ratings during 

presentations of the simultaneously presented tones for each participant so that the MCILs 

(obtained in Part I) could be compared to the ratings.  

Part II 

Procedures 
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 Each subject listened to pairs of tones presented simultaneously and was asked to make a 

judgment about lateralization. The lateralization task consisted of six possible categories ( Table 

3 shows the categories used by subjects asked to feign a hearing loss in the left ear) The words 

“right” and “left” were reversed for subjects asked to feign a hearing loss in the right ear. These 

categories were listed numerically on a sheet of paper and available to the subject throughout the 

task. Subjects were asked to report the number of the category that corresponded to where they 

perceived the tone(s). They were allowed to request a repetition of tones if needed. They were 

also informed that they were not required to use all of the listed categories but rather, to select 

the category that best corresponded to what they perceived.  

 

 

Table 3. Categories for perceptual judgments provided to subjects asked to feign a left-sided 

hearing loss. 

 

Pure tone frequencies 1.0, 2.0, and 4.0 kHz were used for test stimuli. The level of the 

tone to one ear (i.e., the “good” ear that was designated in Part I) was held constant at 10 dB SL 

re: audiometric hearing threshold. The level of the tone to the other ear (i.e., the “poor ear” that 

was designated in Part I) was varied between -10 or 0 dB HL2 and 50 dB HL. Increments of 5 dB 

were used between the lowest level and 10 dB and between 30 and 50 dB, while 2 dB increments 

were used between 10 and 30 dB. The order of presentation levels was randomly selected for 

each participant. This procedure was repeated three times for each frequency with the order of 

                                                        

2 As in Part I, the lowest presentation level for four subjects was 0 dB HL.  For all other 12 subjects, the 

lowest presentation level began at -10 dB HL. 

Perceptual Categories for Feigning a Hearing Loss in Left Ear 

1. Tone is only heard in the right ear. 

2. Tone is heard between the right ear and middle of head. 

3. Tone is heard in the “middle of the head.” 

4. Tone is heard in “both ears.” 

5.  Tone is heard between the left ear and middle of head. 

6. Tone is only heard in the left ear.  
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the test frequencies randomized without replacement and a new random order for each subject. 

Thus, each subject participated in three trials for each frequency for a total of nine frequency 

trials.  

Data Analyses  

Two manipulations of the data were performed.  

1. Subjects were asked to rate the tones they heard using any of the six lateralization 

categories (refer back to Table 3). However, category 3 (Tone is heard in the “middle of 

the head) and category 4 (Tone is heard in “both ears”) were combined into a single 

midline category because both reflect symmetry around a midline axis. Analyses of the 

subject responses revealed that of the total 574 responses that were either category 3 or 

category 4, 66% of them were categorized as being in the middle of the head while 34% 

were categorized as being at the ears. In addition, only 2 of 16 subjects used an 

approximately equal number of #3 and #4 category ratings. All others used primarily the 

category 3 rating or the category 4 rating. Analyses of individual graphs showed that like 

the midline ratings (category 3), the category 4 ratings were obtained when nearly equal 

levels of the tones were presented to the ears. This data manipulation resulted in five 

possible categories for analyses (#1 Tone is heard only in the right/left ear; #2 Tone is 

heard between the right/left ear and the middle of the head; #3 Tone is heard in the 

middle of the head or in both ears; #4 Tone is heard between the middle of the head and 

the left/right ear; #5 Tone is heard only in the left/right ear).  

2. Although all subjects were presented the same levels of tones to the “poor” ear (i.e., 5 dB 

increments from below threshold to 10 dB HL, 2 dB increments from 10 to 30 dB HL, 

and 5 dB increments between 30 and 50 dB HL) the level of the constant 10 dB SL tone 
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presented to the good ear varied as a function of each subject’s threshold. This resulted in 

interaural difference categories that were not constant between subjects. For example, if 

subject A’s good ear threshold was 0 dB HL (constant tone presented at 10 dB HL) then 

the interaural difference categories for this subject would be -20, -15, -10, -5, 0, 2, 4, 6, 

etc. If subject B’s good ear threshold was 5 dB HL (constant tone presented at 15 dB HL) 

then the interaural difference categories for this subject would be -25, -20, -15, -10, -5, -

3, -1, 1, etc. In order to calculate and display the average lateralization judgments, new 

interaural categories were created for each subject by averaging the ratings for each 

subject over a 5 dB interaural difference. This resulted in new interaural ranges for all 

subjects that varied from -23 dB to 45 dB in 5 dB steps. For example, Table 4 shows 

average ratings for 1 subject when interaural differences varied from -25 to -6 dB. For the 

new calculated range of -17 to -12 dB, ratings for interaural differences of -20 to -10 dB 

were averaged as this range encompassed the new range of -17 to -12 dB. This resulted in 

new interaural ranges that were constant for all subjects and varied from -23 dB to 45 dB 

in 5 steps.  

 

 

Original 

Rating 

Interaural dB 

Difference  

(poor-good ear) 

New 

Calculated 

Range (dB) 

New 

Average 

Rating 

1 -25 -23 to -18  

1 -20 -17 to -12 1.1 

1 -15 -11 to -5  

1.3 -10 -6 to -1  

1.7 -8 -2 to 3  

2 -6 4 to 9  

Table 4. Example of determining the new calculated interaural categories. 
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Results  

Figure 3 shows the average ratings for the interaural difference categories. On average 

and for all frequencies, the tone was heard in or near the “good” ear when the interaural dB 

difference (“poor” ear level minus “good” ear level) was approximately -23 to -5 dB, heard in 

middle of head when the dB difference was approximately -2 to 3, and heard in or near the 

“poor” ear when the interaural difference was 16 dB or greater.   

 

Figure 3.  Average perceptual ratings for all subjects as a function of interaural difference 

(“poor” ear minus good ear dB level) at MCIL. A rating of 1 = tone heard in “good” ear; 

3=midline perception; 5=tone heard in ‘“poor”’ ear.   

Discussion   

In this experiment, subjects perceived a midline image when the interaural intensity 

difference was minimal (-2 to 3 dB) for all frequencies. This is very similar to the average 

interaural intensity differences needed for a midline perception obtained in other lateralization 

studies (Yost et al 1975; Yost, 1981). Yost (1981) also found that the interaural difference 

needed for tones to lateralize to one ear was approximately 15 dB. In the present study an 

interaural difference of +15 and -15 dB (“poor” ear minus “good” ear level) also resulted in 

nearly total lateralization to the “poor” and “good” ear, respectively.    

An examination of individual graphs from the present study shows that there is some 

variability within and between subjects. This can be seen in Figure 4, which shows individual 
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lateralization ratings for five of the 16 subjects that are representative of the lateralization 

functions obtained.  For example, while the average interaural intensity difference needed for a 

midline perception was -2 to 3 dB, S2 perceived a midline position with an interaural difference 

of 7 to 9 dB for 2 kHz. Similarly, S3 perceived a midline position with an interaural difference of 

7 to 9 dB for 4.0 kHz. While some functions showed laterality ratings that rapidly shifted from 

one ear to the other with changes in interaural differences (e.g., S2 at 2 kHz went from a “good” 

ear lateralization to a “poor” ear lateralization with an interaural intensity change of 20 dB) 

others had more gradual lateralization shifts (e.g., S5 at 1 kHz went from a “good” ear 

lateralization to a “poor” ear lateralization with an interaural intensity change of 45 dB). 
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Figure 4. Individual perceptual ratings for five representative subjects.  

 

Finally, while some perceptual ratings progressed in a nearly linear manner from being in 

the good ear to being in the “poor” ear with incremental changes in interaural level differences, 

other functions were more irregular, presumably reflecting the listener’s difficulty in making 
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consistent laterality judgments. For example, S2 had a midline perception with an interaural 

difference of 3 and 7 dB. But when the interaural difference was 5 dB, she lateralized the image 

almost totally to the “poor” ear. Thus, the average data do not always reflect individual subject 

performance. Therefore, we next explore the association between an individual subject’s MCILs 

and his or her lateralization ratings. 

Comparisons between MCILs (Part I) and Lateralization Ratings (Part II) 

For each subject, his/her perceptual rating (Part II) for the interaural level difference 

needed for the MCIL (Part I) was determined. The mean ratings are displayed in Figure 5 and 

show that, on average, MCILs were associated with a perceptual rating of 3 or when the tone was 

heard at midline. This is not surprising given the average interaural differences at MCIL (plotted 

in Figure 2) were approximately 0 dB and we know from previous studies that when pure tones 

of equal intensity levels are presented simultaneously to the two ears, a midline perception is 

obtained (Yost et al 1975; Yost, 1981). 

 

 

Figure 5. Average rating (Part II) associated with the MCIL (Part I), as a function of frequency. 
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Thus, when asked to feign a hearing loss, it appears that the average listener does not wait 

until the tone is entirely heard in the fake ear before he/she ceases responding. Instead, listeners 

stop responding, on average, when the simultaneously-presented tones almost lateralize to 

midline. Individual subject variability was large as the perceptual rating ranges associated with 

the MCILs were 1.25 to 4.6, 1.5 to 4.3, and 1.9 to 4.2 for 1.0, 2.0, and 4.0 kHz, respectively. 

Thus, an individual’s MCIL depends on his or her response bias and when they believe the tone 

could be present in the “poor” ear. When the tone is believed to be perceived in the “poor” ear, 

he or she stops responding to the tonal presentations. Figure 6 shows individual subject ratings 

associated with MCIL or in other words, when the Stenger Effect was observed. While some 

subjects’ MCILs occurred when the tone was just pulled away from the good ear (e.g., S9), most 

required the tone to lateralize almost to or at midline before showing the Stenger Effect. In 

contrast, S2 required the tone to be almost completely lateralized to the “poor” ear at MCIL. The 

response bias for each subject was quite consistent across frequency.   
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Figure 6. Ratings for each subject at MCIL for each frequency (at the interaural difference 

associated with MCIL for each subject).  

 

OVERALL DISCUSSION 

The Stenger Principle describes a perceptual event (lateralization functions expected) 

when two similar stimuli (e.g., pure tones) of varying intensities are presented simultaneously to 

a listener’s ears. The Stenger Test is based on the Stenger Principle and is used to determine 

whether an individual presents with true unilateral hearing loss or is feigning the hearing loss. 

Several authors suggest that the Stenger Test can be used when there is an asymmetry of at least 

20 dB between ears. Although the Stenger Test might be able to “catch” most people feigning 

such a small hearing loss, the sensitivity of the test will be less than perfect. From our data we 

calculated the interaural threshold differences that would have been needed for each subject for a 
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positive Stenger by adding 20 dB to the interaural dB difference at MCIL. The additional 20 dB 

was needed because the interaural dB difference at MCIL only reflects the presentation level of 

the two tones needed for a person to stop responding. Since the tone presented to the “good” ear 

is presented 10dB SL re: threshold and the tone presented to the “poor” ear is presented 10 dB 

below the admitted threshold, the interaural pure tone threshold asymmetry will be 20 dB greater 

than the interaural dB difference at MCIL. The interaural threshold differences needed for a 

positive Stenger in our subjects are plotted in Figure 7. For 1.0 kHz, the Stenger Test would have 

been positive for 12 of the 16 subjects had they exhibited a 20 dB threshold asymmetry.  The test 

would have missed four subjects, as they required an asymmetry greater than 20 dB before they 

stopped responding. For 2.0 kHz, eight of the 16 subjects would have been missed and for 4.0 

kHz, four of the subjects would have been missed. In contrast, an interaural threshold asymmetry 

criterion of 30 dB would have detected NOHL 92% of the time (44 of the 48 cases, where cases 

refers to 16 subjects X 3 frequencies each) while a criterion of 40 dB would have detected 

NOHL in all cases. 
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Figure 7.  Interaural threshold differences required for a positive Stenger Test result for each 

subject at each test frequency. 

 

 In addition to detecting the presence of NOHL, the Stenger Principle is also used to 

obtain an MCIL, which can be used to estimate true hearing thresholds in individuals with 

unilateral NOHL. In this study we found that MCILs were, on average, within approximately 7-

10 dB of true hearing thresholds. However, the ranges were large. How close the MCIL is to true 
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threshold appears to be based on the individual’s response criterion. While it appears that most 

individuals feigning a hearing loss stop responding when the perception of the tone is at the 

midline, others may not cease responding until the tone lateralizes nearly to the “poor” ear. 

Whatever response criterion an individual with NOHL uses will be unknown to the clinician. 

Thus, clinicians should utilize a range rather than predict true hearing thresholds as cautioned by 

Peck and Ross in 1970. We calculated the 90% ranges and based on our data, 90% of the time 

true threshold is expected to be within ~ MCIL and 17 dB better than MCIL. For those clients 

who have normal hearing but demonstrate a unilateral NOHL that is in the severe to profound 

range the MCIL will estimate true hearing to be in the normal hearing range in most cases. The 

largest MCIL in this study was 28 dB HL with most MCILs under 25 dB HL. Therefore, true 

hearing thresholds in our group of subjects would have been estimated to be better than or equal 

to 28dB HL (and would depend on the MCIL obtained). This precision is greater than the 

precision that could be obtained using the auditory brainstem response (ABR) test, an 

electrophysiologic test that can also be used to estimate hearing thresholds but is more time-

consuming and would add significant expense to the evaluation. Although the average 

differences between ABR and behavioral thresholds is <5 dB the standard deviation is ~10-12 

dB (McCreery et al, 2015).  Thus, in some cases the ABR estimate will be 15-20 dB better or 

poorer than the true behavioral threshold (Stapells, 2011). In addition, in our experience, ABRs 

performed on non-sedated adults who may be somewhat anxious about the test procedure, 

typically have high levels of electrophysiologic noise making it even more difficult to get an 

ABR that closely estimates true hearing threshold. Certainly, as the degree of NOHL is 

decreased, the less successful the MCILs may be in obtaining useful information about the 

client’s hearing thresholds. For example, if a client with normal hearing provides threshold 
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responses at 35 dB HL, the person’s MCIL will determine what can be said about true hearing 

threshold. If the person’s MCIL is similar to the average MCIL obtained in our study (~12 to 15 

dB) then one could say that the individual has a normal hearing threshold as true threshold is 

predicted to be at the MCIL or ~17 dB better than MCIL. If however, the MCIL was 27 dB (as it 

was for one of our subjects) then there is no net gain as the predicted true threshold would be 

between ~27 and 10 dB HL. 

 

Limitation of the study 

 The present study examined the Stenger Effect and minimum contralateral interference 

levels in adults with normal hearing asked to feign a unilateral hearing loss. By doing so, we 

were able to determine how sensitive the Stenger Test is expected to be with different degrees of 

interaural threshold asymmetries. We also calculated ranges around the MCIL in which true 

threshold is expected to be. However, listed below are some limitations to consider when 

applying the data obtained from this study to a clinical population. 

1. It is not known whether a clinic patient who is feigning a hearing loss will perform in a 

similar manner to a college age student who is asked to feign a hearing loss. As noted in 

this study, the response bias impacts the magnitude of the MCIL. If the potential cost of 

being “caught” by the clinician is different between the two groups this in turn could 

influence response bias and the magnitude of the MCIL. 

2. In this study we only examined individuals with normal hearing in both ears asked to 

feign a total hearing loss in one ear. Different relationships between the MCIL and true 

hearing thresholds may be found in ears with hearing loss but exaggerated hearing 

thresholds. Likewise, we do not know if the relationships we found in this study would be 
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similar for individuals who have hearing loss in the “good” ear and who are feigning or 

exaggerating hearing loss in the “poor” ear.       

 

Despite these limitations, this study highlights the fact that response bias (i.e., perceived 

lateralization of the tone needed for detecting it in the “poor” ear) influences MCIL. This in turn 

will influence the amount of interaural asymmetry needed for a positive Stenger test and will 

influence how close MCILs are to true hearing thresholds. The clinician can never know a 

client’s response bias and therefore reserving the Stenger test for cases in which interaural 

asymmetries are larger than 20 dB will improve the sensitivity of the test giving the clinician 

greater confidence in detecting an organic from a NOHL. Once a NOHL is detected, MCILs can 

be obtained to estimate true hearing threshold. Because response bias will influence the MCIL 

and how close MCIL is to true hearing threshold, the MCIL should never be used to predict the 

actual hearing threshold; rather, 90% ranges could be used by the clinician to predict the range 

for the expected true threshold.       
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