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Abstract

Schizophrenia patients exhibit impairments in auditory-based social cognition, indicated by 

deficits in detection of prosody, such as affective prosody and basic pitch perception. However, 

little is known about the psychometric properties of behavioral tests used to assess these functions. 

The goal of this paper is to characterize the properties of prosody and pitch perception tasks and to 

investigate whether they can be shortened. The pitch perception test evaluated is a tone-matching 

task developed by Javitt and colleagues (J-TMT). The prosody test evaluated is the auditory 

emotion recognition task developed by Juslin and Laukka (JL-AER). The sample includes 124 

schizophrenia patients (SZ) and 131 healthy controls (HC). Properties, including facility and 

discrimination, of each item were assessed. Effects of item characteristics (e.g., emotion) were 

also evaluated. Shortened versions of the tests are proposed based on facility, discrimination, 

and/or ability of item characteristics to discriminate between patients and controls. Test-retest 

reliability is high for patients and controls for both the original and short forms of the J-TMT and 

JL-AER. Thus, the original as well as short forms of the J-TMT and JL-AER are suggested for 

inclusion in clinical trials of social cognitive and perceptual treatments. The development of short 

forms further increases the utility of these auditory tasks in clinical trials and clinical practice. The 
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large SZ vs. HC differences reported here also highlight the profound nature of auditory deficits 

and a need for remediation.
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1. INTRODUCTION

Social cognitive dysfunction is a core feature of schizophrenia and is among the strongest 

predictors of impaired functional outcome3–7, rendering it a major determinant of long-term 

disability. A large effort, exemplified for instance by the Cognitive Neuroscience Treatment 

Research to Improve Cognition in Schizophrenia (CNTRICS) initiative, is currently devoted 

to task development for assessing cognitive (including social cognitive) and perceptual 

deficits in schizophrenia that can be used in clinical trials8–12. In the realm of verbal 

communication (e.g., prosody) and the related ability to detect pitch, there are several tests 

available (e.g.,1, 2, 13–17), but their psychometric properties have not been systematically 

described. The focus of this paper is on reporting the psychometric properties of easy-to-

administer behavioral tests for assessment of auditory function.

Basic pitch perception deficits, assessed with tone matching tasks (TMTs), have been 

studied in schizophrenia since the 1990s18–21, are well-replicated2, 16, 22–25, and show large 

diagnostic differences of ~1.2 SDs across numerous studies. Impaired pitch perception in 

schizophrenia does not appear to be due to deficits in attention and working memory26, 

rather it is related to structural27 and functional28, 29 impairment in primary auditory cortex. 

People with schizophrenia (SZ) have repeatedly shown deficits on the TMT developed by 

Javitt and colleagues, which we call here J-TMT2, 16, 23–25.

Emotional prosody, also referred to as auditory emotion recognition (AER), depends on 

recognition of complex physical characteristics of tones, such as low base frequency and 

low pitch variability for sadness1, 23. Detection of emotion in others based on tone of voice 

is crucial for social interactions1 and is impaired across a number of tasks in 

schizophrenia2, 14, 16, 22–25, 30–32. Not surprisingly, deficits in recognizing differences in 

pitch between tones is related to impairment in AER2, 16, 23, 25, 33. However, there is little 

standardization of characteristics of stimuli in most AER tasks. Our group2, 16, 23 and 

others2, 22 have recently begun using a task developed by Juslin and Laukka1 (JL-AER) in 

which physical features of stimuli have been characterized. Deficits with large effect sizes 

are reported on this task as well as significant relationships with measures of functional 

outcomes (e.g.,2).

Ability to measure auditory functioning both in clinical practice and in schizophrenia 

research is important for understanding auditory perceptual function and social cognition, as 

well as how changes in auditory function relate to higher-level deficits, e.g., verbal memory 

following remediation of auditory function34, 35. This paper is a detailed investigation of J-

TMT and JL-AER to assess psychometric properties of the tests and allow an informed 

approach to possibly shortening the tests. The J-TMT consists of pairs of 100-msec tones 
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with a 500-msec inter-tone interval2, 16, 25. There are five pitch differentials (PDs), i.e., 

differences between tones in the pairs: 2.5%, 5%, 10%, 20% and 50%, with the 2.5% 

differential being most difficult to detect. Tones are either identical (half) or differ in 

frequency by the specified percent for each PD. In each PD level, 13 unique pairs of tones 

are presented once in a fixed sequence and immediately repeated in the same sequence, 26 

pairs per PD, total of 5*26=130 pairs. Three average base frequencies (500, 1000, 2000 Hz) 

are used in each PD to avoid learning effects. Participants verbally indicate whether the 

pitch is the same or different for each pair. The stimuli in JL-AER consist of audio 

recordings of two male and two female actors portraying five emotions (anger, disgust, fear, 

happiness, and sadness) with two levels of intensity (weak and strong) and utterances with 

no emotional expression (“neutral”)1. The sentences are semantically neutral and have two 

forms: a statement and a question (e.g., “It is eleven o’clock,” “Is it eleven o’clock?”). This 

yields 88 stimuli. Participants are asked to identify the emotional expression of each 

utterance.

In this paper we study how different characteristics of the items on the test affect the ability 

of the items to differentiate between healthy controls (HC) and SZ. The characteristic we 

consider for the tone pairs in J-TMT are: PD, order of the tones within a pair, average base 

frequency, and sequence number of tone-pair within each PD. The characteristics we 

consider for the utterances in JL-AER are: emotion, speaker, form (question vs. statement), 

and intensity (weak vs. strong). The results inform the construction of tests for assessing 

tone differentiation and prosody and indicate possible ways of shortening the tests. Repeated 

assessments with J-TMT and JL-AER are used to estimate the test-retest reliabilities of the 

original test scores and the scores on the shortened versions in order to make 

recommendations for the use of these tasks in clinical practice and research.

2. METHODS

2.1. Participants

The total sample consists of 124 patients meeting Diagnostic and Statistical Manual of 

Mental Disorder (DSM-IV) criteria for schizophrenia (n=99) or schizoaffective disorder 

(n=25) and 131 HC. Table 1 shows the number of participants for J-TMT and JL-AER tests 

with demographic and clinical characteristics. Patients were recruited from inpatient and 

outpatient facilities associated with the Nathan Kline Institute for Psychiatric Research 

(NKI). Diagnoses were obtained using the Structured Clinical Interview for DSM-IV 

(SCID)36 and all available clinical information. Controls with a history of SCID-defined 

Axis I psychiatric disorders were excluded. Patients and controls were excluded if they had 

any neurological or ophthalmologic disorders that might affect performance or met criteria 

for alcohol or substance dependence within the last six months or abuse within the last 

month. The study was approved by NKI/Rockland Psychiatric Center and Rockland County 

Department of Mental Health Institutional Review Board. All participants provided 

informed consent according to the Declaration of Helsinki.

The study sample includes subsets of participants whose auditory data have been presented 

in previous publications2, 16, 23, 25, 33. However, evaluation of psychometric characteristics 

is a new use of the data.
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2.2. Analysis

2.2.1. Item-level analysis—We first describe the individual items within the tasks with 

respect to “facility” and “discrimination”, which are item-level characteristics from the 

classic test theory framework37. “Facility” is the mean value of an item in the population. In 

both J-TMT and JL-AER tasks, the responses to all items have only two levels – correct and 

wrong – and thus, “facility” for each item corresponds to the proportion of the population 

that answered the item correctly. Facility is also sometimes referred to as “difficulty” of an 

item, though it should be noted that higher proportion correct here indicates lower difficulty. 

In the framework of classic test theory, items that are too easy or too difficult are considered 

not very useful for generating a broad range of scores and differentiating between subjects. 

A range between 0.25 and 0.75 is suggested. The “discrimination” of an item is a measure of 

how well the item separates individuals with low and high abilities on the construct assessed 

by the test. “Discrimination” can be estimated in different ways; here we use the correlation 

between the score on the item and the score on the total test minus the item. Guidelines 

recommend that good items should have discrimination above 0.237. Facility and 

discrimination values were computed using only the first assessment from each subject.

2.2.2. Effect of item characteristics—To better understand the auditory tests and to 

help shorten them, we study how the characteristics of the test items are related to the ability 

of the item to differentiate between HC and SZ. Information about whether a specific 

characteristic is related to how different the responses of SZ and HC are helps determine if 

some items in the original tests can be eliminated. For example, if the type of utterance in 

the JL-ARE had an effect, such that utterances that were questions resulted in a larger 

difference between correct responses of SZ and HC than utterances that were statements, 

then we might consider completely or partially eliminating the utterances that are 

statements. We study the following features of the J-TMT items: (J-TMT.i) PD – 5 levels, 

2.5%, 5%, 10%, 20% and 50%; (J-TMT.ii) average base frequency – 3 levels (500, 1000 and 

2000 Hz); (J-TMT.iii) order of tones within a pair – 3 levels (high first, low first and same); 

(J-TMT.iv) order of pairs in a PD level – 26 levels (1 to 26, the first 13 and the second 13 

are identical). The features of the JL-AER items that we investigate are: (JL-AER.i) emotion 

– 6 levels (anger, disgust, fear, happiness, sadness, and neutral); (JL-AER.ii) speaker – 4 

levels (1, 2, 3 and 4); (JL-AER.iii) sentence form – 2 levels (question or statement); (JL-

AER.iv) intensity of emotion – 2 levels (strong and weak; the neutral emotion level does not 

have an intensity of emotion).

The effects of item characteristics are studied in descriptive and inferential ways. 

Descriptively, we construct “hyper-items” by combining the items having the same level of 

a given characteristic and computing their facility and discrimination. Hyper-items are the 

means of responses on all items that have the same level of a characteristic. For example, the 

mean of responses to all tone pairs with a PD of 2.5% would be one hyper-item, with 5 

hyper-items defined by the 5 levels of PD (2.5%, 5%, 10%, 20% and 50%). As another 

example, there are 6 hyper-items corresponding to the feature “emotion” for JL-AER (anger, 

disgust, fear, happiness, sadness, and neutral). Hyper-items are computed for all of the 

characteristics of the tasks, with a total of 37 hyper-item for J-TMT and 14 for JL-AER. The 
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facility and discrimination of the hyper-items are used to identify poor (on average) 

performance of items with a given characteristic, using the same guidelines reported above.

Formal inferences regarding the effect of a characteristic on the ability of an item to 

differentiate between SZ and HC are based on Generalized Linear Mixed Models 

(GLMMs)38. We modeled the probability of a correct answer on the items as a function of a 

given characteristic, diagnostic group, and their interaction. The models include random 

subject effects to account for the potential correlation between the responses given by the 

same subject. A significant interaction between diagnosis and an item characteristic indicate 

that the effect of diagnosis on the probability of answering an item correctly depends on the 

value of the item characteristic. We computed the χ2 tests for independence between correct 

response and diagnosis individually for all items. For ease of visualization of the results we 

present box-plots of the χ2 values by levels of the characteristics; the χ2-test statistics are on 

1 degree of freedom and statistical significance at α=0.05 is achieved when the test statistic 

is equal or greater than 3.84. We explored whether the results from the “single covariate” 

analyses about the effect of an item characteristics on the ability to differentiate between 

diagnoses, would change when we control for the other item characteristics (i.e., the other 

characteristics are included as main effects in the models). We also tested whether the joint 

distribution of any two characteristics is associated with the ability of an item to differentiate 

between SZ and HC. This was accomplished by including in the models the 3-way 

interactions (diagnosis-by-characteristics1-by-characteristic2) and assessing the significance 

of those interaction terms. We did not explore higher order interactions between the 

characteristics, since the interpretation of such high order terms would be difficult and 

because no 3-way interactions were found statistically significant.

2.2.3. Summary Scores—The recommended way of scoring the auditory tests is to 

obtain the percent correct responses across all items. The summary scores for the original 

and the proposed shorter versions were ranked based on area under the curve (AUC) of the 

receiver operating characteristics39. The test-retest reliability of summary scores is measured 

by the intra-class correlation coefficient (ICC), separately for SZ and HC. The variances 

required for computing the ICCs are estimated based on GLMMs modeling the individual 

scores with no fixed effects and only random subject effects using the identity link function. 

All repeated assessments from all subjects were employed (some participants had more than 

two assessments). All analyses were conducted in R40.

3. RESULTS

3.1. J-TMT

3.1.1. Item-level analysis—Figure 1 shows the facility and discrimination of all 130 

items (tone-pairs) in the original test plus 11 hyper-items for HC and SZ combined. Only the 

hyper-items corresponding to (i) PD (5 levels), (ii) average base frequency of a tone-pair (3 

levels) and (iii) order of tones within a pair (3 levels) are shown. The last characteristic (iv) 

order of items in a PD level (with 26 levels) is not shown for clarity of the figure.

For the three lowest PDs, many items meet criteria for facility -- those falling between the 

horizontal dashed lines on the left panel of Figure 1; they are indicated in solid black as they 
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also meet the criteria for discrimination. Within the three lowest PDs, pairs that do not meet 

criteria for facility are primarily those in which the two tones are identical – they have 

facilities above 0.75, i.e., they are easy to correctly identify as same tones, and 

discrimination values below the cutoff of 0.2, i.e., they cannot differentiate between subjects 

with high and low abilities. Within the two largest PD levels almost all tone pairs have 

facility above 0.75, indicating that they are easy to correctly identify as same or different. 

However, within these “easy” PD levels almost all items have discrimination above 0.2, 

although the pairs of different tones have on average larger discrimination than the pairs of 

identical tones. It is interesting to notice that as the PD level increases, pairs of identical 

tones tend to have higher discrimination values, i.e., they better differentiate between low 

and high ability individuals. Note, that pairs of identical tones are necessary in the test and 

cannot be eliminated.

Item facility and discrimination values were also computed separately for each diagnostic 

group (results for individual items not shown and available upon request). As expected, the 

facilities of all pairs (except those with identical tones) were higher for HC than for SZ. 

However, the discrimination values of all tone-pairs were quite similar for the SZ and HC 

groups, indicating that J-TMT “works” well for both diagnostic groups. Figure 2 shows 

results for the five PD hyper-items for SZ and HC separately.

3.1.2. Effect of item characteristics—The χ2(1) test statistics for independence 

between correct answer and diagnosis are computed for all items separately and higher 

values of χ2 indicate a greater difference between SZ and HC with respect to correct 

answers. The panels on Figure 3 show the dependence of the χ2 test-statistics on the 

characteristics of the items. The bottom left panel shows that there is a variation in the 

distributions of χ2 test statistics corresponding to tone pairs at different PD levels. Tone-

pairs at 5% and at 10% PD have higher means and medians of the test statistics than those 

from more difficult (2.5%) or easier (20% and 50%) PD levels. The 2-way interaction term 

diagnosis-by-characteristic PD from the GLMM analysis is highly significant (χ2(4)=53.9, 

p<0.001), consistent with the visual impression from Figure 3. Thus, the PD characteristic 

was considered when shortening the test.

The bottom middle panel on Figure 3 suggests that tone pairs where the higher tone is 

presented first and those where the lower tone is presented first do not differ with respect to 

how well the items differentiate between SZ and HC. Note, that the pairs where the tones are 

the same have much lower χ2 test statistics, consistent with the observed very high facilities 

and very low discrimination of those items. Although items in which the tones are the same 

discriminate between the diagnostic groups less well, as noted above, their inclusion in the 

task is necessary for introducing variation and reducing guessing. Therefore pairs with same 

tones cannot be eliminated and were not included in the GLMM analysis. The interaction of 

diagnosis-by-characteristic tone order in a pair (with 2 levels only, no “same” level) in the 

GLMM is not significant, formally confirming the lack of effect of order of tones in a pair.

The bottom right panel of Figure 3 shows the dependence of the χ2 values for the individual 

items as a function of average base frequency of the tones in a pair. The χ2 values for tone 

pairs with medium level of the average base frequency (1000Hz) appears higher than those 
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for low (500Hz) and for high (2000Hz) frequencies. However, the interaction term of 

average base frequency-by-diagnosis in the GLMM is not statistically significant.

Finally, the panel on the top of Figure 3 shows the dependence of the χ2-statistics on the 

order of an item within a PD level. Each of the 26 levels of this item characteristic contains 

5 items – one from each PD level. We were expecting that items appearing earlier in the 

sequence might have different ability to differentiate between SZ and HC than items later in 

the sequence. No such systematic relationship is apparent from the plot. The interaction term 

diagnosis-by-characteristic order of the item in the PD level is not statistically significant in 

the GLMM analysis. Keeping in mind that items 1 to 13 within each PD level are unique, 

while the items 14 to 26 are a replication in the same order, we can notice that the first and 

second 13 items exhibit similar ability to differentiate between SZ and HC.

When the above analyses regarding each item characteristics were repeated controlling for 

all the other item-characteristics, the results did not change qualitatively (those results are 

available from the authors upon request). There was no evidence that any combination of 

two item characteristics jointly affects the ability of the items to differentiate between HC 

and SZ, as indicated by the p-values for the 3-way interaction terms between diagnosis, item 

characteristic 1 and item characteristic 2 for all combinations of characteristics 1 and 2 (all 

p-values >0.15).

3.1.3. Shortening the test—For shortening the J-TMT two approaches are considered. 

The first approach is based on the fact that the second 13 items within each PD level are a 

repetition of the first 13 items and have a similar ability to differentiate between groups as 

the first 13. The second approach is suggested by the differential effect of PD on between 

group differences.

3.1.3.1. Reducing the number of tone-pairs: Before reducing the number of tone pairs 

within a difficulty level, we investigated the similarity between performance of the first 13 

and second 13 items and whether it differed by diagnostic group. First, we estimated the 

intra-class correlation coefficients (ICCs) between the total percent correct over pairs 1–13 

and over pairs 14–26. The overall ICC is 0.92, suggesting a high level of similarity between 

performance on the first and second sets of tone pairs. The ICC for HC is higher than the 

ICC for SZ, but after controlling for average percent correct, which is necessary because the 

percent values close to the ceiling of 100% have less variance than percent values in the 

middle 50%, these ICCs did not differ (p=0.14).

Second, we estimated the area under the curve (AUC) of the receiver operating 

characteristics (ROC) for the total correct obtained using (a) all 26 items per PD level, (b) 

only items 1 to 13 and (c) only items 14 to 26. The results are shown on Figure 4, top row. 

The differences between SZ and HC using only the first 13 of the 26 tone-pairs in the 

original J-TMT are similar to the differences based on all 26 pairs and also to the second 13 

of the tone-pairs. This suggests little benefit from using all 26 pairs compared to using only 

13. Thus, one shortened version is to simply use all 5 PDs with only the first 13 pairs in each 

PD.
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3.1.3.2. Reducing the number of PDs: To further shorten the test, using only the first 13 

items from each PD level, summary scores (percent correct) were obtained for all possible 

subsets of the 5 PDs. We compared these subsets with respect to how well the summary 

scores differentiated between SZ and HC. Based on AUC, the best subset is {5%, 10%, 

50%} with AUC=0.7939, followed closely by {5%, 10%, 20%, 50%} with AUC=0.7936 

and {2.5%, 5%, 10%, 50%} with AUC=0.7880.

3.1.4. Summary scores—We also consider alternative summary scores to the commonly 

employed “percent correct” computed from the J-TMT. An alternative sometimes used in 

similar tests is the smallest PD at which at least 75% of the answers are correct, which we 

denote as PD75. PD75 from the first 13, the second 13, and from all 26 items show good 

differentiation between patients and controls, similar to the “percent correct” summary score 

(Figure 4, bottom row panels).

3.1.5. Test-Retest Reliability—Test-retest reliability for percent correct from the 

original J-TMT is high for SZ and HC and does not worsen meaningfully for either 

shortened version (i.e., only the first 13 pairs for each PD, or only the first 13 pairs for a test 

with PDs of 5%, 10%, and 50% (see Table 2). Test-retest reliability for D75 is somewhat 

lower. Thus, the recommendation is to utilize percent correct and employ only half of the 

tones at each PD, which is half the length of the original test. For an even shorter version, 

half of the tone-pairs and only 3 PDs (5%, 10%, 50%) can be used, reducing the length 

further to only 30% of the original (from ~15 to ~5 min.)

3.2. Auditory Emotion Recognition (JL-AER)

3.2.1. Item-level analysis—Figure 5 shows facility and discrimination for all items in the 

original test and 14 hyper-items for SZ and HC combined. The hyper-items correspond to 

item characteristics: (i) emotion (6 levels); (ii) speakers (4 levels); (iii) sentence form (2 

levels); and (iv) emotion intensity (2 levels). Thirty-four of the original 88 items met criteria 

for both facility and discrimination -- they are indicated in black on Figure 5 and also are 

shown in Table 3. The neutral items have the highest facilities, indicating that the lack of 

emotion is easy to identify. The lowest facilities are for items with “happy” or “disgust” 

emotion and for items that are of “weak” intensity. It is interesting to notice on Figure 5 (as 

well as on Figure 1), that the discrimination values of the hyper-items are quite high, even 

though they consists of items that all have much lower discriminations. This can be 

explained by the fact that when items in a test are trying to measure the same latent 

construct, the items are expected to be positively correlated between each other. In such 

case, larger subsets of the items will tend to measure the latent construct more precisely then 

smaller subsets of items, and of course, typically more precisely than single items. 

Therefore, the correlations between a hyper-item (the average of items in a subset of several 

of the total items in the test) and the average of the remaining items would tend to be higher 

than the correlation between one item and the average of the remaining items. This 

correlation on average tends to increase as the number of items in the hyper-item increases 

from 1 to half of the total number of items.
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Facility and discrimination values estimated separately for individual items for SZ and HC 

(results for individual items not shown and available upon request) showed similar patterns 

and the expected lower facility across all items for SZ compared to HC. Unexpectedly, the 

discrimination values for HC were lower than for SZ. This is in contrast to the J-TMT test, 

which has similar discrimination values in the two diagnostic groups, and suggests that the 

JL-AER captures a construct that is less well delineated in HC than it is in SZ patients. 

Figure 6 shows results for the emotion hyper-items for each diagnostic group separately. 

With the exception of “happy” the facilities were higher for HC than for SZ. Note that even 

though the facility of the hyper-item “neutral” is high for both SZ and HC, the difference 

between the facilities of “neutral” for the two diagnostic groups is the largest among all 

emotion hyper-items. The discrimination values (except for angry, for which the 

discrimination values are similar) are higher for SZ than HC, indicating that the emotion 

hyper-items (except angry) differentiate better between SZ low and high ability subjects, 

than they differentiate between low and high ability HCs. This is in contrast to J-TMT, 

which has similar discrimination performance for SZ and HC. Also in comparison to J-

TMT, the discrimination values of JL-AER are lower.

3.2.2. Effect of item characteristics—From Figure 6 we see that all of the hyper-items 

meet the criteria for facility and discrimination. In contrast with the individual items, the 

discrimination values of the hyper-items in the combined sample of HC and SZ were all 

quite high, indicating that the hyper-items can all differentiate between persons with low vs. 

high ability on the JL-AER test. At an item level, we tested for the independence between 

correct answer to each individual item and diagnosis via χ2 tests for independence. The four 

panels on Figure 7 show how the χ2 test-statistics depend on each of the four item 

characteristics (emotion, speaker, form, and intensity). As mentioned earlier, eight 

utterances did not have an emotion (i.e., emotion was neutral) and these items were not 

characterized by intensity of emotion. Note on the left most panel of Figure 7 that the test 

statistics corresponding to the neutral utterances have the highest values, i.e., the null 

hypothesis of independence between diagnosis and correct answer is rejected most often. 

This result is consistent with the observation on the left panel of Figure 6 showing the 

largest difference between the facilities of HC and SZ for the neutral hyper-item.

In the formal tests for dependence of the ability of items to differentiate between SZ and HC 

of an item characteristic, none of the interaction terms diagnosis-by-characteristic in the 

GLMMs were significant (after removing the neutral category from the emotion 

characteristic and the missing intensity category associated with the neutral emotion from 

the intensity characteristic). Clearly, using only neutral items in the AER test is not an 

option, as different emotions are required. The single item characteristic analyses were 

repeated using models that controlled for all other item characteristics; the results were 

qualitatively the same, indicating that no item characteristic is associated with differential 

response. In addition, no 3-way interaction was statistically significant when testing for joint 

effect of two characteristics on the ability of an item for differentiate between HC and SZ 

(all p-value >0.18). Those results suggest that since none of the item characteristics has an 

effect on the ability of the items to differentiate between SZ and HC, an alternative strategy 

to shorten the test should be considered.
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3.2.3. Shortening the test—Because no item characteristics showed an effect on ability 

of the items to distinguish between HC vs. SZ, the test was shortened based on the item-

level facility and discrimination values. The 34 items that met the criteria for facility and 

discrimination across groups were chosen for the shortened battery (short34). Those criteria 

produced a well-balanced test that included items from each of the 14 categories. The 

selected items are shown in Table 3 and include 6 happy, 7 sad, 4 anger, 8 fear, 3 disgust, 

and 6 neutral items. Twenty of these are statements and 14 are questions. Fourteen are weak 

and 14 are strong and 6 have no intensity (are neutral). A previously proposed abbreviated 

32-item version (short32) was developed based on pitch properties of items2, 16, 23 and 

contains 23 of the same items as the short34 (see Table 3). The full version, short32 and 

short34 have comparable AUCs, with AUCFull=0.7751, AUCshort34=0.7769 and 

AUCshort32=0.7645 (see Figure 8).

3.2.4. Test-Retest Reliability—As seen in Table 2, the test-retest reliabilities of HC and 

SZ are high for both the original test and short34. The test-retest reliability of the short32 is 

somewhat lower, but still acceptable. We conclude that both short34 and short32 versions 

can be used in clinical trials. In neither version is the test-retest reliability compromised by 

the omission of more than half of the original 88 items, thus allowing a reduction to 40% of 

the original duration (from ~45 min to ~20 min long).

4. DISCUSSION

This paper reports on the psychometric properties of behavioral auditory tests that have been 

used in schizophrenia research to assess sensory function and prosody. To understand the 

measured phenomenon and possibly develop shortened versions of the tasks suitable for 

clinical research and practice, we performed an item-level analysis and also studied the 

effects of various item characteristics on the ability of the items to differentiate between SZ 

patients and HC. Our aim is consistent with the goals of such initiatives as CNTRICS and 

Social Cognition Psychometric Evaluation (SCOPE)8, 11. We recommend tasks that can 

have meaningful applications in clinical trials. In addition, the detailed characterization of 

properties of these auditory tests can contribute to development of further measures of 

auditory functioning.

The J-TMT assesses pitch perception at five different PDs between two tones, and although 

it is relatively short to begin with (~15 min to administer), when administered as part of 

battery of tests, a shorter version would be desirable. The original test shows high sensitivity 

and specificity as seen in AUC values, which is consistent with large effect sizes reported 

previously2, 22. The results presented here show that facility (i.e., probability of an item to 

be answered correctly) is within acceptable limits, particularly for items at the more difficult 

PDs. However, pairs with “same” tones were generally above the facility cut-off, i.e., they 

are easy to answer correctly. Discrimination (i.e., correlation between the response to an 

item and the average response of all other items, a measure of how well the item can 

differentiate between individuals with low and vs. high ability on the construct assessed by 

the test) is good for most items, except for the “same” items, indicating that pairs of equal 

tones do not discriminate well between subjects with good and bad pitch perception. “Same” 

tone-pairs, however, clearly need to be included in the test. As expected, the average 
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facilities of the items are lower in patients than in controls. However, the average 

discrimination values are similar between SZ and HC, indicating that the J-TMT works well 

in both SZ and HC and would also be appropriate for assessing basic tone perception even 

among healthy subjects. The greatest differences between SZ and HC were in correctly 

answering items with PD of 5% and 10%.

An obvious way to shorten the J-TMT is by removing repeated tone-pairs within each PD 

level (i.e., half of all items). This successfully produced a similar AUC curve as the original 

test. Because PD showed a differential ability to distinguish groups, PD level was explored 

to even further shorten the test. Utilizing only half the tone-pairs and three of the five PDs 

produces a test without compromising its sensitivity and specificity. The original and 

shortened versions have similar test-retest reliability, all above 0.78 for patients and 

controls. Thus, all three versions can be used in treatment studies, with the shortest version 

less than half the time as the original. Several papers report on an adaptive up-down transfer 

staircase method to determine matching thresholds33, 41, 42, akin to our PD75 scores, which 

may also be considered in developing tests to assess pitch perception.

The JL-AER, used to assess emotional prosody, has high AUC for differentiating patients 

from controls, like the J-TMT. This test takes ~45 min to administer and would particularly 

benefit from shortening. Thirty-four of the original 88 items showed facility and 

discrimination that met suggested guidelines. As expected, healthy controls performed on 

average better on all emotions, with the exception of happy, where both diagnostic groups 

had similar and low rates of correct answers. However, the discrimination values were 

generally higher for patients than for controls, which suggests that although JL-AER is a 

good test for assessing emotional prosody in SZ and can differentiate well between SZ and 

HC, it might not be optimal for differentiating healthy subjects with respect to low and high 

levels of auditory emotion recognition.

We note that both patients and controls performed best on utterances with “neutral” 

emotion, and these items also showed the best ability to differentiate between patients and 

controls. As reported in other studies, the difference between SZ and HC in the probability 

to answer correctly did not depend on the emotion2, 22 (excluding neutral items). The lack of 

dependence of differentiation between SZ and HC on other item characteristics (i.e., speaker 

and form of the sentence) has not previously been explored and is first documented here. 

Low, but not high, intensity has previously been shown to differentiate between SZ and HC 

for the emotion of angry and this emotion appears to depend more on intensity than pitch 

cues for recognition 2, 25. However, as seen in the present study, while weak intensity has 

lower facility than strong intensity for both groups, weak vs. strong intensity does not have a 

differential effect between groups when all emotions are considered.

Because none of the item characteristics affected the ability of utterances to discriminate 

between diagnostic groups, the strategy employed in shortening the J-TMT could not be 

used. Instead we focused on the subset of items 34 items individually meeting the facility 

and discrimination criteria (Short34). The Short34 has good AUC and test-retest 

reliability>0.7 for both SZ and HC. Interestingly, a 32-item short version (Short32), which 

was previously developed based on items having pitch and intensity characteristics near the 
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mean levels for specific emotions2, 16, 23, contains 23 of the same items as the Short34. The 

test-retest reliability of Short34 is slightly higher than Short32, particularly for HC, but the 

test-retest reliability of Short32 is also acceptable. This provides validation for the 

previously shortened version in addition to developing a new 34-item version.

The most serious limitation of the present study is that the properties of the proposed short 

versions were assessed from the same sample used to develop those instruments. Our group 

has begun collection of data from new participants, which will allow proper independent 

assessment of their properties. Potential limitations are also the higher prevalence of females 

in the HC group. The possible effect of subjects’ gender on correctly answering the items in 

the two tests was evaluated based on GLMM for probability for correct answer that included 

interactions of gender with item characteristics and diagnosis. These analyses provided no 

evidence for effect of gender on the ability of items to differentiate between patients and 

controls. Finally, the SZ group includes both inpatients and outpatients. While there is some 

indication for poorer pitch perception in inpatients, a replication sample of outpatients from 

the University of Pennsylvania showed similar performance on the J-TMT as the mixed 

sample of inpatients and outpatients from the present site (Nathan Kline Institute)2. Further 

multi-site studies should be undertaken.

In conclusion, the J-TMT and JL-AER may be useful in clinical trials of social cognitive 

remediation and perceptual treatments, both of which are receiving great attention35, 43, 44 

due to the serious consequences of these disturbances. Here we present shorter version of 

these tests that require less than 50% of the time necessary for administering the original 

tests, without compromising their psychometric properties. Our work further increases those 

auditory tasks’ utility in clinical trials and clinical practice. The large differences between 

SZ and HC reported here also highlight the profound nature of auditory deficits and need for 

remediation.
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Abbreviations

AER Auditory Emotion Recognition

CNTRICS Cognitive Neuroscience Treatment Research to Improve Cognition in 

Schizophrenia

HC Healthy Control

JL-AER AER task by Juslin and Laukka (2001)1

J-TMT TMT task by Gold et al. (2012) 2

PD Pitch Differential

SZ Schizophrenia patients

TMT Tone Matching Task
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Figure 1. J-TMT: Facility and Discrimination for Each Tone Pair/Item and Hyper-Items
Facility and discrimination of tone-pairs in the original J-TMT for patients and controls 

combined. The tone-pairs are ordered horizontally from the first pair within the smallest PD 

to the last pair within the largest PD. The “hyper-items” at the far right are in the order: (i) 

PD (5 squares left to right: 2.5 to 50%); (ii) average frequency (3 triangles left to right: low, 

medium, high); (iii) order of tones within a pair (3 diamonds left to right: higher first, lower 

first, same). The horizontal lines mark the cut-off guidelines from CTT. Black symbols 

indicate items that meet guidelines for both facility and discrimination.
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Figure 2. 
J-TMT: Facility and Discrimination for Patient and Controls

J-TMT: Facility and discrimination of the hyper-items corresponding to 5 PDs for patients, 

controls, and both groups together.
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Figure 3. 
J-TMT: Chi-Square Test for Differences Between Diagnostic Groups for ALL Tone Pairs by 

Tone Pair Characteristics

J-TMT: Box-plots of the 130 χ2 test statistics testing for independence between correct 

response and diagnosis by item characteristics: by PD (bottom left panel), by order of tones 

within a pair (bottom middle panel), by average pitch of the two tones in a pair (bottom right 

panel) and by sequence number of a tone-pair within each PD (top panel). Each box 

represents the interquartile range, the horizontal line within the box represents the median, 

and the points beyond the whiskers represent the outliers for the set of χ2(1) test statistics for 

all items at the given level of the characteristic. Note, since identical tones are necessary for 

the J-TMT, only the tone-pairs from categories ‘lower-first’ and ‘higher-first’ were included 

in the test assessing the effect of the characteristic on the ability of items to differentiate 

between SZ and HC. Note, that the critical α=0.05 value for a test for independence is 

χ2(1)=3.84.
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Figure 4. 
J-TMT: How well the summary scores differentiate between SZ and HC. Percent correct 

(top panel) and PD75 (bottom panel) are computed using all items, the first 13 and the 

second 13 items and are shown by diagnostic group. The AUC corresponding to these 

summary scores are given together with a p-value from t-tests comparing the diagnostic 

groups.
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Figure 5. 
JL-AER: Facility and Discrimination for Each Sentence/Item and Hyper-Items

Facility and discrimination of the utterances in the original JL-AER test for patients and 

controls combined. The “hyper-items” at far right are in the order: (i) emotions (6 triangles 

left to right: happy, sad, angry, fear, disgust, neutral); (ii) speaker (4 squares left to right); 

(iii) question or statement (2 diamonds left to right); (iv) strong or weak (2 circles left to 

right). Black symbols indicate items that meet guidelines for facility and discrimination.
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Figure 6. 
JL-AER: Facility and Discrimination for Patient and Controls

JL-AER: Facility and discrimination of hyper-items corresponding to the six levels of the 

emotion characteristic for patients, controls, and both groups together.
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Figure 7. 
JL-AER: Chi-Square Test Statistic for all Sentences/Items

JL-AER: Box-plots of the χ2(1) test statistics comparing SZ vs. HC with respect to response 

to individual items by: emotion, speaker, question/statement, and intensity.
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Figure 8. 
JL-AER: For Patients and Controls Total Correct Score

JL-AER: How well the summary scores differentiate between SZ and HC. Percent correct 

for the original, Short34 and Short32.
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Table 1

The table provides clinical and demographic characteristics of the sample used for each auditory test.

J-TMT JL-AER

SZ, n=124 HC, n=131 SZ, n=85 HC, n=51

Demographics

Age, mean ± SD 38.6±10.7 34.6±11.5* 39.9±10.3 37.5±10.8

Gender (M/F) 105/19 86/45** 70/15 36/15

SES parents ± SD 38.6±14.7 43.9±12.9* 37.1±13.9 42.3±14.0

SES participants ± SD 26.4±11.1 41.9±11.7** 25.9±11.0 43.1±10.0**

IQ mean ± SD 95.4±10.1 106.2±11.1** 95.3±10.3 105.4±10.4**

Highest grade achieved ± SD 11.9±2.3 14.8±2.2** 11.9±2.3 14.7±1.9**

SZ Clinical Characteristics

CPZ Equivalents ± SD 875.5±708.6 851.3±694.7

Atypical/typical/combination/none 86/12/24/2 56/9/18/2

PANSS Total ± SD 74.3±13.2 74.7±14.0

PANSS Positive ± SD 18.8±5.6 19.1±5.9

PANSS Negative ± SD 18.8±4.6 18.5±4.4

PANSS General Psychopathology ± SD 36.8±7.3 37.1±7.7

Illness duration (years) ± SD 16.4±9.4 17.1±9.4

Schizophrenia/Schizoaffective 99/25 66/19

*
p<0.01;

**
p<0.001

Note: Socioeconomic status was measured with the 4-factor Hollingshead Scale. IQ was assessed with the Quick Test. M, male; F, female; PANSS, 
Positive and Negative Syndrome Scale.
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Table 2

Test-retest reliability of the original summary measures and proposed shorter versions, by diagnosis.

Measure SZ HC

J-TMT SZ: n@T11=124, n@T22=52; HC: n@T1=131, n@T2=32

% Correct: 5 PD3, 26 items per PD (Original) 0.830 0.821

% Correct: 5 PDs, 13 items per PD 0.786 0.806

% Correct: 3 PDs (5, 10, 50), 13 items per PD 0.785 0.833

PD754, 26 items 0.744 0.701

PD75, 13 items 0.668 0.628

JL-AER SZ: n@T1=85, n@T2=35; HC: n@T1=51, n@T2=18

% Correct, 86 items (Original) 0.804 0.716

% Correct, 32 items (Short32) 0.681 0.716

% Correct, 34 items (Short34) 0.706 0.855

1
n@T1: number of subjects with observations at Time 1

2
n@T2: number of subjects with observations at Time 2

3
PD = Pitch Differential

4
PD75 = the most difficult level at which subject had at least 75% correct responses
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