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a b s t r a c t
In “cocktail-party” environments, although listeners feel it difﬁcult to recognize attended speech due to both energetic masking and informational masking, they can use various perceptual/cognitive cues, such as content and
voice primes, to facilitate their attention to target speech. In patients with schizophrenia, both speech-perception
deﬁcits and increased vulnerability to masking stimuli generally occur. This study investigated whether speech
recognition in ﬁrst-episode patients (FEPs) and chronic patients (CPs) of schizophrenia is more vulnerable to
noise masking and/or speech masking than that in demographics-matched-healthy controls, and whether patients with schizophrenia can use primes to unmask speech. In a trial under the priming condition, before the target sentence containing three keywords was co-presented with a noise or speech masker, the prime (early part
of the sentence including the ﬁrst two keywords) was recited in quiet with the target-speaker's voice. The results
show that in patients, target-speech recognition was more impaired under speech-masking conditions than
noise-masking conditions, and the impairment in CPs (n = 22) was larger than that in FEPs (n= 12). Although
working memory for holding prime-content information in patients, especially CPs, was more vulnerable to
masking, especially speech masking, than that in healthy controls, patients were still able to use the prime to unmask the last keyword. Thus, in “cocktail-party” environments, speech recognition in people with schizophrenia
is more vulnerable to masking, particularly informational masking, and the speech-recognition impairment augments as the illness progresses. However, people with schizophrenia can use the content/voice prime to reduce
energetic masking and informational masking of target speech.
© 2011 Elsevier B.V. All rights reserved.

1. Introduction
Under “cocktail-party” environments with multiple-people talking
(Cherry, 1953), there are two types of masking components contributing to speech-recognition difﬁculties: energetic masking and informational masking (e.g., Freyman et al., 1999; Brungart et al., 2001; Li
et al., 2004; Helfer and Freyman, 2005, 2009; Wu et al., 2005; Rakerd
et al., 2006; Huang et al., 2008, 2009). Energetic masking occurs when
peripheral neural activity elicited by a signal is overwhelmed by that
elicited by maskers, leading to a degraded or noisy neural representation of the signal. Steady-state speech-spectrum noise has been widely
used for introducing energetic masking (noise-on-speech masking). Informational masking occurs when signals and maskers are similar along
some informational dimensions, particularly when signals and maskers
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are speech sounds (speech-on-speech masking), causing confusion between the target and masker and/or uncertainty regarding the target.
Relative to energetic masking, informational masking involves more
higher-order central processing (Schneider et al., 2007).
Compared to healthy listeners, patients with schizophrenia have impairments in both early-auditory processing (e.g., Javitt et al., 1997,
2000; Michie, 2001; Alain et al., 2002; Kasai et al., 2002a,b; Brenner
et al., 2009) and speech perception (e.g., Bull and Venables, 1974;
DeLisi, 2001; Condray et al., 2002; Kasai et al., 2002a,b; Lee et al.,
2004; Titone and Levy, 2004; Condray, 2005). Moreover, people with
schizophrenia are more vulnerable to auditory forward/backward
masking and visual backward masking than their healthy controls
(Green et al., 1999; Källstrand et al., 2002), perform poorly in deriving
beneﬁt from viewing a speaker's speech articulators against noise
masking (Ross et al., 2007), and make more errors in the “babble”masked speech tracking task (particularly for those with hallucination,
Hoffman et al., 1999; Lee et al., 2004). However, it is not clear whether
compared to that in healthy listeners, speech recognition in people with
schizophrenia is more vulnerable to masking, particularly informational
masking. The Ross et al. study (2007) shows that compared to healthy
participants, schizophrenic participants did not have any deﬁcits in
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recognizing monosyllabic words against the background of a pink noise
(also called 1/ƒ noise whose power spectral density is inversely proportional to the frequency f), suggesting that low-load speech recognition
is not impaired under energetic-masking conditions.
Although listeners usually feel it difﬁcult to recognize target
speech under “cocktail-party” conditions, they can use various
perceptual/cognitive cues to reduce masking of target speech. These
cues include perceived spatial separation between target and masker
(Freyman et al., 1999; Arbogast et al., 2002; Li et al., 2004; Wu et al.,
2005; Rakerd et al., 2006; Huang et al., 2008, 2009), prior knowledge
about where and/or when target speech will occur (Kidd et al., 2005;
Best et al., 2007), prior knowledge about part of the target-sentence content (Freyman et al., 2004; Yang et al., 2007; Ezzatian et al., 2011), familiarity of the target-talker's voice (Brungart et al., 2001; Freyman et al.,
2004; Newman and Evers, 2007; Yang et al., 2007; Helfer and Freyman,
2009; Huang et al., 2010; Ezzatian et al., 2011), and viewing a speaker's
movements of the speech articulators (lipreading) (Sumby and Pollack,
1954; Summerﬁeld, 1979; Rosenblum et al., 1996; Grant and Seitz,
2000; Rudmann et al., 2003; Helfer and Freyman, 2005). It appears that
any cue that facilitates listeners' selective attention to target speech can
improve recognition of target speech against masking stimuli. However,
it is not clear whether people with schizophrenia are able to use perceptual/cognitive cues to unmask target speech.
In the line of studies of the effects of content priming on speech recognition against a masker (Freyman et al., 2004; Yang et al., 2007;
Ezzatian et al., 2011), recognition of the last (the third) keyword in a
three-keyword nonsense target sentence, which is co-presented with
a masker (noise or speech), is improved if the content prime (early
part of the target sentence including the ﬁrst and second keywords)
is pre-presented in quiet. Since target sentences used for studying the
priming effect are not semantically meaningful (so called nonsense
sentences), listeners receive no contextual support from the content
prime for guessing the last keyword. Freyman et al. (2004) suggest
that the prime helps participants attend more quickly to the target sentence, thereby facilitating recognition of the last keyword against
masking. Moreover, working memory, a brain system that temporarily
stores and processes information to direct ongoing cognitive processes
(Baddeley, 1981, 1992), is critical for the priming effect, because working memory temporally holds the prime information during the
target/masker co-presentation. Thus, any masker-induced disruptions
of the working memory of prime information may result in impaired
recall of the content prime. It is of interest to know whether people
with schizophrenia are still able to use a prime to unmask target
speech, and whether recalling the prime is affected by noise masking
and/or speech masking in both people with schizophrenia and healthy
controls.
The present study was to investigate (1) whether speech recognition in people with schizophrenia is more vulnerable to noise masking and/or speech masking than their healthy controls, (2) whether
the accuracy of recalling the prime is affected by noise masking
and/or speech masking in people with schizophrenia and healthy
controls, and (3) whether people with schizophrenia are still able to
use a prime to unmask target speech.
It is known that from the illness onset to more chronic stages, people with schizophrenia experience progressive increases in auditory
sensory dysfunction (Rabinowicz et al., 2000), deﬁcits of auditory selective attention (Oie et al., 1998), and impairments of working memory (Ohrmann et al., 2007; Pantelis et al., 2009; Zanello et al., 2009; for
a review see Forbes et al., 2009). In addition, people with schizophrenia have progressively augmented reduction of regional cerebral
blood ﬂow in frontal and posterior lobes (Kanahara et al., 2009) and
damage to gray and/or white matter (Okugawa et al., 2002; Federspiel
et al., 2006; DeLisi, 2008; Friedman et al., 2008; Gasparotti et al.,
2009). Thus, this study also investigated the illness-duration effect
by using two patient groups: patients with ﬁrst-episode schizophrenia
and patients with chronic schizophrenia.

2. Materials and methods
2.1. Participants
All the patients used in this study were recruited in the Beijing
Anding Hospital. Their diagnoses were obtained based on the Structured Clinical Interview for DSM-IV (SCID-DSM-IV; First et al., 1996).
These patients received antipsychotic medications during the test of
this study (Table 1). Averagely, the chlorpromazine equivalent was
254 ± 69 mg/day for ﬁrst episode patients (FEPs) and 611 ±
111 mg/day for chronic patients (CPs). The equivalent was calculated
using conversion factors described by Woods (2003). Some potential
patient participants were excluded if they had healthy condition(s) affecting experimental tests (including hearing loss, alcohol and/or drug
abuse and dependence, and a treatment of the electroconvulsive therapy (ECT) within the past six months, a treatment of trihexyphenidyl
hydrochloride with a dose of more than 6 mg/day, and/or an age
younger than 18 or older than 59). For the purpose of improving
sleeping, some of the patient participants received benzodiazepines
based on doctors' advice. All patients were clinically stable at the
time of their participation.
Potential healthy controls (FEP-Cs and CP-Cs) were recruited from
the communities near the hospital. They were telephone interviewed
ﬁrst and then were screened with the SCID-DSM-IV as used for patient participants. None of the healthy volunteers had a history of
Axis I psychiatric disorder as deﬁned by the DSM-IV.
Twelve FEPs with their 12 demographics-matched healthy controls (FEP-Cs), and 22 CPs with their 22 demographics-matched

Table 1
Characteristics of patients and healthy controls.

Individual
number
Age (years ±
SEM)
Male%
Education
(years)
MID (years)
PANSS
P-scale
N-scale
G-scale
PASAT
Total-response
Total-correct
CRR
Digit Span
Diagnostic
subtype
paranoid
Non-paranoid
Hallucination
P3 ≥ 4
Antipsychotic
medications
Typical
Atypical*
Chlorpromazine
equivalent

First-episode
patients (FEPs)

Healthy
control for
FEPs

Chronic patients Healthy
(CPs)
controls for
CPs

12

12

22

22

24.1 (5.8)

24.0 (4.5)

43.3 (9.3)

39.1 (8.8)

67
12.1 (2.2)

67
12.6 (2.8)

82
10.9 (1.7)

77
11.2 (2.0)

0.75 (0.56)
93.42 (22.98)
23.92 (6.57)
23.58 (8.72)
46.75 (12.26)

NA
NA
NA
NA
NA

16.59 (8.30)
92.24 (23.02)
19.94 (6.28)
26.461 (7.12)
46.00 (13.08)

NA
NA
NA
NA
NA

41.75 (6.27)a
37.92 (11.01)
89.56 (18.58)
8.50 (2.71)
N

47.25 (3.36)
43.92 (4.25)
92.87 (4.69)
9.18 (1.33)

31.44 (11.19)b
25.17 (10.39)b
82.50 (19.92)a
7.89 (1.32)a
N

44.89 (6.22)
42.61 (6.44)
95.08 (8.44)
9.16 (1.07)

7
5
N
6
N

13
9
N
7
N

0
12
Mean:254
SD:69
Range: 150–400

7
19
Mean:611
SD:111
Range: 350–850

SEM = sample error of mean. SD = standard deviation. PANSS = positive and negative
syndrome scale. P3 = acoustic hallucinition. MID = mean illness duration. NA = not
applicable. PASAT = paced auditory serial addition test. CRR = (percent
correct/percent response) × 100.
a. Schizophrenia patients different from control group mean, p b 0.05.
b. Schizophrenia patients different from control group mean, p b 0.01.
* Note that 7 patients received 2 different antipsychotic medications.
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healthy controls (CP-Cs) participated in the study. Table 1 shows the
main characteristics of each of the four participant groups. All the participants were right-handed and did not show any pure-tone hearing
impairments for each ear at the frequencies of 125, 256, 512, 1024,
and 2048 Hz. They gave their written informed consent to participate
in this study. The procedures of this study were approved by the Independent Ethics Committee (IEC) of the Beijing Anding Hospital, Capital
Medical University.
2.2. Equipment and materials
The participant was seated at the center of a quite room in the hospital. Acoustic signals, calibrated by a sound-level meter (AUDit
and System 824, Larson Davis, USA), were delivered from a notebookcomputer sound card (ATI SB450 AC97) to earphones (Model HDA
200) and bilaterally presented to the participant at the sound pressure
level (SPL) of 60 dBA without any binaural differences. The SPLs of the
masker were adjusted to produce four signal-to-noise ratios (SNRs):
−8, −4, 0 and 4 dB.
Speech stimuli were Chinese nonsense sentences, which are syntactically correct but not semantically meaningful. Direct English translations
of the sentences are similar but not identical to the English nonsense sentences developed by Helfer (1997). For example, the English translation of
a Chinese nonsense sentence is “One appreciation could retire his ocean”
(keywords are underlined). Each of the Chinese sentences has 12 syllables
(also 12 characters) including three keywords with two syllables for each.
The sentence frame cannot provide any contextual support for recognizing the keywords. The development of the Chinese nonsense sentences
is described by Yang et al. (2007).
Both target speech and priming stimuli were spoken by three
young-female talkers (Talkers A, B and C). In a trial, the priming stimulus was identical to the target sentence except that the last keyword
was replaced by a white noise burst, whose duration was equal to
that of the longest of the last (third) keywords in all the target sentences, and whose level was 10 dB lower than that of preceding part
of the sentence (Freyman et al., 2004). The voice reciting the priming
stimulus was identical to that reciting the target sentence for the trial.
The noise masker was a stream of steady-state speech-spectrum
noise (Yang et al., 2007). The speech masker was a 47-s loop of
digitally-combined continuous recordings for Chinese nonsense sentences (whose keywords did not appear in target sentences) spoken
by two different young female talkers (Talkers D and E) (Yang et al.,
2007).
2.3. Procedures
The locally validated version of the Positive and Negative Syndrome
Scale (PANSS) tests (Si et al., 2004), Paced Auditory Serial Addition Test
(PASAT) (Shi et al., 2005; Tombaugh, 2006), and Digital Span were conducted one day before the test for patient participants. The order of the
neuropsychological tests was randomized. Group-mean scores for the
positive, negative, and general psychopathological scales did not significantly differ between the ﬁrst-episode-patient group and the chronicpatient group.
For the speech-recognition test, there were three within-subject
variables: (1) masker type (noise, speech), (2) priming condition
(no-priming, priming), and (3) SNR (−8, −4, 0 and 4 dB). For each
participant, there were 16 test conditions in total and 12 trials (also
12 target sentences) were used in each condition. Under a condition,
each of the three target (and priming) voices had the equal chance to
be used, and the presentation order for the voices was arranged in a
random manner. The presentation order for the four masker-type/
priming-condition combinations was partially counterbalanced
across participants in each group using a Latin square order, and the
presentation order of the four SNRs was arranged randomly for each
masker-type/priming-condition combination.
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In a trial with the presentation of the prime (under the priming
condition), the prime was presented in quiet following the participant pressed the “Enter” key on a computer keyboard. Immediately
after the priming phase, the masker was presented and about 1 s
later the target sentence was started. Then the target sentence terminated with the masker. In a trial without the presentation of the
prime (under the no-priming condition), either the noise masker or
the speech masker was presented after the key press, and then the
target sentence was started about 1 s after the masker onset. After
the masker/target co-presentation was ﬁnished, the participant was
instructed to loudly repeat the whole target sentence as best as
he/she could. The experimenters, who sat quietly behind the participant, scored whether each of the two syllables for each of the three
keywords had been identiﬁed correctly.
2.4. Statistical analyses
Analysis of variance (ANOVA) followed by Bonferroni post hoc
tests (when necessary) was performed using SPSS 13.0 software.
The null hypothesis was rejected at the level of 0.05.
To investigate whether speech recognition was different between
patients and their demographics-matched healthy controls, recognition
of all the three keywords in target speech under the no-priming condition was ﬁrst examined by comparing the group-mean thresholds of the
psychometrical function. One of the advantages to test the threshold
was to remove the SNR factor from the statistics. However, to examine
whether recognition of the prime keywords was affected by the noise or
speech masker, the SNR was the critical factor. Finally, to study the
priming effect on recognition of the last (third) keyword, thresholds
of the psychometric function were compared between the no-priming
condition and the priming condition, leading to that the SNR factor
was removed from the statistics.
3. Results
3.1. Recognition of the three keywords under the no-priming condition
To investigate whether speech recognition was different between
patients and their demographics-matched healthy controls, recognition of all the three keywords in target speech under the no-priming
condition was ﬁrst examined.
A logistic psychometric function,
h
i
–σ ðx–μ Þ
y ¼ 1= 1 þ e
was ﬁt to each individual participant's data, using the Levenberg–
Marquardt method (Wolfram, 1991), where y is the probability of correct recognition of the keywords, x is the SNR corresponding to y, μ
(the threshold) is the SNR corresponding to 50% correct on the psychometric function, and σ determines the slope of the psychometric function.
Fig. 1 shows group-mean percent-correct recognition of the three
keywords in target sentences as a function of SNR along with the
group-mean best-ﬁtting psychometric functions in both the two patient
(FEP and CP) groups and the two demographics-matched healthy control (FEP-C and CP-C) groups under the no-priming condition, when the
masker was either noise (top panels) or speech (bottom panels). Fig. 2
shows comparisons in the group-mean threshold μ for recognizing the
three keywords across participant groups and masking conditions. Obviously, both Fig. 1 and Fig. 2 show that under the no-priming condition,
recognition of the keywords was worse (higher in the threshold μ) in
patients with schizophrenia than in healthy controls, and it was worse
under the speech-masking condition than under the noise-masking
condition for all the four participant groups.
The difference in threshold μ (Δμ) between the patient group and
the matched healthy-control group at each of the masking conditions
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Fig. 1. Group-mean percent-correct recognition of the three keywords in target sentences as a function of SNR along with the group-mean best-ﬁtting psychometric functions
(curves) for the patient groups (solid squares) and the demographics-matched-control groups (open circles) under the no-priming conditions, when the masker was noise (top
panels) or speech (bottom panels). The difference in threshold μ (Δμ) between the patient group and the matched healthy-control group at each of the masking conditions was
also indicated in each panel. FEPs, ﬁrst-episode patients; FEP-Cs, healthy controls for ﬁrst-episode patients; CPs, chronic patients; CP-Cs, healthy controls for chronic patients.

was also indicated in Fig. 1. Generally, the difference between CPs and
CP-Cs was larger than that between FEPs and FEP-Cs; the difference between patients and matched healthy controls was larger under the
speech-masking condition than under the noise-masking condition.
A 4 (group: FEP, FEP-C, CP, CP-C) by 2 (masker type: noise,
speech) two-way ANOVA shows that the main effect of group on
the threshold μ was signiﬁcant (F3,128 = 26.366, p b 0.01), the main effect of masker type was signiﬁcant (F1,128 = 46.060, p b 0.01), but the
interaction between two factors was not signiﬁcant (F3,128 = 0.549,
p = 0.650). Post Hoc tests for the group effect show that the threshold
difference between the FEP group and the FEP-C group was

Fig. 2. Group-mean thresholds (μ) for correct recognition of the three keywords in target sentences when the masker was noise or speech for each of the four participant
groups under the no-priming condition. Error bars indicate the standard errors of the
mean. FEP, ﬁrst-episode patient; FEP-C, ﬁrst-episode-patient healthy control; CP,
chronic patient; CP-C, chronic control.

signiﬁcant (p b 0.01), the difference between the CP group and the
CP-C group was signiﬁcant (p b 0.01), the difference between the
two patient groups (FEP and CP) was signiﬁcant (p b 0.01), but the difference between the two healthy control groups (FEP-C and CP-C)
was not signiﬁcant (p = 0.084).
3.2. Recognition of the prime keywords under the priming condition
Fig. 3 shows group-mean percent-correct recognition of the prime
keywords (ﬁrst and second keywords) as a function of SNR along with
the group-mean best-ﬁtting psychometric function in each of the four
participant groups under the priming condition, when the masker was
either noise (top panels) or speech (bottom panels). As predicted, the
correct percent of recalling the prime keywords was high even at low
SNRs, because the prime keywords were presented in quiet to participants before the co-presentation of the (whole-course) target speech
and the masker, suggesting that the working memory of prime-content
information was sufﬁciently maintained. However, in both healthy and
patient participants, the prime-recalling performance was not perfect
but a function of the SNR, especially under the speech-masking
condition.
To examine whether FEPs and FEP-Cs were different in recalling the
prime keywords and whether the SNR effect was signiﬁcant under the
priming condition when the masker was either noise or speech, a 2
(group) by 2 (masker) by 4 (SNR) three-way ANOVA was conducted,
which showed that the interaction between group and masker type
was signiﬁcant (F1, 176 = 7.875, p = 0.006). However, the interactions
between SNR and masker type, between SNR and group, and between
the three factors were not signiﬁcant (p N 0.800). Separate 2 (group)
by 4 (SNR) two-way ANOVAs show that when the masker was noise,
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Fig. 3. Group-mean percent-correct recognition of the prime keywords (the ﬁrst and second keywords) in target sentences as a function of SNR along with the group-mean bestﬁtting psychometric function (curve) in the patient group (ﬁlled squares) and demographics-matched healthy control group (open squares) under the priming condition, when the
masker was either noise (upper panels) or speech (lower panels). For abbreviations see Fig. 2.

the main effect of SNR was not signiﬁcant (F3,88 = 1.961, p = 0.126), the
main effect of group was signiﬁcant (F1,88 = 7.602, p = 0.001), and the
interaction between SNR and group was not signiﬁcant (F3,88 = 1.027,
p = 0.385). When the masker was speech, the main effect of SNR was
signiﬁcant (F3,88 = 4.590, p = 0.005), and main effect of group was signiﬁcant (F3,88 = 20.854, p b 0.001), but the interaction between SNR
and group was not signiﬁcant (F3,88 = 1.143, p = 0.336). The results
suggest that (1) recall of the prime keywords in FEPs was worse than
that in FEP-Cs, and (2) the speech masker, but not the noise masker, signiﬁcantly affected recall of prime keywords in both FEPs and FEP-Cs.
The reduced recall of the prime keywords in FEPs under the speechmasking condition was consistent with the reduced score of “total-response” in the PASAT in FEPs (Table 1).
To examine whether CPs and CP-Cs were different in recognizing
the prime keywords and whether the SNR effect was signiﬁcant, a 2
(group) by 2 (masker) by 4 (SNR) three-way ANOVA shows that the
interaction between SNR and masker was signiﬁcant (F3, 335 = 4.982,
p = 0.002) and the interaction between group and masker was significant (F1, 335 = 4.878, p = 0.023). However, the interaction between
SNR and group and three-way interaction were not signiﬁcant
(p N 0.3). Separate 2 (group) by 4 (SNR) two-way ANOVAs show that
when the masker was noise, the main effect of SNR was not signiﬁcant
(F3, 168 = 1.743, p = 0.160), the main effect of group was signiﬁcant
(F1, 168 = 47.891, p = 0.001), and the interaction between the two factors was not signiﬁcant (F3, 168 = 1.219, p = 0.304). When the masker
was speech, the main effect of SNR was signiﬁcant (F3, 168 = 12.617,
p b 0.001), the main effect of group was signiﬁcant (F3, 168 = 56.463,
p b 0.001), but the interaction between SNR and group was not significant (F3, 168 = 0.409, p = 0.746). The results suggest that (1) recall of
prime keywords in CPs was worse than that in CP-Cs under each of the
two masking conditions, (2) the speech masker, but not the noise

masker, affected recall of prime keywords in both CPs and CP-Cs.
Fig. 3 also indicates that under speech-masking conditions, the performance difference between CPs and CP-Cs was larger than that between FEPs and FEP-Cs. In CPs, the reduced recall of the prime
keywords under the speech-masking condition was consistent with
the reduction in both the score of “total-response” and the scope of
“total-correct” in the PASAT, and consistent with the reduction in the
scores of CRR and digital span (Table 1).
3.3. Priming effect on recognition of the last (third) keyword
Figs. 4 and 5 show group-mean percent-correct recognition of the
last (third) keyword as a function of SNR along with the group-mean
best-ﬁtting psychometric function in the two younger-participant
(FEP and FEP-C) groups and the two older-participant (CP and CP-C)
groups, respectively, under either the no-priming condition or the
priming condition, when the masker was either noise (top panels)
or speech (bottom panels). Fig. 6 shows comparisons between
group-mean thresholds for recognizing the last keywords across the
four participant groups and the two masking conditions. Obviously,
presenting the prime markedly improved recognition of the last keyword in each of the participant groups when the masker was either
noise or speech.
A 2 (priming condition) by 4 (group) by 2 (masker type) three-way
ANOVA shows that the main effect of priming condition on the threshold μ for recognizing the last keyword was signiﬁcant(F3, 256 = 39.564,
p b 0.001), the main effect of group was signiﬁcant (F1, 256 = 59.588,
p b 0.001), and the main effect of masker was signiﬁcant
(F1, 256 = 20.337, p b 0.001). However, all the two-way interactions
and the three-way interaction were not signiﬁcant (for all, p N 0.100).
Post Hoc tests for the group effect show that the difference between
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Fig. 4. Group-mean percent-correct recognition of the last keyword in target sentences as a function of SNR along with the group-mean best-ﬁtting psychometric function (curve)
in the ﬁrst episode patient group and demographics-matched healthy control group under the no-priming (open circles) and priming conditions (solid circles), when the masker
was either noise (upper panels) or speech (lower panels). For abbreviations see Fig. 2.

FEPs and FEP-Cs was signiﬁcant (p = 0.003), the difference between CPs
and CP-Cs was signiﬁcant (p b 0.001), the difference between the two
patient groups was signiﬁcant (p b 0.001), but the difference between
the two healthy-control groups was not signiﬁcant (p = 0.235).
4. Discussion
4.1. Recognition of target-speech keywords under the no-priming
condition
First of all, this study examined whether recognition of the three
target-speech keywords in patients with schizophrenia is more vulnerable to noise masking and/or speech masking, compared to that
in their demographics-matched healthy controls. The results show
that under the conditions without presenting the prime, recognition
of the keywords was signiﬁcantly worse in patients than that in
healthy controls. The results are in agreement with previous studies
reporting that people with schizophrenia are more susceptible to auditory masking (Green et al., 1999; Källstrand et al., 2002; Lee et al.,
2004) and experience more difﬁculties in speech perception (Bull
and Venables, 1974; DeLisi, 2001; Condray et al., 2002; Kasai et al.,
2002a,b; Lee et al., 2004; Titone and Levy, 2004; Condray, 2005).
Moreover, although the number of participants in each of the two
younger-participant groups (FEP, FEP-C) was smaller than that in each
of the two older-participant groups (CP, CP-C), the difference in recognizing the keywords between patients and their healthy controls was
apparently both masker-type dependent and illness-duration dependent. Speciﬁcally, when the masker was noise, the difference in the
threshold μ for recognizing the three keywords between FEPs and
FEP-Cs was 1.0 dB, and that between CPs and CP-Cs was 1.9 dB. When
the masker was speech, the difference in the μ between FEPs and FEPCs was 1.7 dB, and that between CPs and CP-Cs was 3.0 dB. The small

difference in μ between patients and matched-healthy controls under
the noise-masking condition in this study may be partially in agreement
with the Ross et al. report (2007) showing that compared to healthy
participants (mean age = 35 years), schizophrenic participants (mean
age = 39 years) did not have any deﬁcits in recognizing monosyllabic
words under noise-masking conditions.
As mentioned in the Introduction, in addition to energetic masking, speech maskers induce informational masking of target speech
(Freyman et al., 1999; Brungart et al., 2001; Li et al., 2004; Helfer
and Freyman, 2005, 2009; Wu et al., 2005; Rakerd et al., 2006;
Huang et al., 2008, 2009). The increased difference in recognizing target keywords between patients and their healthy controls under the
speech-masking condition suggests that speech recognition in patients
with schizophrenia is more vulnerable to informational masking than
energetic masking, because speech-on-speech masking involves additional interfering inﬂuence at higher perceptual/linguistic processing
levels than masking of speech by noise (for a review see Schneider
et al., 2007).
Also, the results suggest that compared to FEPs, CPs performed
more poorly in recognizing target keywords under each of the two
masking conditions. Since there were no signiﬁcant differences
between the two healthy control groups, the illness-duration difference for patient participants, but not the age difference, might
play a role in affecting target-speech recognition against noise
masking and speech masking. A possible explanation of the difference between the two patient groups is that due to progressively
augmented impairment in auditory selective attention (Oie et al.,
1998) and damage to gray and/or white matter (Okugawa et al.,
2002; Federspiel et al., 2006; DeLisi, 2008; Friedman et al., 2008;
Gasparotti et al., 2009), recognition of speech is more vulnerable
to masking, especially informational masking, in chronic patients
than in ﬁrst-episode patients. Note that since the participant
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Fig. 5. Group-mean percent-correct recognition of the last keyword in target sentences as a function of SNR along with the group-mean best-ﬁtting psychometric function (curve)
in the chronic patient group and demographics-matched healthy control group under the no-priming (open circles) and priming conditions (solid circles), when the masker was
either noise (upper panels) or speech (lower panels). For abbreviations see Fig. 2.

number, gender, education, severity of PANSS scores, and antipsychotic medications in the FEP group did not match those in the CP
group, comparisons in masking of target speech between FEPs and
CPs still need further investigation in the future.
4.2. Working memory of the prime-content information under the priming
condition

Fig. 6. Comparisons of group-mean thresholds (μ) for correct recognition of the last
keyword in target sentences across participants groups and masking condition under
either the no-priming condition or the priming condition. Error bars indicate the standard errors of the mean. For abbreviations see Fig. 2.

In this study, as indicated in Table 1, both the score of “totalresponse” and the scope of “total-correct” in the PASAT were
lower in patients than in healthy controls, suggesting that patients
had impaired short-term working memory (Tombaugh, 2006). Particularly, CPs also showed markedly lower scores in CRR and digital span than their healthy controls, indicating that further
impairment in working memory occurred in CPs. Indeed, under
the priming condition, recall of the prime keywords was not perfect in each of the four groups of participants who had normal
hearing, even though the prime keywords were presented in
quiet to the participants before the co-presentation of the target
speech and the masker. Moreover, recall of the prime keywords
in patients, especially CPs, was signiﬁcantly worse than that in
their healthy controls. Thus, the results suggest that compared to
that in healthy controls, working memory of prime keywords in
patients of schizophrenia is more vulnerable to masking, and the
vulnerability may reﬂect working memory deﬁciencies (but not auditory deﬁciencies). The results are consistent with previous reports that patients with schizophrenia experience progressively
augmented impairments in working memory (Ohrmann et al.,
2007; Pantelis et al., 2009; Zanello et al., 2009; for a review see
Forbes et al., 2009).
More importantly, in each of the four participant groups, recall of
the prime keywords was a signiﬁcant function of the SNR when the
masker was speech but not noise. Also, separate statistical tests for
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the younger-participant groups (FEP and FEP-C) and older-participant groups (CP and CP-C) conﬁrmed that the difference in recalling
the prime keywords between patients and their healthy controls
was larger when the masker was speech than when the masker was
noise. The results suggest that working memory for holding the
prime-content information is vulnerable to informational masking
but not energetic masking, and the vulnerability is larger in patients,
particularly CPs, than in healthy controls.
4.3. Using the prime to unmask the last keyword in target speech
In the present study, recognition of the last keyword was worse in
patients than that in the matched healthy controls. Also, although
there was no signiﬁcant difference between the two healthy-control
groups and the performance was worse in CPs than in FEPs, further
investigation is still needed to clarify the illness-duration effect. However, for both patient groups and healthy-control groups, recognition
of the last keyword was signiﬁcantly improved by presenting the
prime in quiet.
As mentioned in the Introduction, knowledge/familiarity of early
part of the content of target speech and/or the target-talker's voice
improve recognition of the last keyword in target speech when the
masker is either noise or speech (Freyman et al., 2004; Yang et al.,
2007; Huang et al., 2010; Ezzatian et al., 2011), because the prime
helps listener attend to the target stream. Thus, although patients
with schizophrenia exhibit many deﬁcits related to speech recognition, they are still able to use the prime to facilitate their selective attention to the target stream among the target/masker complex and
unmask target speech under either noise-masking or speech-masking
conditions.
5. Conclusions
This study for the ﬁrst time provides evidence to show that compared to that in their demographics-matched healthy listeners, recognition of speech in both FEPs and CPs is more vulnerable to masking,
especially informational masking. Also, the vulnerability in CPs is larger
than that in FEPs, showing the sectional effect of the illness. Moreover,
similar to healthy controls, both FEPs and CPs are able to use the content/voice prime to release target speech from either noise masking or
speech masking, even though the working memory in patients with
schizophrenia is more vulnerable to informational masking than that
in healthy controls.
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