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Abstract

Purpose—We aimed to: (a) review existing data on the neural basis of affective prosody;(b) test 

the hypothesis that there are double dissociations in impairments of expression and recognition of 

affective prosody; and (c) identify areas of infarct associated with impaired expression and/or 

recognition of affective prosody after acute right hemisphere (RH) ischemic stroke.

Methods—Participants were tested on recognition of emotional prosody in content-neutral 

sentences. Expression was evaluated by measuring variability in fundamental frequency. Voxel-

based symptom mapping was used to identify areas associated with severity of expressive deficits.
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Results—We found that 9/23 patients had expressive prosody impairments; 5/9 of these patients 

also had impaired recognition of affective prosody; 2/9 had selective deficits in expressive 

prosody; recognition was not tested in 2/9. Another 6/23 patients had selective impairment in 

recognition of affective prosody. Severity of expressive deficits was associated with lesions in right 

temporal pole; patients with temporal pole lesions had deficits in expression and recognition.

Conclusions—Expression and recognition of prosody can be selectively impaired. Damage to 

right anterior temporal pole is associated with impairment of both, indicating a role of this 

structure in a mechanism shared by expression and production of affective prosody.

The Role of Expression and Recognition of Affective Prosody in 

Communication

Accurate and effective verbal communication requires more than just syntax and semantics; 

we rely on far subtler components to infuse meaning and emotional information into spoken 

messages. These components, collectively known as prosody, include rate, pitch, and 

loudness of speech, as well as the placement of stress on words and syllables. The ability to 

recognize affective intention is vital for accurate perception of a communication partner’s 

emotional state andgeneration of an appropriate response to this circumstance. Conversely, 

the ability to convey one’s own emotional information and intention through speech 

effectively is critical to successful communication between partners as well (Nöth, Batliner, 

Kießling, Kompe, & Niemann, 2000). There are several different types of prosody. For 

example, linguistic or intrinsic prosody differentiates declarative, interrogative, imperative, 

and exclamatory sentences, and disambiguates wordsand phrases (Wong, 2002). Lexical or 

phonemic stress differentiates words, such as “project”(i.e., assignment) as opposed to 

“project” (i.e., propel). Contrastive stress, or word emphasis(Cruttenden, 1997), clarifies 

meaning, distinguishing between the phrase “I want cereal for breakfast” (I, not others, want 

cereal) as compared to “I want cereal for breakfast” (I want cereal, not something else, for 

breakfast). Intellectual prosody conveys attitudinal information, such as distinguishing 

sincerity (e.g., “The weather is lovely today” spoken with emphasis on “is”) versus sarcasm 

(e.g., “The weather is lovely today” spoken with emphasis on “lovely” and rising terminal 

intonation). Emotional prosody reveals the sentiment of the speaker, such as conveying 

sadness via a quiet voice with a falling pitch contour, anger via a loud, harsh voice and fast 

rate of speech. Affective or extrinsic prosody, the focus of our study, includes both 

intellectual and emotional prosody (Ross, 2000).

Deficits in Affective Prosody After Stroke

Survivors of right hemisphere (RH) stroke may have deficits in recognition or expression of 

prosody, or a combination of both. An individual with expressive deficits may have a flat, 

monotone pattern of speech that does not convey emotional connotation (Tucker, Watson, & 

Heilman, 1977). An individual with impaired recognition of affective prosody may be able 

to understand the overt, propositional content of a message, but may be unable to recognize 

the emotion conveyed (Bowers, Coslett, Bauer, Speedie, & Heilman, 1987; Weintraub, 

Mesulam, & Kramer, 1981). Affective prosody impairments represent a subset of the 

communication impairments that can result from RH stroke.
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Even though 50–78% of RH stroke survivors have one or more deficits in communication 

(Benton & Bryan, 1996; Blake, Duffy, Myers, & Tompkins, 2002; Côté, Payer, Giroux, & 

Joanette,2007), the lesions within the RH responsible for the various communication deficits 

have not been well characterized. In contrast, there have been many investigations of lesions 

responsible for various forms of hemispatial neglect after RH stroke (Samuelsson, Jensen, 

Ekholm, Naver,& Blomstrand, 1997; Vallar, 2001). Although hemispatial neglect is the 

deficit that most readily comes to mind (to most clinicians) as a cognitive sequel of RH 

damage, our recent work has shown that impairment in affective prosody (recognizing and 

expressing emotion in tone of voice) is a much more common consequence of acute RH 

ischemic stroke (Dara, Bang, Gottesman, & Hillis, 2014). Not only is acute RH dysfunction 

better predicted by emotional prosody impairments as compared to neglect (Dara et al., 

2014), it can also lead to important breakdowns in communication and relationships. 

Interpretation and use of prosodic elements are crucial for communicative interactions and 

for the well-being of speakers and communication partners (Carton, Kessler, & Pape, 1999; 

Heilman, 2002; Ross, 1997; Trauner, Ballantyne, Friedland, & Chase, 1996; Voeller, 1995; 

Weintraub & Mesulam, 1983; Wymer, Lindman, & Booksh, 2002). Recognition of prosody 

is one means to judge emotional tenor, and thus evoke an appropriately empathetic response. 

Failure to recognize the emotional state of another can result in failed interpersonal 

interactions. In a study of 12 individuals with RH stroke, ability to decode the meaning of 

facial expression and prosody was associated with decreased marital satisfaction (Blonder, 

Pettigrew, & Kryscio, 2012). Furthermore, impaired prosody can be mistaken for depression, 

apathy, or impaired emotional empathy (making inferences about and sharing in emotions of 

others). Repeated problems in recognition or expression of affective prosody, leading to 

failures of communication of intent, can impede social roles (Roth et al., 2011). In one 

recent study, impaired recognition of emotions of others was the most common, important 

residual consequence of stroke reported among caregivers of RH stroke survivors (Hillis & 

Tippett, 2014). Thus, impairments in affective prosody are both common and clinically 

important. It would be useful to identify specific lesion sites responsible for these deficits, 

and to better characterize the cognitive mechanisms underlying these important functions. In 

this paper, we first review previous studies of the neural basis of affective prosody. We then 

present new data from patients with acute ischemic stroke on lesions that produce 

impairments in expression and/or recognition of affective prosody.

Hemispheric Dominance for Prosody

Right hemisphere (RH) specialization for perception and production of emotion has long 

been recognized (Blonder, Bowers, & Heilman, 1991; Borod, 2000). Hughlings Jackson 

(1874) hypothesized that the RH plays a unique role in the emotional aspects of 

communication, an idea supported by his observations that even those with pronounced 

aphasia are able to convey messages via modulation of speech output. The dominant role of 

the RH in processing emotional prosody is also supported by studies recording event-related 

brain potentials (Pihan, Altenmuller, Hertrich, & Ackermann, 2000); functional magnetic 

resonance imaging (fMRI) studies showing RH activation in association with prosody 

judgments (Buchanan et al., 2000); and lesion studies of judging emotional meaning from 
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prosody (Blonder et al., 1991; Cancelliere & Kertesz, 1990; Pell, 2006; Ross & Monnot, 

2008).

Linguistic prosody is modulated by both the left hemisphere (LH) and RH (Balan & 

Gandour, 1999; Baum, Pell, Leonard, & Gordon, 1997; Gandour & Baum, 2001; Heilman, 

Bowers, Speedie, & Coslett, 1984; Schirmer, Alter, Kotz, & Friederici, 2001; Walker, 

Joseph, & Goodman, 2009; Walker, Pelletier, & Reif, 2004). However, LH damage is unique 

from RH damage in part because it can cause particular difficulty modulating temporal 

parameters and inconsistent difficulty modulating frequency related parameters (Shah, 

Baum, & Dwivedi, 2006; Wong, 2002). Theoretical explanations for hemispheric 

specialization include the “task-dependent” or “functional” theory and the “cue-dependent” 

or “acoustic” theory. According to the “task-dependent” theory, more linguistic type cues 

lateralize to the LH, and more affective-emotional type cues lateralize to the RH (Van 

Lancker, 1980). The “cue-dependent” theory posits that lateralization of prosody is based on 

acoustic parameters. If the cue is signaled by temporal features, then it lateralizes to the LH. 

If the cue is signaled by spectral features, then it lateralizes to the RH (Robin, Tranel, & 

Damasio, 1990; Van Lancker & Sidtis, 1992). A recent investigation of the neuroacoustic 

basis of prosodic stress in individuals with left and right brain damage supports the “task-

dependent” theory rather than the “cue-dependent” theory (Ross, Shayya, & Rousseau, 

2013).

Specific Lesions Associated With Expression Versus Recognition of 

Affective Prosody

Early lesion studies by Gorelick and Ross (1987) and Ross and Mesulam (1979) supported 

the notion that the functional-anatomic organization of prosody in the RH mirrors that of 

propositional language in the LH. For example, loss of the ability to modulate affective 

prosody was found to be associated with lesions in right frontal operculum, a homolog of 

Broca’s area. Loss of ability to comprehend affective prosody was found to be associated 

with lesions in right temporal operculum, a homolog of Wernicke’s area (Ross, 2010). 

Subsequent studies, however, have not confirmed these associations. For example, 

Breitenstein, Daum, and Ackermann (1998) found similar comprehension deficits in patients 

with anterior, as opposed to posterior, RH lesions. However, of the 16 participants only 4 

had strokes, with the other 12 participants’ lesions of various etiologies including gunshot 

wound and brain tumor excision. Slow-growing tumors notoriously result in gradual 

reorganization of structure-function relationships, such that the tumor or resection often does 

not produce deficits even if it occurs in an area normally critical for important functions.

Inconsistencies in imaging acquisition and analysis represent other possible explanations for 

the contradicting reports from previous studies. One study reported that 80% (16/20) of 

patients with RH stroke were classified by Ross’s aprosodia taxonomy (e.g., global 

aprosodia, motor aprosodia, sensory aprosodia); four individuals were unclassifiable. The 

aprosodia types, however, did not systematically relate to lesion site. For example, some 

individuals with motor aprosodia did not have lesions in the RH analogous to LH lesions 

that cause Broca’s aphasia (Wertz, Henschel, Auther, Ashford, & Kirshner, 1998). This 
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study had a heterogeneous participant pool, with 5/20 participants having hemorrhagic 

strokes, and only 16/20 receiving a computed tomography (CT) scan or MRI. But most 

notably there was no formal lesion mapping done, which raises the question of the validity 

of the relationship (or lack thereof) between prosody classification and lesion location. 

Additionally, there was no indication of when patients were scanned in relation to their 

testing (for those who were scanned). Some studies have also shown that deficits in affective 

prosody production and comprehension can occur due to damage to the basal ganglia and 

thalamus (Breitenstein et al., 1998; Cohen, Riccio, & Flannery, 1994; Karow & Connors, 

2003; Sidtis, Pachana, Cummings, & Sidtis, 2006; Wolfe & Ross, 1987), or white matter 

tracts (Bowers, Bauer, & Heilman, 1993), which are areas that were not investigated in 

previous studies.

The early studies by Ross, Heilman, and others reported dissociations in recognitionand 

expression of affective prosody, indicating that these can be independently impaired by brain 

damage (Bowers et al., 1993; Ross & Monnot, 2008). However, most studies of lesions 

associated with impaired prosody have been conducted in individuals with fairly chronic 

lesions, after potential recovery and reorganization of structure-function relationships. It is 

possible that both were impaired initially, and one aspect of prosody (e.g., recognition) 

recovered more quickly in some individuals. It may be that intact areas of the brain may be 

able to assume recognition or expression of prosody more readily. One way to address this 

limitation is to study patients acutely after stroke, before the opportunity for recovery and 

before other areas of the brain assume the function of the damaged areas. This approach 

would allow us to identify areas responsible for these critical functions before 

reorganization.

Therefore, this study aimed to: (a) test the hypothesis that there are double dissociations in 

impairments of expression and recognition of affective prosody in acute RH ischemic stroke; 

and (b) identify specific areas of acute infarct associated with impaired expression and/or 

recognition of affective prosody.

Method

Participants

Twenty-three patients with acute RH ischemic strokes were admitted to the stroke service at 

Johns Hopkins Hospital were recruited and enrolled in the study. Participants were aged 39–

72 years (M=57.78, SD=9.90), with a mean education level of 13.0±3.1 years, and included 

8 females. Participants provided informed consent and met the following inclusion criteria: 

premorbid proficiency in English; ability to understand tasks and follow commands; no 

known hearing loss or uncorrected visual impairment; no history of prior symptomatic 

stroke, dementia, or other neurological disease; and no hemorrhage present on first clinical 

scan. Patients were excluded if they were unable to have MRI (e.g., due to claustrophobia, 

implanted ferrous metal, or weight > 300 lb.), had reduced level of consciousness, or 

ongoing sedation.
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Prosody Testing

Within four days of stroke symptom onset, patients were administered two of the five 

subtests of the Aprosodia Battery (Ross, Thompson, & Yenkosky, 1997). The Aprosodia 

Battery (Ross et al., 1997) assesses comprehension and production (spontaneous and 

repetition) of affective prosody and quantifies results to distinguish patterns of deficits. 

Patients evaluate stimuli to assess if the same or different emotions are expressed on a 

discrimination task. Patients also engage in repetition and pontaneous speech tasks and 

speech output is recorded and then analyzed acoustically. The battery is especially sensitive 

to distinguishing between deficits stemming from right versus left cortical hemisphere 

damage, with the verbal-articulatory demands reduced incrementally as each subtest 

progresses. These tasks have been used to study several different clinical populations with 

robust results, including patients with Alzheimer’s disease (Testa, Beatty, Gleason, Orbelo, 

& Ross, 2001), multiple sclerosis (Beatty, Orbelo, Sorocco, & Ross, 2003), posttraumatic 

stress disorder (Freeman, Hart, Kimbrell, & Ross, 2009), schizophrenia (Ross et al., 2001), 

and normal aging (Orbelo, Grim, Talbott, & Ross, 2005).

In our study, two subtests were administered: Production/Expression (Repetition) and 

Recognition (Identification). Both subtests used the same sets of stimuli. There were three 

tasks in each subtest, the titles of which reflect the type of utterances presented: Word (“I am 

going to the other movies”); Monosyllabic (“ba ba ba ba ba ba”); and Asyllabic 

(“aaaaaaahhh”). Each task is comprised of 12 content-neutral utterances carrying six 

emotional tones (happy, sad, angry, surprised, disinterested, and neutral) repeated twice: one 

with the emphatic stress early in the utterance and once with the stress near the end of the 

utterance. Stimuli were presented using the software package Presentation (Neurobehavioral 

Systems, Albany, CA).

To assess Production, participants completed three repetition tasks (word, monosyllabic, and 

asyllabic). Participants were instructed to listen to the utterances and repeat them aloud 

using the same tone of voice as that modeled by the speaker. Each of the three tasks was 

preceded by four practice trials to ensure the participants’ comprehension of the task. 

Participants’ utterances were recorded in.wav format using Tascam DR-100 Portable Digital 

Recorder, and analyzed using Praat (n.d.), a speech analysis software. Praat was used to 

isolate each individual utterance, extract the selected sounds, and convert them to 

fundamental frequency (F0) using a filter of 350Hz. The mean and standard deviation of 

each individual utterance were obtained using the “Query” function in Praat and used to 

calculate the coefficient of variation of fundamental frequency for each utterance (F0-CV%; 

standard deviation divided by mean F0, converted to percent). The F0-CV% values were 

averaged across all 12 utterances of each task, resulting in three mean F0-CV% values for 

each patient. The three mean F0-CV% values of each patient were subsequently compared to 

the corresponding values of normal controls as reported by Ross and Monnot (2008), with 

patients’ age 40–59 years comprising the younger group and patients age 60–79 years 

comprising the older group. For the purpose of this study, mean F0-CV% scores falling one 

or more standard deviations below the appropriate age group’s normative values were 

considered abnormal.
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To assess comprehension, participants were tested using the three Identification tasks. Each 

of the three tasks (Word Identification, Monosyllabic Identification, and Asyllabic 

Identification) comprised of the same 12 utterances used in the Repetition tasks, including 

two renditions of each of the six emotional tones under investigation: happy, sad neutral, 

angry, surprised, and disinterested. Participants were trained to depress a button labeled with 

the printed names of the six emotional tones. Before the start of testing, each participant 

demonstrated the ability to read the labels and comprehend the task directions. Participants 

were instructed to identify the emotional tone of the speaker after listening to each utterance 

by depressing the correct button. Responses were automatically recorded using Presentation 

(Neurobehavioral Systems, Albany, CA).

Imaging

Within 48 hours of behavioral testing, patients underwent magnetic resonance (MR) 

scanning, including diffusion weighted imaging (DWI). Lesion maps were manually drawn 

on the mean diffusivity image generated from the DWI sequence. The un-weighted (B0) 

image from this sequence was used to estimate spatial normalization. This approach exploits 

the fact that the acute lesion is readily identified on the Mean Diffusivity (MD) image, yet its 

absence on the B0 image ensures that the injury does not disrupt normalization (Mah, Jager, 

Kennard, Husain, & Nachev, 2014). Statistical Parametric Mapping (SPM8), software for 

analyzing brain imaging data, was used for spatial processing. The location of the anterior 

commissure was estimated by initially finding the center of brightness for the volume 

followed by followed by coregistration to the echo-planar imaging (EPI) template, a 

representative image with anatomical features in a coordinate space to which individual 

images can be aligned. Subsequently, the images were normalized to the EPI template. Both 

the B0 image and lesion maps were resliced to standard space using these transforms. These 

resliced lesions were converted back to binary maps using a threshold of 0.5. A population 

mean B0 image was generated to check the quality of normalization and as a background 

image for the statistical maps. Lesion subtraction maps (Rorden & Karnath, 2004) were 

generated to highlight regions typically injured in impaired regions and spared in individuals 

without deficits. For lesion symptom mapping, permutation thresholded t-tests, using mean 

Z-score of the production tasks were computed as the index of impairment.

Results

Nine of the 23 patients had expressive prosody impairments, indicated by a mean F0-CV% 

of at least one standard deviation below the means for their age and gender. Of these nine 

patients, five also had impaired prosody recognition; two had selective deficits in expressive 

prosody; and two did not complete the prosody recognition tasks. Six other patients had 

selective impairment in recognition of prosody.

Lesion symptom mapping was carried out only for expressive prosody impairment because 

there was a sufficient number of patients with adequate variation in severity only for 

expressive deficits. For expressive affective prosody impairment, right temporal pole 

survived a one-tailed p < 0.05 (threshold Z-score < −2.45) with an observed Z-score of 

−2.46 (see Figure 1). All patients with right temporal pole lesions had deficits in both 
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expression and recognition of affective prosody. The two patients with selective deficits in 

expressive prosody had right frontal lesions. Patients with selective deficits in receptive 

prosody had posterior temporal (n=3), caudate (n=2), or thalamic (n=1) lesions.

Discussion

A double dissociation between impaired modulation of expressive prosody (with normal 

recognition of affective prosody) in some cases and impaired recognition of affective 

prosody (with intact expressive prosody) in other cases after acute stroke, provides evidence 

that there are at least some distinct mechanisms underlying expression and recognition of 

prosody that can be selectively impaired even by acute lesions. The two patients with 

selective deficits in expressive prosody had right frontal lesions, while the patients with 

selective deficits in recognition of affective prosody had caudate, thalamic, or posterior 

temporal lesions. These results are consistent with findings from Ross and Monnot (2008) 

indicating that the right posterior-inferior frontal region plays a critical role in affective 

prosody production, and the right posterior-superior temporal region is essential for affective 

prosody recognition. These results are also consistent with the proposal that the affective 

prosody network “mirrors” the language network of the LH. It is widely (although not 

universally) agreed that the left posterior-inferior frontal region is necessary for speech 

production, while the left posterior-superior temporal lobe is important in verbal-semantic 

comprehension (Hillis et al., 2001; Hillis et al., 2004; Kreisler et al., 2000).

Patients with impairment in both expression and recognition of affective prosody had lesions 

mostly involving right anterior temporal pole, and this area was statistically associated with 

severity of their expressive deficit. This region may be critical for a component common to 

expression and recognition of prosody, such as the semantic representation of the emotion to 

be conveyed. These results are consistent with previous reports that the anterior temporal 

poles (bilaterally) function as a “semantic hub” in object meaning (Pobric, Jefferies, & 

Lambon Ralph, 2010) and have been proposed as a critical for understanding social concepts 

(Zahn et al., 2009). Our results indicate a role of this structure in a mechanism shared by 

expression and production of affective prosody, such as representing the meaning of 

emotions.

The role of right temporal pole in both expression and recognition of affective prosody is 

also supported by another recent study from our laboratory (unpublished data). We evaluated 

35 patients with RH stroke, 50 patients with LH stroke, and 18 age-matched controls, using 

Praat to evaluate the variation in expressive prosody (measured by mean F0–CV%) while 

participants described a picture as part of the Boston Diagnostic Aphasia Examination 

(Goodglass & Kaplan, 1983). The single patient with an abnormally low F0–CV% in the 

picture description task had hypoperfusion of the right temporal pole as well as both 

impaired expressive prosody and impaired comprehension of prosody (see Figure 2). The 

remaining 84 patients had F0–CV% which fell within the range of normal.

Finally, additional support for the critical role of right temporal pole in affective prosody 

expression and recognition was reported by Dara et al. (2014). They reported the 

performance of a patient with behavioral variant frontotemporal dementia who performed 
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normally on most neuropsychological tests, but performed remarkably poorly on several 

prosody tasks. In particular, this patient demonstrated severely impaired recognition of 

affective prosody (tested on the Aprosodia Battery), as well as severely reduced variation in 

prosody in emotional tone in repetition and in describing emotional events (measured with 

the F0–CV%), associated with severe atrophy in right temporal pole (see Figure 3). Henry et 

al. (2014) reported a similar case with progressive social-emotional and semantic deficits 

associated with predominantly right anterior temporal atrophy.

We propose an architecture of the cognitive processes underlying affective prosody, adapted 

from proposals by Bowers et al. (1993). Affective prosody recognition begins with auditory 

analysis of the stimulus, which allows: (a) identification of the prosodic features: mean and 

variation in frequency, amplitude, and rate of speech, which together allows (b) access to the 

“affective prosody lexicon” (representations that specify the set of speech dimensions 

corresponding to an emotion (e.g., <low volume> <slow rate> <reduced pitch variation> for 

“sad”), which allows (c) access to the semantic representation (meaning) of <sad> (see 

Figure 4). Affective prosody production begins with the semantic representation, which 

allows access to the affective prosody lexicon (for output), then motor programming of 

cricothyroid, cricoarytenoid, and vocalis muscles and muscles of articulation and respiration 

needed to produce changes in pitch, loudness, and rate of speech.

Impaired receptive and expressive prosody have been reported in patients with different 

lesions. In this study, five patients with selective deficits in prosody recognition had 

posterior temporal (n=3), caudate (n=2), or thalamic (n=1) lesions. We did not perform 

adequate testing to distinguish whether their deficits were in identification of the prosodic 

features (auditory analysis of mean and variation in frequency, amplitude, and rate of 

speech) or in access to the “affective prosody lexicon.” The thalamus and posterior temporal 

cortex are considered part of the auditory processing pathway (Ramadoss & Boatman, 2015) 

and plausibly lesions may have disrupted identification of prosodic features. The two 

patients with selective deficits in prosody production had right frontal lesions. We did not 

carry out adequate testing to determine whether their deficits were in access to the affective 

prosody lexicon (for output) or in motor programming of the speech articulators. The left 

inferior frontal cortex has been shown to have a role in both motor programming of speech 

articulation (Fridriksson, Moser, Ryalls, & Bonilha, 2009; Fridriksson et al., 2008; Hillis et 

al., 2004), but also access to the output lexicon (Hillis, Wityk, Barker, & Caramazza, 2003) 

so in either case, a comparable role of right inferior frontal cortex in affective prosody 

production would be consistent with the affective prosody network “mirroring” the LH 

language network. Finally, patients with impairments in both recognition and expression of 

affective prosody had lesions centering on right anterior temporal pole, indicating this area 

may be one area critical for the one “shared” component of affective prosody recognition 

and expression—the semantic representation of emotions (see also Henry et al., 2014 for 

similar claims).

Directions for Future Research

Future investigations will require innovative, detailed analysis of performance across tasks to 

identify patients with selective deficits to the distinct cognitive processes that underlie 
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prosody recognition and expression depicted in Figure 4. Future goals include identifying 

patients with selective impairment in accessing the affective prosody lexicon, with spared 

auditory analysis and semantic representations of affect; and other patients who show 

selective impairment in semantic representations of affect, but spared auditory analysis and 

affective prosody lexicon. Furthermore, larger scale investigations are needed not only to 

elucidate impairments in cognitive processes underlying prosody, but also to identify lesions 

associated with the deficits before reorganization or recovery, and chart the course of 

recovery over time. Finally, it is hoped that a clearer understanding of the neural and 

cognitive mechanisms underlying affective prosody impairments will provide the basis for 

selecting patients for specific motor or linguistic treatments that have been shown to have 

some effectiveness in improving affective prosody after stroke (Leon et al., 2005; Rosenbek 

et al., 2006; Rothi, Musson, Rosenbek, & Sapienza, 2008).
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Figure 1. Lesion Map of Patients With Expressive Prosody Impairments
Note. Regions most strongly associated with severity of expressive prosody deficit 

(measured by mean F0-CV%), in 9 patients, of whom the majority had deficits in both 

expression and recognition of affective prosody. This figure is shown in anatomical 

orientation (right hemisphere on the right).
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Figure 2. MRI of the Single Patient With an Abnormally Low F0-CV% in the Picture 
Description Task
Note. MR Diffusion Weight Image (left) and Perfusion Weight Imaging (right) showing 

hypoperfusion (in red) in the inferior temporal cortex, including left temporal pole, in a 

patient with impaired affective prosody expression and production. This figure is oriented 

according to radiological convention (right hemisphere on the left).
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Figure 3. Z-Score of Atrophy of byFTD Patient as Compared to Age-Matched Controls
Note. Areas of greatest atrophy compared with age-matched healthy controls in a patient 

with severe deficits in affective prosody expression and recognition due to behavioral variant 

frontotemporal dementia (byFTD). Voxels in blue are voxels that are smaller in the byFTD 

patient; voxels in red are voxels that are larger in the byFTD (the ventricles). This figure is 

oriented according to radiological convention (right hemisphere on the left).
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Figure 4. 
A Schematic Representation of the Cognitive Mechanisms Underlying Affective Prosody 

Recognition and Production.
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