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Word-picture verification, a task that requires a yes/no response to whether a word and a picture match, has been used for both receptive and expressive language; however, there is limited systematic investigation on the linguistic subprocesses targeted by the task. Verification may help to identify linguistic strengths and weaknesses to ultimately provide more targeted, individualized lexical retrieval intervention. The current study assessed the association of semantic and phonological skills with verification performance to demonstrate early efficacy of the paradigm as an aphasia assessment. Sixteen adults with chronic post-stroke aphasia completed a battery of language assessments in addition to reading and auditory verification tasks. Verification scores were positively correlated with auditory and reading comprehension. Accuracy of semantic and phonological verification were positively correlated with accuracy on respective receptive language tasks. More semantic errors were made during verification than naming. The relationship of phonological errors between naming and verification varied by modality (reading or listening). Semantic and phonological performance significantly predicted verification response accuracy and latency. In sum, we propose that verification tasks are particularly useful because they inform semantics pre-lemma selection and phonological decoding, helping to localize individual linguistic strengths and weaknesses, especially in the presence of significant motor speech impairment that can obscure expressive language abilities.
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1 Introduction

Word-picture verification tasks (WPVTs) are a versatile language tool used with both healthy adults (1–3) and individuals with aphasia (IWAs) (4–7). Verification, wherein a picture is presented with a word and an individual makes a yes/no judgment if the presented word-picture pair matches or does not match (see Figure 1), is more sensitive to comprehension deficits compared to multiple choice (4). When a single picture is presented with a four-word array, such as in typical word-picture matching tasks, the likelihood of selecting the correct answer by chance is 25%. When that same picture and set of words is presented in the verification paradigm, the likelihood of correct referent selection by chance drops to 6.25%. WPVT performance differentiated healthy adults and IWAs, with IWAs consistently responding less accurately on trials including phonological and semantic competitors (8). Thus, the paradigm appears to provide insight into semantic (9) and phonological abilities at the single word level. Therapeutically, verification has been used to target both receptive (6, 7) and expressive (10–12) language processing at the single word level. Such a task that seemingly targest multiple language domains (i.e., expressive and receptive language) and subprocesses of language (i.e., phonology, semantics) would prove advantageous to maximize efficiency for language assessment and treatment.


[image: Figure 1]
FIGURE 1
Example of separate rWPVT trials for a single picture with the target (top left), phonological foil (top right), semantic foil (bottom left), and unrelated foil (bottom right).


Despite available evidence in the literature on WPVT performance in healthy adults and IWAs, there is still a dearth of knowledge about the paradigm’s theoretical underpinnings to inform its use as a model-driven, empirically-based assessment tool. Previous work with healthy adults concluded that WPVT performance provides information on language production-based, pre-lexical conceptuo/perceptuo-semantic abilities (2). Still, other work with IWAs has indicated that the task taps into comprehension-based lexical-semantic processes (4) but that performance is also related to production-based performance (9). Based on Indefrey and Levelt’s models of language processing (13), conceptual and lemma [i.e., the form of a word that contains the conceptual-semantic, and morphological coding prior to phonological encoding (14)] information are shared between language comprehension and production. The Organised Unitary Content Hypothesis (OUCH (9, 15) also suggests that semantic information is stored in an amodal hub, and that language production and comprehension processes access the hub (i.e., semantic information). Semantic processing has received more attention compared to phonological processing as it relates to verification performance (9, 16). WPVT performance and its relationship with language comprehension and production as well as phonological processing skills have yet to be investigated together in one study.

Many WPVT studies utilized a varying combination of word-picture pairs, rendering cross-study comparison a challenge. Some studies have included two contexts – matched word-picture pairs and unrelated unmatched word-picture pairs (2, 17). Still, other studies include linguistically-related unmatched pairs along with matched pairs (1, 4, 5, 9, 16, 18). Including matched and unmatched conditions that convey a variety of linguistic relationships could provide a more holistic picture of intact and disrupted language skills by requiring “finer” linguistic processing compared to verification versions that utilize target and unrelated word-picture pair relationships (and thus demand a coarser processing of linguistic information). For instance, an individual who consistently, and accurately, indicates that an unrelated (e.g., girl-saw) and semantically-related (e.g., hammer-saw) word do not match the presented picture but is incorrect to do so with the phonologically-related (e.g., salt-saw) word may indicate a relative deficit with phonology that would not have otherwise been as evident without the varying linguistic contexts.

Previous WPVT work has focused on accuracy performance only. In certain scenarios, it may be the case that accuracy alone does not paint the most complete picture of an individual’s language processing abilities or disabilities. For instance, if a healthy aging adult was shown a picture of a cat, it is likely that they would be able to produce the target picture name in under five seconds. However, perhaps when an IWA is presented with a picture of a cat, it takes 30 s for him/her to correctly produce the target. If only accuracy were collected, both individuals would appear to have identical performance. However, if response latency was taken into consideration, the IWA’s response would indicate an impairment compared to the healthy aging adult. Thus, incorporation of reaction time data, which has had limited attention in the WPVT literature among IWAs, may provide further insight into language processing abilities (19), especially among those individuals who score above the cutoff for impairment on traditional aphasia tests but who report continued language difficulties.

In clinical and research speech-language pathology, there is a need for continued development of model-driven language assessments. Assessments that reduce or eliminate the potential confound of motor speech impairment, which commonly co-occurs with language deficits (20), are also vital to identify speech versus language impairment locus. That is, this WPVT could assist with differential diagnosis of motor speech and aphasia when used in tandem with other speech and language measures. In settings where administration of standardized assessments is not possible due to time constraints, purchased testing material availability, etc., a theoretically-driven assessment that taps into receptive and expressive language along with language subprocesses (e.g., semantics, phonology, lexicon) would be both efficient and efficacious, as limited aphasia assessments are available that are both brief and developed with consideration for empirically-supported models of language processing. Additionally, some of these assessments have been criticized for their weak psychometric properties or lack of theoretical basis of language processing. For instance, the Aphasia Quotient of the Western Aphasia Battery (21) is more heavily influenced by performance on production over comprehension sections (22).

The current study aims to determine the relationship between WPVT performance and performance on established measures of expressive and receptive language in addition to tasks that more finely target semantic and phonological processing among adults with chronic post-stroke aphasia. We hypothesize that WPVT performance will be associated with performance on established measures of overall receptive language ability as well as on established receptive language tasks focusing on semantic and phonological processing. Since previous work observed no difference in semantic errors during verification and naming in a single case study (9), we hypothesize that semantic errors will not differ between verification and naming in a larger group of individuals with aphasia. Additionally, we hypothesize that phonological errors between naming and verification will also not differ. Finally, we hypothesize that performance on established measures of semantic and phonological processing will predict accuracy and response latency on WPVTs. Findings will replicate previous findings of WPVT and confrontation naming relationships observed in a single case study (9) and contribute to the corpus of language assessments in development for research and clinical speech-language pathology use. If a relationship is observed between WPVT performance and performance on established measures of language comprehension and production, then the WPVT could be used as a tool to identify locus of language impairment in IWAs while circumventing the motor speech system. Such information would prove vital in research settings, such as to determine profiles of responders and non-responders to an experimental aphasia treatment (23), and in clinical settings, such as to inform treatment planning for aphasia rehabilitation.



2 Materials and methods


2.1 Participants

The study was approved by The Ohio State University Institutional Review Board prior to participant recruitment. Participants provided informed written consent prior to participation in study activities. IWAs had a left cerebral hemisphere stroke at least six months prior as indicated by interview and medical record review. They did not have suspected diffuse brain injury or disease as indicated via medical record review and self- or caregiver-support report. All IWAs scored within the impairment range (i.e., mean modality T score < 62.8) on the Comprehensive Aphasia Test (CAT) (24). Via self- or caregiver-supported report, IWAs indicated that English was the primary language learned while developing language as a child. IWAs also reported that they were right-handed prior to their stroke as indicated by reporting use of their right hand on at least 6/10 scenarios (e.g., using a toothbrush) on a modified version of the Edinburgh Handedness Inventory (25).

Data from participants who reported illegal substance use or substance abuse in the past month was compared to the rest of the data set to check for outliers in performance, as there is a paucity of research regarding its impact on strictly language performance, and what evidence exists is mixed and complex regarding its impact on cognitive-linguistic skills (26–29). Substance abuse included (1) heavy alcohol use, which was defined as “five or more drinks for males and four or more drinks for females within a few hours on five or more days in the past month” [“binge drinking” (30)], and (2) substance abuse, which was defined as use of any illegal drug or a legal drug in a way not prescribed by a physician. We observed no outlier in performance among those who reported illegal substance use or substance abuse compared to those who reported a recent negative history, so data from participants who reported a positive drug history were included in the final dataset.

Hearing, vision/neglect, and depression were screened prior to completion of experimental speech-language tasks. Hearing acuity was screened via pure tone audiometry at 500, 1000, and 2000 Hz. For participants younger than 50 years of age, all frequencies were presented at 20 dB HL. For participants 50 years of age or older, 500 Hz tones were presented at 20 dB HL, and 1,000 and 2000 Hz were presented at 40 dB HL to account for possible age-related hearing changes. IWAs without hearing aids were assessed with over-the-ear headphones, and IWAs with hearing aids were tested within the sound field. Tones were presented to the right and left ear separately when headphones were used. IWAs must have indicated that they heard all tones presented to both ears to be included in study analyses.

Vision acuity was assessed via the Lea Symbols Line Test (31). A visual aid including enlarged pictures of the symbols on the card along with the corresponding name printed below the symbol was utilized to minimize the impact of speech-language impairment on vision screening performance. To be included in study analyses, IWAs accurately identified the symbols on the 20/100 line of the card, presented at approximately 16 inches. Visual neglect was also screened using a modified version of the Alberts Test (32), which required individuals to cross out a series of lines presented on a page. To be included in study analyses, IWAs must not have missed crossing out more than one line on the page.

Depression was screened using the Patient Health Questionnaire-8 (PHQ-8). IWAs indicated that they did not have severe depression (PHQ-8 score < 20) to have their data included in study analyses.



2.2 Stimuli and procedures

All behavioral testing was completed in one session up to three hours in duration. Breaks were provided throughout testing sessions at participants’ request or the examiner’s discretion.


2.2.1 Motor speech

IWAs’ motor speech abilities were judged based on presence and severity via completion of a series of verbal tasks. Some tasks were adapted from the Apraxia Battery for Adults (33) and included a measure of diadochokinetic rate, repetition of words of increasing length (e.g., thick, thicken, thickening), automatic speech tasks (e.g., listing the days of the week), repetition of multisyllabic words (e.g., saying motorcycle three times in a row), and single and multisyllabic reading of words. Two certified speech-language pathologists blinded to participant identity listened to audio recordings of the motor speech tasks and rated the presence and severity of dysarthria and apraxia of speech. Ratings of dysarthria and apraxia of speech severity were completed on separate scales, which ranged on a scale from zero (absence of motor speech impairment) to seven (profound). Overall motor speech ability was calculated by taking the median of dysarthria and apraxia of speech scores across raters.



2.2.2 Aphasia severity

The CAT was employed as a measure of presence and severity of aphasia. All eight language subtests from the CAT were administered to participants and included (1) comprehension of spoken language, (2) comprehension of written language, (3) repetition, (4) spoken naming, (5) spoken picture description, (6) reading aloud, (7) writing, and (8) written picture description. Each subtest yielded a T score, or standard score, and taking the mean of the eight subtest T scores produced the mean modality T score. According to the CAT’s manual, a mean modality T score cutoff of 62.8 (i.e., scores that fell below 62.8) correctly identified about 91% of IWAs as having aphasia and thus was used as the cutoff score to indicate aphasia in the current study (24).



2.2.3 Receptive language

T scores from the comprehension of spoken language and comprehension of written language subtests from the CAT were used as measures of IWAs’ comprehension abilities. Comprehension of spoken language T scores were derived tasks of comprehension at the word, sentence, and paragraph (discourse) level, and comprehension of written language T scores were derived from tasks targeting comprehension at the word and sentence level.


2.2.3.1 Receptive phonology

Three tasks investigating receptive phonological processing were completed by IWAs based on the levels of phonological decoding included in our model (See Figure 2). According to Martin and Saffran (35), minimal pair processing reflects the mapping of acoustic/phonetic information onto phonemic/phonological codes. Auditory rhyme judgment targets acoustic-to-phoneme mapping at a later decoding stage compared to minimal pairs and requires manipulation of the phonological form. Auditory lexical decision is believed to assess the mapping of phonological to lexical representations. Subtest 2 from the Standardized Assessment of Phonology in Aphasia (SAPA2) (36) was administered to provide a measure of auditory-based phonological processing skills. Four sections comprises SAPA2, assessing real word and non-word rhyme judgment, lexical decision, and minimal pair judgment.
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FIGURE 2
Model of receptive language and associated assessments. Model is informed by language processing models by Dell and colleagues (14), Foygel and Dell (34), and Indefrey and Levelt (13).


Visual rhyme judgment requires access to phonological input codes from orthography (37, 38) and perhaps expressive phonological codes as well as expressive-receptive language connections (37). Visual lexical decision evaluates the integrity of orthographic representations (39–41) and their connections to phonological representations (39, 41, 42).1 Semantic processing may also be tapped into, such as in the presence of pseudohomophones with similar orthographic characteristics (e.g., soap – sope) (42). Taken together, both auditory and reading phonological tasks appear to target processes of interest for WPVT performance, specifically phonological representations and their connections to lexicons. Psycholinguistic Assessment of Language Processing in Aphasia (PALPA) (43) subtests #15 (written word rhyme judgments) and #25 (visual lexical decision) were administered to investigate IWAs’ input phonological processing from orthography. The included PALPA subtests were chosen as they closely mirrored three of the four sections in SAPA2.

Phonological processing scores were converted to proportions using a-prime calculations (44), as this measure has been argued to be more sensitive to hit (i.e., correct endorsement of the target) and false alarm (i.e., incorrect endorsement of a non-target) ratios in relation to response bias as discussed in Signal Detection Theory (44). A-prime was selected over d-prime as it is more easily interpretable (16, 44, 45). A-prime values range from 0.50-1.00, with values closer to 0.50 indicative of chance performance, or performance that is undistinguishable from noise. A-prime scores were calculated for receptive auditory (i.e., SAPA2) and reading (i.e., PALPA) performance. An average was taken of each PALPA subtest a-prime score to generate a single score.



2.2.3.2 Receptive semantics

The three-picture version of the Pyramids and Palm Trees test (PPT) (46) was utilized as a measure of conceptual semantic processing. In this PPT version, one black-and-white picture is presented at the top of the page, and two black-and-white pictures are presented at the bottom of the page. The two pictures at the bottom of the page are semantic coordinates (i.e., from the same semantic category) whereas the top picture is typically from a separate category. IWAs were asked to choose which of the two pictures at the bottom of the page shared a semantic relationship (e.g., property, association) with the top picture. According to the PPT manual, performance on the picture version of the PPT assesses object recognition, access of object semantic information, and object semantic system integrity (46).

Figure 2 displays the receptive language tasks employed and the level of language processing they were intended to target.




2.2.4 Expressive language (lexical retrieval)

The Boston Naming Test (BNT) (47) was employed as a measure of lexical retrieval in IWAs. BNT stimuli consist of black-and-white line drawings of objects, ranging from high to low frequency. IWAs were presented with a picture and asked to produce the picture name to the best of their ability. Responses were scored as correct if IWAs accurately verbalized the name of the picture independently or following a semantic cue. Phonemic distortions or the addition of –s at the end of picture names that did not change the meaning of the name were scored as correct. Responses were scored as incorrect if IWAs were unable to produce the picture name independently or were able to accurately name the picture following a phonemic cue, in accordance with BNT scoring procedures. However, BNT administration differed in the current study from the assessment manual in that all trials were administered to participants and were not discontinued for observed floor effects.


2.2.4.1 Expressive phonology and semantics

Verbal responses on the BNT were analyzed for phonological- and semantic-based errors. Errors were considered phonological in nature if IWAs’ responses contained a phonemic substitution (e.g., tat for cat), omission (e.g., at for cat), addition (e.g., scat for cat), or transposition (e.g., tac/tack for cat) as described in scoring procedures provided online for the Philadelphia Naming Test (48) (phonological error classification sheet taken from https://mrri.org/philadelphia-naming-test/). Errors were deemed semantic in nature if they appeared to share a coordinate (e.g., dog for cat), superordinate (e.g., pet for cat), subordinate (e.g., tabby for cat), or associative (e.g., whiskers for cat) relationship with the picture name. Errors that appeared to share features of both phonological- and semantic-based errors were considered mixed errors.

Semantic, phonological, and mixed errors along with non-word and unrelated errors were used in the calculation of s-weight and p-weight, which are measures of the connection weights between the semantic and lexical level as well as the lexical and phonological level, respectively. These weight connections are based on Dell’s interactive activation model of lexical retrieval (14), wherein a picture name is ultimately selected depending on the degree of automatic spreading activation between the conceptual, lexical, and phonological language production stages. A low s-weight is indicative of a semantic-based impairment, or an impairment linking the semantic and lexical levels, resulting in more semantic-based errors in naming. Likewise, a smaller p-weight is indicative of a more phonological-based impairment, with more non-word (and phonological paraphasias) observed compared to semantic paraphasias during naming (34, 49). Calculation of s- and p-weights was completed with the assistance of an online calculator (http://www.cogsci.uci.edu/∼alns/webfit).

Figure 3 displays the expressive language tasks employed and the level of language processing they were intended to target.


[image: Figure 3]
FIGURE 3
Model of expressive language and associated assessments. Model is informed by language processing models by Dell and colleagues (14), Foygel and Dell (34), and Indefrey and Levelt (13).





2.2.5 WPVT

Pictures and their associated names for the WPVT were taken from the BNT after appropriate written authorization was granted by PRO-ED, Inc. for use. On the WPVT, pictures were presented in the middle of the laptop computer screen, with picture size held constant. Each picture was presented with a single word that was either congruent or incongruent (i.e., a word foil) with the picture’s name. These word foils were chosen from the SUBTLEXus frequency database (50) by the first author and discussed with the second author to achieve a consensus on the words’ inclusion as stimuli. Foils consisted of semantically related, phonologically related, and unrelated words to the pictures. Semantic foils shared a coordinate semantic relation with the picture (e.g., a picture of a couch and the word chair). Phonological foils shared at least the first two phonemes with the picture name and were not semantically related to the picture (e.g., a picture of a candle and the word candy). Unrelated foils were not semantically related to the picture (e.g., a picture of a broom and the word fox). Semantic and Unrelated foils also shared less than a 33% phonological overlap with the picture name to reduce the influence of phonological similarity. The foils and the picture name did not significantly differ in terms of lexical frequency [F(3,236) = 1.28, p = 0.28] (50), imageability [F(3,236) = 1.0, p = 0.40] (51), or phonotactic probability [F(3,236) = 1.38, p = 0.25] (52) as well as in the number of letters [F(3,236) = 0.06, p = 0.98], phonemes [F(3,236) = 0.34, p = 0.80], and syllables [F(3,236) = 0.50, p = 0.69].

The WPVT was presented as two versions: auditory (aWPVT) and reading (rWPVT). On the aWPVT, the picture appeared in the middle of the laptop computer screen, and the word was presented 25 ms later. In real time, the onset asynchrony between the picture and the audio recording of the word allowed both stimuli to appear to be presented simultaneously. The picture remained on the screen until participants provided their response via button press. Linguistic stimuli were presented only once. Recordings of the words were spoken by a singular female speaker and presented at 70 dB SPL. On the rWPVT, a word appeared in all lower case directly above the picture in size 36 Arial font. Both the word and the picture remained on the screen until participants provided their response via button press. No time restraint was placed on linguistic stimuli presentation for the rWPVT to best approximate reading in everyday situations as well as in reading assessments commonly used with IWAs. On both versions of the WPVT, a white blank screen appeared after participants provided their response with an inter-stimulus interval of 2000 ms before presentation of the next trial.

Each picture was presented with its name and its three foils, each on separate trials and randomized with other trials within the presentation format. That is, the foils were not each presented consecutively, rather, they were interspersed with foils and targets from other trials (e.g., [picture of a dog] – CAT, [picture of a table] – TABLE, [picture of a banana] – BANDANA, etc.). Word-picture pair presentation order was randomized. Thus, participants saw each picture (sixty total) four times (one congruent word-picture pair, three incongruent word-picture pairs) in two different presentation formats (auditory and reading) for a total of 480 items. aWPVT and rWPVT presentation order was counterbalanced across participants.

On the aWPVT, participants were told that they would hear a word and see a picture at the same time. They were instructed to respond yes when the picture and word match or no when the picture and word did not match. Responses were made via button press using the left (yes responses) and right (no responses) arrows on the laptop keyboard. Visual cues of a green check (yes responses) and red ‘X’ (no responses) were placed below the arrow keys and remained present for the duration of the WPVTs. Participants were instructed to use either their index or middle finger on their preferred hand to respond and to rest their finger on the ‘down’ arrow in between trials. They were also instructed to respond as quickly and accurately as possible. On the rWPVT, participants were told that they would see a picture and a word at the same time. All other procedures remained the same as described for the aWPVT. Participants first completed eight practice trials (two Targets, two Semantic foils, two Phonological foils, and two Unrelated foils) for each WPVT version. Visual and verbal feedback was provided during WPVT practice trials only. No feedback was provided during the experimental WPVT trials.




2.3 Statistical analysis

Kendall’s Tau (one-tailed) was used to assess the relationship between established receptive language tasks and WPVT performance due to small sample sizes, violations of normality, and potential outliers. Kendall’s tau has been observed to approach the normal distribution more quickly compared to Spearman’s rho, which is especially useful with small sample sizes (53)2. Associations were assessed among multiple pairs of assessments: overall aWPVT accuracy and CAT auditory comprehension standard scores, overall rWPVT accuracy was and CAT reading comprehension standard scores, WPVT a-prime semantic trial statistics and PPT proportion accuracy, rWPVT phonological trial a-prime statistics and composite a-prime statistic for the PALPAs (i.e., average of a-prime statistics calculated for the two subtests), and aWPVT phonological trial a-prime statistics and SAPA2 a-prime statistic.

Non-parametric Wilcoxon signed rank tests were employed to investigate accuracy performance between WPVTs and the BNT. Small sample sizes, violations of normality, and potential outliers resulted in selection of this nonparametric within-group analysis. Previous research has shown no difference in semantic errors made during picture naming and on the WPVT (9), but there has not yet been investigation of the same link for phonological errors. Number of errors on semantic and phonological trials on WPVTs were compared with number of semantic and phonological [i.e., phonologically related nonword and formal errors combined, as defined by the Philadelphia Naming Test scoring conventions (14, 48)] errors produced on the BNT, respectively. Inclusion of both formal and phonological nonword paraphasias was justified based on claims that formal paraphasic production reflects processing at the lexical level while phonological nonword paraphasic production reflects a breakdown in the connections between lexical and phonological encoding (35)(54).

Linear mixed effect and logistic mixed effect models were used to investigate how established measures of language processing predicted WPVT accuracy and response latency using packages lme4 (55) and lmerTest (56) in rStudio (R v. 3.6.3).




3 Results

Twenty-seven IWAs were screened, and 16 met inclusion criteria and completed all study related tasks. Two IWAs identified as African American, and the remaining participants identified as Caucasian. See Table 1 for participant demographic information, Table 2 for performance on receptive and expressive semantic and phonological tasks, and Tables 3, 4 for WPVT accuracy and response latency performance.


TABLE 1 Participant demographic information.

[image: Table 1]


TABLE 2 Raw scores on receptive and expressive language measures.
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TABLE 3 aWPVT raw accuracy and mean response latency performance.

[image: Table 3]


TABLE 4 rWPVT raw accuracy and mean response latency performance.

[image: Table 4]


3.1 WPVT and aphasia severity

Aphasia severity (as measured by the CAT mean modality T score) was not significantly correlated with overall WPVT response latency (aWPVT: τb = −0.18, p = 0.35; rWPVT: τb = −0.3, p = 0.12) nor latencies on target (aWPVT: τb = −0.23, p = 0.23; rWPVT: τb = −0.3, p = 0.12), semantic (aWPVT: τb = −0.28, p = 0.14; rWPVT: τb = −0.28, p = 0.14), or phonological (aWPVT: τb = −0.12, p = 0.56; rWPVT: τb = −0.35, p = 0.06) trials. However, aWPVT overall accuracy (aWPVT: τb = 0.53, p = 0.004; rWPVT: τb = 0.43, p = 0.02) as well as accuracy on target (aWPVT: τb = 0.48, p = 0.01; rWPVT: τb = 0.45, p = 0.015), aWPVT semantic (aWPVT: τb = 0.54, p = 0.003; rWPVT: τb = 0.40, p = 0.03), and phonological (aWPVT: τb = 0.47, p = 0.01; rWPVT: τb = 0.49, p = 0.01) trials were significantly correlated with aphasia severity (corrected ɑ = 0.017). Participants with less severe aphasia tended to be more accurate on WPVTs.



3.2 WPVT and receptive language

WPVT overall accuracy was significantly positively correlated with overall comprehension ability as measured by the CAT (aWPVT: τb = 0.58, p = 0.001; rWPVT: τb = 0.51, p = 0.004). Accuracy on both aWPVT and rWPVT semantic trials was significantly positively correlated with semantic abilities as measured by PPT (corrected α = 0.025; aWPVT: τb = 0.42, p = 0.014; rWPVT: τb = 0.43, p = 0.013). aWPVT and rWPVT phonological trials were significantly positively correlated with phonological abilities as measured by the SAPA2 (auditory phonology; τb = 0.61, p = 0.001) and combined PALPA (reading phonology; τb = 0.60, p = 0.001). Across all correlations, it was demonstrated that IWAs who had better language input processing tended to score higher on the WPVT.



3.3 WPVT and expressive language

Inter- and intra-rater reliability were calculated on 25% of samples (i.e., 4 participants) to assess accuracy of BNT overall score as well as the number of semantic, formal, and phonologically related nonword paraphasias using absolute agreement intraclass correlations (mixed two-way consistency) (57). A blinded certified speech-language pathologist was trained in the BNT scoring schema and served as the second rater. Reliability was observed to be excellent for overall BNT score (Inter-rater: ICC = 0.997, 95% CI [0.96, 1.00]; Intra-rater: ICC = 0.99, 95% CI [0.93, 1.00]), number of formal paraphasias (Inter-rater: ICC = 0.98, 95% CI [.76, 1.00]; Intra-rater: ICC = 0.91, 95% CI [0.03, 0.99]), and number of phonologically related nonword paraphasias (Inter-rater: ICC = 0.95, 95% CI [0.56, 1.00]; Intra-rater: ICC = 0.997, 95% CI [0.95, 1.00]). Agreement was moderate for number of semantic paraphasias (Inter-rater: ICC = 0.56, 95% CI [−0.20, 0.96]; Intra-rater: ICC = 0.68, 95% CI [−0.75, 0.98]).

There was a significant difference in semantic errors made on the BNT and both WPVTs, with more semantic errors made on the verification task compared to the confrontation naming task (corrected α = 0.025; aWPVT: z = −3.53, p < 0.001; rWPVT: z = −3.52, p < 0.001). Even when mixed paraphasias are included with semantic paraphasias, more semantic errors are still observed during verification than during naming (aWPVT: z = −2.89, p = 0.004; rWPVT: z = −3.22, p = 0.001). There was also a significant difference between phonological paraphasias and aWPVT phonological trial errors (corrected α = 0.025; z = 2.62, p = 0.009). More phonological paraphasias were produced during confrontation naming compared to verification. No significant difference was observed in phonological errors made on the rWPVT and the BNT (z = 1.85, p = 0.064).



3.4 Predicting WPVT performance

Since sample size was small, only semantic (s-weight and PPT scores) and phonological tasks (SAPA2 [for aWPVT], and PALPA [for rWPVT]) were entered as predictors into models of item-level data to avoid overfitting. Receptive and expressive language variables were standardized, and response latencies were log-transformed. Participants were included as random intercepts across all models since item-level performance was nested within participants.

Models predicting verification semantic accuracy were significant for both the aWPVT [Χ2(2) = 20.19, p < 0.001] and rWPVT [Χ2(2) = 20.88, p < 0.001]. S-weight emerged as a significant predictor in both models, and PPT score was a significant predictor for rWPVT semantic trial accuracy (Table 5). Semantic latency models were significant for rWPVT [Χ2(2) = 18.25, p < 0.001] and the aWPVT [Χ2(2) = 6.53, p = 0.04]. S-weight was the only significant predictor in the rWPVT model (Figure 4).
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FIGURE 4
Relationship between s-weight (standardized) and rWPVT semantic trial response latency (log-transformed) across participants (represented by different colors).



TABLE 5 Summary of WPVT semantic trial logistic mixed effect models.
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Phonological verification accuracy models were significant for both aWPVT [Χ2(2) = 12.48, p = 0.002] and rWPVT [Χ2(2) = 13.31, p = 0.001]. For both models, the receptive language measures (aWPVT = SAPA2, rWPVT = PALPA) were significant predictors (Table 6). rWPVT phonological response latency model was significant [Χ2(2) = 8.29, p = 0.02] along with the aWPVT model [Χ2(2) = 5.95, p = 0.05]. Again, PALPA and SAPA2 scores emerged as significant predictors of WPVT phonological trial reaction times (Tables 7, 8 & Figures 5–7).
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FIGURE 5
Relationship between PALPA (standardized) and rWPVT phonological trial response latency (log-transformed) across participants (represented by different colors).
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FIGURE 6
Relationship between SAPA2 (standardized) and aWPVT phonological trial response latency (log-transformed) across participants (represented by different colors).



[image: Figure 7]
FIGURE 7
Response latency on auditory and reading verification tasks by word-picture pair.



TABLE 6 Summary of WPVT phonological trial logistic mixed effect models.
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TABLE 7 Summary of rWPVT response latency linear mixed effect models.
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TABLE 8 Summary of aWPVT response latency linear mixed effect models.
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4 Discussion

The current study aimed to elucidate the relationship among the WPVT and receptive and expressive language, namely semantic and phonological processing, at the single word level. Both WPVTs were found to be significantly positively correlated with other established measures of receptive language, including broad measures of language comprehension (auditory and reading) and semantic and phonological processing, aligning with previous work reporting the paradigm as a measure of receptive language (1, 4–6, 9, 16). That is, IWAs with better receptive language skills tended to score higher on the WPVT than those with poorer receptive language skills. Breese and Hillis (4) observed that their WPVT identified more IWAs as demonstrating impaired auditory comprehension compared to a multiple-choice picture matching task. To the best of our knowledge, the current study is the first to compare performance on a reading verification task with an established measure of reading comprehension, observing a significant positive correlation between measures. The moderate correlations between WPVTs and CAT comprehension subtests is expected since WPVTs assessed receptive language at the single word level whereas CAT subtests comprise single word, sentence, and discourse (for auditory comprehension) levels.


4.1 Verification and semantic processing

WPVT semantic trial accuracy was significantly positively correlated with measures of conceptual semantic processing, and models predicting semantic verification response accuracy and latency were significant. In these predictive models, s-weight, which is a measure of the connections between the conceptual and lexical stages of word retrieval according to Dell’s two-stage model (14), was the only significant predictor for auditory verification. For reading verification, both s-weight and PPT scores were significant predictors. Previous research supported the WPVT in targeting semantic and lexical-semantic systems (2, 5, 9, 16, 58, 59), including both receptive and expressive semantic processes. Stadthagen-Gonzalez and colleagues (2) concluded that WPVTs assess pre-lexical semantic processing in the context of naming as evidenced by significant correlations between WPVT performance with naming stimuli’s perceptual and conceptual characteristics and a lack of significant correlations with lexical characteristics. However, the current study finds significant correlations with other receptive language tasks, and it is posited that the WPVTs utilized in the current study may have provided a more linguistically-rich context by the inclusion of semantic and phonological foils compared to the task utilized by Stadthagen-Gonzalez and colleagues (2) in which only unrelated foils were included. Verification appears to assess phonological decoding onto the lexicon and semantic encoding/decoding from the lexicon based on the verification tasks’ association with measures of semantic (i.e., s-weight, PPT accuracy) and phonological (i.e., SAPA2, PALPA) processing.



4.2 Verification and phonological processing

The current study also uniquely assessed the relationship between WPVTs and receptive phonological processing. A significant positive correlation was observed between WPVT phonological accuracy and both reading and auditory phonological processing tasks, which was assessed via lexical decision, rhyme judgment, and minimal pairs (auditory only). Performance on phonological and orthographic decoding tasks were significant predictors of phonological verification response accuracy and latency. Previous WPVTs have included auditory phonological foils (1, 9, 16), but these studies focused primarily on semantic rather than phonological performance. Rogalsky and colleagues (16) reported that WPVTs are more sensitive to semantic over phonological deficits as evidenced by greater accuracy across phonological word-picture pairs compared to semantic pairs in a group of individuals with acute post-stroke aphasia. The researchers concluded that the superior phonological performance was a result of a more bilaterally supported phonological system (60–62) and more left-lateralized semantic system. Despite the claim that WPVTs may be better suited for detecting semantic impairments over phonological ones, the current study provides evidence that the paradigm can still provide information on receptive phonological processing skills.



4.3 Verification versus naming: recognition versus recall

Comparing WPVT errors and paraphasia production on the BNT, a confrontation naming task designed to assess lexical retrieval, findings did not align with our hypotheses. More semantic errors were made during verification than during naming, whereas previous research reported no difference in errors between these two tasks (8, 9). Discrepant findings support differences in processes theorized to be engaged during each task rather than due to methodological differences. In terms of methodology, Zezinka and colleagues (8) based their definition of semantic paraphasia on that reported by Hillis and colleagues (9). To better operationalize the definition of semantic paraphasia in the current study, classification of five paraphasia subtypes were adopted from the Philadelphia Naming Test (48) and Dell and colleagues (14, 34). One difference between the two definitions used is the classification of mixed paraphasias. Hillis (9) and Zezinka (8) and their respective colleagues included mixed paraphasias in their definition of semantic paraphasias, whereas mixed paraphasias are classified separately from semantic in the Philadelphia Naming Test. However, even when mixed paraphasias were included with semantic paraphasias in the current study, more semantic errors were still observed during verification than during naming (aWPVT: z = −2.89, p = 0.004; rWPVT: z = −3.22, p = 0.001).

Rather, differences in semantic errors between these two tasks are likely driven by the demand of distinct cognitive-linguistic processes on semantic processing. Verification requires recognition while confrontation naming relies more heavily on recall. Lexical retrieval may occur implicitly or covertly during verification, but this claim is only speculative based on the current study design. Use of functional neuroimaging during testing or discussion of strategies used by participants at study conclusion may further elucidate this claim. Under the notion that the language system is interactive (14), both top-down and bottom-up processes influence language performance; however, one may argue that recall and recognition engage these processes to a different degree. Word recall (i.e., picture naming) likely relies more on top-down conceptuo-linguistic processing while recognition (i.e., WPVT) likely utilizes more bottom-up perceptuo-linguistic processes. Findings from Mirman and colleagues (63, 64) provide further support for distinct processes, not distinct semantics, with recall and recognition as semantic recognition and recall loaded on separate factors. They also observed different brain activation patterns for semantic processing during naming (left anterior temporal lobe) and recognition (white matter tracts connecting frontal lobe to other cortical regions). Thus, the difference in WPVT and naming semantic performance is not entirely at odds with models of modality-independent semantic organization. According the O.U.C.H (15)., damage to the hub would result in multi-modal semantic deficits, such as in word-picture matching and naming. However, damage may also be sustained to the processes that access the hub, such as via lexical or visual representations. Thus, if damage were sustained to one of these processes, semantic performance deficits would appear modality specific.

Different relationships were observed between phonological paraphasic errors and WPVT phonological errors depending on verification modality. Significantly more phonological paraphasias were produced on the BNT compared to errors made on phonological trials of the aWPVT. According to Martin and Saffran’s Model 1 (35), a single representation of semantics, lexicons, and phonology are shared for language comprehension and production. In their coupled model (Model 2), separate input and output phonological codes are connected while lexical-semantic representations are shared, which appears to be a shared feature among other language processing models (13, 37). In this coupled model, activation can spread from input to output phonological codes, and vice versa, but the degree of activation flow in each direction is task specific. For instance, activation will be weaker for input phonological codes compared to output codes during word retrieval since word retrieval is a language production-motivated task rather than a language comprehension-motivated task. Additionally, if (expressive) phonological representations are damaged, receptive performance should be relatively preserved due to interactive activation “stabilization” provided by lexical and semantic representations for the impaired phonological codes (35). Thus, more phonological errors would be expected during production compared to auditory comprehension, which was the case in the current study. Additionally, the more bilateral hemispheric activation according to the dual stream model (60–62) may indicate that auditory comprehension is more preserved compared to lexical retrieval, which appears to be more left-lateralized (65).

In contrast with auditory verification findings, phonological errors made during reading verification and during naming did not differ. In a coupled phonological network according to Indefrey and Levelt (13), relatively equal degrees of damage to the orthographic input and encoding output phonological processes would need to occur to mimic study findings. This pattern would result in relatively intact auditory phonological processing compared to phonological encoding, which was observed in the current study as well. In their model, receptive orthographic codes can be converted to receptive phonological codes, which share a connection to expressive phonemes, or processed into lexical codes [e.g., Figure 2 in (13)]. Connections between receptive and expressive phonological codes are unidirectional, with information flowing from input to output. Working memory appears to be taxed more during reading than listening, as reading is a less-rehearsed skill (66, 67). Additionally, reading appears to be more left-lateralized (68, 69) and thus may be more susceptible to damage in aphasia compared to similar auditory comprehension faculties, resulting in similar error rates during naming and reading verification but more errors during naming than auditory verification. Future work incorporating cognitive tasks would help assess the relationship of cognitive processing and WPVT performance.



4.4 Limitations

The current study is not without limitations. First, the sample of individuals with aphasia is relatively small and homogenous in terms of demographic characteristics. A larger, more heterogenous sample is needed to replicate and validate study findings. Also, exploration into the cognitive variables that may influence verification performance should be completed to further understand the interplay between cognitive and language systems. Finally, verification task stimuli would benefit from further investigation. Recent concerns with the BNT stimuli have been raised, including differential age effects in healthy adults (70–72), and the stimuli is copyrighted, making it not as accessible to clinicians and researchers as compared to tests that are freely available, including the Philadelphia Naming Test (48). In addition to perhaps pursuing a new set of stimuli, determining the minimum number of items and administration methods, such as computer adaptive testing, to achieve optimal psychometric value should be explored.



4.5 Role of WPVT in improving individualized aphasia care

WPVTs provide a more sensitive measure of receptive language (compared to multiple-choice tasks) and linguistic processes that support receptive and expressive language at the word level. Specifically, accuracy and reaction time on WPVT semantic trials provides insight on pre-lexical semantic processes, including the connections between conceptual semantic information and the lexicon, which is shared between receptive and expressive language processes (13). Accuracy and response latency on WPVT phonological trials shed light on phonological decoding (i.e., receptive language). Thus, including a verification task with well-controlled linguistic variables in aphasia assessment can aid in impairment localization and inform individualized, targeted intervention.

Recent advances in anomia treatment research identify linguistic processes, namely semantics and phonology, as important predictors to treatment response. Kristinsson and colleagues (73) found that individuals with aphasia and more intact phonological and semantic processing responded well to semantically based naming treatments. Individuals with aphasia who responded well to phonologically based treatments tended to have more severe aphasia and apraxia of speech. Thus, more standardized assessments are needed that characterize patients’ language abilities, including the processes theorized to support gross language skills (i.e., reading and auditory comprehension, naming, writing), in order to more successfully tailor anomia treatment to individual patients with aphasia.

There is a shift in aphasia research to identify speech-language strengths and weaknesses and their severity instead of using aphasia classification profiles since all individuals classified as belonging to the same aphasia subtype may not present with the same symptoms, or they may not be classified completely (74). Standardized assessments may over-represent certain language skills over others in their composite scores (22), and many batteries and shorter assessments do not disclose sufficient information on stimuli development, including lexical variables controlled for and theoretical models referenced to inform test development. The CAT (24) one battery that does describe the linguistic variables controlled for and purposefully manipulated to increase difficulty across test items. Completion of the entire CAT language battery can take around 45 min, which is not practical for patients in acute care settings. To our knowledge, the ScreeLing (75, 76), which is only available in Dutch, is the only short, standardized assessment that provides information on phonology and semantics. We argue that if theoretical, empirical models are critical to understand typical and disordered language processing, then our assessments should be transparent in how they are informed by linguistic models and variables known to influence performance and treatment response. Further, as aphasia treatment response research advances, and more variables are identified to predict treatment response, our assessments need to be refined to capture those predictors efficiently and soundly.

Using WPVTs, information on semantic and phonological processing can be gleaned from a single task and used to inform individualized anomia treatment planning. The use of button press for responding allows easy collection of response time as well as eliminates demands on verbal output in the cases of significant motor speech impairment that may interfere with language assessment. With continued psychometric development, standardized WPVTs that collect response accuracy and latency would be a strong tool added to clinicians’ and researchers’ aphasia assessment inventory.
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1Though researchers implicate interaction between orthography and phonology during visual lexical decision, the focus of the task is believed to be within the orthographic lexicon.

2According to Puth, Neuhäuser, and Ruxton (54), if there are many ties and large р in the dataset, then Spearman’s rho may provide more accurate confidence interval estimates.



References

1. Robson H, Pilkington E, Evans L, DeLuca V, Keidel JL. Phonological and semantic processing during comprehension in Wernicke’s aphasia: an N400 and phonological mapping negativity study. Neuropsychologia. (2017) 100:144–54. doi: 10.1016/j.neuropsychologia.2017.04.012

2. Stadthagen-Gonzalez H, Damian MF, Pérez MA, Bowers JS, Marín J. Name–picture verification as a control measure for object naming: a task analysis and norms for a large set of pictures. Q J Exp Psychol. (2009) 62(8):1581–97. doi: 10.1080/17470210802511139

3. Valente A, Laganaro M. Ageing effects on word production processes: an ERP topographic analysis. Lang Cogn Neurosci. (2015) 30(10):1259–72. doi: 10.1080/23273798.2015.1059950

4. Breese EL, Hillis AE. Auditory comprehension: is multiple choice really good enough? Brain Lang. (2004) 89(1):3–8. doi: 10.1016/S0093-934X(03)00412-7

5. Cloutman L, Gottesman R, Chaudhry P, Davis C, Kleinman JT, Pawlak M, et al. Where (in the brain) do semantic errors come from? Cortex J Devoted Study Nerv Syst Behav. (2009) 45(5):641–9. doi: 10.1016/j.cortex.2008.05.013

6. Knollman-Porter K, Dietz A, Dahlem K. Intensive auditory comprehension treatment for severe aphasia: a feasibility study. Am J Speech Lang Pathol. (2018) 27(3):936–49. doi: 10.1044/2018_AJSLP-17-0117

7. Raymer AM, Kohen FP, Saffell D. Computerised training for impairments of word comprehension and retrieval in aphasia. Aphasiology. (2006) 20(2–4):257–68. doi: 10.1080/02687030500473312

8. Zezinka A, Harnish SM, Blackett S, Cardone V. A preliminary comparison of word-picture verification task performance in healthy adults and individuals with aphasia. Poster presented at: 48th Annual Clinical Aphasiology Conference; Austin, TX (2018).

9. Hillis AE, Rapp B, Romani C, Caramazza A. Selective impairment of semantics in lexical processing. Cogn Neuropsychol. (1990) 7(3):191–243. doi: 10.1080/02643299008253442

10. Fridriksson J, Baker JM, Whiteside J, Eoute D, Moser D, Vesselinov R, et al. Treating visual speech perception to improve speech production in non- fluent aphasia. Stroke J Cereb Circ. (2009) 40(3):853–8. doi: 10.1161/STROKEAHA.108.532499

11. Fridriksson J, Richardson JD, Baker JM, Rorden C. Transcranial direct current stimulation improves naming reaction time in fluent aphasia: a double-blind, sham-controlled study. Stroke. (2011) 42(3):819–21. doi: 10.1161/STROKEAHA.110.600288

12. Fridriksson J, Rorden C, Elm J, Sen S, George MS, Bonilha L. Transcranial direct current stimulation vs sham stimulation to treat aphasia after stroke. JAMA Neurol. (2018) 75(12):1470–6. doi: 10.1001/jamaneurol.2018.2287

13. Indefrey P, Levelt WJM. The spatial and temporal signatures of word production components. Cognition. (2004) 92(1–2):101–44. doi: 10.1016/j.cognition.2002.06.001

14. Dell GS, Schwartz MF, Martin N, Saffran EM, Gagnon DA. Lexical access in aphasic and nonaphasic speakers. Psychol Rev. (1997) 104(4):801–38. doi: 10.1037/0033-295X.104.4.801

15. Caramazza A, Hillis AE, Rapp BC, Romani C. The multiple semantics hypothesis: multiple confusions? Cogn Neuropsychol. (1990) 7(3):161–89. doi: 10.1080/02643299008253441

16. Rogalsky C, Pitz E, Hillis AE, Hickok G. Auditory word comprehension impairment in acute stroke: relative contribution of phonemic versus semantic factors. Brain Lang. (2008) 107(2):167–9. doi: 10.1016/j.bandl.2008.08.003

17. Catling JC, Johnston RA. Age of acquisition effects on an object-name verification task. Br J Psychol. (2006) 97(1):1–18. doi: 10.1348/000712605X53515

18. Martin N, Schwartz MF, Kohen FP. Assessment of the ability to process semantic and phonological aspects of words in aphasia: a multi-measurement approach. Aphasiology. (2006) 20(2–4):154–66. doi: 10.1080/02687030500472520

19. Best W, Greenwood A, Grassly J, Herbert R, Hickin J, Howard D. Aphasia rehabilitation: does generalisation from anomia therapy occur and is it predictable? A case series study. Cortex. (2013) 49(9):2345–57. doi: 10.1016/j.cortex.2013.01.005

20. Flowers HL, Silver FL, Fang J, Rochon E, Martino R. The incidence, co-occurrence, and predictors of dysphagia, dysarthria, and aphasia after first-ever acute ischemic stroke. J Commun Disord. (2013) 46(3):238–48. doi: 10.1016/j.jcomdis.2013.04.001

21. Kertesz A, Raven JC. Western aphasia battery-revised. San Antonio, TX: PsychCorp, (2007).

22. Hula W, Donovan NJ, Kendall DL, Gonzalez-Rothi LJ. Item response theory analysis of the Western Aphasia battery. Aphasiology. (2010) 24(11):1326–41. doi: 10.1080/02687030903422502

23. Mirman D, Britt AE, Chen Q. Effects of phonological and semantic deficits on facilitative and inhibitory consequences of item repetition in spoken word comprehension. Neuropsychologia. (2013) 51(10):1848–56. doi: 10.1016/j.neuropsychologia.2013.06.005

24. Swinburn K, Porter G, Howard D. The comprehensive aphasia test. Hove, UK: Psychology Press 2005.

25. Oldfield RC. The assessment and analysis of handedness: the Edinburgh inventory. Neuropsychologia. (1971) 9(1):97–113. doi: 10.1016/0028-3932(71)90067-4

26. Bijl S, de Bruin EA, Böcker KE, Kenemans JL, Verbaten MN. Effects of chronic drinking on verb generation: an event related potential study. Hum Psychopharmacol Clin Exp. (2007) 22(3):157–66. doi: 10.1002/hup.835

27. Ceballos NA, Houston RJ, Smith ND, Bauer LO, Taylor RE. N400 as an index of semantic expectancies: differential effects of alcohol and cocaine dependence. Prog Neuropsychopharmacol Biol Psychiatry. (2005) 29(6):936–43. doi: 10.1016/j.pnpbp.2005.04.036

28. Indlekofer F, Piechatzek M, Daamen M, Glasmacher C, Lieb R, Pfister H, et al. Reduced memory and attention performance in a population-based sample of young adults with a moderate lifetime use of cannabis, ecstasy and alcohol. J Psychopharmacol Oxf Engl. (2009) 23(5):495–509. doi: 10.1177/0269881108091076

29. Reske M, Delis DC, Paulus MP. Evidence for subtle verbal fluency deficits in occasional stimulant users: quick to play loose with verbal rules. J Psychiatr Res. (2011) 45(3):361–8. doi: 10.1016/j.jpsychires.2010.07.005

30. Drinking Levels Defined. National Institute on Alcohol Abuse and Alcoholism. n.d.. Available from: https://www.niaaa.nih.gov/alcohol-health/overview-alcohol-consumption/moderate-binge-drinking.

31. Hyvärinen L, Näsänen R, Laurinen P. New visual acuity test for Pre-school children. Acta Ophthalmol (Copenh). (1980) 58(4):507–11. doi: 10.1111/j.1755-3768.1980.tb08291.x

32. Albert ML. A simple test of visual neglect. Neurology. (1973) 23(6):658–658. doi: 10.1212/WNL.23.6.658

33. Dabul BL. Apraxia battery for adults. Tigard, OR: C. C. Publications., Inc. (1979).

34. Foygel D, Dell GS. Models of impaired lexical access in speech production. J Mem Lang. (2000) 43(2):182–216. doi: 10.1006/jmla.2000.2716

35. Martin N, Saffran EM. The relationship of input and output phonological processing: an evaluation of models and evidence to support them. Aphasiology. (2002) 16(1–2):107–50. doi: 10.1080/02687040143000447

36. Kendall D, del Toro C, Nadeau SE, Johnson J, Rosenbek J, Velozo C. The development of a standardized assessment of phonology in aphasia. SC: Isle of Palm (2010).

37. Jacquemot C, Dupoux E, Bachoud-Lévi AC. Breaking the mirror: asymmetrical disconnection between the phonological input and output codes. Cogn Neuropsychol. (2007) 24(1):3–22. doi: 10.1080/02643290600683342

38. Nickels L, Cole-Virtue J. Reading Tasks from PALPA: how do controls perform on visual lexical decision, homophony, rhyme, and synonym judgements? Aphasiology. (2004) 18(2):103–26. doi: 10.1080/02687030344000517-633

39. Bergmann J, Wimmer H. A dual-route perspective on poor Reading in a regular orthography: evidence from phonological and orthographic lexical decisions. Cogn Neuropsychol. (2008) 25(5):653–76. doi: 10.1080/02643290802221404

40. Friedman RB, Lott SN. Clinical diagnosis and treatment of Reading disorders. In: Hillis AE, editor. The handbook of adult language disorders. New York, NY: Psychology Press (2015). p. 38–56.

41. Pexman PM, Lupker SJ, Reggin LD. Phonological effects in visual word recognition: investigating the impact of feedback activation. J Exp Psychol Learn Mem Cogn. (2002) 28(3):572–84. doi: 10.1037/0278-7393.28.3.572

42. Blazely AM, Coltheart M, Casey BJ. Semantic impairment with and without surface dyslexia: implications for models of Reading. Cogn Neuropsychol. (2005) 22(6):695–717. doi: 10.1080/02643290442000257

43. Kay J, Lesser R, Coltheart M. The psycholinguistic assessment of language processing in aphasia (PALPA). Lawrence Erlbaum Associates Ltd; 1992.

44. Stanislaw H, Todorov N. Calculation of signal detection theory measures. Behav Res Methods Instrum Comput. (1999) 31(1):137–49. doi: 10.3758/BF03207704

45. Grier JB. Nonparametric indexes for sensitivity and bias: computing formulas. Psychol Bull. (1971) 75(6):424–9. doi: 10.1037/h0031246

46. Howard D, Patterson KE. Pyramids and palm trees: A test of semantic access from words and pictures. Bury St. Edmunds, UK: Thames Valley Test Company (1992).

47. Kaplan E, Goodglass H, Weintraub S. The Boston naming test (2nd ed.). Pro-Ed. (1983).

48. Roach A, Schwartz MF, Martin N, Grewal RS, Brecher A. The philadelphia naming test: scoring and rationale. Clin Aphasiology Pro-Ed. (1996) 24:121–33. Available from: http://aphasiology.pitt.edu/215/.

49. Tochadse M, Halai AD, Lambon Ralph MA, Abel S. Unification of behavioural, computational and neural accounts of word production errors in post-stroke aphasia. NeuroImage Clin. (2018) 18:952–62. doi: 10.1016/j.nicl.2018.03.031

50. Brysbaert M, New B. Moving beyond Kučera and Francis: a critical evaluation of current word frequency norms and the introduction of a new and improved word frequency measure for American English. Behav Res Methods. (2009) 41(4):977–90. doi: 10.3758/BRM.41.4.977

51. Wilson M. MRC psycholinguistic database: machine-usable dictionary, version 2.00. Behav Res Methods Instrum Comput. (1988) 20(1):6–10. doi: 10.3758/BF03202594

52. Vitevitch MS, Luce PA. A web-based interface to calculate phonotactic probability for words and nonwords in English. Behav Res Methods Instrum Comput. (2004) 36(3):481–7. doi: 10.3758/BF03195594

53. Gilpin AR. Table for conversion of Kendall’S Tau to Spearman’S Rho within the context of measures of magnitude of effect for meta-analysis. Educ Psychol Meas. (1993) 53(1):87–92. doi: 10.1177/0013164493053001007

54. Puth MT, Neuhäuser M, Ruxton GD. Effective use of Spearman’s and Kendall’s correlation coefficients for association between two measured traits. Anim Behav. (2015) 102:77–84. doi: 10.1016/j.anbehav.2015.01.010

55. Bates D, Mächler M, Bolker B, Walker S. Fitting linear mixed-effects models using lme4. J Stat Softw. (2015) 67(1):1–48. doi: 10.18637/jss.v067.i01

56. Kuznetsova A, Brockhoff PB, Christensen RHB. Lmertest package: tests in linear mixed effects models. J Stat Softw. (2017) 82(1):1–26.

57. Koo TK, Li MY. A guideline of selecting and reporting intraclass correlation coefficients for reliability research. J Chiropr Med. (2016) 15(2):155–63. doi: 10.1016/j.jcm.2016.02.012

58. Hillis AE, Caramazza A. The compositionality of lexical semantic representations: clues from semantic errors in object naming. Memory. (1995) 3(3–4):333–58. doi: 10.1080/09658219508253156

59. Hillis AE, Tuffiash E, Wityk RJ, Barker PB. Regions of neural dysfunction associated with impaired naming of actions and objects in acute stroke. Cogn Neuropsychol. (2002) 19(6):523–34. doi: 10.1080/02643290244000077

60. Hickok G, Poeppel D. Dorsal and ventral streams: a framework for understanding aspects of the functional anatomy of language. Cognition. (2004) 92(1–2):67–99.

61. Hickok G, Poeppel D. Towards a functional neuroanatomy of speech perception. Trends Cogn Sci. (2000) 4(4):131–8. doi: 10.1016/S1364-6613(00)01463-7

62. Hickok G, Poeppel D. The cortical organization of speech processing. Nat Rev Neurosci. (2007) 8(5):393–402. doi: 10.1038/nrn2113

63. Mirman D, Chen Q, Zhang Y, Wang Z, Faseyitan OK, Coslett HB, et al. Neural organization of spoken language revealed by lesion–symptom mapping. Nat Commun. (2015) 6(1):6762. doi: 10.1038/ncomms7762

64. Mirman D, Zhang Y, Wang Z, Coslett HB, Schwartz MF. The ins and outs of meaning: behavioral and neuroanatomical dissociation of semantically-driven word retrieval and multimodal semantic recognition in aphasia. Neuropsychologia. (2015) 76:208–19. doi: 10.1016/j.neuropsychologia.2015.02.014

65. Price CJ. A review and synthesis of the first 20 years of PET and fMRI studies of heard speech, spoken language and Reading. Neuroimage. (2012) 62(2):816. doi: 10.1016/j.neuroimage.2012.04.062

66. DeDe G. Reading and listening in people with aphasia: effects of syntactic complexity. Am J Speech Lang Pathol. (2013) 22(4):579–90. doi: 10.1044/1058-0360(2013/12-0111)

67. Tindle R, Longstaff MG. Writing, reading, and listening differentially overload working memory performance across the serial position curve. Adv Cogn Psychol. (2015) 11(4):147–55. doi: 10.5709/acp-0179-6

68. Buchweitz A, Mason RA, Tomitch LMB, Just MA. Brain activation for reading and listening comprehension: an fMRI study of modality effects and individual differences in language comprehension. Psychol Neurosci. (2009) 2(2):111–23. doi: 10.3922/j.psns.2009.2.003

69. Cattinelli I, Borghese NA, Gallucci M, Paulesu E. Reading the Reading brain: a new meta-analysis of functional imaging data on Reading. J Neurolinguistics. (2013) 26(1):214–38. doi: 10.1016/j.jneuroling.2012.08.001

70. Neils J, Baris JM, Carter C, Dell’aira AL, Nordloh SJ, Weiler E, et al. Effects of age, education, and living environment on Boston naming test performance. J Speech Hear Res. (1995) 38(5):1143–9. doi: 10.1044/jshr.3805.1143

71. Schmitter-Edgecombe M, Vesneski M, Jones DW. Aging and word-finding: a comparison of spontaneous and constrained naming tests. Arch Clin Neuropsychol Off J Natl Acad Neuropsychol. (2000) 15(6):479–93.

72. Zezinka A, Harnish SM, Schwen Blackett D, Lundine JP. Investigation of a computerized nonverbal word-picture verification task. Poster presented at: 47th Annual Clinical Aphasiology Conference; Snowbird, UT (2017).

73. Kristinsson S, Basilakos A, Elm J, Spell LA, Bonilha L, Rorden C, et al. Individualized response to semantic versus phonological aphasia therapies in stroke. Brain Commun. (2021) 3(3):fcab174. doi: 10.1093/braincomms/fcab174

74. Bruce C, Edmundson A. Letting the CAT out of the bag: a review of the comprehensive aphasia test. commentary on howard, swinburn, and porter, “putting the CAT out: what the comprehensive aphasia test has to offer.”. Aphasiology. (2010) 24(1):79–93. doi: 10.1080/02687030802453335

75. Doesborgh SJC, van de Sandt-Koenderman WME, Dippel DWJ, van Harskamp F, Koudstaal PJ, Visch-Brink EG. Linguistic deficits in theacute phase of stroke. J Neurol. (2003) 250(8):977–82. doi: 10.1007/s00415-003-1134-9

76. El Hachioui H, Sandt-Koenderman MWME, Dippel DWJ, Koudstaal PJ, Visch-Brink EG. The ScreeLing: occurrence of linguistic deficits in acute aphasia post-stroke. J Rehabil Med. (2012) 44(5):429–35. doi: 10.2340/16501977-0955



OPS/images/fresc-03-1012588-t003.jpg
Subject Accuracy (out of 60)

Reaction Time (ms)

Overall Semantic Phonological Overall Semantic Phonological
100 33 51 44 1867.78 196573 2005.02
101 51 55 57 120724 123184 127293
102 30 43 54 375178 4447.63 371650
103 50 53 58 133670 152974 131628
104 57 58 60 198402 2068.07 190145
105 2 41 51 176181 184254 180275
106 42 48 54 157061 172073 1614.44
107 57 59 60 102219 102078 107322
108 42 49 60 164467 192253 150850
109 53 55 60 130689 136471 137097
10 52 54 59 135934 1578.48 1378.15
11 54 59 56 1645.42 152461 1859
112 59 59 60 1246556 123459 131548
114 51 55 55 146552 150016 1563.47
15 56 59 59 1369.11 131608 145524
116 4 47 58 189033 204115 2027.09
M+SD 47.50£9.80 5281+581 56,56+ 432 165187+ 622.86 1769.34 = 780.46 1698.78 * 608.13

Mean: SD, Standard Deviation.





OPS/images/fresc-03-1012588-t002.jpg
Subject Receptive Language Measures Expressive Language Measures

PPT SAPA2 PALPA PALPA BNT s p- Semantic Formal Phonological
(outof (out of 15 (out 25 (out of (out of weight weight hasi: i
52) 59) of 57) 120) 60) Paraphasias
100 50 35 32 106 18 00282 00082 1 8 2
101 50 50 4 13 3 00375 00138 2 0 12
102 4 40 33 89 33 00176 00250 4 1 2
103 47 46 35 109 39 00300 00163 1 2 9
104 52 57 54 19 50 00400 00188 0 1 5
105 2 32 33 108 3 00004 00204 4 7 3
106 50 42 40 114 17 00188 00101 1 5 20
107 52 52 49 19 54 00400 00188 0 0 6
108 48 53 35 76 14 00113 00213 7 3 3
109 51 55 52 19 4 00257 00344 1 0 0
110 48 50 35 118 41 00394 00144 2 0 7
11 9 43 39 116 41 00319 00194 0 3 4
12 48 57 56 120 50 00400 00163 0 3 8
114 51 6 38 102 ) 00269 00282 2 2 0
15 51 51 44 19 58 00375 00375 0 0 0
116 49 54 53 118 48 00269 00282 2 0 1
M+SD  4881= 4769758 4206=841 11031+ 3731+  003:  002= 169+192 2132255 65701
288 1237 1596 001 0.01

PPT. Pyramids and Palm Trees; SAPA2, Standardized Assessment of Phonology in Aphasia, Subtest 2; PALPA, Psycholinguistic Assessment of Language Processing in
Aphasia: BNT, Boston Naming Test: M, Mean: SD, Standard Deviation.





OPS/images/fresc-03-1012588-t005.jpg
Factor stimate  SE = Z-value  p-value  CI (95%)
AWPVT

Intercept 228 014 1657 <0.001

s-weight* 055 016 340 <0.001 023,087

PPT 021 015 139 016 ~0.08, 0.50
rWPVT

Intercept 205 013 1541 <0.001

s-weight* 057 016 353 <0.001 025,089

PPT* 034 016 219 003 0.04, 065

sincicates a sigrificant effect (o < 0.05)





OPS/images/fresc-03-1012588-t004.jpg
Subject Accuracy (out of 60) Reaction Time (ms)
Overall Semantic Phonological Overall Semantic Phonological
100 40 57 209298 222791 2093.60
101 50 54 56 102476 110657 1059.57
102 25 4 0 3305.59 3578.58 321840
103 51 54 57 132255 1396.70 1260.68
104 50 57 60 147612 145954 150218
105 15 2 4 239971 302477 234048
106 47 49 57 213934 2549.04 228642
107 57 59 60 122666 1258.15 1160.63
108 27 47 54 547142 621380 578037
109 56 56 60 1368.19 144350 133535
110 48 50 57 149977 1868.76 141172
11 56 58 59 140417 1443.90 133417
12 57 58 60 118609 122460 118637
114 44 51 56 155037 1479.02 1617.18
15 52 53 60 148097 1649.87 133072
116 2 2 59 209375 2645.52 201234
s 448121248 50.75+9.16 55.69+588 194015+ 1105.01 2160.64 + 1298.50 1933.14.% 1177.06

M, Mean: SD, Standard Deviation.





OPS/images/fresc-03-1012588-t001.jpg
Subject  Sex Age Education Months Post CAT CAT AC CAT RC M55

(Years) Stroke

100 M 73 13 9% 47.63 45 51 350
101 M 6 14 99 55.13 50 59 050
102 M 80 18 214 5063 48 4 0
103 M 39 17 66 50.50 47 50 050
104 F 49 1250 7 58.88 74 62 050
105 M 70 16 47 46 39 45 150
106 M 72 13 34 47 42 48 200
107 F 53 14 2 60.88 59 55 0
108 M 55 17 6 4638 46 4 150
109 F 7 16 2 61 60 65 0
110 M 56 19 275 5638 51 53 100
11 F 78 12 87 56 49 53 150
12 M 64 16 64 58.50 54 54 150
114 M 66 17 190 57 59 51 050
15 F 72 16 6 6275 59 53 0
116 M 87 16 20 61.25 59 58 0
Swummary 5E 1M~ M=66+ M=1541+ 208 M M=5474+ M=5256+

1262 586 8.76
M. Male; F, Fernale; CAT, Comprehensive Aphasia Test; CAT AC. Comprehensive Aphasia Test Auditory C: Score; CAT RC, C Aphasia Test

Reading Comprehension Score: MSS, Motor Speech Severity Rating (0-7): M, Mean.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Using word-picture verification to inform language impairment locus in chronic post-stroke aphasia

		Introduction



		Materials and methods



		Participants



		Stimuli and procedures



		Motor speech



		Aphasia severity



		Receptive language



		Receptive phonology



		Receptive semantics











		Expressive language (lexical retrieval)



		Expressive phonology and semantics











		WPVT











		Statistical analysis











		Results



		WPVT and aphasia severity



		WPVT and receptive language



		WPVT and expressive language



		Predicting WPVT performance











		Discussion



		Verification and semantic processing



		Verification and phonological processing



		Verification versus naming: recognition versus recall



		Limitations



		Role of WPVT in improving individualized aphasia care











		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		References























OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Rehabilitation Sciences





OPS/images/fresc-03-1012588-g007.jpg
5000

5000

Response Latency

20000

25000

auditory

reading

T

—

Word-Picture Pair Il Phonological Foil Il SemanticFoil Wl Target Wl Unrelated Foil






OPS/images/fresc-03-1012588-g006.jpg
Log-transformed response latency (ms)

Response latency on aWPVT phonological trials

E)
SAPA2 scores (standardized)





OPS/images/fresc-03-1012588-g005.jpg
- 4 © © o
(sw) Aousye| asuodsas pausiojsues-6o

PALPA scores (standardized)





OPS/images/fresc-03-1012588-g004.jpg
<+ > © & @

N ~ © © o
(sw) Aousye| asuodsal pausiojsuen-6o

s-weight (standardized)





OPS/images/fresc-03-1012588-g003.jpg
=
Semantic Q\-
Knowledge Control
l I — S-weight Semantic, mixed,
} formal, unrelated

paraphasias (BNT)
1 — P-weight;

(Phonological)

— Phonological Non-word paraphasias (BNT)
Encoding

Motor
Planning/Programming

1 Motor speech severity score

— ()






OPS/images/fresc-03-1012588-g002.jpg
Semantic Knowledge\ 7 Semantic
Control

Auditory lexical decision (SAPA2)

Phonological
{ Decoding Visual rhyme judgment

I (PALPA15)
Visual lexical decision (PALPA25)

Semantic knowledge
(PPT)

Auditory rhyme judgment
(SAPA2)

Auditory minimal pairs (SAPA2,

Phonetic
Decoding Decodis

“Dog” Dog






OPS/images/fresc-03-1012588-g001.jpg
dock

cat






OPS/images/cover.jpg
, frontiers ‘ Frontiers in Rehabilitation Sciences

Using word-picture verification to inform language
impairment locus in chronic post-stroke aphasia





OPS/images/fresc-03-1012588-t007.jpg
Factor [Estimate SE df f-value p-value

CI (95%)

Semantic trials (conditional R? = 0.47, marginal R* = 0.28)

Intercept 324 003 1286 12644 <0001
s-weight* 013 003 1294 -372 0.003
PPT -001 003 1293 -039 070

Phonological trials (conditional R? = 0.55, marginal R* = 0.19)
Intercept 321 003 1301 9297 <0001
p-weight 003 004 1299 071 049
PALPA* =0.11 0.04 13.04 =297 0.01

~0.19, -0.06
—0.08, 0.05

~0.04, 0.09
~0.18, -0.04

sincicates a sigrificant effect (o < 0.05)





OPS/images/fresc-03-1012588-t006.jpg
Factor imate  SE  Z-value p-value  CI (95%)
aWPVT

Intercept 327 029 122 <0.001

p-weight 0.03 026 012 090 ~048, 0.54
SAPA2* 0.92 026 350 <0.001 041, 144
fWPVT

Intercept 3.20 032 1002 <0.001

p-weight ~0.04 030 ~0.12 091 ~0.62,0.55
PALPA* 115 030 3.83 <0.001 056, 173

sirciicates a sianificant effect (p < 0.05).





OPS/images/fresc-03-1012588-t008.jpg
Factor [Estimate SE df t-value p-value

CI (95%)

Semantic trials (conditional R? = 0.47, marginal R® = 0.13)

Intercept 320 003 1296 11917 <0.001
s-weight -0.02 004 1298 -0.67 0.51
PPT -005 004 1301  -141 018
Phonological trials (conditional R” = 0.45, marginal R>=0.12)
Intercept 319 002 13.01 142.02 <0.001
p-weight 002 002 1300 103 032
SAPA2* -0.06 002 13.04 -241 0.03

~0.09, 0.05
—0.12, 0.02

—0.02, 0.07
~0.10, =001

sincicates a sigrificant effect (o < 0.05)





