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• Logistic regression can predict adult early (one-month) post-CI outcomes with moderate performance

• Inclusion of preoperative cognitive and linguistic measures can improve predictions, particularly for word recognition

• Nonverbal reasoning and general cognition appear to be the most universally useful cognitive and linguistic measures

• Future studies of speech recognition following cochlear implantation should consider cognitive and linguistic measures

Future Directions:

• Larger sample sizes are needed to better understand predictive ability of cognitive and linguistic measures

• Examination of longer-term outcomes

• Investigation of MMSE component subscores to determine cognitive domain relevance

• Early speech recognition outcomes following cochlear implantation (CI) vary widely among postlingually deaf adults

• Conventional demographic and audiologic factors only account for a small percentage of outcome variance (Zhao, 2020)

• Preoperative cognitive and linguistic abilities may contribute to postoperative speech recognition outcomes (Amini, 2023)

• We use a machine learning approach (accounting for cognitive and linguistic factors) to predict one-month post-CI speech recognition 

outcomes and elucidate the relative contribution of these factors compared to conventional demographic and audiologic factors

43 postlingual adult CI candidates

• Mean age = 68.0 years (SD = 10.8)

• Mean duration hearing loss = 33.0 years (SD = 19.4)

• Mean better-ear pure-tone average (PTA) = 77.9 dB HL 
(SD = 16.4)

• All were English-speaking adults who passed a near-
vision screening and a visual version of the Mini Mental 
State Examination (MMSE) to rule out cognitive 
impairment

Auditory Measures

• AzBio sentences in quiet (AzBQ)
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Word Recognition
• CNC words bilateral best-aided

Contralateral hearing aid if worn in everyday life
• CNC words CI-only

Contralateral ear plugged

One-Month Postoperative Outcomes

Sentence Recognition
• AzBio sentences in quiet (AzBQ)
• AzBio sentences in multi-talker babble noise (AzBN)

Analyses

Summary: 

• Incorporating preoperative cognitive and linguistic measures significantly improves classification performance of most 
postoperative outcome measures 

• Preoperative cognitive and linguistic measures are most frequently utilized for word recognition outcome prediction

Left:

• Including cognitive and linguistic measures improved 

classification performance of CNC BA, CNC CI, and AzBN by 

21%, 72% and 4% respectively

• Classification of AzBQ outcomes was not improved with 

cognitive and linguistic measures

• Cognitive and linguistic factors improve word recognition 

outcome prediction more than sentence recognition outcome 

prediction

• Identification of low-performance outcomes is improved

Demographic and Audiologic Measures
• Age (years)
• Duration hearing loss (years)
• Sex
• Implant brand (Cochlear, Advanced Bionics, MED-EL)
• Implant side
• Socioeconomic score (Education X Job) out of 64
• Better-ear PTA (dB HL)

Cognitive and Linguistic Measures

• Visual MMSE 

• Word Reading (Wide Range Achievement Test)

• Speed of Lexical and Phonological Access (Test of 
Word Reading Efficiency – TOWRE)
List of 108 words (TOWRE Words) and 66 nonwords 
(TOWRE Nonwords) to be read within 45 seconds

• Inhibition-Concentration (Visual Stroop)
Color words either presented congruently (green) or 
incongruently (green), or as colored boxes on screen 
reflecting processing speed

• Nonverbal Reasoning (Raven’s Progressive 
Matrices)
Matrix of geometric designs with a missing section

Preoperative Measures

Participants

• Multinomial logistic regression models with LASSO regularization 

were fit with and without preoperative cognitive and linguistic 

measures to classify one-month post-CI activation speech recognition 

outcomes

• Each of four outcome measures is modeled separately:

CNC words bilateral best-aided (CNC BA)

CNC words CI-only (CNC CI)

AzBio sentences in quiet (AzBQ)

AzBio sentences in noise (AzBN)

• Outcomes classified as low-, medium-, and high-performance 

based on lower, middle, and upper thirds of observed distribution

• Models fit in leave-one-out procedure with nested cross-validation

• Statistical significance determined via paired t-tests

Right:

• Frequencies of feature selection 

as determined by LASSO

• Preoperative AzBQ consistently 

included in models regardless of 

presence of cognitive and 

linguistic measures

• Frequency of cognitive and 

linguistic feature selection varies 

considerably by outcome 

prediction measure

Above: number of participants (sample size) for each speech 

recognition outcome measure. Right: measure of central tendency 

(and standard deviation, where applicable) for each measure.
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