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Background

• Verbal neuropsychological tests are widely used to identify early signs of neurodegeneration in older 
adults. To date, employing these tasks remotely at scale, for example in large-scale screening and 
home-based monitoring programmes, has been limited by the dependence on skilled raters. 

• We report data from a large sample of participants tested in their own homes showing that these 
tasks can be reliably administered and scored via device-agnostic web-based technology (Cambridge 
Cognition’s Neurovocalix platform). 

• Analysis focussed on a brief verbal test battery showing: 1) performance across different devices and 
platforms; 2) performance with respect to participant demographics, particularly age and native 
language

Methods
• Participants were tested at home on their own devices, using the Cambridge Cognition Neurovocalix

platform for automated verbal testing. Data was collected on the operating system, web-browser 
and device used.  

• Participant demographic characteristics are shown in Table 1. 

• Automated quality checks resulted in 10.8% of testing sessions being flagged as poor and requiring 
manual review. On review,  these had excessive background noise (talking or television in the 
background) or other poor audio quality.  Data from these sessions was not included in subsequent 
analysis, leaving an analysis set of 2588. 

• Results are presented from two verbal tasks :

• Verbal Paired Associates Learning

• Digit Span Forward and Back

Conclusions

• These data demonstrate the feasibility of large scale, automated verbal testing. 

• We replicate well-established findings from conventionally administered verbal tasks, supporting the 
validity of remote verbal testing using ASR technology. 

• We expected observed associations between verbal episodic memory measures and age, gender and 
education. Education level and Gender were the strongest predictors of verbal working memory.  
Language was associated only with worse performance on Forward Digit Span, but with small effect size, 
supporting the scalability and robustness of the system. 

• In future work, we aim to extend these findings in patients with neurodegenerative disease. 

n % 
Age (Mean (SD)) 2588 34.3 (12.3)

Gender Male 950 36.71 
Female 1638 63.29 

Education Level Middle / Junior High 35 1.35 
High school 542 20.94 

Higher Education 1433 55.37 
Postgraduate 578 22.33 

First Language English 1856 71.72 
Other 128 4.95 

Missing 604 23.34 
Employment Status Full-Time 918 35.47 

Part-Time 446 17.23 
Unemployed (job seeking) 204 7.88 

Not in paid work (e.g. homemaker, retired, disabled) 245 9.47 
Other 126 4.87 

Missing 649 25.08 

Table 1: Participant Characteristics

Figure 1: The Neurovocalix platform, delivering  device-
independent administration and scoring of verbal 
cognitive tests. 

Results

• Participants were successfully tested on a range of platforms (Figure 2). One third were tested on 
mobile phones (Android and iPhone), and the remainder were assessed on Windows, Mac or 
iPad devices.

Figure 2: Distribution of participants by testing platform. Participants were tested on a range of 
hardware and software platforms, including both PCs and mobile phones. 
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Figure 3: Performance of 
participants across different task 
conditions. 

In verbal paired associates, we 
show improvement with repetition 
(A), and distribution of error scores 
by word pair difficulty (B) for word 
pairs. 

For digit span, data shows 
percentage trials passed by 
direction by span length and 
direction (C) and overall percentage 
recalled by direction (D). 

Figure 5: Standardized estimates from OLS models of demographic variables on verbal paired associates total 
recall (A) and ratio of easy and hard trials (B), and data from digits forward percent recall (C) and backwards 
percent recall (D). 

Figure 4: Distribution of country of birth (A) and country of residence (B) in this global study sample. 
The majority of participants were located in English-speaking countries, particularly UK and US. 128 
participants reported a language other then English as their first language. 

F(4,2196) = 14.32, 
p < 0.001
R² = 0.025
Adj. R² = 0.024 

F(4,2196) = 4.3,
p = 0.002
R² = 0.008
Adj. R² = 0.006 

F(4,2195) = 28.09, 
p <0.001
R² = 0.049
Adj. R² = 0.047 

F(4,2195) = 20.91, 
p  <0 001
R² = 0.037
Adj. R² = 0.035 
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Relationship with Participant Demographics 

• The technology used in this study enables global data collection, but is language dependent. 

• A significant minority of participants resided or were born in non-English speaking countries, and 128 
reported English as a second language (Figure 4). This may have impacted performance on these verbal 
tasks. 

• Demographic factors such as age and education are also known to affect performance on verbal recall and 
working memory tasks. 

• Results of the Ordinary Least Square analysis of the relationship between performance and demographics 
are presented in Figure 5. 

• For Verbal Paired Associates, Total Recall (Figure 5A) and ratio of easy to hard pairs recalled (Figure 5B) 
were both significantly related to Age, consistent with the existing literature. Education and Gender 
significantly predicted Total Recall, but not easy/hard ratio. Language was not predictive of performance. 

• In Verbal Digit Span, Education and Gender were significant predictors across both Digits Forwards (Figure 
5C) and Backwards (Figure 5D). Age and Language were significantly associated with performance only in 
the digit forwards condition. 

Task Characteristics

• The goal of this analysis was to replicate established task characteristics for verbal cognitive tasks, 
supporting internal validity. 

• For Verbal Paired Associates,  in line with other versions of the task, probability of success 
increased across the three learning trials, particularly for hard trials  (Figure 3A).  We observed 
fewer errors for the semantically related than semantically unrelated words (Figure 3B). 

• In Verbal Digit Span, accuracy decreased as number of items to be recalled increased. Overall, 
there was a significant difference in performance between forward and backward span trials, with 
better performance on forward span. 
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