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Results

Background
Automated assessment of memory enables efficient recruitment into clinical trials in
Alzheimer’s Disease (AD), and home monitoring of cognition. This has been achieved with
computerised visual memory tests, but has remained problematic in verbal recall tasks, due
to dependence on trained raters.

• 2588 participants completed the VPA on the Neurovocalix platform. Demographic characteristics
are reported in Table 1.
• 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.

Here, we report data from an automatically administered and scored test of Verbal Paired
Associates learning (aVPA), collected in a large sample of remotely tested participants.
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We were interested in examining:
1) The feasibility of large-scale automated verbal testing on participants’ own devices
2) The validity of this testing modality, examining the ability to detect previously observed
performance differences by task condition and participant demographics.

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 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.
Participants recalled four easy (semantically related) and four hard (unrelated) pairs. The
task terminated when participants recalled all items correctly or after three unsuccessful
attempts.

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.
Task Validation
• In line with other versions of the task, we expected to find that there was a significant reduction
in errors across the three learning trials. This is the pattern of data we observed (3A).
• We also observed fewer errors for the semantically related than semantically unrelated trials
(p<0.001). These results are in line with our expectations (3B) based on models of verbal episodic
memory and previous data from pencil-and-paper versions of this task.
• These findings suggest that the aVPA is assessing verbal episodic memory and learning.
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We extracted three measures from the aVPA task:
• Immediate Memory (number correct on the first trial)
• Total Recall (Total correct across all trials)
• Learning (Trial 3 score – Trial 1 Score)
• Difficulty Ratio (total correct easy trials – total correct hard trials)
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Figure 3:
Performance of
participants across
different task
conditions showing
improvement with
repetition (A), and
distribution of error
scores by word pair
difficulty (B).

Relationship to Participant Demographics
Figure 1: The CAMCOG Neurovocalix
platform enables device-independent
administration and scoring of verbal
cognitive tests. Raw audio data is
streamed to secure data servers for
analysis.

• Verbal memory is known to show age-related decline. Therefore, we would expect performance
on this task to be lower in older participants. The relationship between participant characteristics
and performance on the automated VPA was examined by ordinary least squares regression.
• aVPA Total Errors was significantly associated with Age (R2 = 0.06, t=7.39, p<0.001), Gender (R2 = 0.56, t=-2.86, p = 0.004) and Level of Education (R2 = -0.43 , t=-3.19, p=-0.001).
• aVPA Immediate Recall was associated with Age (R2 = 0.02; t= 6.908; p<0.0001) and Education (R2
= -0.1629; t= -2.903, p = 0.004).
• There was a significant association between Age and both aVPA Learning Score (R2 = 0.009; t =
3.04; p= 0.002), the Ratio Score (R2 = 0.04; t = 9.87; p <0.0001). These scores were not associated
with gender and education.
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Table 1: Participant Characteristics
Age
Gender
Education Level

First Language

Employment Status

Male
Female
Middle / Junior High
High school
Higher Education
Postgraduate
English
Other
Missing
Full-Time
Part-Time
Unemployed (job seeking)
Not in paid work (e.g. homemaker, retired
disabled)
Other
Missing

n
2588
950
1638
35
542
1433
578
1856
128
604
918
446
204

% mean
SD
34.3 12.30
36.71
63.29
1.35
20.94
55.37
22.33
71.72
4.95
23.34
35.47
17.23
7.88

245

9.47

126
649

4.87
25.08
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Figure 4: Correlations between age and performance in the aVPA task. Correlations are shown
for total errors (A) and for learning score (B).

Conclusions
•

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

•

We observed predicted differences in performance depending on task condition, and
associations between age, gender and education and task outcome measures.

•

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

Contacts: Nick.Taptiklis@camcog.com; Cambridge Cognition Ltd, Tunbridge Court, Tunbridge Lane, Bottisham, Cambridge, CB25 9TU, UK

(1)Taptiklis, et al. (2017) Feasibility of automated voice-based cognitive assessment on a consumer device. Alzheimer's & Dementia: The
Journal of the Alzheimer's Association 13.7:P168

