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Background

• Knowledge of the general population
performance of cognitive test scores assists
the interpretation of performances across
disease cohorts and clinical trials

• Normative data are described by group
means across age, gender and education
ability. These grouped means may lead to
unreliable estimates when sample sizes are
small within certain demographic group
combinations.

• Information on cognitive task structure and
age distribution were incorporated into an
innovative Bayesian GLM model and applied
to CANTAB normative data

• The model describes cognitive task
performance of a healthy population sample
using CANTAB cognitive assessment battery
across age, gender and education groups.
This approach allows robust estimation of
performance percentiles.

Methods

• Between September 2017 and April 2018
participants performed a number of web-
based cognitive assessments. Participants
were recruited using Prolific
(https://www.prolific.ac/), an online
platform for advertising web-based studies.

• For inclusion participants had to confirm
they were aged ≥ 18 years of age; a fluent
English speaker; had not experienced a
significant head injury (that resulted in loss
of consciousness); had not been diagnosed
with a mental health condition that is
uncontrolled (by medication or intervention)
and which has a significant impact on daily
life; had never been diagnosed with mild
cognitive impairment or dementia.

• Participants provided demographic
information (age, sex and highest level of
education). They then completed
assessment, lasting approximately thirty
minutes, consisting of a series of three
CANTAB tasks.

• Participants were asked to perform all of the
cognitive test on their own, in a quiet room
and to the best of their ability. All subjects
provided informed consent prior to their
participation and were reimbursed for their
time on completion of the study

• All the data were pre-processed in a
reproducible R (version 3.4.4) environment
using version control (git version 2.15) in a
standalone Docker Container (version
18.03).

• CANTAB test performance was modelled as a
function of age using Bayesian GLM. The
parameterisation of the response distribution
allowed the appropriate test structure to be
taken into account.

• For example, when using a test with error-
count type responses, it is important to fit a
zero-inflated and zero-one inflated
distributions. Taking this approach is even
more relevant when disease groups are
compared to a healthy or normative sample.

• In this poster the focus is to describe
normative information on CANTAB task
Paired Associated Learning (PAL) outcome
measure Total Errors Adjusted (PALTEA)

Results

• 728 participants were recruited to the study;
49% were female. The age ranges from 18
to 85. The average age is 9 (SD 13).

• Six levels of education were collapsed into
“high” and “low” educational performance.

• An example posterior predictive sample for
the CANTAB task Paired Associated Learning
(PAL) outcome measure Total Errors
Adjusted (PALTEA) is provided in Figure 1.

• PALTEA describes number of errors with an
adjustment for the number of attempts and
the level of difficulty completed.

• Exploratory data analysis was used to
investigate trends of performance by age, in
gender and education categories.

• Four key demographic groups: male-high
education, female high-education, male low-
education, female low-education had
different profiles of performance with age.

• These differences were captured across the
performance percentiles as demonstrated by
the 5th, 10th, 50th, 75th and 95th Percentiles
(Figure 2)

• Figure 2 shows that on PALTEA, both males
and females with high education performed
with a low number of errors compared to the
low education levels. With the high educated
females having the lowest number of errors.

• The rate of change with age for females is
greater than for males, with high educated
females showing the fastest cognitive
decline (Figure 2).

Conclusions

• Our results demonstrate the use of
reproducible and robust methods for
describing normative cognitive performance
on CANTAB computerised test battery across
demographic groupings.
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Illustration 1
Visual episodic memory assessed using the 
CANTAB Paired Associates Learning (PAL) task
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Figure 1 PALTEA Posterior Predictive Sample
Posterior predictive samples (grey) from Bayesian GLM based 
on observed data (orange)

Figure 2 Percentiles of 
performance of CANTAB Normative 
sample on PAL Total Errors 
Adjusted (PALTEA)

A) Age-related change in gender and 
education groups. B) Age-related 
change summarised as percentiles 
(green 5th ,red 10th, brown 50th, yellow 
75th,blue 95th percentile)
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