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Important Information Before You Read This Document

CBS Health provides a scientifically-validated and objective measure of an individual’s cognition, however, it is not a diagnostic
tool. CBS Health should be used in conjunction with other information and clinical judgement to reach conclusions regarding an
individual’s health. Ultimately, CBS Health does not replace the judgement of a practitioner and Cambridge Brain Sciences does

not assume responsibility for the outcome of decisions made based on CBS Health data.




A. Core Components of the CBS Health Report: Summary Page

The CBS Health report is designed to be easy to read and shareable with the individual assessed. A brief overview of the
components of the CBS Health report is shown below, starting with the one-page summary. Every CBS Health report will first
feature a summary page to enable you to quickly scan above average, average, and below average performance areas as
detailed below:
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A. Core Components of the CBS Health Report: Task Results Page

The CBS Health report is designed to be easy to read and shareable with the individuals assessed. A brief overview of the

components of the individual task results is below.
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Monkey Ladder
A measure of visuospatial working memory—the ability to remember information about objects in space,
and update memory based on changing circumstances.

Resultis in the = ABoveAverace range. Common everyday activities

@ BRAIN HEALTH Co. Cognitive Assessment Report

ABOVE AVERAGE
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« Following step-by-step instructions to carry out a task in a few different locations.
« Viewing a route on a map, then following the route from memory.
« Understanding positioning in sports, and carrying out pre-planned plays.

« Viewing a document, then carrying out the written instructions.

associated with visuospatial working memory include:

Double Trouble
A measure of response inhibition—the ability to concentrate on relevant information in order to make a
correct response despite interference.

n -

| 57th
101 Percentile « Keeping your eyes on the road when driving, despite passing distracting signs or people.

- Blocking out background conversations when you're on the phone.
- Inhibiting your emotional gut reaction to a social media post to formulate a more rational response.
« Ignoring attention-grabbing buzzwords on product packaging to focus on relevant information.

Result is within the Averace range, Common everyday activities

associated with response inhibition include:

Score increased by 14 compared to baseline result on change) and by 10 compared to previous result on 11/04/2019.
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8 - The name of the task, a screenshot for easy identification,
and a description of what the task measures.

9 - Standard score and percentile information for this task. Note
that percentile information is shown as a shaded range below the
bell curve, and the numerical percentile shown is the mid-point of
this range. See Section B for more information about standard
scores and percentiles.

10 - Everyday activities associated with the core cognitive
abilities measured by this task. Individuals above the age of 18
receive a different set of activities than those below age 18, to
maximize relevance.

11 - Classification of the individual’s score on this task (average,
below average, or above average). See Section B for more
information about classifications.

12 - Trend section, appearing when multiple scores are available.
Shows the standard score, percentile, classification, and date of
each task administration.

13 - Meaningful change is assessed compared to the individual’s
first score (the baseline), and to the most recent result. See
Section D for more information about meaningful change.

14 - Trend line, illustrating overall progression with a line of best
fit for the seven most recent data points. See Section B for more
on the line of best fit.



B. Score Calculations: Standard Scores, Percentiles, and Classifications

Raw scores on each task are compared to the population to be presented as standard scores and percentiles. Scores and
percentiles are then adjusted to better reflect the individual’s true cognitive ability. To learn more about the raw scores powering
these calculations, see Appendix A. To learn more about the Cambridge Brain Sciences suite of tasks, refer to the Scientific
Overview document.

Standard Scores

An individual’s raw score on a task is compared with a population of individuals of the same gender and age group. The score is
then scaled so that it is compared with a distribution of scores with a mean of 100 and a standard deviation of 15. In other words, an
individual with a score of 100 is exactly at the average score for that task, and scores above or below 100 can easily be understood
in relation to this average.

All tasks are presented on the same standardized scale, so results can be directly compared to one another.

Percentiles

Percentile information is shown in two ways: i) As a range below the bell curve that represents the distribution of all scores in the
population; and ii) As a numerical value representing the midpoint of that range. An individual’s raw score, when combined with
information from the Cambridge Brain Sciences normative database, provides information about the range in which the individual’s
true cognitive ability can be confidently estimated to lie within. The midpoint of the range lines up with the individual’s standard
score, and provides a single value useful for tracking changes over time.

Score Classifications

Each score is classified as average, below average, or above average based on the standard score. If the individual scored better
than 80% or more of the population (a standard score of 113 or more), the score is classified as above average. If the individual
scored better than 20% or less of the population (a standard score of 87 or less), the score is classified as below average. Most
scores fall in-between, and are classified as average.


https://www.cambridgebrainsciences.com/assets/resources/cbs-health---science-overview.pdf
https://www.cambridgebrainsciences.com/assets/resources/cbs-health---science-overview.pdf
https://www.cambridgebrainsciences.com/assets/resources/cbs-health---science-overview.pdf
https://www.cambridgebrainsciences.com/assets/resources/cbs-health---science-overview.pdf

B. Score Calculations: Score Adjustments and Trends
Score Adjustments

Both standard scores and percentiles are adjusted to better represent the individual’s true cognitive ability. The final adjusted
standard score shown on the individual’s report and percentile range are based on three pieces of information:

. The individual’s raw score on the task.
. The reliability of the task.
. The distribution of scores on the task in the Cambridge Brain Sciences database.

This final score is adjusted to reduce the role of chance and better estimate the individual’s “true” score. In particular, a
phenomenon known as regression to the mean—the tendency for an extreme score to be closer to the mean the next time the task
is taken—is accounted for. Therefore, extremely high or low scores are less likely to be due to chance, particularly on tasks where
chance occurrences could potentially result in these outliers. Because the Cambridge Brain Sciences database contains millions of
task scores, these predictions about true cognitive ability are highly accurate and based on known properties of each task.

For more information on the techniques used to estimate standard score and determine the percentile range, and the reasoning
behind them, consult the calculation of standard error of estimation in the following paper:

. McManus, I. C. (2012). The misinterpretation of the standard error of measurement in medical education: A primer on the
problems, pitfalls and peculiarities of the three different standard errors of measurement. Medical Teacher, 34, 569-576.

Trends and the Line of Best Fit

Information about the seven most recent task administrations is available in each report where more than one score for a task is
available. Trend reports show information about the standard score, percentile midpoint, score classification, and date of
assessment.

A line of best fit is calculated using a simple regression model, showing a dotted line that best fits the data. The line does not
necessarily pass through every data point, but rather shows the general trend in scores over time.

Note that data points are always matched to age norms as of the date of the task administration. This could have implications for
interpreting very long-term trends that involve age—for example, a downward trend over several years would indicate decline
above and beyond what would be expected due to normal aging.


https://www.ncbi.nlm.nih.gov/pubmed/22509894
https://www.ncbi.nlm.nih.gov/pubmed/22509894
https://www.ncbi.nlm.nih.gov/pubmed/22509894
https://www.ncbi.nlm.nih.gov/pubmed/22509894

C. Task Validity Overview and Conditions for Validity

CBS Health reports include a Validity Indicator—a prominent marker appearing when highly unusual performance patterns are

detected. Possible reasons for a potentially invalid result may be that the individual taking the task was distracted, or misunderstood
the instructions. When a report indicates that a task is potentially invalid, practitioners often reassess that task after confirming that
the individual completed it to the best of their ability and fully understood the rules.

Each task has a set of parameters* that must be met for the score to be considered valid. Utilizing the vast Cambridge Brain
Sciences normative database, validity conditions have been computed for each task, and are shown below for reference:

Featur Monkey Spatial Token Paired Rotati Pol Odd Spatial Grammatical Digit Feature Double
eature Ladder Span Search Associates otations olygons One Out Planning Reasoning Span Match Trouble**
Number of >=7 and >=12 and >0 >0 >=14 and >0
attempts 2o 2 2 2 <=36 2 <=36 2 <=37
Number >=11and >=1and >=1and >=2 and >=5 and >=7 and >=8 and >=0 and >=6 and >=1and >=13 and >=11and
correct <=105 <=7 <=12 <=8 <=30 <=31 <=34 <=19 <=46 <=1 <=33 <=105
Number of -3 -3 -3 -3 >=0 and >=0 and >=0 and >= 0 and >=0 and -3 >=0 and >= 0 and
errors B B B B <=12 <=14 <=15 <=4 <=9 B <=8 <=37
Duration >=60 and >=39 and >=24 and >=6 and >=89.5 and >=89.5 and >=179.5 >=179.5 >=89.5 and >=40 and >=89.5 and >=89.5 and
(seconds) <=277 <=180 <=751.3 <=283 <=90.5 <=90.5 and <=180.5 | and <=180.5 <=90.5 <=362 <=90.5 <=90.5
M >=5 and >=3 and >=2 and >=2 and >= 3 and
axscore <=1 <=9 <=14 <=8 I - = - - - <=12 . -
Average >=3.4 and >=2.5 and >=2 and >=2 and >= 3 and
Score <=7 <=6.71 <=9.08 <=5 T T T T T <=84 T T
Final >=-4 and >=-4 and >=-2 and >=0 and >=-1and >=30 and >=-5 and
Score T T T T <=294 <=137 <=33 <=127 <=45 T <= 256 <=102
Correct >=20 and >=50 and
Score*™** T T T T <=326 T T T T T <=288 T
Max Level >=5 and >=9 and >= 6 and
X LY - - - . <=18 - = <=20 - - - = <=16 -

*99% of scores in the Cambridge Brain Sciences normative database fall within the bounds of these parameters.

**Double Trouble includes additional measures of validity related to performance on different types of problems, such as 1) Congruent / Congruent (CC) problems, 2) Congruent /

Incongruent (Cl) problems, 3) Incongruent / Congruent problems (IC) and 4) Incongruent / Incongruent (ll) problems. Additional validity metrics for the Double Trouble Task include:
+ % of CC problems answered correctly: >= 60% and <= 100%
» Average reaction time in seconds when attempting CC problems: >= 752 and <= 4.81

» Average reaction time in seconds when attempting Cl problems: >= 778 and <= 6.15
» Average reaction time in seconds when attempting IC problems: >= 761 and <= 5.65
« Average reaction time in seconds when attempting Il problems: >= 784 and <= 6.01

***Correct score refers to the sum of all points obtained from successfully completed problems.
****Max level refers to the difficulty level of the hardest problem successfully completed.



D. Meaningful Change Indicator Overview

CBS Health reports include a Meaningful Change Indicator, which objectively determines whether the current assessment result
represents a potentially significant change relative to two time points: the individual’s previous assessment results and the
individual’s baseline (i.e., initial) assessment results. Conditions for meaningful change for each of these cases are shown below.
Meaningful change will only be calculated if a task score is likely valid according to the Validity Indicator. Note that meaningful
change is based on raw scores calculated in the background for each task, rather than the adjusted standard scores shown on
reports (see Appendix for more information about raw scores).

Conditions for Meaningful Change Relative to Baseline Assessment Results

The top row of this chart indicates the attempt number, and the +/- indicates the required increase or decrease in the raw score for it
to be considered potentially meaningful. For instance, if it is the individual’s 6th time completing Polygons, they will need to see a
raw score increase of 41.83 relative to their baseline assessment result in order for this change to be considered potentially
meaningful.

2nd 3rd 4th 5th 6th 7th 8th 9th 10th
Task
= + = + = + = + = + = + = + = + = +

Monkey Ladder 077 077 069 090 065 091 -070 100 -057 092 -055 100 = -054 097 -057 113 044 107
Spatial Span 084 084  -08I 104 065 101 -075 112 062 112 084 084  -049 194 096 096 -062 124
Token Search 1.44 214 145 226 54 | 222 | 23 | 227 421 | 245 096 235 413 276 099 278 081 = 260
Paired Associates 076 076 -064 093 070 092 -064 087 063 098 -063 095 -055 092 078 078 071 071
Rotations 4958 4958 -4570 6234 3297 7180 -3137 7018 -3055 8019 2548 8330 -3024 8776 -3323 9494 -2907 8434
Polygons 3271 3271 -2685 3740 2596 3846 -2742 4296 -2307 4183 -2627 4458 -2647 4915 2523 5386 -3910 3910
Odd One Out 655 655  -6.41 641 642 642 587 587  -516 729 486 809  -416 750 -420 693 = 622 622
Spatial Planning 1045 19.94 MM 2445 696 2554 -652 2995 -402 3165 -507 3257 -542 3490 364 3659 -599 3733
Gég'::;fﬁ‘:;' 658 658 -470 868 = -513 = 959 | -496 1060 @ -490 = 1018 | -461 977 433 1020 -239 1166 = -3.88 1219
Digit Span .24 124 090 129 = -091 117 079 132 -074 127  -082 144 076 153 = -074 139 077 145
Feature Match 4744 4744 3423 4998 -3273 5230 -3181 5583 -3048 5725 -2851 5955 -2979 6609 -3231 5858 -2444 5401
Double Trouble 4225 2248 984 2627 920 2954 -691 3306 -350 3399 -389 3533 -671 3985 -554 4079  -2.81 4510

Statistical thresholds used are based on a two-tailed analysis, p < 0.2.



D. Meaningful Change Indicator Overview

Conditions for Meaningful Change Relative to Previous Assessment Results

The top row of this chart indicates which attempts are being compared, and the +/- indicates the required increase or decrease in

the raw score for the change to be considered potentially meaningful. For instance, if it is the individual’s 7th time completing
Spatial Span, a raw score increase of 0.75 relative to their previous (i.e., 6th) attempt will be considered potentially meaningful.

Task

Monkey Ladder
Spatial Span
Token Search

Paired Associates
Rotations
Polygons

Odd One Out
Spatial Planning

Grammatical
Reasoning

Digit Span
Feature Match

Double Trouble

1st to 2nd
= +
-0.77 0.77
-0.84 0.84
-1.44 214
-0.76 0.76
-49.58 49.58
-32.71 3271
-6.55 6.55
-10.45 19.94
-6.58 6.58
-1.24 1.24
-47.44 4744
-12.25 22.48

2nd to 3rd
= +
-0.76 0.76
-0.84 0.84
-1.47 1.47
-0.73 073
-52.09 52.09
-32.05 32.05
-5.99 5.99
-14.90 14.90
-6.42 6.42
-1.02 1.02
-45.85 45.85
-16.23 16.23

3rd to 4th
= +
-0.68 0.68
-0.88 0.88
-1.48 1.48
-0.74 0.74
-4817 4817
-32.39 32.39
-5.59 5.59
-13.97 13.97
-6.40 6.40
-1.07 1.07
-40.91 40.91
-14.33 14.33

Statistical thresholds used are based on a two-tailed analysis, p < 0.2.

4th to 5th
= +
-0.75 0.75
-0.86 0.86
131 1.31
-0.72 072
-55.22 55.22
-30.03  30.03
-5.46 5.46
1542 1542
-6.36 6.36
-0.94 0.94
4546 = 4546
-15.25 15.25

5th to 6th
- +
-0.78 0.78
-0.81 0.81
-1.23 1.23
-0.69 0.69
-46.38  46.38
-29.63 2963
-5.36 5.36
-14.83 14.83
-6.75 6.75
-0.96 0.96
-42.78 4278
-13.48 13.48

6th to 7th
- +
-0.63 0.63
-0.75 0.75
121 1.21
-0.63 0.63
-48.31 48.31
-30.97 3097
-6.37 6.37
-14.89 14.89
-6.94 6.94
-1.04 1.04
-43.26  43.26
-14.87 14.87

7th to 8th
= +
-0.79 0.79
-0.91 0.91
-118 118
-0.74 074
-4505 45.05
-34.10 3410
-5.36 5.36
15.07  15.07
-6.28 6.28
-1.01 1.01
M4 MM
-13.29 13.29

8th to 9th
- +
-0.79 0.79
-0.69 0.69
-1.38 1.38
-0.64 0.64
-58.69 58.69
-33.09 33.09
-4.55 455
-13.22 13.22
-579 579
-0.87 0.87
-38.79 3879
-12.40 12.40

9th to 10th
= +
062 | 062
095 095
103 1.03
075 075
4969 = 4969
3121 3121
447 | 447
1620  16.20
609 = 6.09
093 093
4319 4319
1479 1479



D. Meaningful Change Indicator Overview

How Were Conditions for Meaningful Change Calculated?

The Meaningful Change Indicator compares the difference in an individual’s performance on any given task between two time
points to the variability in repeated measurements that would occur in the absence of meaningful change. The latter is estimated
from a sample of healthy control subjects. The reliable change index uses the test-retest reliability and the standard deviation of
scores (measured in a control sample) of a task to describe the range of possible differences that occur in repeat task completions.
If an individual’s change in performance from one time point to another is much larger than what is expected due to chance, then
one can conclude that there was meaningful change.

Assessing meaningful change requires that these data have been obtained in a control sample. Cambridge Brain Sciences has a
database of over 8 million test scores, and our normative database consists of more than 75,000 individuals. Most of these
individuals have completed every task more than once, and more than 5000 people have completed every task more than 10 times.
The interval between self-administered repeated assessments ranges from less than a day, to more than a month. This massive
database allows us to characterize in the general population how performance on every task fluctuates naturally across a range of
intervals. We are therefore able to quantify the bounds of what constitutes a meaningful change for every task.



E. Common Interpretation Questions

If an individual’s scores are unusually low relative to their comparative group, is there cause for concern?

In cases in which a standard score and percentile are extremely low, or lower than expected given knowledge about the individual,
a first step may be to discuss with the individual the conditions under which the assessment was completed, and then choose to
reassess that individual to obtain additional data. In certain rare instances, the individual may have misunderstood the task
instructions or may have been distracted during the assessment, but not enough to result in the task being flagged as potentially
invalid. If the task results are consistently lower than expected, further investigation may be warranted.

Ultimately, it is up to the practitioner to evaluate all available sources of information to decide the appropriate course of action. This
may include continued treatment of the individual within the practitioner’s area of expertise, reassessing the individual, or a referral
to a neuropsychologist or neurologist.

Is it normal for an individual to score high or normally on most tasks, but very poorly on one or two tasks?

It is normal to have a profile with some high scores and some low scores. Each task is designed to measure distinct cognitive
abilities, and tasks within one cognitive domain (e.g., memory) are largely independent from tasks within other cognitive domains
(e.g., verbal ability). Therefore, it is normal for individuals to exhibit strengths in one area of cognition, but weaknesses in another. In
some cases, very low scores on a handful of tasks may indicate genuine weaknesses in one cognitive domain, and the areas of the
brain associated with them. Examine patterns in the scores (e.g., was every low score a memory task?), and examine other

information you may have collected to determine the appropriate next steps. In some cases, unusually low scores on a few tasks
may simply be due to chance or other irrelevant factors. In these cases, you may choose to re-assess the individual to gather
additional data and confirm the cognitive profile of the individual.

Is it possible for individuals to get low scores even if their true capabilities are normal or high?

Obtaining a surprisingly low score is possible, and can arise due to a number of factors, such as individuals being distracted, not
understanding the task instructions, malingering (purposefully choosing wrong answers), or being unable to physically complete the
assessment. In many of these rare occurrences, CBS Health may indicate that the task result was likely invalid, but practitioners
should still consider them when extremely low scores are obtained.

Is it possible for individuals to get high scores even if their true capabilities are normal or low?
Obtaining an artificially high score is highly unlikely, and only probable in cases where an individual is attempting to manipulate the

results (e.g., using a pencil and paper to write down a sequence of digits in Digit Span). Taking the tests in this manner is detectable
due to unusual patterns in the data, so in these cases, CBS Health may indicate that the task result was likely invalid.


https://www.cambridgebrainsciences.com/assets/resources/brain-regions-associated-with-the-cambridge-brain-sciences-tasks.pdf
https://www.cambridgebrainsciences.com/assets/resources/brain-regions-associated-with-the-cambridge-brain-sciences-tasks.pdf
https://www.cambridgebrainsciences.com/assets/resources/brain-regions-associated-with-the-cambridge-brain-sciences-tasks.pdf
https://www.cambridgebrainsciences.com/assets/resources/brain-regions-associated-with-the-cambridge-brain-sciences-tasks.pdf

E. Common Interpretation Questions
Why do assessment results sometimes fluctuate from one session to the next?

Variability in task results is completely normal, given that cognition naturally varies over time, and a wide variety of random and
non-random factors can affect the final score on any neuropsychological task. Adjustment of scores (see Section B) reduces the
effect of random factors (e.g., regression to the mean), but a measure of an individual’s cognition will change upon repeated task
completions as result of practice effects, normal variation in performance, other random sources of error, and perhaps, meaningful
change (e.g., deterioration resulting from a clinical condition). This is why the Meaningful Change Indicator is incorporated into CBS
Health. A positive indication suggests that the change in the individual's score is larger than what we would expect to happen due
to chance. See Section D for more information about meaningful change.

If a meaningful change is not indicated, does that mean cognition has stayed the same?

Not necessarily. The statistical analysis for meaningful change indicates when a variation in a task result is unlikely if chance alone
is operating. It does not follow that a lack of significance means there is not meaningful change. Practically, this means that CBS
Health reports are best interpreted as indicating when a change in a task result is unusual. If a result is not unusual, it is not
definitive evidence that everything is normal, and small changes may be interpretable in the context of information specific to an
individual’s history or treatment.

How are the age ranges used for population comparisons determined?
Age ranges were chosen based on two objectives: i) Minimizing significant differences in average performance within age ranges;

and ii) Ensuring a large sample size data for that age range (and gender) to accurately compare the individual’s score to the
database.



Appendix: Raw Score Calculations

Raw scores are not shown on CBS Health reports, but are shown after each task is completed, and are used in the calculation of
percentile ranges, standard scores, meaningful change, and validity. Raw scores are calculated differently for every task —to learn more
about the Cambridge Brain Sciences suite of tasks, refer to the Scientific Overview document. The calculation of each raw score below
specifies how performance is measured, before adjusting for age, gender, and other factors.

Untimed Tasks (Digit Span, Monkey Ladder, Paired Associates, Spatial Span, Token Search)

For untimed tasks, raw score is calculated as the sum of the number of items in all successfully completed problems, divided by the
number of successfully completed problems. For example, consider a Digit Span Task attempt in which an individual progresses
through the following problems: 4 digits, 5 digits, [wrong answer], 4 digits, 5 digits, 6 digits, [wrong answer], [wrong answer]. The raw
score will be the sum of all correctly remembered digits (4 + 5+ 4 + 5 + 6 = 24) divided by the total number of correct problems solved
(5), resulting in a raw score of 4.8. This methodology provides greater granularity and a truer representation of the individual’s
performance compared to other more basic scoring methods, such as taking the highest level achieved on the task.

Timed Tasks Without Difficulty Level Adjustments (Double Trouble, Grammatical Reasoning)

For timed tasks in which difficulty does not adjust based on performance, raw score is the number of correct answers minus the number
of incorrect answers. For example, a score of 35 on Double Trouble may equate to 40 correct problems and 5 incorrect problems.

Timed Task With Difficulty Level Adjustments (Feature Match, Spatial Planning, Odd One Out, Polygons, Rotations)

Feature Match and Rotations: the raw score is the number of points for correct answers, minus points subtracted for incorrect answers.
Points correspond to the number of symbols; that is, problems with more symbols are worth more points than problems with fewer
symbols. For example, a correctly answered problem with 6 symbols adds 6 points to the raw score, whereas an incorrectly answered
problem with 7 symbols removes 7 points from the raw score.

Spatial Planning: each problem has a minimum number of moves needed to solve it. Points for a problem are equal to twice the
minimum number of moves needed, minus the number of moves actually used. The raw score is the total points collected for all solved
problems. A problem will end if individuals make twice the number of moves needed, but points are not subtracted for failed problems.
For example, completing a problem in 5 moves, when the minimum number of moves required is 3, results in a score of one for that
problem: (2 x 3 minimum moves required) - 5 moves completed = 1.

Odd One Out: the raw score is the number of points for correct answers, minus points subtracted for incorrect answers.

Polygons: the raw score is the number of points for correct answers, minus points subtracted for incorrect answers. More difficult
problems, which have more subtle differences between the polygons, are worth more points.


https://www.cambridgebrainsciences.com/assets/resources/cbs-health---science-overview.pdf
https://www.cambridgebrainsciences.com/assets/resources/cbs-health---science-overview.pdf
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