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Background 

Mobile devices are increasingly used in 
function. The settings for such studies are 
The applications used to implement these measures need to be validated, and this raises 
issues, some shared with computerized

The devices themselves, whether mobile phone or tab
personal computers. In particular, t
responses may be more challenging than
are likely to be well-defined, and diagnostic software 

An example of the issues that can arise is given in figu
number stimulus. From a blank it took aboyt 10 ms for the stimulus to fully appear. Clearly work is 
needed to show if this is compatible with sufficiently accurate 

Figure 1. Appearance of mobile 
between successive images is about 4.8 

Another area of particular concern 
major benefit in that studies can be carried out in realistic settings
effects of alcohol or other drugs in everyday life
Tiplady et al., 2009; Moore et al, 2017)
engagement with the tests, for example the possibi
interruption. 

A Validation Framework 

To provide a comprehensive approach to the validation of 
which they will be used, a three-level 

y used in studies involving the assessment of cognitive/neuropsych
h studies are diverse, and often in an unsupervised, everyday environment

The applications used to implement these measures need to be validated, and this raises 
computerized test applications in a laboratory setting, others distinct.

elves, whether mobile phone or tablet, are generally less open than standard 
technical validation of the timing of stimulus presentation and 

responses may be more challenging than with a PC, where the specifications of keyboards and 
d, and diagnostic software available to give information on internal processes.

can arise is given in figure 1, showing a mobile phone screen displaying a 
. From a blank it took aboyt 10 ms for the stimulus to fully appear. Clearly work is 

d to show if this is compatible with sufficiently accurate determination of reponse times.

mobile screen image as captured by 210 fps video. Thus the interval 
between successive images is about 4.8 ms. 

of particular concern with mobile devices is use in an unsupervised environment
that studies can be carried out in realistic settings, for example assessing performan

in everyday life, or testing in a workplace or hospital ward
Moore et al, 2017). However the lack of supervisions raises concerns

tests, for example the possibility of distraction in noisy environments, or of 

To provide a comprehensive approach to the validation of mobile applications and the situations in 
level approach is suggested. 

ssment of cognitive/neuropsychological 
everyday environment. 

The applications used to implement these measures need to be validated, and this raises a number of 
oratory setting, others distinct. 

n standard 
timing of stimulus presentation and 

of keyboards and displays 
available to give information on internal processes. 

le phone screen displaying a 
. From a blank it took aboyt 10 ms for the stimulus to fully appear. Clearly work is 

determination of reponse times. 

 

as captured by 210 fps video. Thus the interval 

ervised environment. This is a 
ample assessing performance 
or hospital ward (see, e.g. 

concerns about user 
ronments, or of 

mobile applications and the situations in 



Level Aims Examples 

Device 
Validation 

Establish correct operation 
of the device and the 
software application 

1. Scripted completion of tests with specified numbers of 
correct and incorrect responses of different kinds, which 
are then compared to data file 
2. Video recording of test completion to measure 
reaction times for comparison with values measured 
internally by test software 

Intrinsic 
Validation 

Show differences or 
correlations in test data by 
individuals that reflect 
expected patterns due to 
nature of test stimuli 

1. Measure difference in reaction times between stimuli 
of differing difficulty or complexity, for example a flanker 
task with congruent and incongruent distractors.  
2. Measure change in reaction time following  an 
incorrect response. 

Extrinsic 
Validation 

Evaluate the ability of the 
test to discriminate 
between states affecting 
cognition within or 
between individuals 

1. Measure the difference in performance due to 
influences known to affect performance within an 
individual, such as alcohol or sleep deprivation 
2. Measure differences between individuals, e.g. those 
with or without a particular diagnosis. 

Some of these examples are expanded in the following sections. 

Device-level validation 

Basic mobile phones (currently referred to as feature 
phones) use a small display and a physical numeric keypad. 
One study (Tiplady 2010) used a microphone attached to 
the back of the phone to detect the click of a button press, 
with circuitry to trigger a light signal. A video camera 
recorded the appearance of the stimulus on the phone 
screen, and the light signal indicating a response. Frame-
by-frame analysis of the video recording allowed each 
response to be timed. These times were compared to 
those internally recorded for the same responses by the 
mobile phone app.   

 
 
Figure 2. Comparison of internally and externally 
recorded reaction times on a mobile phone 

Results are shown in Figure 2. Correlations in all cases were > 0.9995, indicating that less than 0.1% of 
error variance is due to timing accuracy in the dice/software. The response times recorded on the phone 
were consistently greater than those indicated by the video recording. This is probably due to a delay in 
the stimulus appearing. Provided this delay is consistent (and the high correlations indicate that this is 
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the case) this would not be important
allowed for in norm generation. 

Smartphones and tablets use a touch
physical keyboard, and responses are made by tap
button displayed on the screen. The
therefore slightly different. The stimulus is recorded in the 
same way, but the response is timed by the
the highlight in the response button after it is tapped
(Tiplady et al., 2011). 

Results are shown in Figure 3. Again, 
greater than 0.9995, but in this case there is no obvious bias 
in the recording of response times. 

These data indicate that the timing routine
and give good accuracy of response

Intrinsic Validation 

Many tests present different types 
expected to be reflected in the response
stimulus types separately, allowing this 
that the test is able to detect differences in 
comparisons can be made: 

important for assessing within individual differences. It would need to be 

use a touch-screen rather than a 
and responses are made by tapping a 

he validation of timing is 
. The stimulus is recorded in the 

but the response is timed by the appearance of 
highlight in the response button after it is tapped 

lts are shown in Figure 3. Again, correlations are 
se there is no obvious bias 
 

Figure 3. Comparison of internally and externally 
recorded reaction times on a
 

timing routines used in the testing applications are working as intended, 
response times. 

 of stimuli, which differ in difficulty. Such differences would be
response times. The data file records the response times for different 

owing this to be tested. Demonstrating such differences provides evidence 
detect differences in performance. Within the PenScreenSix battery, the fol

It would need to be 

 
son of internally and externally 

reaction times on an Android tablet 

plications are working as intended, 

of stimuli, which differ in difficulty. Such differences would be 
nse times for different 

to be tested. Demonstrating such differences provides evidence 
Within the PenScreenSix battery, the following 



Test Stimulus comparison Expectation 

Arrow Flankers Congruent distracters  (arrows pointing in 
same direction as target arrow) vs 
incongruent (pointing in opposite direction to 
target) 

Incongruent RT > Congruent RT 

Little Man Congruent stimuli (flag to be tapped is on 
same side relative both to the subject and the 
little man) vs incongruent stimuli (flag on 
opposite side) 

Incongruent RT > Congruent RT 

Memory 
Scanning 

Stimulus in response set vs stimulus not in 
response set 

RT not-in-set > RT in-set 

Number Pairs Neutral distractors (all different from the 
target digits) vs active distractors (at least one 
is the same as a target digit) 

Active RT > Neutral RT 

Visual Search 
Task 

Responses to stimuli presented in different 
array sizes 

Larger array RT > smaller array RT 

An example of the use of these differences to assess test performance is given by data from an 
ecological momentary assessment (EMA) study (Tiplady et al., 2009). The main purpose of the study was 
to assess alcohol effects in an everyday life, but data from the memory scanning test in the no-alcohol 
condition was used to assess test quality. One of the concerns about unsupervised everyday use of tests 
is that participants may be distracted while carrying out tests, and this could affect the results. For this 
reason participants were asked after each test run if they had been distracted or interrupted. 
Differences between response times for different stimulus types were compared for the three 
disturbance conditions (Figure 4).  

It can be seen that responses are on average slightly slower in the distraction and interruption 
conditions, a might be expected. The difference between in-set and not-in-set response time is as 
expected, with slower responses for not-in-set stimuli. This difference is stable across the disturbance 
conditions, indicating that volunteers were appropriately on-task in spite of distraction. Nonetheless the 
slowing with distraction suggests that it is appropriate to include an analysis including only data from 
the no-disturbance condition.  



 

Figure 4. Box plots of the effect of disturbance on reaction time performance in the memory scanning test in the no alcohol 
condition. Dark bars: responses to numbers that were included in the memory set; light bars: numbers not in the set. The total 
number of observations in the data set was 995. 57% were in the no disturbance condition, 31% had distraction and 12% had 
interruption. 

Extrinsic validation 

This refers to the ability to detect differences in state, either within an individual or between individuals. 
An example is impairment due to alcohol. Many of the tests in the battery have been shown to be 
sensitive to the effects of alcohol: 

Test Reference 

Four-choice Reaction Tim Benson et al. (2019) 

Memory Scanning Tiplady et al. (2009) 

Number Pairs Benson et al. (2019); Tiplady et al. (2009) 

Serial Sevens Benson et al. (2019) 

Visual Search Benson et al. (2019) 

Word-number Tiplady et al. (2009b) 



Note 

This account is not intended to provide firm evidence of validation but to illustrate the methods 
available for use in generating a validation dossier. 
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