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Abstract— Current developmental screening tests are typically
subjectively evaluated making them susceptible to bias and are
time- and resource-intensive. We present here the development of
a tablet application for developmental screening incorporating fine
motor and language tests. The tablet application was built with
modularity in mind to ease the process of adaptation for cultural
and age-appropriate conversions. An accompanying assessment
pipeline was constructed to automatically process the data from the
tablet assessment into several different metrics. The initial results
indicate the usefulness and feasibility of the proposed application.
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1. INTRODUCTION

In order for a child to develop at the correct pace,
he/she needs the appropriate stimulation and care; even from
birth, they should be continuously stimulated at the
appropriate level (Agyei, van der Weel, & van der Meer,
2016). The stimulation typically happens at home or in
childcare facilities. For every child, the preschool years are
the most important, because brain development and neural
plasticity are at their peak (Chugani, 1998). Children that do
not receive appropriate stimulation and care are at risk of
not developing to their fullest potential. In 2016, the World
Health Organization (WHO) estimated that 43% of children
in low- and middle-income countries (LMICs) (250 million)
were unable to reach their full development potential due to
a lack of correct stimulation and care (WHO, 2018). The
presence of neurodivergence in some children increases this
risk. Neurodivergence is defined as a brain that functions in
ways that diverge significantly from the dominant societal
standards of “normal” and may include disorders such as
Autistic Spectrum Disorder (ASD), Attention Deficit
(Hyperactive) Disorder (ADD/ADHD), and dyslexia.

It has been shown that early intervention strategies
can mitigate some of the effects of these disorders (Barnett,
1998), (Gorey, 2001). However, before interventions can be
implemented, awareness of the problem needs to be
obtained by the caregiver or guardians/parents. In LMICs,
factors such as poverty, illiteracy of parents, and scarcity of
resources can increase the lack of necessary stimulation and
care children should receive (Engle & Black, 2008). These
factors also contribute to the delayed discovery of

neurodivergent disorders. There is therefore a need to assess
several cognitive functions in young children to identify
neural developmental issues and proceed with the necessary
interventions.

There are several models of cognition defined by
various bodies that each contain a set of cognitive domains
(Harvey, 2019), (Baron & Leonberger, 2012), (Sabanathan,
Wills, & Gladstone, 2015). Although there is no consensus
on which model and accompanying domains are correct,
five domains were present in all cognition models: attention,
memory, executive functioning, language, and motor skills.
Attention pertains to a person’s ability to focus on and
differentiate between important information and non-
relevant information, and how long this focus can be held.
Memory touches on all aspects that we think of as memory,
which includes working memory, prospective memory,
explicit memory, procedural memory, and semantic memory
(Harvey, 2019). Executive functioning is a person’s ability
to execute a cognitive set (rules to follow when given a task,
e.g., sorting cards according to color and not suit), mental
flexibility, and inhibition. Language consists of two sub-
domains, receptive and expressive language. The former is a
person’s ability to understand language such as instructions,
and the latter is the ability to express or convey
meaning/ideas. Motor skills also consist of two sub-
domains, fine and gross motor. The former pertains to small
movements of the fingers and hand, manipulation of objects,
and typing/writing, whereas the latter refers to larger
movements such as walking, sitting, standing up, balance,
and physical strength.

The developed assessment application presented
here focuses on two domains, fine motor and language.
Although it is important to assess all cognitive domains to
acquire a full picture, this is not always possible. Fine motor
assessment, as opposed to overall motor skills, was chosen
because the nature of gross motor assessments makes it
difficult to assess using a tablet. Furthermore, motor skills
are the first to develop within the cognitive domain (Casey,
Tottenham, Liston, & Durston, 2005), and is therefore well
aligned to test early development. Language was chosen as
the second domain as it also develops early on before other
higher cognitive functions such as executive functioning
(Shonkoff, Boyce, Cameron, & et al, 2008).




Motor function and control mostly reside in the
motor cortex of the brain. Motor function impairment has
been found to accompany ADHD (Dewey, Cantell, &
Crawford, 2007), (Pitcher, Piek, & Hay, 2003), dyslexia
(Fawcett & Nicolson, 1995), and anxiety disorders (Erez,
Gordon, Sever, Sadeh, & Mintz, 2004). Motor function
impairment, also classified as a disorder known as
Developmental Coordination Disorder (DCD), has been
found to affect certain facets of life, such as mathematical
skills, reading, and writing (Alloway, 2007). Longitudinal
studies have also linked motor ability to executive
functioning later in life (Murray, et al., 2006) and academic
performance in mathematics (Kurdek & Sinclair, 2001).
Motor function has also been shown to predict levels of
anxiety and depressive symptomatologies (Piek, Barrett,
Smith, Rigoli, & Gasson, 2010).

Language is an integral part of how people interact
with the world and is a complex construct. The complex
nature of language can be described as a system comprising
of many dimensions, namely phonology (sound system),
lexicon (vocabulary), semantics (meaning), grammar
(structure), pragmatics (communicative functions and
conventions for language use), and discourse (integration of
utterances into longer stretches of conversation or narrative).
The acquisition of language starts shortly after birth when
infants start to discriminate between different sound
contrasts (McMurray & Aslin, 2005). The prelinguistic
period is characterized by speech sounds, babbling, and
longer sequences of sounds trying to mimic adult speech
(Saaristo-Helin, Kunnari, & Savinainen-Makkonen, 2011);
this is followed by gestures, indicating wants and
interactions (Behne, Liszkowski, Carpenter, & Tomasello,
2012), and finally basic language comprehension such as
recognizing his/her name and associating words with objects
(Tincoff & Jusczyk, 1999). Language acquisition speeds up
once the first word is spoken, ending the pre-linguistic
period. On average, children will acquire 10 words per
month up to about 50 words, whereby this acquisition rate
increases to about 30 words per month (Goldfield &
Reznick, 1990). Two-word speech, indicating basic
grammatical knowledge developing (Schipke & Kauschke,
2011), becomes more apparent and develops into three- and
four-word utterances. Auxiliary verbs are next to develop,
and only later in language development come questions and
negative sentences (Tyack & Ingram, 1977). Finally,
language development ends at the end of the child’s
preschool years (Hoff, 2009). Language deficiencies have
been linked to various developmental and educational
outcomes, such as the link with memory (Conti-Ramsden &
Durkin, 2007), social behavior, quality of friendships
(Durkin & Conti-Ramsden, 2007), emotional difficulties,
and academic failure (St Clair, Pickles, Durkin, & Conti-
Ramsden, 2011), (Conti-Ramsden, Durkin, Simkon, &
Knox, 2009).

Developmental assessment is a wide field of study,
having specific tests and procedures depending on the
domain assessed. To simplify this, two categories of
developmental assessment are considered: classical and
computerized. Classical developmental assessment employs
a test using pen and paper, usually administered by a trained
medical professional. Alternatively, a computerized
developmental assessment is an application with which the

child interacts, which in turn calculates the necessary
results. Computerized assessments are commonly given via
tablets. Tablet technology is commonly preferred due to its
lightweight and compact design (Kucirkove, 2014) and
ability to quickly distribute newer versions of test
development cycles. Furthermore, it has been shown that
preschool children can successfully interact with tablet
technologies (Nacher, Jaen, Navarro, Catala, & Gonzalez,
2015) as they are becoming increasingly popular in early
education (Chiong & Shuler, 2010), (Geist, 2012).

Here we describe the development and validity of
an in-house developed tablet assessment application to asses
fine motor and language abilities.

II. METHODS

A. Test items

A total of eighteen test items were implemented,
ten language-related and eight fine motor-related. The
process of seclecting these tests started by collecting data
from current standardized developmental assessments. Six
computerized developmental assessments and fifteen
classical developmental assessments (8 language-related, 4
fine motor-related, and 3 assessment batteries containing
both language and fine motor assessments) were analyzed
and filtered according to implementability, whether or not
they would keep their construct validity when implemented
on a tablet, and presence in the standardized tests. The list of
developmental assessments that were used in the
construction of this tablet application are listed for
reference: Griffiths Mental Developmental Scales (GDMS),
Clinical Evaluation of Language Fundamentals (CELF)
(Wiig, Secord, & Semel, 2006), British Picture Vocabulary
Scale - III (BPVS3) (Dunn & Dunn, 2009), Early Repetition
Battery (ERB) (Seeff-Gabriel, Chiat, & Roy, 2008),
Receptive One Word Picture Vocabulary Test (ROWPVT)
(Martin & Brownell, 2010), Expressive One Word Picture
Vocabulary Test (EOWPVT) (Martin & Brownell, 2010),
Early Years Toolbox (EYT) (Howard & Melhuish, 2017),
Denver Developmental Scales Test (Frankenburg, Dodds,
Archer, Shapiro, & Bresnick, 1992), Zurich Neuromotor
Assessment  (ZNA), McCarron  Assessment  of
Neuromuscular Development (MAND) (McCarron, 1976),
Peabody Developmental Motor Scales 2 (PDMS-2) (Folio &
Fewell, 2000), Peabody Picture Vocabulary Test - IV
(PPVT-4) (Dunn & Dunn, PPVT-4 Peabody Picture
Vocabulary Test, 2007), Bruininks-Oseretsky Test of Motor
Proficiency 2nd edition (BOT-2) (Bruininks & Bruininks,
2005), and Movement Assessment Battery for Children
(MABC-2) (Henderson, Sugden, & Barnett, 2007).

Using a Java-based Android Studio integrated
development environment (IDE), images were created
(using GIMP) and sourced (from Google, taking note of
copyright and selecting only free-to-use images).

The first set of tests, known as option selection
tests, focused on measurements of language skills. For this
assessment, individuals are shown a stimulus, the stimulus
needs to be understood, and the individual must respond by
touching an option. Test items similar to these can be found
in a variety of standardized developmental screening tests
such as BAS3’s, BPVS-3, ROWPVT-4, PPVT-4, EYT,
DDST, and CELF. The following metrics are recorded for




each test: time to first response, time to correct response,
and the number of options selected.

a) Object Recall
This is a short-term memory test in which an
individual is shown a single object on the
application’s screen for a short period of time.
Once the object is no longer visible, a grid of
various objects, including the originally shown
object, is presented. The individual is then asked to
choose the original object.

b) Choose Associated Word
Here the individual is shown an object and four
words. The individual is asked to select the word
that best matches the object. If the individual
desires to audibly hear a word, upon selection of
the word, the tablet will audibly read it aloud.

¢) Choose Associated Object
Here the individual is shown a word and four
objects and is asked to select the appropriate object
described by the word. Again, if the individual
desires to audibly hear the given word, upon
selection of the word, the tablet will read it aloud.

d) Follow Instructions
This item tests the individual’s ability to follow
instructions. The test begins with the tablet reading
aloud a set of instructions to the individual. The
individual is then allowed the opportunity to
perform the given instructions. Examples of
instruction sets for this test include, “select the cat
on top of the table” (as opposed to the cat below
the table), “select the cat on the left”, and “select
the cat on the right.”

e) Choose Picture
This test item is an analysis of both receptive
language skills and phonological memory.
Individuals are given a description of an object and
asked to select the correct object matching the
description from four options. Examples include
“green triangle” and “blue circle.” This test item
measures the individual’s ability to recall in
memory a few selectors (such as ’green’ and
’triangle”) but also understand the prompt given
and connect it to a visual image.

The next set of test group assessments, labeled as
placement accuracy, focused on measurements of fine motor
skills. Present in many standard developmental screening
tests such as DDST, BOT-2, PDMS, ZNA, MABC, and
MAND, movements such as picking up, manipulating
objects, and placing them in a desired position are generally
used to measure fine motor ability. Although the actions of
picking up and manipulating objects are not tested within
this developmental screening application, the motor
planning and on-screen manipulation aspects are still
present. Furthermore, motor planning along with spatial
intelligence is required to build structures or fit objects into
place within a larger structure. The metrics recorded include
the translation and rotation of all the puzzle pieces as well as
the total time spent. The difference between the desired and
completed coordinates and orientation of the puzzle pieces
can be determined from this. We determined error in the X
direction, error in the Y direction, Euclidian error, as well as

rotation error. Distance errors were in pixels and rotation
errors in degrees.
f)  Place Object Exactly
In this test item, the individual is shown an
incomplete object with the missing part shown to
the side. The individual is tasked to move and
rotate the missing part to fit and complete the
shown object.
g) Build Puzzle
This test item is similar to building a puzzle. The
individual is shown several pieces that fit together
which must be rotated and moved to complete the
image.

The next set of fine motor skill tests requires the
individual to perform time-related tapping tasks. These are
similar to standard developmental screening tests such as
ZNA, MAND, and a tablet test [Pitchford and Outhwaite,
2016]. The test items involve tap-related tasks that are
commonly used to measure manual processing speed and
manual coordination. According to Avanzino et al., a
person’s ability to keep rhythm using motor movements is a
predictor of fine motor ability (Avanzino, et al., 2016)

h) Speed Tap

Here the individual is tasked with tapping a dot

displayed in the middle of the screen as quickly

and accurately as possible in a set amount of time.

This tests an individual’s manual processing speed.

The number of taps and the coordinates of the tap

on the screen are recorded for accuracy.

i)  Rhythmic Tap

This test assesses visuomotor coordination by
evaluating how well the individual can match and
continue a specific rhythmic beat. An auditory
(1000 Hz beep for 300 ms) and visual (border of
screen flashes between black and white) rhythmic
beat is given for a predefined time before vanishing
and the individual is asked to continue tapping the
screen at the same rhythmic beat. The coordinates
of the tap on the screen are recorded along with the
timing which can be used to determine congruency
with the given beat.

The next two motor skill assessment tests are based
on two standardized line/path tracing-related tests known as
MABC and BOT-2 as well as two standardized connecting
dots-related tests, PDMS and BOT-2.

j)  Connect the Dots

This is the classic connect the dots game where the

individual is instructed to connect the numbered

dots by tracing a straight line between two dots on
the screen using their finger and starting at the dot
numbered as one. For each segment (between two
sequential dots) the perpendicular distance is
determined between the drawn line and the correct
line.

k) Trace Path

This test requires the individual to trace their finger

along a predefined path. The correct path is divided

into several points and the distance between each
point and the nearest point on the drawn path is




determined. The time to complete the task is also
recorded.

The next test is used to assess precision motor
skills and is related to tests in PDMS and BOT-2.
1) Color Between the Lines

Here the individual is shown an image outline to
color in, as well as a color palette to the side. The
individual must color in between the lines, using a
variety of stroke sizes. Measurements for post
analysis includes the number of pixels that were
required to be colored in, but were not, and the
number of pixels that should not be colored, but
were. Although not instructed to the individual, all
pixels outside of the image’s border and those that
formed the image’s outline were expected to
remain unaltered. The overall score for the test is
calculated as the percentage of error pixels.

Another image-based test requires individuals to
copy and redraw a given picture. This test is based on
similar tests in the DDST, PDMS and Griffiths.

m) Draw Object Shown
For this test the individual is presented with an
image of an object on the left side of the screen and
asked to redraw the object, using their finger, on
the right side of the screen. Individuals are not
constrained to draw the image in the exact
orientation or scale. Since there is no accepted way
of measuring how well the individual can redraw
the image presented, six different metrics were
evaluated: Sum of Squared Differences (SSD),

Cosine Similarity (CS), Hausdorff Distance (HD)

(Rucklidge, 1996), Scale Invariant Feature

Transform (SIFT) (Lowe, 1999), a Convolutional

Neural Network (CNN) based feature extraction

method, and a machine learning based image

similarity application protocol interface (API). The

SIFT algorithm extracts keypoints from an image

and descriptors of those keypoints. These keypoints

and their accompanying descriptors are compared
to the keypoints and descriptors of other images to

find matches. The CNN feature extraction uses a

modified pretrained ResCNN model, specifically

ResNet-152. This model was specifically selected

for its size and accuracy (He, Zhang, Ren, & Sun,

2016), (Anwar, 2019). The fully connected neural

network at the end of the ResNet-152 network (that

has the purpose of classifying images) was
removed and the raw feature vectors were used to
compare images. The final metric, DeepAl’s

Image, requires two images as the input and returns

a similarity score as the output.

The last set of tests involve auditory processing.
These tests involve the oral recall of numbers and sentences
which is derived from related test items in BAS3, CELF,
and Griffith; orally identifying the antonym of an image as
based on similar tests in DDST and Griffiths; the oral
description of a picture, which is an expressive language
assessment, and based on tests in DDST, BAS3, and
EOWPVT,; and the inclusion of a novel computerized test

item which assesses the pronunciation of a word. Medical
professionals commonly look out for incorrect
pronunciation when evaluating children undergoing an
assessment battery. This is useful as language can be
identified through this meta-analysis process (analysis of
how the individual pronounces a word rather than what is
heard). For all the tests in this set audio files were recorded
and stored for post-processing. Two automatic speech
recognition (ASR) techniques were used to make
transcriptions of the audio recordings, namely DeepSpeech2
(Amodei, Ananthanaravanan, Anubhai, Bai, & et al, 2016),
and Google’s Speech-to-text API. Two metrics were used to
assess the tests, word error rate (WER) and character error
rate (CER). Word error rate allocated a point for each word
in an individual’s transcription that matched a word in the
desired/correct transcription. Character error rate, a more
lenient metric, calculated the number of changes needed in
order for the two transcriptions to match (ie., the number of
letters that need to be added, removed, or altered).

n) Number Recall
In this test a sequence of numbers is read out load.
Following this, the individual is asked to repeat the
sequence verbally. With each increasing trial, the
sequence length increases by one number.

0) Sentence Recall
Similar to the previous test, in this test a sentence is
read out load and the individual is asked to verbally
repeat the test. Each subsequent trial will increase
the sentence length by one word.

p) Give Opposite
In this test the individual is shown a word, the
word is also read out loud, and the individual is
then asked to verbally provide an antonym for the
word.

q) Describe Picture
This test item shows a picture of a scene, and the
individual is asked to verbally describe the scene.
For this test item there is no original transcription
with which to compare for correctness, and,
therefore, three keywords were assigned to each
picture. During post-processing analysis, each
recording was checked for the number of
keywords. If a keyword was present, a point was
awarded for that picture. For example, if the
individual was shown an image of a boy sitting on
a chair reading a book. The three keywords
associated with that image would be boy/person,
sitting/sit, and read/reading.

r)  Word Pronunciation
For the final test the individual is shown a word
which is also read out loud. The individual is then
asked to simply repeat the word.

B. Testing.

We tested each of the test items to see if we can clearly
distinguish between good versus bad attempts. This serves as
an initial validation test for each test item and does not
constitute a methodologically sound experiment that will
form part of future work. For the testing, one of the authors
proceeded to perform the tests by intentionally simulating




good and bad attempts. In addition, we also performed these
initial tests to determine which metric assessment techniques
worked best for the Draw Objects Shown test item as well as
for the auditory items.

III. RESULTS

For test items a) through e) the application correctly
detected whether the individual made the correct selection,
how many selections were made, and the total time to
selection. For test items f) and g), using different objects
(and different numbers of puzzle pieces for g), we clearly
showed measurable differences for all the error metrics for
the simulated good versus bad attempts (p<0.01).

Figure 1 shows the results for test item h) with
attempt 1 simulating the good attempt and attempt 2
simulating a bad attempt. The scenarios refer to the different
times given to the individual to tap the screen starting with
10s and increasing by 5s to 30s. Figure 2 shows the results
for test item i) again with attempt 1 simulating the good
attempt and attempt 2 simulating a bad attempt. The
scenarios refer to different rhythmic beats of 2 Hz, 1 Hg,
0.67 Hz, 0.5 Hz, and 0.4 Hz.

Figure 3 shows the error distance results for test
item j) consisting of 12 segments. Similarly, figure 4 shows
the mean error results for test item k) for three different line
paths and for the good and bad attempts.

We were also able to distinguish between the two
attempts for test item 1) by calculating an error pixel
percentage. Figure 5 shows an example with the good
attempt giving a score of 97.7% and the bad attempt
resulting in a score of 69.6%.

For test item m) the ResNet model was the only
one that could reliably score the correctly drawn image
higher than the two incorrectly drawn images.

For the various auditory test items, it was found
that Google’s Speech-to-text API worked best to transcribe
the recordings.

IV. DISCUSSION

Our initial results indicate the feasibility of the
developed assessment application for preschool children.
The application was developed to be modular (it is easy to
add or remove tests) and easily modifiable (one can quickly
and effortlessly change the specific pictures, words, or
sentences used in the different test items). Our results
indicate that it is possible to distinguish between good and
bad attempts at the numerous different language and fine
motor assessment items.

The first set of tests, collectively called the object
selection tests, are used to assess language skills. A quick
correct answer when making a selection gives an indication
of the individual’s receptive language skills. Faster
processing speed with regard to language would allow the
individual to perceive the stimulus and form an answer
quicker (Leonard, et al., 2007). Furthermore, the selection of
multiple answers can indicate hesitation or possible
confusion which could warrant further investigation.

The next couple of tests (f and g), requiring the
individual to move and rotate items, assess fine motor skills.
Lower distance errors (where objects were placed closer to
the desired locations) would correlate with better fine motor

skills as the individual was better able to manipulate and
translate the object(s) on screen. More specifically, test item
g) gives insight into the individual’s visuospatial
intelligence as it is used to determine how pieces moved
around and placed should fit together. More puzzle pieces
require more spatial organization, therefore increasing the
number of pieces indicates varying levels of visuospatial
intelligence (Cameron, et al., 2012).

Both of the tapping tests (h and i) required the
individual to tap the dot as accurately as possible. Here, the
metric distance error indicates how far off the individual
was from the dot’s center. Lower scores would indicate
better fine motor skills, such as visuomotor integration
(using one’s visual perception to guide where to tap on the
screen). Furthermore, motor timing has a strong link to good
overall motor performance (Falter & Noreika, 2011). A
person’s rhythmic capability indicates the ability to estimate
time (sub- and supra-second) and uphold motor timing
thythm (the rhythm of movement and timing of
movements). We also measured variance in the tapping
frequency with higher variance indicating less consistency,
which in turn could indicate motor timing ability (Noreika,
Falter, & Rubia, 2013).

The two tracing accuracy test items (j and k) used
distance error as a metric, with mean and variance
calculated. Higher variance, average error, and overall
distance error would indicate that the individual had traced
the line (or between two dots) with less accuracy, thus
indicating less fine motor precision and control. Therefore,
less distance error would correlate with better fine motor
ability (Cohen, Bravi, Bagni, & Minciacchi, 2018). Coloring
an image (item 1) requires fine motor control (Wehrmann,
Chiu, Reid, & Sinclair, 2006), therefore better fine motor
ability and control over fine movements would allow the
individual to color the image more accurately and would
result in fewer error pixels present. Furthermore, better fine
motor control would allow the individual to redraw a picture
more accurately (item m). Thus, the similarity score
generated between the stock image (presented as a stimulus
to the individual) and the drawn image can be used to
indicate fine motor ability (Vimercati, et al., 2015). The
higher the similarity score, the better the fine motor ability.
The ResNet model was the only measure that consistently
indicated that the intended drawn image was more similar
than that of the intentionally incorrectly drawn images. This
metric, however, still needs refinement.

Finally, the audio analysis test items are to be
viewed with as much confidence as the confidence in the
automatic speech recognition system. These systems can
influence the results if they have not been specifically
trained to avoid bias. The WER and CER metrics measureed
how similar the spoken transcription is to the true
transcription. Less WER and CER indicate a closer match
between the two indicating that the individual understood
the stimulus and objective. Therefore, lower WER and CER
indicates better receptive language (Viding, et al., 2004).

There is a word of caution here. All stimuli (objects
and words) used in this work were merely used as
placeholders to demonstrate the capabilities of the
application and accompanying processing pipeline. These
stimuli might not suit all environments. The specific stimuli
used can affect the results in several ways and are dependent
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on the individual’s familiarity with the stimulus, the
individual’s home language, whether the stimulus has an
ambiguous meaning, or if the stimulus is too difficult for the
individual’s age. When choosing suitable stimuli for the test
one should be guarded against biasing results through the use
of specific stimuli and only cultural and age-appropriate
stimuli should be used. Furthermore, the results derived by
the processing pipeline are only valid if the individual
understood what was expected of them. If the individual did
not understand what is needed of them and performed the
test item, the results would not yield an accurate
representation of the construct being measured. The degree
to which the individual understands the stimuli needs to be
noted and taken into account when administering the test.

V. CONCLUSION

This work reviews the development and
characterization of an automated tablet assessment
application and its accompanying processing pipeline. This
tablet application focused on two main domains, fine motor
and language, specifically for preschool children. Eighteen
test items were sourced, created, and implemented on a
tablet application, and processing pipelines created for each
of the test items. The results indicate that the application
works as intended and is able to record multiple measures
simultaneously. In publishing the characterization and
results of the automated tablet assessment application
design, it is hoped this application will serve as a framework
for the development of objective assessment tests in the
future.
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Fig. 1. Results of test item h) where a) and b) shows the mean X, y, and Euclidian distance errors from the middle of the target for attempt 1 and 2,
respectively, and c¢) and d) show the inter-tap variability for attempt 1 and 2, respectively.
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Fig. 2. Results of test item i) where a) and b) shows the mean x, y, and Euclidian distance errors from the middle of the target for attempt 1 and 2,

respectively, and ¢) and d) show the inter-tap variability for attempt 1 and 2, respectively.
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Fig. 3. Perpendicular distance (in pixels) of the line segment drawn from the optimal line for a) good attempt and b) bad attempt.
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test item k) for three scenarios, a) simulates a good attempt and b) simulates a bad attempt.
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Fig. 5. Results for test item 1) where a) attempt 1 simulates the good attempt and b) attempt 2 simulates the bad attempt. The error map is shown in c) for

attempt 1 and d) for attempt 2.
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