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Abstract
Measuring selective attention in a speeded task can provide valuable insight into the concentration ability of an individual, 
and can inform neuropsychological assessment of attention in aging, traumatic brain injury, and in various psychiatric disor-
ders. There are only a few tools to measure selective attention that are freely available, psychometrically validated, and can 
be used flexibly both for in-person and remote assessment. To address this gap, we developed a self-administrable, mobile-
based test called “UCancellation” (University of California Cancellation), which was designed to assess selective attention 
and concentration and has two stimulus sets: Letters and Pictures. UCancellation takes less than 7 minutes to complete, is 
automatically scored, has multiple forms to allow repeated testing, and is compatible with a variety of iOS and Android 
devices. Here we report the results of a study that examined parallel-test reliability and convergent validity of UCancellation 
in a sample of 104 college students. UCancellation Letters and Pictures showed adequate parallel test reliability (r = .71–.83, 
p < 0.01) and internal consistency (ɑ = .73–.91). It also showed convergent validity with another widely used cancellation 
task, d2 Test of Attention (r = .43–.59, p < 0.01), and predicted performance on a cognitive control composite (r = .34–.41, 
p < 0.05). These results suggest that UCancellation is a valid test of selective attention and inhibitory control, which warrants 
further data collection to establish norms.

Keywords Cancellation · Selective attention · Inhibitory control · Software · Validation

Introduction

Selective attention refers to the ability to restrict behavioral 
responses to a relevant set of stimuli, while concurrently 
ignoring irrelevant information. It is fundamental to suc-
cessful performance on most cognitive tasks, and deficits in 

these processes have broad implications for development, 
and academic achievement (Brodeur & Pond, 2001; Jonk-
man, 2005; Stevens & Bavelier, 2012). Selective attention 
difficulties have been reported for individuals with acquired 
brain injury (Spaccavento et al., 2019; Ziino & Ponsford, 
2006), neurodegenerative disorders (Duchek et al., 2009; 
Levinoff et al., 2004; Maddox et al., 1996), and even in 
normal aging (Commodari & Guarnera, 2008; McDowd & 
Filion, 1992; Zanto & Gazzaley, 2004).

Cancellation tasks involve searching for and crossing out 
targets that are embedded among distractor stimuli and are 
as such often used to assess selective and sustained attention, 
as well as psychomotor speed and response inhibition. While 
initially developed to measure spatial neglect in individuals 
with acquired brain injury (Ferber & Karnath, 2001), the use 
of cancellation tasks has expanded to other patient groups 
and to healthy individuals (Dalmaijer et al., 2015; Della Sala 
et al., 1992; Huang & Wang, 2009; Uttl & Pilkenton-Taylor, 
2001). For example, one of the supplemental subtests of 
the Wechsler Adult Intelligence Scale IV is Cancellation, 
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which is intended for use in adults aged 16–70 years, and 
its score contributes to a Processing Speed Index. Perhaps 
one of the most widely used cancellation tasks is d2 Test of 
Attention (Brickenkamp & Zillmer, 1998), which involves 
crossing out certain letters but not others, and has been vali-
dated extensively in European and US populations (Bates 
& Lemay, 2004). Blotenberg and Schmidt-Atzert (2019) 
postulated that performance on cancellation tasks involves 
four sub-components: perception of an item, performing a 
simple mental operation on the item, a motor reaction (e.g., 
select, cross-out), and shifting to the next item. In a series 
of experiments, the authors demonstrated that the first two 
sub-components (perceptual and mental operation speed) are 
the strongest predictors of performance on sustained atten-
tion tasks. Further, the postulated sub-components did not 
explain a large amount of variance in working memory span 
and reasoning tasks, thereby providing evidence of discrimi-
nant validity of cancellation tasks.

Access to reliable and valid online tests of cognitive abili-
ties is becoming increasingly important for continuity of 
research and clinical assessment in light of restricted in-
person testing during the COVID-19 pandemic. Although 
there are a few free tools for computerized administration 
of cancellation tasks (Dalmaijer et al., 2015; Rorden & Kar-
nath, 2010; Wang et al., 2006), these are not necessarily 
optimized for online research or do not have cross-platform 
availability. With these constraints in mind, we developed a 
mobile device-based test of selective attention and concen-
tration called UCancellation (University of California Can-
cellation). The test involves responding to multiple rows of 
items and selecting as many targets as possible within a time 
limit. There are two versions that can be used interchange-
ably: Letters and Pictures. UCancellation Letters is similar 
to the d2 Test of Attention (Brickenkamp & Zillmer, 1998) 
in that it consists of similar stimuli: characters “d” and “p” 
with one to four marks, arranged either individually or in 
pairs above or below the letters. In UCancellation Pictures, 
letters are replaced with pictures of animals, some of which 
are targets while others are distractors.

UCancellation emulates standard cancellation tasks, 
which involve crossing out target shapes (e.g. stars, bells), 
numbers, or letters arranged in either random or struc-
tured arrays of items (Weintraub and Mesulam, 1985; Hal-
ligan et al., 1989; Gauthier et al., 1989; Ferber & Karnath, 
2001), as well as the d2 (Brickenkamp & Zillmer, 1998), 
a widely used paper and pencil test of concentration per-
formance that builds upon preceding cancellation tests. 
The d2 test can be used for individuals aged 9–60 years 
and consists of a single form, which can be administered 
individually or in group format. The d2 test consists of 14 
lines, each comprised of 47 characters “d” and “p” with 
one to four marks, arranged either individually or in pairs 
above or below the character. The participant is asked to 

scan the lines from left to right and cross out all “d”s with 
two marks within a time limit of 20 seconds per line. There 
are extensive norms based on clinical and nonclinical 
populations from Europe (Brickenkamp & Zillmer, 1998; 
Rivera et al., 2017) that have been extended to populations 
in other regions. Several studies have demonstrated that 
the d2 is highly reliable (Brickenkamp & Zillmer, 1998; 
Lee et al., 2018; Steinborn et al., 2018) and that it shows 
good construct validity (Bates & Lemay, 2004; Wassen-
berg et al., 2008). The d2 manual, 20 recording blanks, and 
a set of two scoring keys can be purchased at Hogrefe Pub-
lishing Corp for $137 excluding tax. Additional recording 
blanks need to be acquired to accommodate larger sample 
sizes. Hogrefe also offers an online version of the d2 test 
of Attention–Revised (d2-R), which consists of 14 screens 
of 60 symbols displayed in six rows of 10, and can be 
accessed for approximately the same price as the paper and 
pencil version. While both the paper and the computerized 
d2-R version continue to be of value to researchers, there 
is a need for high-quality, freely accessible tests that can 
be administered on participants’ own devices, with data 
outputs that are automatically scored and easy to interpret, 
which was the goal of UCancellation.

Here we report the results of a study that examined 
the parallel-test reliability and convergent validity of 
UCancellation Letters and UCancellation Pictures using 
an undergraduate student population. Convergent validity 
was investigated by comparing tablet-based UCancella-
tion performance with paper and pencil d2. We predicted 
that both versions of UCancellation would be positively 
correlated with d2 performance. We further investigated 
how both of these measures relate to a Cognitive Control 
(CC) composite derived from select computerized tasks 
from the NIH EXAMINER (Kramer et al., 2014), and 
another tablet-based inhibitory control task developed in 
our lab (Countermanding). We predicted that both ver-
sions of UCancellation would be positively correlated 
with the Cognitive Control composite and negatively cor-
related with Countermanding reaction time measures (i.e. 
better performance on UCancellation would be related to 
faster performance on Countermanding). Since UCancel-
lation Pictures requires switching between two target types 
whereas UCancellation Letters only uses one target, it was 
hypothesized that performance on the former would be 
more strongly related to an index of shifting on the Coun-
termanding task. In addition, we explored whether per-
formance on the UCancellation task would be associated 
with self-report measures of personality, cognitive fail-
ures, hours spent video game playing, and motivation for 
goal-directed activities, as suggested by previous research 
(Green & Bavelier, 2003; Prabhakaran et al., 2011; Rob-
ertson et al., 1997; van Steenbergen et al., 2009).
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Methods

Participants

118 undergraduate students from the University of Califor-
nia, Irvine and University of California, Riverside partici-
pated in the study, 60 of which were randomly assigned to 
complete UCancellation Pictures and 58 to complete UCan-
cellation Letters. The participants provided informed con-
sent, received course credit or $10 an hour for participation, 
and had normal or corrected-to-normal vision. Fourteen 
participants were excluded due to incomplete session data 
or corrupted data in the Countermanding task, an issue that 
has been resolved since, yielding a final sample size of 104 
participants  (NLetters = 50,  NPictures = 54). The demographics 
of the two groups of participants are presented in Table 1.

Procedure

Participants were randomly assigned to two groups: one 
group completed UCancellation Letters in sessions 1 and 
2, while the other completed UCancellation Pictures in 
both sessions. The sessions took place 1 week apart at the 
same time of day and at the same laboratory. During these 
sessions, both groups also completed a set of surveys, a 
Countermanding task, the paper-pencil d2, and four com-
puterized cognitive control measures: Flanker, Set-Shift-
ing, Continuous Performance Task and Antisaccades from 

NIH EXAMINER. The order of tasks was counterbalanced 
across participants to control for order effects. Specifically, 
d2 was performed in the same session as the surveys and 
the Countermanding task, while the NIH EXAMINER was 
performed in the other session (the order of sessions was 
also counterbalanced).

Measures

UCancellation

UCancellation is a self-administrable, mobile device-based 
assessment of selective attention and inhibitory control. The 
application was developed in the Unity game engine and is 
currently supported on iOS and Android (note that it can 
also be run on desktop computers; however, the validation 
to date refers to the use on touch screens). Stimuli consist 
of either letters “d” and “p” or pictures of dogs and mon-
keys arranged in rows (cf. Fig. 1). A tutorial explains how to 
perform the task, followed by three practice rows. A smiley 
face is displayed after practice if there were at least two 
“perfect rows” (all targets selected, no errors); conversely, 
a sad face is displayed if there were fewer than two perfect 
rows and, in this scenario, practice is repeated to ensure 
that the participant understands the task. In the test phase, 
the rows are displayed one at a time in the center of the 
screen for 6 seconds, with a 1-second blank screen inter-
val between rows, and no feedback is presented. Each row 

Table 1  Demographics for 104 participants presented separately for each group

Note. Questions regarding race and ethnicity and the resulting data are presented separately as defined by the US Office of Management and 
Budget Standards

Pictures group Letters group

Age
  Mean (standard deviation) 20.8 years (4.5) 21.6 years (6.0)

Gender
  Female 66.0% 76.0%
  Male 32.1% 22.0%
  “Unknown” or “Do not want to specify” 1.9% 2.0%

Race
  American Indian/Alaska Native 1.9% 0.0%
  Asian 39.6% 40.0%
  Black or African American 1.9% 4.0%
  Native Hawaiian or Other Pacific Islander 1.9% 0.0%
  White 22.6% 14.0%
  More than one ethnicity/race 11.3% 6.0%
  “Unknown” or “Do not want to specify” 20.8% 36.0%

Ethnicity
  Hispanic or Latino 39.6% 44.0%
  Not Hispanic or Latino 60.4% 54.0%
  “Unknown” or “Do not want to specify” 0.0% 2.0%
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consists of eight stimuli, 3–5 of which are targets, aiming for 
approximately 40 targets in 10 rows1. Each row is populated 
with 3–5 nontargets (lures) using random sampling with-
out replacement. Retaking the test will result in a different 
sequence of items within the constraints mentioned above. 
The goal is to select all targets from left to right within a 
6-second time limit. An auditory cue signals that time is 
out, and a different sound cue is presented if the participant 
achieves a “perfect row.” If a participant clears a row before 
the time limit, they can press a button to continue to the next 
row. Thus, some participants can complete bonus rows as 
long as a global time limit of 3 minutes and 30 seconds is 
not exceeded. A countdown timer indicating the global time 
limit is presented in the top left corner of the screen. At the 
end of the task, the participant gets feedback on how many 
perfect rows they cleared.

Data text files are stored on the device itself and can also 
be shared on an Amazon Web Services HIPAA-compliant2 

server. There are three types of data files: Row, Action, and 
Summary. Row data files contain the following information 
per row: number of hits, misses, false alarms and correct 
rejections, last interacted item (a value between 1 and 7), 
row duration in seconds, the sequence of items presented 
(0 = letter target / dog target, 1 = monkey target, 2–7 = 
nontarget), and the responses made by the participant (1 = 
selected, 0 = not selected). Action files contain timestamps 
for each action made by the participant, for example when 
selecting an item or selecting the green arrow. Summary 
files contain session metadata information, total hits, misses, 
false alarms and correct rejections, as well as Concentration 
Performance and Total Performance measures. Note that the 
structure of log files may change in the future to better reflect 
the needs of users.

UCancellation can be taken offline, in which case the 
resulting data are pushed to the server once an internet 
connection is established. No personally identifiable 
information is stored on the server and only authorized users 
can gain access to study-specific folders, thereby ensuring 
data security. Researchers who wish to test UCancellation 
can download Recollect the Study on the App Store (https:// 
apps. apple. com/ us/ app/ recol lect- the- study/ id121 75286 82) 
or Google Play Store (https:// play. google. com/ store/ apps/ 

Fig. 1  Screenshots of UCancellation Letters (top) and Pictures (bottom). A countdown timer is present in the top left corner of the screen and a 
green arrow can be pressed to advance to the next line (if row time has not been exceeded)

1 The source code has since been changed to generate exactly 40 tar-
gets for every set of 10 rows.
2 HIPAA stands for Health Insurance Portability and Accountability 
Act.

https://apps.apple.com/us/app/recollect-the-study/id1217528682
https://apps.apple.com/us/app/recollect-the-study/id1217528682
https://play.google.com/store/apps/details?id=com.ucr.recollectstudy&hl=en_US&gl=US
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detai ls? id= com. ucr. recol lects tudy& hl= en_ US& gl= US). 
To activate UCancellation: (1) open Recollect the Study 
and select NEW USER, (2) enter let or pic for Letters 
or Pictures, respectively, and (3) create an anonymous 
username. Note that these codes are for testing purposes 
only. For more information about UCancellation setup and 
data access, interested users should contact bgcresearch@
ucr.edu.

UCancellation Letters Letter stimuli resemble those used in 
d2 (Brickenkamp & Zillmer, 1998), namely characters “d” 
and “p” with one to four marks, arranged either individually 
or in pairs above or below the letters (see Fig. 1). The par-
ticipant must scan the stimuli in a row from left to right and 
select all “d”s with two marks (target) and ignore “d”s with 
one, three, or four marks and all “p”s. The test involves pre-
senting at least 30 rows with 120 targets, and bonus rows are 
added as long as the global time limit has not been exceeded.

UCancellation Pictures Pictures of dogs and monkeys are 
presented instead of letters, some of which have inverted 
colors and are reflected over the vertical axis or are pre-
sented upside down (Fig. 1). There are two types of targets: 
an upright dog (tail on the left) and an upside-down monkey 
(tail on right). Each target type is practiced separately in 
two single blocks prior to proceeding to the mixed block. 
The single blocks have a global time limit of 1 minute and 
10 seconds whereas the mixed block has a global time limit 
of 3 minutes and 30 seconds (thereby matching UCancella-
tion Letters). Each single block consists of a minimum of 
10 rows with 40 targets whereas the mixed block contains a 
minimum of 30 rows with 120 targets. Bonus rows are added 
in all three block types if there is time left.

d2

Participants completed the standardized paper-and-pencil 
version of d2 (Brickenkamp & Zillmer, 1998). The test 
consists of one practice line and 14 test lines, each of which 
consists of 47 characters “d” and “p” with 1–4 marks. The 
participant must scan the lines to cross out all letters “d” 
with two marks while ignoring all other distractors. Stand-
ard administration and scoring procedures were employed; 
the experimenter timed each line, and after 20 seconds the 
participant was asked to move to the next line. Unlike UCan-
cellation, in the d2, identical sequences are repeated every 
three rows. The dependent variables used here are Concen-
tration Performance (CP), which is calculated as the number 
of correctly crossed-out targets minus false alarms (∑Hits 
− ∑False alarms) and Total Performance (TP), which is 
derived from the total number of items presented minus 
error scores: ∑N − ∑(Misses + False alarms).

Countermanding

Countermanding is a tablet-based measure of processing 
speed and executive functioning that was adapted from 
Davidson et al. (2006) but using new stimuli as illustrated in 
Ramani et al. (2020). The participant is instructed to tap on 
one of two green buttons in response to a visual stimulus—a 
picture of a dog or a monkey, displayed one at a time. For 
dogs, the participant must tap on the button that is on the 
same side of the screen (congruent trial); however, when the 
participant sees a monkey, they must tap on the button that 
is on the opposite side (incongruent trial), and thus, the par-
ticipant must inhibit a prepotent response to respond on the 
same side as the visual stimulus. The visual stimuli appear 
on the left or on the right randomly with equal frequency and 
the interstimulus interval is 1 second (gray screen). There 
are three blocks of trials, each preceded by a tutorial. An 
initial block of 12 congruent trials is followed by a block 
of 12 incongruent trials, both of which serve as practice, 
after which a mixed block of 48 trials is presented, where 
congruent and incongruent trials are randomly intermixed. 
The stimuli are presented on the screen until the partici-
pant responds, with an upper time limit of 15 seconds. The 
dependent measures were mean reaction times for correct 
responses in the mixed block for (1) congruent trials (index 
of Processing Speed), (2) incongruent trials (index of Inhibi-
tory Control), and (3) switch trials (index of Shifting), i.e. 
trials for which the rule changed from congruent to incon-
gruent or vice versa (Ramani et al., 2020). Note that we do 
not report or analyze reaction time (RT) difference measures 
due to their generally low reliability, and because they do 
not unambiguously isolate the process of interest (Miller 
& Ulrich, 2013; Paap & Sawi, 2016). Since the dog and 
monkey pictures used here were also used in UCancellation, 
we controlled for potential performance effects with coun-
terbalancing: half of the participants did UCancellation first 
and the other half did Countermanding first.

NIH EXAMINER

EXAMINER is a neuropsychological test battery that aims 
to reliably and validly assess domains of executive function 
(Kramer et al., 2014). We selected four tasks from form A 
that enabled us to calculate a Cognitive Control (CC) com-
posite score via the EXAMINER scoring program: Flanker, 
Set Shifting, Continuous Performance Task, and Antisac-
cades. All tasks were completed on a Windows desktop com-
puter. In Flanker, participants were instructed to focus on a 
small cross in the center of the screen. After a short variable 
duration, a row of five arrows was presented in the center 
of the screen either above or below the fixation point. The 
participant was asked to indicate whether the centrally pre-
sented arrow is pointing either to the left or right by pressing 

https://play.google.com/store/apps/details?id=com.ucr.recollectstudy&hl=en_US&gl=US
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the left or right arrow key as quickly and as accurately as 
possible. In congruent trials, the non-target arrows pointed 
in the same direction as the target arrow and in the incongru-
ent trials they pointed in the opposite direction. The stimuli 
were presented in a random order with each condition pre-
sented 24 times resulting in 48 total trials. In Set Shifting, 
participants were required to match a stimulus on the top 
of the screen to one of two stimuli in the lower corners of 
the screen. In homogeneous blocks, participants performed 
either Task A (e.g., classifying shapes) or Task B (e.g., clas-
sifying colors). In heterogeneous blocks, participants alter-
nated between the two tasks pseudo-randomly. There were 
20 trials in each homogeneous block and 64 trials in the 
heterogeneous block. In the Continuous Performance Task, 
participants saw different images in the center of the screen 
and were asked to press the left arrow key for a target image 
(a white five-pointed star), responding as quickly and accu-
rately as possible. The task consisted of 20 practice trials and 
100 experimental trials, 80% of which were the target image. 
In Antisaccades, participants looked at a fixation point in 
the center of a computer screen and made eye movements 
upon seeing a laterally presented stimulus. For practice, par-
ticipants completed 10 prosaccade trials in which they were 
instructed to look toward the stimulus. During the test, two 
antisaccade blocks were presented (20 trials each) in which 
they were asked to look in the opposite direction of the pre-
sented stimulus. An experimenter logged the direction in 
which the participant looked at for each trial.

We used the CC composite score as a dependent vari-
able, which was obtained using an R script provided by the 
EXAMINER battery and consisted of the total Flanker score 
(sum of Flanker accuracy and reaction time scores), total 
Set Shifting score (sum of Set Shifting accuracy and reac-
tion time scores) and Antisaccade total score (total number 
of correct antisaccade trials). The Continuous Performance 
Task was not included in the composite because this study 
did not include a different set of EXAMINER tasks that are 
needed to calculate an optional composite error score. For 
more details about the tasks and the outcome measures, see 
the EXAMINER User Manual (Kramer, 2010).

Surveys

Participants completed the following set of surveys in Qual-
trics (Qualtrics, Provo, UT): (1) Demographic survey, (2) 
Mini-markers (Saucier, 1994), a 40-item subset of the Big 
Five markers of personality, (3) BIS/BAS Scales (Carver & 
White, 1994), a 24-item self-report survey that assesses indi-
vidual differences in two motivational systems—the behav-
ioral inhibition system (BIS) and the behavioral activation 
system (BAS), (4) Cognitive Failures Questionnaire (CFQ; 
Broadbent et al., 1982), which assesses everyday attention, 

memory, and motor failures, and (4) Video Game Playing 
Questionnaire Version November 2019 (Green et al., 2017).

Data analysis

For purposes of comparison, we decided to use the same 
metrics to analyze UCancellation performance as those used 
for the d2 task (Brickenkamp & Zillmer, 1998), namely Total 
Performance and Concentration Performance. We ran bivari-
ate correlations in IBM SPSS 24 to determine UCancellation 
parallel-test reliability and to examine relationships between 
UCancellation tasks, Countermanding, d2, and a Cognitive 
Control composite. Internal consistency was measured with 
Cronbach’s alpha while split-half reliability was measured 
with Spearman-Brown. Outliers were removed on individual 
tasks if |z| > 3 (see below). In the UCancellation Pictures 
group, one outlier was removed based on Concentration Per-
formance, hence, the final sample size was 53; no outliers 
were removed from the UCancellation Letters group (final 
sample size = 50). On the d2, three participants had missing 
data and one outlier was removed. For the Countermanding 
task, data were missing or corrupted for seven participants 
and two outliers were removed. For the Cognitive Con-
trol composite, data were missing for five participants and 
one outlier was removed. Throughout the paper, * denotes 
p < 0.05 and ** marks p < 0.01.

Results

Descriptive statistics

UCancellation Letters

In the first session, the number of presented rows ranged 
from 30 to 47 (M = 38.90, SD = 4.65), and 96% of the 
sample were presented with bonus rows. In the second 
session, the number of presented rows ranged from 32 to 
52 (M = 42.66, SD = 4.38), indicating all participants were 
presented with bonus rows. A higher number of presented 
rows indicates faster processing speed, but this needs to 
be corrected for errors, hence we calculated Total Perfor-
mance, TP = ∑N − ∑(Misses + False alarms), where N 
is the number of rows processed multiplied by 8 (number 
of items per row). In session 1, TP ranged from 206 to 371 
(M = 302.22, SD = 41.15) while in session 2 it ranged from 
252 to 413 (M = 337.58, SD = 35.37). Total Performance 
correlated highly with the other main outcome measure, 
Concentration Performance (∑Hits − ∑False alarms), 
both in session 1 (r = .96**) and session 2 (r = .97**), 
which corresponds to the correlation between these two 
scores reported for d2 (mean r = .93) (Brickenkamp & 
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Zillmer, 1998). The upper part of Table 2 shows descrip-
tive statistics for Concentration Performance in the first 
30 rows and for all rows (30 rows + bonus rows). Shapiro-
Wilk tests and inspection of quantile-quantile (Q-Q) plots 
indicated that CP in the first 30 rows in session 1 devi-
ated from a normal distribution (W(50) = .90*), whereas 
the other three measures did not. Parallel-test reliability 
for CP in the first 30 rows was poor and nonsignificant 
(rho = .21), confirming that taking the whole test into 
account (CP: all rows) provides a more reliable measure 
of performance (r = .75**) as compared to CP in the first 
30 rows. Moreover, CP in the first 30 rows of session 1 was 
highly negatively skewed (< −1), whereas CP in all rows 
was only moderately negatively skewed and not skewed at 
all in the second session. Note that sample skewness may 
not necessarily apply to the population. The distribution 
was approximately symmetric in the second session. CP 
for all rows in the second session was significantly higher 
than in the first session (t(49) = −7.11**).

UCancellation Pictures

In the first session, the number of presented rows ranged 
from 32 to 50 (M = 38.62, SD = 4.40), whereas in the sec-
ond session it ranged from 32 to 56 (M = 42.75, SD = 5.24); 
thus in both cases all participants saw at least two bonus 
rows. In session 1, Total Performance ranged from 248 to 
393 (M = 301.43, SD = 35.31) and in session 2 it ranged from 
255 to 444 (M = 336.70, SD = 41.67). Total Performance cor-
related strongly with CP in session 1 (r = .94**) and session 
2 (r = .96**). The bottom part of Table 2 shows descriptive 
statistics for Concentration Performance in the first 30 rows 
and in all rows (including bonus rows). Shapiro-Wilk tests 
indicated that the only measure that deviated from a nor-
mal distribution was CP for the first 30 rows in session 1, 
W(50) = .82, p < 0.05. Like in the Letters version, the parallel-
test reliability of this measure was poor and nonsignificant 
(rho = .26) whereas CP for all rows provided a more reliable 
measure of performance (rho = .73**). CP was moderately 
negatively skewed in the first 30 rows of session 1 whereas it 

Table 2  Descriptive statistics for Concentration Performance in the first 30 rows and across all presented rows, presented separately for Letters 
and Pictures.

Note. CP = ∑Hits − ∑False alarms. Variance: the sum of the squared distances of data value from the mean by N−1. Skewness: a measure of 
asymmetry of the distribution. Kurtosis: positive values indicate that the data show more extreme values than a normal distribution, whereas 
negative values indicate the data show less extreme outliers than a normal distribution

Session 1 Session 2

CP: first 30 rows CP: all rows CP: first 30 rows CP: all rows

Letters
  Mean (std. error) 109.98 (1.65) 143.22 (3.87) 116.58 165.20 (2.56)
  95 CI of the mean 106.66–113.30 135.44–151.00 115.53–117.63 160.06–170.34
  Median 113.00 144.50 116.50 163.50
  Variance 136.51 748.46 13.76 326.78
  Std. deviation 11.68 27.36 3.71 18.08
  Minimum 77 77 108 121
  Maximum 127 191 124 202
  Skewness −1.10 −0.45 −0.02 −0.09
  Kurtosis 0.68 −0.35 −0.56 0.20
  N 50 50 50 50

Pictures
  Mean (std. error) 110.51 (1.02) 143.04 (2.85) 115.42 (0.77) 164.53 (2.97)
  95 CI of the mean 108.47–112.55 137.32–148.75 113.87–116.96 158.57–170.49
  Median 111 141 115 160
  Variance 54.68 429.56 31.59 467.06
  Std. deviation 7.39 20.73 5.62 21.61
  Minimum 89 104 101 124
  Maximum 128 191 128 218
  Skewness −0.38 0.27 −0.19 0.29
  Kurtosis 0.57 −0.49 −0.22 −0.57
  N 53 53 53 53
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was approximately symmetrical when accounting for all rows 
(both sessions). When comparing the two sessions, CP for all 
rows showed significant practice effects, t(52) = −10.32**.

Due to poor parallel-test reliability of CP in the first 30 
rows, we used CP for all rows as the dependent measure in 
subsequent analyses (referred to as simply “CP” hereafter).

Comparing UCancellation Letters and Pictures

Independent samples t-tests showed that there was no signifi-
cant difference in Concentration Performance on Letters and 
Pictures in session 1 (t(101) = 0.04, p = 0.97) or in session 
2 (t(101) = 0.17, p = 0.87). Likewise, there was no signifi-
cant difference in Total Performance (TP) between the two 
tasks in session 1 (t(101) = 0.10, p = 0.92) or in session 2 
(t(101) = 0.12, p = 0.91), suggesting that in this sample, Let-
ters and Pictures yield comparable results within the same 
session. See Fig. 2 for a visualization of distributions and 
probability density of Concentration Performance for Letters 
and Pictures in each session.

Other tasks

Descriptive statistics for d2 Concentration Performance and 
Total Performance, Countermanding performance3, and the 

EXAMINER Cognitive Control composite are presented in 
Table 3.

Reliability comparison

UCancellation Pictures showed good parallel-test reliability 
(Fig. 3) both in terms of CP (r = 0.74**, r2 = 0.55) and TP 
(r = 0.83**, r2 = 0.69; Letters: r = 0.68**, r2 = 0.47). Based 
on inspection of scatterplots and interquartile range, two low 
outliers were identified and removed in the second session of 
Letters (data points outside of 1st quartile – 1.5*interquartile 
range). The resulting parallel-test reliability of Letters CP 
(r = 0.71**, r2 = 0.50; N = 48) and Letters TP (r = 0.76**, 
r2 = 0.58; N = 48) was comparable to that of Pictures 
reported above (see Fig. 3). d2 was only performed once in 
this study; however, TP parallel-test correlation for Pictures 
(r = 0.83) and Letters (r = 0.76) are comparable to the 6-hour 
retest reliability reported for d2 Total Performance (r = 0.82) 
in Brickenkamp and Zillmer (1998). One advantage of the 
UCancellation task is that a different sequence of items is 
generated each time, whereas the d2 has no alternate ver-
sions and even repeats the same rows of stimuli within the 
same test.

Parallel-test reliability was also examined for error scores 
and since these measures are not normally distributed, 
we report Spearman’s rho correlations for all variables in 
Table 4. Reliability coefficients are shown in diagonals and 

Fig. 2  Violin plot ( Hoffmann 2021) of Concentration Performance in UCancellation Letters and UCancellation Pictures groups in session 1 (S1) 
and session 2 (S2). Wider parts of the violin plot indicate a higher probability for a data point to occur in a certain section

3 Countermanding accuracy was 0.97% and 0.98% for Letters and 
Pictures groups, respectively.
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for the interested reader, we add intercorrelations of perfor-
mance measures within session 1 (below the diagonal) and 
session 2 (above the diagonal). While speed-related measures 
showed good parallel-test reliability (rho = .79–.82**), the 
two types of errors, misses and false alarms, were not reliable 
at all (rho = .19–.48). Of the two error scores, false alarms 
were slightly more reliable (rho = .40–.48**), although not 
sufficiently so. Of note, low reliability of error scores has also 
been reported for the d2 Test of Attention despite the fact that 
the same test versions were used in the analysis (Bricken-
kamp & Zillmer, 1998; Steinborn et al., 2018).

Internal consistency

While the internal consistency of CP in the first 30 
rows in session 1 was lower for UCancellation Pictures 

compared to UCancellation Letters in the first 30 rows 
(Pictures: ɑ30 = 0.44, N = 53; Letters: ɑ30 = 0.80, 
N = 50), this estimate may not be accurate because each 
row contains 3–5 targets, and the number of targets has 
a strong effect on Concentration Performance per row, 
which in turn affects internal consistency. This was 
accounted for by calculating Cronbach’s alpha separately 
for rows that contained three, four, or five targets across 
five random trials within the first 30 trials of each task. 
As can be seen in Table 5, alpha values per row type are 
high and comparable across the two tasks. The highest 
internal consistency was observed for d2 CP (ɑ14 = 0.98, 
N = 85), which is in line with the values reported in the 
literature (Brickenkamp & Zillmer, 1998) and reflects 
the fact that the first three rows of d2 are repeated mul-
tiple times.

Table 3  Descriptive statistics for d2 Concentration Performance (CP), d2 Total Performance (TP), and Countermanding performance

d2 CP d2 TP Countermanding Pro-
cessing Speed (ms)

Countermanding 
Inhibitory Control 
(ms)

Countermanding
Shifting (ms)

Cognitive 
Control Com-
posite

Mean (std. error) 201.66 (4.49) 494.96 (8.10) 804.28 ms (11.57) 822.02 (11.64) 823.12 (11.07) 1.20 (0.05)
95 CI of the mean 192.76–210.56 478.89–511.03 781.31–827.24 798.91–845.13 801.13–845.10 1.10–1.31
Median 200.50 499 783.93 798.71 806.06 1.22
Variance 2012.93 6563.05 12710.52 12867.46 11645.46 0.28
Std. deviation 44.87 81.01 112.74 113.43 107.91 0.53
Minimum 73 315 617.55 653.36 638.97 0.12
Maximum 286 637 1171.58 1204.94 1152.25 2.71
Skewness −0.17 −0.23 0.72 0.92 0.66 0.12
Kurtosis −0.29 −0.68 0.35 0.99 0.09 −0.23
N 100 100 95 95 95 98

Fig. 3  Scatter plot of Concentration Performance in UCancellation Pictures (N = 53) and UCancellation Letters (N = 48) across two sessions. 
Two outliers were removed from the UCancellation Letters group based on performance in the second session
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Convergent validity

Convergent validity was established for both UCancella-
tion tasks, with the Pictures version showing somewhat 
higher correlations with d2 compared to Letters. Both tasks 
showed a significant correlation with d2 in terms of CP 
(Pictures: r = 0.59**; Letters: r = 0.43**) (Fig. 4) and Total 
Performance (Pictures: r = 0.52**; Letters: r = 0.44**); see 
Tables 6 and 7. Performance in the second session of both 
tasks correlated strongly with d2 in terms of Concentration 
Performance (Pictures: r = 0.64**; Letters: r = 0.50**) and 
Total Performance (Pictures: r = 0.61**; Letters: r = 0.52**).

In addition, both versions of the UCancellation task (in 
the first session) correlated significantly with NIH EXAM-
INER Cognitive Control in terms of Concentration Perfor-
mance (Pictures: r = 0.41*; Letters: r = 0.34*) (Fig. 4) and 
Total Performance (Pictures: r = 0.53*; Letters: r = 0.37*), 
providing further evidence of the convergent validity of 
UCancellation. d2 also correlated significantly with Cogni-
tive Control for Concentration Performance (r = 0.38*) and 
for Total Performance (r = 0.34*). These results suggest that 
UCancellation tasks capture a similar amount of variance 
related to cognitive control processes compared to the d2. In 
order to test this, a linear regression was conducted to pre-
dict the contributions of the UCancellation task (collapsed 
across Letters and Pictures versions in session 1) and d2 to 
Cognitive Control (N = 95, R2 = .18). Results showed that 
Cognitive Control was predicted both by UCancellation 
CP (B = 0.005, SE = 0.002, ß = .228, p = 0.039) and d2 CP 
(B = 0.003, SE = 0.001, ß = .266, p = 0.017).

Only Concentration Performance in the Pictures ver-
sion showed a significant correlation with Processing 
Speed as measured by the Countermanding task (Letters: 
r = −0.28; Pictures: r = −0.46**) and a similar pattern was 
observed for Total Performance (Letters: r = −0.29; Pictur-
ess: r = −0.58**). Both versions of UCancellation (and both 
measures, CP and TP) correlated significantly with Inhibi-
tory Control and Shifting as measured by the Countermand-
ing task; specifically, faster average reaction time on incon-
gruent and switch trials was related to better performance on 
the UCancellation tasks (see Tables 6 and 7 and Fig. 4). A 
similar pattern of correlations was observed between d2 and 
the Countermanding measures, providing further evidence 
of convergent validity.

Self-report measures of personality, BIS/BAS, cogni-
tive failures, or estimated number of hours of playing video 
games in the past year did not correlate with performance 
on UCancellation or d2 (see Table S1 in Supplementary 
Materials).

Discussion

Here we present data regarding the psychometric properties 
of a new cancellation test called UCancellation. The test 
runs on iOS and Android devices, can be self-administered 
in 7 minutes, and the resulting data are automatically scored. 
The participant is tasked with the goal of selecting specific 
targets (letters or pictures) among a row of distractors, and to 
do this as quickly and accurately as possible. UCancellation 
will not show ceiling effects as is often the case with similar 
speeded tasks, because new rows are presented as long as 
an overall time limit has not expired. Results obtained from 
a sample of US students suggest that UCancellation is an 
internally consistent and valid test of selective attention and 

Table 5  Cronbach’s alpha of Concentration Performance per row 
type, calculated across five trials within the first 30 trials

Alpha

Letters
  3 targets per row 0.89
  4 targets per row 0.89
  5 targets per row 0.91

Pictures
  3 targets per row 0.73
  4 targets per row 0.84
  5 targets per row 0.83

Table 4  Spearman’s rho reliability coefficients in diagonals and inter-
correlations between performance measures presented separately for 
Letters and Pictures

Note. Speed = number of items processed; CP = hits corrected for 
false alarms in all rows; TP = number of items processed corrected 
for errors; Misses = total errors of omission; False alarms = total 
errors of commission. Parallel-test reliability is shown in the diago-
nals (in bold text). Correlation coefficients for the first testing session 
are shown below and for the second testing session above the diago-
nals. * = p < 0.05; ** = p < 0.01

Session 2

Session 1 Speed TP CP Misses False alarms

Letters
  Speed .80** .99** .94** −.23 .03
  TP .97** .80** .96** −.29* −.04
  CP .91** .97** .75** −.36* −.13
  Misses −.22 −.29* −.40** .38* .11
  False alarms −.08 −.22 −.30** .42** .40**

Pictures
  Speed .79** .99** .92** .19 .03
  TP .99** .82** .95** .11 −.07
  CP .91** .93** .73** .04 −.17
  Misses −.11 −.21 −.35** .19 .25
  False alarms .18 .08 −.03 .34* .48**
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concentration that can be used as an alternative to the d2 
Test of Attention (Brickenkamp & Zillmer, 1998).

Parallel-test reliability was assessed in two sessions con-
ducted one week apart, at the same time of day. This proce-
dure helped minimize the effects of sleep–wake homeostatic 
and internal circadian time-dependent effects on cognitive 
performance (Blatter & Cajochen, 2007). UCancellation Pic-
tures showed marginally higher parallel-test reliability than 
UCancellation Letters for speed-related measures, and both 
were within a good range (rho above .7), albeit lower than 
in traditional paper-and-pencil cancellation tasks (Bricken-
kamp & Zillmer, 1998; Steinborn et al., 2018); however, we 
did not assess reliability of the paper d2 in the same popula-
tion as used herein. Since the UCancellation app automati-
cally presents new sequences of items every time the task 
is performed, it is important to note that here we report par-
allel-test reliability, which tends to be lower than test-retest 
reliability. While the lack of “true” test-retest reliability data 
presents a limitation, it is also a key strength of the current 
approach where participants can’t learn the stimulus patterns 
(either explicitly or implicitly), as is possible with the d2, for 
which the exact same sequence of stimuli is repeated every 
three lines. There are several other possible reasons why 
UCancellation shows lower reliability than the d2. For exam-
ple, it has been observed that performance on speeded tests 
tends to improve when an experimenter is present (Bond & 
Titus, 1983; Steinborn & Huestegge, 2020), which was the 
case for d2 in our study, and is often true for paper-and-pen-
cil tasks but not computerized tasks. Task mode may further 
affect discrepancies in reliability between the two types of 
tasks. For example, in paper-and-pencil d2, one must scan 
and check 47 items per row, whereas in UCancellation and 
other computerized cancellation tasks, the participant is 
presented with fewer items per row; and may in fact elicit 
choice reaction time (RT) processes rather than scanning 
and checking. UCancellation could thus be seen as a choice-
RT task with eight stimuli and two responses (tap or skip), 
although usually stimuli are presented sequentially in these 
types of tasks and not at once, as in our task.

Error scores, however, were not reliable, possibly because 
misses and false alarm events are rare in the tested popula-
tion, and/or due to differences in how nontargets were dis-
tributed across sequences in the two sessions. This finding 
is in line with previous research indicating lower reliability 
of error scores compared to speed scores (number of items 
worked through) in cancellation tasks (Brickenkamp & 
Zillmer, 1998; Hagemeister, 2007; Steinborn et al., 2018) 
and supports the recommendation not to rely on error rate 
to index diligence. Of note, error-corrected speed scores 
maintain similar psychometric quality to pure speed scores 
(i.e. both in our data and in that reported for the d2; Stein-
born et al., 2018); therefore the two measures can be used 
interchangeably.

Most of the change in performance between the two ses-
sions appears to stem from practice effects. This presents a 
limitation in that the task is not well suited towards consecu-
tive testing. Strong practice effects have also been reported 
for d2 (Bühner et al., 2006) and, more generally, in tasks 
requiring item-solving processes in addition to perceptual 
and motor processes (Blotenberg & Schmidt-Atzert, 2019). 
Since these effects seem to be unavoidable in speeded 
perceptual-motor tasks, one can apply various statistical 
corrections to account for them (Bruggemans et al., 1997; 
Maassen et al., 2009). While we have tried various tuto-
rial structures to reduce these practice effects, this type of 
motor skill learning is known to be sleep dependent (Walker 
et al., 2002). Further work should investigate whether there 
is a retest time frame in which practice effects do not play 
a meaningful role anymore and whether test-retest effects 
change as a function of test length using cumulative reli-
ability function analysis (Steinborn et al., 2018).

Due to the variable number of rows that each individual 
performs, as well as the changing number of targets, inter-
nal consistency was estimated for a subsample of trials that 
consisted of three, four, or five targets. Cronbach’s alpha 
values were good (above 0.7) for both versions of the task. 
Slightly lower alpha values were obtained for Pictures com-
pared to Letters, which might reflect the use of two distinct 
targets (dog, monkey) each with its own set of distractors, 
instead of one (letter d), which introduces more variability 
in performance. Internal consistency was also calculated for 
d2 Concentration Performance, which was very high and in 
line with the values reported in the literature (Brickenkamp 
& Zillmer, 1998). The high internal consistency of d2 is 
not surprising given that only the first three out of fourteen 
rows of d2 are unique and are thereafter repeated in the same 
order: the first two rows are repeated five times and the third 
row is repeated four times.

Convergent validity with d2 Test of Attention was estab-
lished for both UCancellation tasks, with the Pictures 
version showing a somewhat higher correlation with d2 
(r = 0.59) than Letters did (r = 0.43); however, this may in 
part reflect group differences. Compared to d2, UCancel-
lation offers typical advantages of computerized tests such 
as standardization in administration and scoring, ease of 
participant recruitment if conducted remotely, reduced test-
ing time, and the ability to obtain rich, trial-by-trial data, 
which are instantly available to the experimenter. That said, 
it should be acknowledged that any app-based task will dif-
fer substantially from paper-and-pencil variants in that it 
provides a substantially different visual and motor experi-
ence. While a phone or a tablet can be laid flat on a table 
as a paper would be, users may decide to hold it numerous 
different ways unbeknownst to the experimenter (if adminis-
tered remotely). Performance on UCancellation will depend 
on how agile a person is with the use of touchscreens, which 
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may in turn affect the psychometric quality of the data 
(Noyes & Garland, 2008; Parks et al., 2001). Computerized 
tasks are also subject to freezing and crashing; however, the 
benefits of remote testing are clear and particularly impor-
tant during times in which in-person research is not possible.

Moreover, both UCancellation tasks and d2 predicted per-
formance on a NIH EXAMINER Cognitive Control compos-
ite to a similar extent. Likewise, both versions of UCancella-
tion and d2 correlated significantly with Inhibitory Control 
and Shifting as measured by the Countermanding task, sug-
gesting that faster performance on incongruent and switch 
trials is related to better performance on UCancellation 
and d2 tasks. Notably, Countermanding Shifting tended to 
show stronger correlations with performance on the Pictures 
task compared to the Letters task, which is in line with our 
prediction that the Pictures task places greater demands on 
switching between the two target rules. Interestingly, only 
the Pictures version of UCancellation, but not Letters, and 
d2 showed significant correlations with Processing Speed 
as measured by the Countermanding task (Tables 6 and 7). 
The results should be interpreted with caution given that RT-
based correlations depend on task-specific characteristics as 
well as population characteristics, for example general and 
task-specific processing time variability, and their correla-
tion (Miller & Ulrich, 2013). These preliminary findings 
need to be explored further in a larger sample size and if cor-
relations are made that involve RT as a dependent measure, 
individual differences in reaction time need to be accounted 
for.

There was no evidence to suggest that self-report meas-
ures such as personality attributes, BIS/BAS scales, preva-
lence of cognitive failures, or estimated number of hours 
of playing video games in the past year are associated with 
performance on UCancellation, d2, or the Cognitive Control 
composite (see Table S2 in Supplementary Materials). The 
main purpose of including these surveys was to verify that 
any potential relations with cognitive performance are stable 
across tests. For example, if d2 performance were to corre-
late with one of the administered surveys, we would expect 
to see a similar correlation between UCancellation and that 
survey. However, none of the measures showed significant 
correlations with any of the surveys. The only exception was 
Countermanding Inhibitory Control, which correlated with 
self-reported number of hours spent playing video games in 
the past year, such that more video game playing was associ-
ated with faster reaction times on incongruent trials, which 
is line with previous findings (Dye et al., 2009; Hutchinson 
et al., 2016).

A limitation of the current dataset is gender imbalance in 
favor of women because we relied on a convenience sample 
consisting of mostly Psychology/Education students where 
women tend to be overrepresented. Note that in a large sam-
ple of university students, no significant differences between 
men and women were found in selective attention and men-
tal concentration as measured by the d2 Test of Attention 
(Fernández-Castillo & Caurcel, 2015). Likewise, age, sex, 
and level of education did not affect cancellation perfor-
mance in a large and demographically stratified group of 
healthy adults (Benjamins et al., 2019); therefore, we do not 
expect that this imbalance would affect the present results. 
Nevertheless, a larger, more representative sample including 
a wider age range and educational level would be needed as 
a next step in the validation of UCancellation.

As online testing becomes more and more ubiquitous, 
it is becoming increasingly important to develop psycho-
metrically validated app-based tools that can be delivered 
on participants’ own devices and that provide researchers, 
clinicians, and other professionals with accurate and secure 
data. Recent evidence suggests that tablet-based measures 
of cognitive abilities can provide a quick and reliable way of 
collecting large datasets (Bignardi et al., 2021). As opposed 
to other freely available cancellation tasks, the UCancella-
tion app is optimized for performance on different screen 
sizes and comes with access to custom-built software for 
instant access to the data, which can be stored on a HIPAA-
compliant server. The test can be taken offline, in which case 
the data are uploaded to the server once an internet connec-
tion is established. These features ensure that remote online 
testing is not only possible, but also convenient. The app can 
be easily modified to support different stimulus sets, such as 
different sets of letters or pictures that are deemed appropri-
ate for a certain population. The use of pictures instead of 
letters can increase culture-fairness. Pictures of animals also 
may be more engaging than letters, particularly for children, 
although this hypothesis is yet to be tested. Importantly, 
researchers can administer both versions of UCancellation, 
verbal and pictorial, in order to measure attention as a gen-
eral ability (Wühr & Ansorge, 2020; Flehmig et al., 2007), 
or to examine content-facet factors.

We note that UCancellation may be more appropriate for 
diverse populations such as children or older adults because 
the stimuli are much larger than those used in d2 and d2-R. 
While earlier versions of UCancellation also displayed mul-
tiple rows on each screen, iterative development and piloting 
over the past 2 years revealed that this type of presentation 
is suboptimal for smaller screens. Instead, we decided to 
present one row at a time, allowing for larger items that are 
easily scalable across various screen dimensions. The advan-
tage to performance is both visual and motor, as poor perfor-
mance on other versions of cancellation tasks can easily be 
confounded by poor motor skills or low vision. On the other 

Fig. 4  Scatter plots of Concentration Performance in UCancellation 
Pictures (left column) and UCancellation Letters (right column) in 
relation to d2 (row 1), the EXAMINER Cognitive Control composite 
(row 2) and Countermanding RT measures (rows 3–5)

◂
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hand, this type of line-by-line layout (with only eight items 
per line) does not lend well to measuring search organiza-
tion, typically measured as the distance between consecu-
tive cancellations (Dalmaijer et al., 2015), and further, it 
eliminates the distraction provided by non-target rows. It 
also does not allow for measurement of spatial components 
of cancellation responses as an indicator of spatial neglect 
(Huygelier & Gillebert, 2020). Nevertheless, in the inter-
est of being able to do the task on smartphones, we opted 
for line-by-line presentation, thereby making the app more 
accessible.

All in all, the results of the present study suggest that UCan-
cellation is a valid and reliable cancellation measure that can 
be used to estimate selective attention and concentration per-
formance in adults. Since it is freely available and can be used 
both for in-person and remote assessment, its use extends 
beyond basic research to inform neuropsychological assess-
ment in clinical populations that experience executive function 
difficulties. Like most cancellation tasks, UCancellation taps 
into multiple cognitive processes such as selective attention, 
concentration, inhibitory control, and processing speed. To 
map how and to what extent these processes are engaged while 
performing the task (or another, related task), more data are 

needed that will support factor analytic and/or structural equa-
tion modelling approaches.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 3758/ s13428- 021- 01765-5.
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