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Abstract

Background—A digital version of the clock drawing test (dCDT) provides new latency and
graphomotor behavioral measurements. These variables have yet to be validated with external
neuropsychological domains in non-demented adults.

Objective—The current investigation reports on cognitive constructs associated with selected
dCDT latency and graphomotor variables and compares performances between individuals with
mild cognitive impairment (MCI) and non-MCI peers.

Methods—202 non-demented older adults (age 68.79 + 6.18, 46% female, education years 16.02
+ 2.70) completed the dCDT and a comprehensive neuropsychological protocol. dCDT variables
of interest included: total completion time (TCT), pre-first hand latency (PFHL), post-clock face
latency (PCFL), and clock face area (CFA). We also explored variables of percent time drawing
(i.e., “ink time”) versus percent time not drawing (i.e., ‘think time”). Neuropsychological domains
of interest included processing speed, working memory, language, and declarative memory.

Results—Adjusting for age and premorbid cognitive reserve metrics, command TCT positively
correlated with multiple cognitive domains; PFHL and PCFL negatively associated with worse
performance on working memory and processing speed tests. For Copy, TCT, PCFL, and PFHL
negatively correlated with processing speed, and CFA negatively correlated with language.
Between-group analyses show MCI participants generated slower command TCT, produced
smaller CFA, and required more command ‘think’ (%Think) than ‘ink’ (%Ink) time.
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Conclusion—Command dCDT variables of interest were primarily processing speed and
working memory dependent. MCI participants showed dCDT differences relative to non-MCl
peers, suggesting the dCDT may assist with classification. Results document cognitive construct
validation to digital metrics of clock drawing.
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INTRODUCTION

The clock drawing test (CDT) is a classic neuropsychological test first introduced in the 19t
century [1] and has become a standard screener to assess for cognitive impairment [2]. The
classic CDT involves two conditions: drawing a de novo clock to command followed by
copying a pre-drawn clock. In the command condition, patients are asked to ‘draw the face
of a clock, put in all the numbers and set the hands for ten after eleven.” The command
condition involves calling into mind the semantic attributes associated with a clock.
Simultaneously, the individual must maintain mental set for test instructions, process the
linguistic content regarding time setting, and effectively plan the execution of the test while
ignoring distracting information. The copy condition also involves a wide variety of
cognitive demands [3], but is more reliant upon visuoconstruction and executive function
constructs at least within Alzheimer’s disease (AD) and vascular dementia participants [4,
5].

A digital version of the clock drawing test (dCDT) [3] with command and copy conditions
provides new latency and graphomotor outcomes; however, these variables have yet to be
validated with external neuropsychological domains in non-demented adults. The most
frequently discussed variables in the literature for the dCDT are latency based and include
total clock drawing completion time (TCT), and more decision-oriented latencies such as a)
time (in seconds) to place the first hand (pre-first-hand latency; PFHL), and b) time to the
next pen stroke after drawing the face of a clock (post-clock face latency; PCFL). These
latencies increase in duration with age [5] and may be differentially compromised by
dementia type [6]; individuals with small vessel vascular dementia display significantly
longer dCDT TCT, PCFL, and PFHL relative to individuals with AD, while individuals with
AD are slower on TCT and PFHL relative to non-demented peers [6].

Clock face area (CFA) is another relevant dCDT feature that may provide useful insight into
cognitive functions. Significantly smaller clock drawings along with micrographia have been
observed in subcortical diseases such as Parkinson’s disease. These individuals are
characterized by reduced processing speed, but also reduced planning and graphomotor
output associated with compromised frontostriatal functions [7]. Hypothetically, the size of
the clock face may provide additional insight into higher cortical function that involve
language and reasoning abilities.

The current investigation had two aims. First, to provide insight into neuropsychological
constructs underlying published dCDT latency variables as well as clock face area in non-
demented adults. We examined hypothesized associations between the dCDT variables of
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interest and constructs of processing speed, working memory, declarative memory, and
language domains in non-demented older adults. Based on cognitive theories of normal
aging involving the foundational changes in processing speed [8], we hypothesized the
latency variables of interest would be primarily associated with processing speed metrics.
Over and above processing speed, however, we anticipated the time it takes to draw a clock,
put in all the numbers, and set the hands to 10 after 11 would also inversely associate with
working memory, language, and declarative memory. As for the decision-oriented latencies
of PFHL and PCFL whereby a participant has to recall the examiner’s instructions and
accurately set short versus long hand placement, we hypothesized increased latency would
also associate with working memory. Finally, given previous reports that individuals with
subcortical diseases [9] produced smaller clock drawings and known reductions in
processing speed and reasoning for these individuals, we hypothesized clock face area would
associate with measures of planning and reasoning. For the second aim, we examined group
differences in the selected dCDT latency and graphomotor parameters between participants
with and without Mild Cognitive Impairment (MCI). Individuals with MCI often display
cognitive slowing evidenced by reduced psychomotor speed and focused attention [10]
which could be partly attributed to reductions in white matter tracts integrity [11, 12].
Therefore, we hypothesized MCI participants would display slower TCT, PFHL, PCFL, and
smaller CFA. To assess the hypothesis that latency differences are due to decision making
rather than motor output, we examined latency differences in time spent thinking versus
drawing.

METHODS

Participants

The University of Florida’s Institutional Review Board approved the research investigation.
Participants provided written informed consent and studies were conducted in accordance
with the Declaration of Helsinki. Participants were recruited via brochures and community
mailings, memory screenings, and locally posted fliers.

Inclusion criteria: age =60, English as primary language, and intact activities of daily living
(ADLSs) per Lawton & Brody’s Activity of Daily Living Scale completed by both the
participant and their caregiver [13]. Exclusion criteria: evidence of a major neurocognitive
disorder at baseline per the Diagnostic and Statistical Manual of Mental Disorders — Fifth
Edition [14], significant medical illness potentially limiting lifespan, major psychiatric
disorders, history of head trauma/neurodegenerative illness, documented learning disorder,
seizure disorder or other significant neurological illness, less than a 6t grade education,
substance abuse in the last year, major cardiac disease, chronic medical illness thought to
induce encephalopathy. Participants were screened for dementia over the phone using the
Telephone Interview for Cognitive Status (TICS; [15]) and during an in-person interview
with a neuropsychologist and trained research coordinator assessing comorbidity rating [16],
anxiety, depression, ADLs, neuropsychological functioning, and clock drawing [17]. The
same examiner administered all test items and trained raters scored and double entered
behavioral data. Two neuropsychologists reviewed all baseline data to confirm the absence
of any dementias.
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Digital clock drawing test (dCDT)

Digital clock drawing was obtained using digital pen technology from Anoto, Inc. which
measures pen positioning 75 times/second at a spatial resolution of + 0.002 inches. The
dCDT software was used to classify each pen stroke (e.g., as a clock face, clock hand, digit,
etc.) with over 84% accuracy [18]. The digital pen, which works as a conventional ballpoint
pen, possesses a high spatial resolution making it possible to study minute drawing
elements. Digital variables were scored using Massachusetts Institute of Technology in-
house software. An external rater replayed and deconstructed each drawing to ensure
appropriate scoring. dCDT variables of interest are listed below:

Total Completion Time (TCT)—Total time taken in seconds to complete all elements of
the clock drawing, from first pen-paper contact until completion of the last stroke.

Pre-First-Hand Latency (PFHL)—Time taken between drawing the first clock hand and
the previous stroke.

Post-Clock Face Latency (PCFL)—Time taken between completing the clock face and
setting the first number.

Clock Face Area (CFA)—Computed as the area of a circle (rc/2) using the average radius
of horizontal and vertical radii in millimeters [19].

‘Think’ versus ‘Ink’ Time [5]—Percent ‘ink time’ measures the percent of total time the
pen is in contact with the paper for each test condition. Percent ‘ink time’ was computed as:
(total “ink time’/total time to completion x 100). This variable provides a means to
operationally define time spent drawing while considering individual differences in total
drawing time. Percent ‘think time’ measures the percent of total time the pen is not in
contact with the paper, measured from the completion of the first pen stroke to the beginning
of the last pen stroke. Percent ‘think time’ time was computed as: (1 — percent ink time).
Percent ‘think time’ provides a means to operationally define non-drawing cognitive activity.
These variables allowed us to examine the hypothesis that individuals with MCI have a
longer latency response due to longer decision-making time rather than due to longer motor
output drawing time.

Neuropsychological domains of interest

The neuropsychological measures were chosen based on their respective domain of
cognition [21]. Raw scores for all tests were converted to z-scores using available published
norms. Cognitive domain composites were created by averaging standardized z-scores in the
categories below.

Processing speed

Digit Symbol, Wechsler Adult Intelligence Scale — 3rd edition (WAIS-111)—
Requiring transposition of digits to a corresponding symbol and has been associated with the
integrity of frontal, parietal, and temporal white matter regions [11]. Variable of interest:
total correct in 120 seconds.
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Stroop Color Word Test, Reading condition—Requiring rapid reading of words and
associated with frontostriatal function [20]. Variable of interest: total correct in 45 seconds.

Trail Making Test Part A—Requiring divided attention and visual scanning. Sensitive to
frontal pathology [21]. Variable of interest: total time in seconds.

Working memory

Language

Letter Number Sequencing, WAIS-IIl—Requiring mental manipulation involving
alphabetical and numerical ordering associated with functional activation of bilateral orbital
frontal, dorsolateral prefrontal, and posterior parietal regions. Variable of interest: total
correct sequences.

Digit Span Backward Span, WAIS-IIl—Requiring backward serial order recall and
more challenging for individuals with frontal lesions [22]. Functional imaging [23] and
transcranial magnetic stimulation [24] studies demonstrate right dorsolateral prefrontal
cortex, bilateral inferior parietal regions, anterior cingulate, and medial occipital cortex
involvement suggesting mental visualization strategies [24]. Variable of interest: longest
correct span.

Spatial Span Backward Span, WAIS-IIl—Requiring spatial working memory. Poorer
and more variable performance is observed in participants with right hemisphere lesions and
right temporal lobectomy [25]. The task associates with involvement of bilateral parietal
regions (Brodmann Area (BA) 6, BA7) and frontal regions (BA44, BA45, BA47, BA9), and
increased activation in the left dorsolateral prefrontal cortex as test difficulty increases [26].
Variable of interest: longest correct span.

Boston Naming Test—Confrontation naming test relying heavily on semantic knowledge
[27]. Variable of interest: total correct/60 items.

Controlled Oral Word Association (Animal) Test—Requires rapid semantic word
production. Associated with bilateral grey matter volume in the medial perirhinal cortex and
entorhinal cortex/hippocampal head and also associates with fractional anisotropy values in
the left anterior inferior longitudinal fasciculus [28]. Variable of interest: total correct in 60
seconds.

Declarative memory

Logical Memory Story I, I, Wechsler Memory Scale, third edition (WMS-III)—
Requiring episodic memory and performance is associated with left subiculum and
hippocampal volume [29] Decreased performance, particularly immediate recall, is observed
in temporal lobe resection patients [30]. Variable of interest: total delay recall.

Hopkins Verbal Learning Test, Revised (HVLT-R)—List learning, delayed recall.
Bilateral hippocampal volume associates with Delay Recall and Recognition Discrimination
performance in non-demented older adults [31]. Delay Recall associates with hippocampal
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volume and mean diffusivity of the cingulum and fornix in AD and MCI samples [32].
Variable of interest: total words recalled.

MCI classification

MCI was defined using the comprehensive criteria suggested by Jak and colleagues [33]
using age-adjusted normative data. Individuals met classification for single domain MCI
when at least two measures within one cognitive domain fell below one standard deviation
using normative data. Individuals met classification for multi-domain MCI when at least two
measures involving more than one cognitive domain fell below one standard deviation
relative to normative means and standard deviations.

Covariates of interest

We considered age since increasing age affects motor and processing speed performance as
well as reasoning and memory abilities [34]. We also considered anxiety which correlates
highly with processing speed [35], and depression given its association with psychomator
slowing in older adults [36] resulting in slower clock drawing time [37]. We considered how
situational (State) and dispositional (Trait) anxiety, and depression symptoms (BDI-I1) may
affect dCDT performance. Premorbid cognitive reserve, which refers to the brain’s ability to
offset pathological attacks by relying on previously acquired skills to maintain cognitive
functioning [38] was also considered and operationalized as a composite encompassing:
word reading ability using either Wide Range Achievement Test (WRAT; 7= 145) or
Wechsler Test of Adult Reading (WTAR; n=57), vocabulary knowledge, and years of
education; all considered estimates of premorbid intelligence [39].

Statistical analyses

Statistical analyses were performed using SPSS v.25 with significance set at p<0.05.
Covariates were analyzed using Spearman correlations between dCDT variables and
participant demographics. Normality was achieved via square root transformation. MCI and
non-MCI groups were compared using independent samples #test for continuous
demographic variables, and with Chi-Square test for categorical variables. Groups were also
compared on clock face accuracy, measured by the amount of deviation from a perfectly
circular clock face, calculated using the ellipse residual provided by the dCDT scoring
program. To address the first aim, we conducted partial correlations between dCDT variables
and neuropsychological domains on the whole sample controlling for age and premorbid
cognitive reserve and correcting for multiple comparisons. We addressed the second aim
using separate Multivariate Analysis of Covariance (MANCOVA) for both clock drawing
conditions given the number of dependent variables, the multicollinearity amongst them, and
to limit the number of statistical analyses performed. We compared groups on %Think time
across both clock drawing conditions using a repeated measures ANOVA.

RESULTS

Participants

Two hundred and four participants completed baseline neuropsychological assessment and
dCDT. Two participants were excluded based on concerns for learning disorder, thus
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retaining data from 202 participants. Table 1 illustrates demographic characteristics for the
entire sample and the MCI and non-MCI groups. Age correlated with slower TCT in both
dCDT conditions; premorbid cognitive reserve inversely associated with command TCT and
CFA in both dCDT conditions. Correlations between dCDT variables and measures of
anxiety and depression were not significant (Table 2).

dCDT variables and neuropsychological composites

Total Completion Time—In the command condition, slower TCT was associated with
slower performance on tests measuring processing speed (r=-0.284, p < 0.001), and worse
performance on language (r=-0.201, p = 0.005), working memory (r= —0.240, p=0.001),
and declarative memory (r=-0.241, p < 0.001) measures. In the copy condition, a moderate
and negative correlation was found between TCT and processing speed (r=-0.315, p<
0.001), while a weaker negative correlation was found between TCT and working memory (r
=-0.140, p=0.049). TCT remained negatively correlated with processing speed in both
conditions after correcting for multiple comparisons. A follow up linear regression revealed
that processing speed p = -0.172, t(-2.259), p = 0.025 and declarative memory = -0.152,
t(—2.078), p = 0.039 were significant predictors of command TCT with TCT accounting for
21.3% of the variance (Fig. 1).

Pre-First-Hand Latency—In the command condition, PFHL was negatively correlated
with working memory (r=-0.148, p=0.039). In the copy condition PFHL was and
negatively correlated with processing speed (r=-0.180, p= 0.011). Effect sizes were small
and were not present after correcting for multiple comparisons.

Post-Clock Face Latency—In both conditions, negative correlations were found with
small effect sizes between PCFL and processing speed (command: r=-0.161, p=0.023;
copy: r=-0.163, p=0.022); these relationships were not present after correcting for
multiple comparisons correction.

Graphomotor variable: Clock Face Area—In the copy, but not in the command
condition, a negative correlation was found between CFA and language (command: r=
-0.079, p=0.278; copy: r=-0.200, p= 0.006) with small effect sizes. The relationship was
not significant after multiple comparisons correction. CFA accuracy did not correlate with
cognitive domains.

MCI and dCDT performance

Of the final sample (7= 202), 171 participants were cognitively well (non-MCI), while 31
met criteria for MCI [33] (15 amnestic MCI: 7 single-domain, 8 multi-domain; 16 non-
amnestic MCI: 12 single-domain, 4 multi-domain). Groups differed on race as Non-Hispanic
Whites were over represented in the MCI group (Table 1). Also, the MCI group was
significantly less educated, had lower premorbid cognitive reserve, and scored lower on the
TICS. Since slower time to completion is a ubiquitous cognitive aging phenomenon [34],
therefore, our models included age as a covariate (Table 1). The homogeneity of variance-
covariance assumption was met for the command (Box’s M value = 20.218, p= 0.04) and
copy (Box’s M value = 20.019, p=0.04).
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Latency variables

Command—Overall multivariate omnibus was significant [Wilk’s Lambda = 0.938,
F(4,185) = 3.050, p = 0.018]. Univariate analyses of MCI status on dCDT metrics indicated
a significant difference in TCT, with the MCI group demonstrating slower total time to
completion F(1,188) = 6.281, p= 0.013, 77 = 0.032 (Fig. 2).

Copy—Overall multivariate omnibus was non-significant [Wilk’s Lambda = 0.963,
F(4,192) = 1.852, p=0.121]. Univariate analyses suggest an effect of MCI status on PFHL
F(1,195) = 5.211, p= 0.024, 77 = 0.026, where the MCI group was slower to draw the first
clock hand. We found no significant differences on TCT, and PCFL. Given the non-
significant multivariate omnibus, univariate statistics for the copy condition should be
interpreted with caution.

Graphomotor variable

Command: Univariate analyses show the MCI group produced smaller clocks F(1,188) =
4.501, p=0.035, 77 = 0.023. Groups did not significantly differ in CFA ellipse residual
suggesting similar clock face circle accuracy across groups (Fig. 2).

Copy: No significant differences were found between groups.

The repeated measures analysis of %Think time across conditions, revealed participants
spent on average more time “thinking’ in the command relative to the copy condition
[command %Think M= 0.55, SD = 0.82; copy %Think M=0.52, SD = 0.83]; F(1,199) =
27.305, p< 0.001, 7% = 0.121. Trending strongly towards significance, there was a group by
condition interaction such that the MCI group spent more time “ thinking’ in the command
relative to the copy condition F(1,199) = 3.556, p= 0.061, 77 = 0.018. The MCI group spent
on average 9 seconds longer ‘ thinking’ in the command than copy condition, while the non-
MCI spent 4 seconds longer *thinking’ in the command versus copy.

DISCUSSION

The current research sought to augment our understanding of neuropsychological domains
associated with specific clock drawing behavior, and to assess between-group differences
comparing MCI to non-MCI adults age 60 and older. Among the important findings obtained
in the current research were the differential relationships that appear to underlie TCT to
command versus copy as related to traditional neuropsychological test performance. For
example, TCT in the command condition with hands to “10 after 11” was significantly
associated with multiple cognitive domains (i.e., processing speed, working memory,
language, and declarative memory). Broadly speaking this finding is consistent with prior
research described by Cosentino and colleagues [3] and Libon and colleagues [40]
suggesting that a wide array of neuropsychological abilities must be properly coordinated in
order to achieve maximum command test performance.

Command TCT most certainly has a foundational speed component; however, other
cognitive operations are also necessary for optimal performance. For example, TCT in the
command condition requires several subordinate cognitive operations involving graphomotor
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and non-motor behavior. Thus, slower PCFL (non-motor behavior) was associated with
slower processing speed performance, a skill that is well known to be reduced with age [36].
These findings also suggest that slower TCT may indicate emergent degraded frontostriatal
integrity beyond age and premorbid cognitive reserve. This is consistent with neuroimaging
findings that myelination of white matter tracts predicts variability in processing speed
performance. Indeed, dCDT TCT has also been observed to increase with age [41] and to be
associated with decreased estimated myelin content involving white matter tracts [42]. Thus,
digitally obtained latency variables such as TCT and PCFL may provide a quick and
efficient indication of white matter integrity as related to proper frontal systems operations.
In the command condition, cognitive domain correlates to PFHL were specifically related to
working memory and the ability to disambiguate the syntactically complex proposition to set
the clock hands for “10 after 11°. More effortful disambiguation of this syntactic proposition,
reflected by a slower PFHL, may be indicative of greater working memory resources needed
to achieve correct hand placement.

Another important finding in the current research were the more restricted relationships
between TCT in the copy test condition involving only processing speed and working
memory. This differential pattern of behavior seen in the current research is, again,
consistent with prior research [3, 40] to the extent that clock drawing to command calls upon
diverse cognitive operations whereas the domains associated with clock drawing to copy are
more restricted, i.e., related to processing speed and working memory.

Though no significant relationship was identified between cognitive domains and clock face
area to command, language was identified as an important underlying cognitive construct for
clock face size in the copy condition, such that smaller clocks were observed in individuals
with poorer performance on language abilities. Although these findings need to be further
explored, smaller clocks may reflect relationships between semantics and planning
appropriately sized clock face necessary for accurate number placement. Future research
should examine how clock face area foretells number anchoring and spatial planning of
numbers in MCI and individuals with dementia such as AD.

Indeed, the second goal of the current research was to assess for between-group differences
in MCI and non-MCI peers. In the command test condition, MCI participants took longer to
draw their clocks and were more likely to draw smaller clocks relative to non-MCI peers.
Between-group differences were also found in percent ‘think time’, In the command test
condition, the MCI group required 10 seconds longer on average to draw their clock from
memory suggesting that differences between persons with and without MCI may lie in
marshalling and coordinating necessary cognitive resources rather than in gross drawing
errors. Although our entire sample spent more time ‘thinking’than ‘inking’ (i.e., drawing),
the MCI group displayed a larger discrepancy in %Think time between command and copy
than non-MCI peers. Furthermore, individuals with MCI displayed more planning rather
than conceptual deficits [43]; a phenomenon observed in Huntington’s disease patients who
generally draw smaller clocks and exhibit planning deficits in laying out numbers [41].

Chiu and colleagues [42] observed that participants with early dementia also draw smaller
circles relative to individuals with AD and healthy controls, a phenomenon that was
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interpreted as constructional difficulties. Consistent with this literature, our findings show
that in the command condition MCI participants draw significantly smaller clock faces (on
average 526.61 mm?2, or 18% smaller). Although our MCI group consisted of different
subtypes, some degree of executive functioning deficit is present in many MCI subtypes
[44]. Smaller clock faces produced by the MCI group may, perhaps, indicate disruptions in
frontostriatal and frontoparietal circuitry engendering executive dysfunctions above and
beyond the product of cognitive aging. Our findings add to the existing literature
documenting the advantage of incorporating digital technology into more traditional
neuropsychological paradigms to capture nuanced behaviors, understand normal aging, and
to detect early signs of cognitive deficits seen in MCI populations.

The current research study is not without limitations. First, our sample was primarily
composed of well-educated non-Hispanic White older adults. Attempts to explore how
ethnoracial and educational differences affected our results were not appropriate given the
low representation of underrepresented groups in our study. Future studies exploring the
underlying cognitive mechanisms involved in dCDT need to incorporate racial, ethnic, and
educational diversity. Second, given the known contributions of cardiovascular disease risk
on cognition, future investigations should consider its implications in clock drawing. Third,
our MCI sample was small, limiting statistical power. While the overall multivariate
omnibus test for the copy condition was nonsignificant, univariate analyses suggests that
PFHL differed between groups. Thus, MCI group analyses may have been too underpowered
to detect meaningful differences in the copy condition. Given the small MCI sample, we did
not investigate differences across MCI subtypes. This should be considered in future studies.
The MCI group was less educated, likely playing a role in premorbid cognitive reserve
group differences, therefore, we controlled for it statistically. Finally, we used published
normative references for creation of standardized cognitive composites. This is a limitation
in that some of the published test norms come from different cohorts and may contain
internal variance which we could not control for in our final analyses.

Nonetheless, the current research is notable for several strengths. First, a comprehensive
neuropsychological protocol was used to characterize a large group of non-demented
individuals. Second, our MCI group was classified according to rigorous published criteria
that have been well validated through imaging and pathology reports [33]. Third, we
considered covariates of accuracy in our analyses. Overall, digital clock drawing technology
offers precise capture and scoring of latency, graphomotor output, and other
neuropsychological behavior associated with specific neuropsychological constructs within a
single task. Detecting and accurately quantifying nuanced behaviors within a single task
provides clinically relevant information for differentiating healthy older adults from those
with cognitive impairment.

In sum, future studies should expand upon our findings and investigate digital clock drawing
variables relative to traditional neuropsychology measures in ethnoracially and educationally
diverse samples and in the context of comorbid health conditions. Evaluating the utility of
digital variables in identifying MCI subtypes may help to elucidate the underlying
neurobiological mechanisms of clock drawing behaviors in older adults. Systematically
quantifying objective measurements of size, angle, latency, and spacing between clock

J Alzheimers Dis. Author manuscript; available in PMC 2020 May 13.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Dion et al. Page 11
elements may be clinically useful in detecting subtle cognitive changes occurring in early
stages of a disease process helping to differentiate between disease states. Finally, these
research findings should be examined with other digital clock drawing platforms so that the
scientific findings are not constrained to specific digital technology companies.
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