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Abstract 
Background: This pilot study aimed to investigate whether pen pressure parameters recorded during the cognitive drawing task 

(TMT-A) reflect motor performance under cognitive load and ascertain their association with cognitive function in older adults. 
Methods: We enrolled 21 participants (mean age, 80.4±4.8 years) who were divided into two groups based on the Japanese version 

of the Mini-Mental State Examination (MMSE-J): the decline group (MMSE-J score ≤ 23, n=16) and maintenance group (MMSE-J 
score ≥ 24, n=5). Pen pressure data were collected during the digital TMT-A using an iPad and Apple Pencil. The average pressure and 
coefficient of variation (CV) of pen pressure were analyzed. The relationship between pen pressure parameters and MMSE-J scores 
was examined using Spearman’s correlation. Receiver operating characteristic (ROC) analysis was performed to assess the screening 
ability of pen pressure parameters. 

Results: The average pen pressure (p = 0.032) was significantly lower, while the CV was higher (p = 0.010) in the decline group 
compared with the maintenance group. The CV of pen pressure was negatively correlated with the MMSE-J scores (rs = –0.535, p = 
0.012), while the average pen pressure showed a weaker, non-significant correlation (rs = 0.423, p = 0.056). ROC analysis revealed 
that the pen pressure CV possessed strong discriminative ability (area under the curve, 0.888). 

Conclusion: Pen pressure fluctuations during digital TMT tasks are associated with cognitive function and may serve as a more 
precise and accessible screening method for cognitive decline. Further research with larger sample populations is needed to confirm 
these findings and explore practical applications in dementia prevention. 

 
Keywords : cognitive function, finger dexterity, MMSE-J, pen pressure, Trail Making Test 

 
 
 

1. Introduction 
Dementia is characterized by cognitive decline arising from 

organic changes in the brain, leading to impairment in daily 
functioning1). Alzheimer’s disease (AD) is a progressive condition 
wherein pathological changes and brain atrophy occur even in the 
early stages2,3). Therefore, early detection and intervention during 
the mild cognitive impairment (MCI) and preclinical stages are 
critical. Studies have demonstrated the efficacy of early 
interventions, such as physical activity4-6), diet and lifestyle 
modifications7-9), and cognitive training10-12). However, screening 

methods for selecting candidates for these interventions typically 
rely on neuropsychological13,14) or physiological15,16) tests, which 
can be time-consuming, resource-intensive, and potentially 
distressing for patients, discouraging participation in cognitive 
decline prevention programs17,18).  

The Trail Making Test (TMT)19) is widely used to assess 
attention or cognitive decline by measuring the execution time20,21). 
In addition to the execution time, qualitative aspects such as the 
number of errors and pen-lifting counts have been evaluated as 
indicators of cognitive decline22). However, the sensitivity of TMT-
based screening measures remains limited, reducing its 
effectiveness in detecting early cognitive impairment23).  

Recent studies have demonstrated a relationship between 
cognitive function and physical performance, such as walking 
speed24,25), stride length26,27), grip strength28), and finger tapping29-31). 
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These findings have increased interest in the assessment of the risk 
of cognitive decline through physical function evaluation or 
combining simple cognitive tests25,32). While promising, these 
assessments often require specialized equipment or a large testing 
space, restricting their accessibility. Thus, a more compact, 
accessible, and accurate screening method is needed. 

To address this limitation, we hypothesized that incorporating 
motor-related elements, such as pen pressure, into TMT-based 
screening could improve its sensitivity. Motor function generally 
declines with cognitive impairment, and performance further 
deteriorates under cognitive load33). Thus, it follows that pen 
pressure parameters recorded during TMT tasks may provide 
additional insight into cognitive function. Although the TMT 
comprises two parts, viz. Part A and Part B, this study focused 
solely on Part A (TMT-A), which involves sequential number 
connection under mild cognitive load, which facilitates 
simultaneous observation of pen movements and pressure 
dynamics. 

This pilot study aimed to examine whether pen pressure 
parameters recorded during a cognitively demanding drawing 
task34,35) reflect motor performance variability under cognitive 
load36), and determine their association with cognitive function. If 
reliable, these parameters could enhance the sensitivity of cognitive 
decline screening and serve as an alternative or complementary 
measure to the conventional TMT execution time. 

 

2. Methods 
This study included 21 participants (mean age, 80.4±4.8 years; 

16 men, 5 women) who visited a driving outpatient rehabilitation 
department at one hospital and provided written informed consent 
for participation. 

Cognitive function was assessed using the Japanese version of 
the Mini-Mental State Examination (MMSE-J)37). Physical 
function was evaluated using the 10-meter walking time and grip 
strength. Mental state was assessed using the five-item Geriatric 
Depression Scale38), and frailty status was determined with the 
Frailty Screening Index39). Additionally, the digital TMT 
measurement was performed, whose validity has been established 
previously40).  

An iPad (12.9 inches; Apple Inc., Cupertino, CA, USA), a 
compatible Apple Pencil (2nd Generation; Apple Inc., CA, USA), 
and software were used to record and coordinate the pen pressure 
data during digital TMT-A measurement. The digital TMT was 
performed using the Just Touch TMT application (Maxell, Japan). 
Although under development and not commercially available, this 
application has been used in previous research, which has 

demonstrated its reliability and validity as a tool for assessing TMT 
performance. “Force” is an attribute of iOS UITouch Touch Type 
defined by iOS (iPadOS 18.5), and was used to capture the pen 
pressure values at a sampling frequency of at least 100 Hz. The 
average pressure and coefficient of variation (CV) of pen pressure 
were calculated. The periods during which the Apple Pencil was 
lifted off the screen (force = 0) were included in the CV calculation.  

Before the digital TMT task, participants completed a practice 
session, where they connected ten target points in sequence to 
ensure that they fully understood the task. The examiner instructed 
participants to hold the Apple Pencil as they would a regular pen 
and to keep the Pencil contact with the screen throughout the task. 
If an error was made, participants were required to return to the 
previous target and resume the task from there. The iPad was 
placed flat on the table during the assessment. The digital TMT trial 
time was automatically measured by the application as the time 
taken to connect all targets from the first to the 25th point. In this 
study, only the TMT-A mode was used from among the TMT-A 
and TMT-B modes available in the software. All participants used 
their dominant (right) hand to complete the task. Hand dominance 
was confirmed verbally prior to the test. 

Participants were divided into two groups based on the MMSE-
J cutoff point: those with MMSE-J scores ≤ 23 were assigned to 
the “decline group” (16 participants), and those with MMSE-J 
scores ≥ 24 to the “maintenance group” (5 participants). 

 
Statistical analysis 
The Mann-Whitney U and Chi-squared tests were used to 

compare the two groups. Spearman’s rank correlation coefficient 
was used to assess the relationship between pen pressure 
parameters (average and CV) and MMSE-J scores. This study 
examined the association between three parameters—TMT-A 
completion time, average pen pressure, and CV of pen pressure—
and the MMSE-J scores. To account for multiple comparisons, 
Bonferroni correction was applied, which yielded an adjusted 
significance threshold of p < 0.017 for these analyses. 

Receiver operating characteristic (ROC) analysis was performed 
to evaluate the screening ability of pen pressure parameters, by 
calculating the area under the curve (AUC), sensitivity, and 
specificity. 

 
This study was conducted in accordance with the Declaration of 

Helsinki and approved by the Taisei-kai Research Ethics 
Committee (permit number 2020-011). Participants provided 
consent to participate in the study by signing the questionnaire.  
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3. Results 
3-1 Comparison between groups 
Age, sex, years of education, physical function, and frailty status 

did not differ significantly between the decline and maintenance 
groups (Table 1). None of the participants with cerebrovascular 
disease had higher brain dysfunction. 

The digital TMT-A time (p = 0.322) and number of errors and 
pen-lifting counts did not differ significantly between the two 
groups. However, the average pen pressure was lower (p = 0.032), 
while the CV of pen pressure was higher (p = 0.010) (Table 1) in 
the decline group. 
 

Table 1. Characteristics of the two groups 
 

MMSE-J≦23(n=16) MMSE-J≧24(n=5) p 
 

n(%) n(%) 
 

Sex (m/f) 11(69)/5(31) 5(100)/0(0) 0.278 
 

Median(IQR) Median(IQR) 
 

Age（year） 80.5(77.5-83.0) 81.0(77.0-84.0) 0.780 

Education（year） 9(9-12) 9(9-14) 0.778 

Comorbidities    

 Cerebrovascular disease 2 2 

0.363 

  Old cerebral infarction 2 0 

  Lacunar infarction 0 1 

  Occipital lobe infarction 0 1 

 Neurodegenerative disease 0 0 

 Orthopedic diseases 2 2 

  Knee osteoarthritis 2 0 

  Ankle fracture 0 1 

  Shoulder fracture 0 1 

Diagnosis related to cognitive impairment    

 Mild cognitive impairment 4 1 

0.885 
 Alzheimer’s disease 4 1 

 Lewy body dementia 1 0 

 Mixed 1 0 

MMSE-J 20(18.5-21) 25(25-27) 0.000* 

10m walking time(sec) 8.9 (7.9-9.1) 8.8(8.2-10.0) 0.680 

Grip strength (kgf) 25(18.5-29.4) 28(26.4-30.9) 0.265 

GDS-5 1(0-2) 1(0-2) 0.798 

FSI 1(0-2) 1(0-2) 0.338 

Digital TMT-A time(sec) 66.9(52.2-88.8) 60(58.1-61.9) 0.322 

Number of errors 0(0-0) 0(0-0) 0.842 

Pen-lifting counts 1(0-4) 0(0-1) 0.275 

Pen pressure 1.5(1.1-1.8) 2.0(1.7-2.3) 0.032* 

Pen pressure CV 0.3(0.2-0.3) 0.2 (0.2-0.2) 0.010* 
CV: coefficient of variation, FSI: Frailty Screening Index, GDS: Geriatric Depression Scale, MMSE-J: the Japanese version of Mini-Mental State Examination, 
TMT: Trail Making Test 
*: p < 0.05 for Mann–Whitney U test 
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3-2 Correlation between cognitive function and pen pressure 
parameters 

Although no significant correlation was apparent between the 
MMSE-J scores and TMT-A completion time, the average pen 
pressure was positively correlated with the MMSE-J score, albeit 
without statistical significance (rs = 0.423; p = 0.056). In contrast, 
the CV of pen pressure showed a significant negative correlation 
with the MMSE-J (rs = –0.535; p = 0.012; Table 2). 

 
3-3 Pen pressure during digital TMT performance 
Figure 1 depicts the temporal changes in pen pressure during 

TMT performance in two representative cases: one participant with 
an MMSE-J score of 18 and another with an MMSE-J score of 27. 
The participant with the MMSE-J score of 18 exhibited large 
fluctuations in pen pressure, whereas the one with a score of 27 
maintained stable pen pressure throughout the task. 

 

3-4 ROC analysis (screening ability) 
ROC analysis was performed to assess the discriminative ability 

of average pen pressure and pen pressure CV using an MMSE-J 
cutoff point of 23/24. The AUC for average pen pressure was 0.825 
(0.617–1.000), and that for the CV of pen pressure was 0.888 
(0.745–1.000), with the latter showing particularly high 
discriminative ability (Table 3; Figure 2). 
 

4. Discussion 
This pilot study demonstrated an association between cognitive 

function and pen pressure parameters during the performance of 
the digital TMT test. Traditionally, neuropsychological or 
physiological tests rely on cognitive function screening. However, 
in the field of dementia prevention, these methods can be time-
consuming and mentally burdensome, leading to a low rate of 
screening implementation. Therefore, there is a demand for simpler 
and less burdensome methods.  

Table 2. Correlation between TMT parameters and MMSE-J 
 

Correlation coefficient P value 

TMT-A time -0.180 0.434 

Average of pen pressure 0.423 0.056 

Pen pressure CV -0.535 0.012* 

CV: coefficient of variation, MMSE-J: the Japanese version of Mini-Mental State Examination, TMT: Trail Making Test 
*: p < 0.017 for Spearman rank correlation coefficient 

 

Figure 1. Pen pressure during TMT performance 

The horizontal axis indicates time progression. TMT: Trail Making Test 



日本認知症予防学会誌  
（ID:e2026-16-003, 2026_07_27） 

 
- 5 - 

In the past, various assessments such as TMT performance 
time21), brief questionnaires41,42), walking function32,43), and fine 
motor skills35) have been proposed for cognitive function screening. 
However, one study found that the TMT performance time alone 
does not provide sufficient screening accuracy23), especially since 
temporarily increasing the task speed can lead to incorrect 
evaluations44). This study focused on pen pressure as a novel aspect 
and demonstrated its potential as an indicator of cognitive function 
by evaluating the “quality” of motor performance associated with 
cognitive function, which may serve as an alternative to the TMT 
performance time. Rather than representing pure fine motor control, 
pen pressure variability during a cognitively loaded task may 
reflect subtle instabilities in motor execution under attentional 
demand. This perspective aligns with existing evidence that 
cognitive impairment affects not only movement speed but also 
movement quality, especially under task load. 

In this study, rather than the digital TMT-A performance time, 
lower average pen pressure and higher pen pressure CV were 
found to be associated with cognitive function. This suggests that 
pen pressure, as an indicator of finger movement quality, may be 
more sensitive to cognitive function than TMT performance time. 
In this study, no significant correlation was observed between the 
MMSE-J scores and TMT-A completion time. One possible 
reason is that most participants in this study had relatively 
preserved cognitive function, and the TMT-A, being a simple 
sequential task, may not be sufficiently sensitive to detect subtle 
differences in performance among individuals with higher MMSE-
J scores. In contrast, pen pressure variability appeared to capture the 
finer aspects of motor instability under cognitive load, which were 
not reflected in the task completion time. However, the conceptual 
interpretation of pen pressure CV warrants careful consideration. 
Because CV was calculated with periods of zero force included, 
this parameter captures two distinct behavioral components: (1) 
physiological fluctuations in pressure during active pen contact, 
reflecting motor control stability; and (2) the frequency and 
duration of pen lifts, reflecting cognitive hesitancy or attentional 
lapses Furthermore, while we explored the relationship between 
pen-lift counts and pen pressure variability, this association 
appeared to be influenced by a few participants who showed 
multiple pen lifts, while most participants exhibited none or only 
one. Therefore, this relationship warrants robust examination in 
future studies with larger sample size. Previous studies have 
demonstrated the relationship between handwriting kinematics and 
cognitive impairment. Qi et al.34) analyzed handwriting 
characteristics in patients with AD and found that writing pressure, 
speed, and stability significantly differed between patients with AD 
and healthy controls. Their findings suggest that handwriting 
kinematic features could be useful for auxiliary screening or even 
early diagnosis of AD. Similarly, Garre-Olmo et al.45) reported that 
kinematic and pressure features of handwriting and drawing tasks 
could distinguish between healthy individuals, those with MCI, and 
patients with AD, highlighting the potential of fine motor 

Table 3. ROC analysis of pen pressure parameters for cognitive decline screening 
 

Cutoff Sensitivity Specificity AUC (95%CI) 

Average of pen pressure 0.688 0.688 0.800 0.825 
(0.617-1.000) 

Pen pressure CV 0.239 0.750 1.000 0.888 
(0.745-1.000) 

AUC: area under the curve, CI: confidence interval, CV: coefficient of variation, ROC: receiver operating characteristic 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. ROC curves for pen pressure parameters in 
cognitive function screening 

ROC: receiver operating characteristic; CV: coefficient of variation 
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assessments as an objective complement to clinical evaluations. 
While the TMT performance time reflects attention and processing 
speed20), temporarily increasing task speed in experimental 
environments may overestimate cognitive function, since 
participants tend to move more quickly in such settings44). In 
contrast, deterioration in fine motor skills, such as finger dexterity, 
is strongly associated with cognitive function46,47), with 
irregularities in writing trajectories and variations in the timing of 
motor transitions influencing performance36). Temporal evaluation 
of pen pressure can facilitate analysis of the “quality of pen 
operation,” which was not captured by traditional TMT time 
measurements, potentially offering a more precise screening 
method. Furthermore, instability in movement33) under cognitive 
load might have influenced the fluctuations in pen pressure during 
digital TMT tasks. Therefore, future studies should conduct 
detailed investigations into the manner in which fluctuations in pen 
pressure during the TMT task are related to the decline in 
performance due to reduced finger dexterity and attentional 
resources. 

This study has some limitations. This research constituted a 
preliminary investigation, with a small sample size, especially the 
maintenance group, resulting in an imbalance between groups. 
This limited and imbalanced sample may have affected the ROC 
analysis—potentially inflating the AUC value and reducing its 
generalizability. Therefore, future studies with a larger sample size 
are necessary to confirm the stability and validity of the screening 
thresholds. In addition, this study could not fully adjust for the 
impact of diagnostic categories or physical function on cognitive 
function. Although there were no differences in diagnosis or 
physical function, the sample size was insufficient for covariate 
adjustment. In addition, only the total MMSE-J scores were 
available, making it difficult to clarify which cognitive domains 
were most associated with pen pressure variability. Future large-
scale studies are needed to examine the disease-specific 
characteristics of the relationship between cognitive domains and 
pen-pressure status and to compare them with other motor 
indicators. Moreover, we did not evaluate upper limb motor 
dysfunction or neurological function (such as muscle rigidity or 
finger tapping tests), nor did we implement a simple line-drawing 
task. Therefore, we were unable to distinguish the effects of motor 
function from those of cognitive load on pen pressure variability. 
Further studies should consider the relationships between pen-tip 
movement and neurological characteristics, and task-related 
cognitive demands. Additionally, the applicability of difficulty-
adjusted tasks, such as the TMT-B, should also be considered. This 
study focused only on TMT-A. Therefore, it is unclear whether pen 

pressure variability reflects cognitive load or general motor 
variability, or how it would change under higher cognitive 
demands such as TMT-B. Future studies should examine pen 
pressure across tasks with different cognitive loads. Furthermore, 
pen pressure values of zero—recorded when the Apple Pencil was 
lifted off the screen—were included in the CV calculation. This 
approach might artificially increase variability because zero-force 
periods do not represent actual pen-contact movements. Future 
studies should consider excluding lift-off periods to determine the 
motor characteristics. The maximum detectable pen pressure of the 
Apple Pencil was rarely reached in our sample; however, we did 
not employ normalization procedures (e.g., dividing by the 
maximum possible force). Future studies should incorporate 
normalization to ensure accurate comparison across participants. 
This study did not assess visual function or medication use. 
Although no participants had documented ophthalmologic 
diseases, unmeasured visual impairments or the effects of drugs 
that influence cognitive or fine motor function may have affected 
performance. Future studies should include visual screening and 
collect detailed medication information to control for these 
potential confounders. 

In conclusion, this study suggests that fluctuations in pen 
pressure during a cognitive drawing task may be associated with 
cognitive function. These findings imply that pen pressure 
variability could serve as a supplementary indicator in cognitive 
screening, potentially enhancing the sensitivity of existing methods. 
Further research is needed to explore the potential for 
implementing this method in dementia prevention settings. 
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