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The Mini Mental State Examination (MMSE), Montreal Cognitive Assessment (MoCA), and Frontal 
Assessment Battery are screening tests for dementia. The go/no-go task offers an alternative approach 
for evaluating dementia patients. However, its role in screening for dementia remains unclear. We 
aimed to explore the feasibility of using the go/no-go task as a screening test for dementia via a cross-
sectional design. Twenty-four Japanese individuals were evaluated using the go/no-go task, the MMSE, 
and the MoCA. The total MMSE and MoCA scores were correlated with the total number of errors in the 
go/no-go task (r=-0.699, p < 0.01; r=-0.756, p < 0.01). Moreover, When the MoCA cutoff value was 25 
for MCI, the optimal cutoff score for the total number of error in the go/no-go task to detect MCI was 
2, with an Area Under curve (AUC) of 0.98, a sensitivity of 0.94. When the MMSE cutoff value was 27 
for MCI, the optimal cutoff score for the total number of error in the go/no-go task to detect MCI was 
6, with an AUC of 0.89, a sensitivity of 0.76, showed respectively values close to 1. The go/no-go task is 
possible a practical screening test for dementia.
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The prevalence of noncommunicable diseases, including dementia, is increasing in an ageing society. In 2017, 
there were 35.6 million people with dementia worldwide, which is expected to double by 2030 and more than 
triple by 20501. All individuals have the potential to develop dementia and can progress from a healthy mental 
state to mild cognitive impairment (MCI) and dementia2–4.

Dementia is a disease of the brain that is usually characterized by progressive global deterioration in intellect, 
including memory, learning, orientation, language, comprehension, and judgement. Dementia is associated with 
multiple underlying brain pathologies, including Alzheimer’s disease (AD), vascular dementia, dementia with 
Lewy bodies, and frontotemporal dementia. The boundaries between these subtypes are unclear, and mixed 
dementia may be the norm5.

Diabetes, high blood pressure, heart disease, current smoking status, and arteriosclerosis are possible risk 
factors for Alzheimer’s disease6–10.

However, fundamental treatments and preventive drugs for AD are still being developed2,11–14. MCI is an 
intermediate stage between a healthy mental state and dementia2,3. The annual rate of MCI progression to 
dementia ranges from 10–30%15. However, it has been reported that recovery from MCI is possible through 
improvements in cognitive abilities16–18. For example, multicomponent exercise improves cognitive function 
in individuals with MCI19. Therefore, since early intervention in individuals with MCI plays an important role, 
there is a need for a dementia screening test to distinguish among healthy individuals, individuals with MCI, 
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and patients with dementia. The Mini-Mental State Examination (MMSE) is a screening test for dementia that 
examines cognitive aspects of mental function and is a scored form in which participants answer questions that 
assess mood and unusual mental experiences20. However, it has been reported that age and years of education 
affect MMSE test scores21,22, resulting in lower sensitivity for assessing MCI and dementia23–25. The Montreal 
Cognitive Assessment (MoCA) was developed as a screening test for dementia to improve these conditions26. 
The MoCA, like the MMSE, is administered in a format in which participants answer questions on paper; 
however, the go/no-go task can be performed in a game-like manner27. The go/no-go task is part of the Frontal 
Assessment Battery (FAB), a screening test for dementia28,29. However, the FAS go/no-go inhibitory control task 
involves randomly repeating the task five times: when the examiner claps his hands once with both hands, the 
participant claps once; and when the examiner claps twice, the participant claps twice. This task is inconsistent 
with the go/no-go task in this study. Previous studies have reported that people with Alzheimer’s disease and 
dementia have slower reaction times and commit more errors than healthy subjects30,31. However, it is unclear 
whether the go/no-go task alone can be used as a screening test for dementia. The utility of the MoCA has been 
investigated by comparing it with the MMSE. Therefore, we aimed to clarify the possibility that the go/no-go 
task can be used as a screening test for dementia by comparing the MMSE and MoCA scores with the scores of 
the go/no-go task.

Methods
Participants
Twenty-four Japanese people were included as participants. Eighteen participants from a specific elderly nursing 
home, aged 86.8 ± 5.7 years (mean, standard deviation [SD]), including two men aged 87 ± 7 years (Education 
history: 1, Junior high school; 1, college) and 16 women aged 86.8 ± 5.5 years (Education history: 2, Junior 
high school; 13, high school; 1, college), were included. To confirm the reliability of the MMES, MoCA, and 
go/no-go tasks, six healthy participants from the hospital, aged 32 ± 11.3 years, also participated. Three males 
were 24.7 ± 3.1 years old (Education history: 3, college), and three females were 39.3 ± 11.8 years old (Education 
history: 1, high school; 2, college) (Table 1).

All participants completed the MMSE, MoCA, and go/no-go tasks as dementia screening tests over two 
weeks at a nursing home in Numazu, Japan (Fig. 1).

Participants were excluded if, at the discretion of the attending physician at the clinic co-located with the 
nursing home, they were excluded if they were unable to walk indoors without assistance for at least 3 min, had 
neurological disorders (e.g., Parkinson’s or Huntington’s disease), had undergone orthopaedic surgery within the 
last two years, had a history of stroke or psychiatric disorders, or were unable to understand the instructions. 
Three participants had a history of suspected AD; however, none had severe MMSE scores below 10, except for 
one with a MoCA score below 10.

All individuals voluntarily participated in this study and were not adversely affected by nonparticipation. 
Even after agreeing to participate, they could withdraw from the study at any time. We ensured that all personal 
and medical information was anonymized.

All participants were informed about the potential experimental risks and informed consent was obtained 
according to the policies for human participants at Shinshu University. Written informed consent was obtained 
in accordance with the policies for human participants at Shinshu University and in accordance with the 
Declaration of Helsinki. The Ethics Committee of Shinshu University approved the study protocol (IRB-2018-
209, 25/06/2018).

Go/no-go task
The go/no-go task used in this study was developed by Masaki and Moriyama27 based on Luria’s32 experiments 
on higher-order neural activity. The go/no-go task lasted 8 to 10 min and involved three experimental stages: (1) 
formation, (2) differentiation, and (3) reverse differentiation. In a standardized pre-task training session during 
the formation stage, a red light was presented to the participants, and the participants were instructed to grasp 
the rubber ball in response to that light. Then, the formation stage started, and the participants grasped a rubber 
ball in response to a red light. This stage comprised five trials. In a standardized pre-task training session during 
the differentiation stage for the participants, a red light was presented, and the participants were instructed to 
grasp the rubber ball in response to that light; moreover, they were told that if a yellow light was presented, they 
should not grasp the rubber ball. After the differentiation stage started, the participants grasped the rubber 
ball in response to a red light but not in response to a yellow light. In a standardized pre-task training session 

Number Age Range

Participants from a special elderly nursing home 18 86.8 ± 5.7 73–96

Male 2 87 ± 7.0 80–94

Female 16 86.8 ± 5.5 73–96

Participants from the hospital 6 32 ± 11.3 22–54

Male 3 24.7 ± 3.1 22–29

Female 3 39.3 ± 11.8 25–54

Total 24 73.1 ± 25.4 22–96

Table 1. Participant characteristics. Data of age are presented as mean ± standard deviation (SD).
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during the reverse differentiation stage for the participants, a yellow light was presented, and the participants 
were instructed to grasp the rubber ball in response; however, a red light was presented, and the participants 
were instructed to not grasp the rubber ball in response. Then, the reverse differentiation stage started, with 
the participants grasping a rubber ball in response to a yellow light but not in response to a red light. In each 
stage of differentiation and reverse differentiation, participants completed 20 trials. Red and yellow lights were 
randomly displayed ten times each. The participants were repeatedly trained until they mastered the task in 

Fig. 1. Screening test implementation method.
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standardized pre-task training sessions and attending less than five training sessions was deemed insufficient 
for the experiment.

The stimulus duration was 200–1100 ms, and the interstimulus interval was 1300–7500 ms. Device 
calibration, environmental conditions, response time measurements and ensuring reproducibility of those times 
on the basis of the task setting for the go/no-go task were conducted following the research methods of Masaki 
and Moriyama [27].

In this article, an incorrect response is referred to as a “miss” when participants did not grasp the rubber ball 
when they should have (rubber ball pressure must be less than 3 mmHg). An incorrect response is referred to as 
a “mistake” when participants grasped the rubber ball when they should not have (rubber ball pressure must be 
3 mmHg or more). Furthermore, the term “error” refers to the total number of misses and mistakes.

MMSE
The MMSE is a 30-point, paper-based test with a set of questions developed by Folstein et al.20 in 1975 for the 
diagnosis of dementia and takes 6 to 10 min to complete. The MMSE evaluation items included the following: 
① time orientation (5 points), ② place orientation (5 points), ③ immediate recall (3 points), ④ attention and 
numeracy (5 points), ⑤ delayed recall (3 points), ⑥ object name (2 points), ⑦ reading/repetition (1 point), ⑧ 
language comprehension (3 points), ⑨ sentence comprehension (1 point), ⑩ sentence structure (1 point), and 
⑪ graphical ability (1 point). A score of 30 − 28 is considered normal, 27 − 24 indicates mild dementia, and 23 
or less indicates dementia.

MoCA
The MoCA is a 30-point test with a set of questions developed by Nasreddine et al.26. in 2005, and the test takes 
approximately 10 min to complete. The MoCA evaluation items included the following: ① visuospatial/executive 
function (5 points), ② naming (3 points), ③ memory (0 points), ④ attention (6 points), ⑤ language (3 points), ⑥ 
abstract concepts (2 points), ⑦ delayed recall (5 points) and ⑧ orientation (6 points), with 1 point added if the 
number of years of education is 12 years or less. A score of 30 − 26 is considered normal, 25 − 18 indicates mild 
dementia, and 17 − 10 indicates dementia.

Statistical analysis
The correlation coefficients between the go/no-go task score and the MMSE and MoCA scores were calculated for 
all participants. MMSE and MoCA scores were evaluated for normality separately and assessed using the Pearson 
correlation coefficient or nonparametric Spearman test. Statistical significance was set at p < 0.05. In addition, 
the MoCA cut-off score for MCI was 2526,33 and the MMSE cut-off score was 2734,35, which was assessed using a 
receiver operating characteristic (ROC) curve for the cut-off score of the go/no-go task. Statistical analyses were 
performed using SPSS Statistical Version 26.

Results
Correlations between MMSE scores and go/no-go task scores
Table 2 summarizes the correlation between MMSE scores and go/no-go task scores. We removed MMSE items 
③ immediate recall, ⑨ sentence comprehension, and ⑪ graphical ability because all the answers were correct. 
Some MMSE items had correlation coefficients with go/no-go task items higher than 0.4 and had significant 
correlations with five or more items.

MMSE

Orientation of date Orientation of place Delayed recall task Total score

The go/no-go task

 Response

  Formation response time − 0.71** − 0.54* − 0.67** − 0.86**

  Differentiation response time − 0.34 − 0.45* − 0.39 − 0.56**

  Reverse differentiation response time − 0.21 − 0.14 0.07 − 0.49*

  Mean response time − 0.57** − 0.53* − 0.47* − 0.77**

 Times

  Formation misses − 0.39 − 0.28 − 0.30 − 0.57**

  Differentiation misses − 0.57** − 0.33 − 0.48* − 0.58**

  Reverse differentiation misses − 0.69** − 0.45* − 0.50* − 0.73**

  Total misses − 0.62** − 0.40 − 0.50* − 0.74**

  Differentiation mistakes − 0.08 − 0.35 − 0.008 − 0.12

  Reverse differentiation mistakes − 0.34 − 0.38 0.07 − 0.32

  Total mistakes − 0.25 − 0.44* − 0.01 − 0.28

  Total error − 0.64** − 0.44* − 0.46* − 0.70**

Table 2. Correlations between the MMSE and go/no-go task scores. *Indicates a significant correlation, *: 
p < 0.05, **: p < 0.01. MMSE, Mini Mental State Examination.
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The time orientation score of the MMSE was correlated with the formation response time (r=-0.71, p < 0.01), 
mean response time (r=-0.57, p < 0.01), differentiation misses (r=-0.57, p < 0.01), reverse differentiation misses 
(r=-0.69, p < 0.01), total misses (r=-0.62, p < 0.01), and total error (r=-0.64, p < 0.01) of the go/no-go task. The 
place orientation score was correlated with the formation response time (r=-0.54, p < 0.05), differentiation 
response time (r=-0.45, p < 0.05), mean response time (r=-0.53, p < 0.05), reverse differentiation misses (r=-
0.45, p < 0.05), and total errors (r=-0.44, p < 0.05) of the go/no-go task. The delayed-recall score correlated with 
the formation response time (r=-0.67, p < 0.01), mean response time (r=-0.47, p < 0.05), differentiation misses 
(r=-0.48, p < 0.05), reverse differentiation misses (r=-0.50, p < 0.05), total misses (r=-0.50, p < 0.05), and total 
error (r=-0.46, p < 0.05) in the go/no-go task. The total MMSE score was correlated with the formation response 
time (r=-0.86, p < 0.01), differentiation response time (r=-0.56, p < 0.01), reverse differentiation response time 
(r=-0.49, p < 0.05), mean response time (r=-0.77, p < 0.01), formation misses (r=-0.57, p < 0.01), differentiation 
misses (r=-0.58, p < 0.01), reverse differentiation misses (r=-0.73, p < 0.01), total misses (r=-0.74, p < 0.01), and 
total error (r=-0.70, p < 0.01) in the go/no-go task (Table 2).

Correlations between the MoCA and go/no-go task scores
Table 3 summarizes the correlation between the MoCA and the go/no-go task scores. Some items of the MoCA 
had correlation coefficients greater than 0.4 with go/no-go task items and had significant correlations with five 
or more items.

In the MoCA, the trail making score was correlated with the formation response time (r=-0.58, p < 0.05), 
mean response time (r=-0.63, p < 0.01), reverse differentiation misses (r=-0.42, p < 0.05), total misses (r=-0.42, 
p < 0.05), and total error (r=-0.61, p < 0.01) of the go/no-go task. The digit span score was correlated with the 
formation response time (r=-0.68, p < 0.01), differentiation response time (r=-0.47, p < 0.05), mean response 
time (r=-0.57, p < 0.01), formation misses (r=-0.69, p < 0.01), differentiation misses (r=-0.44, p < 0.05), reverse 
differentiation misses (r=-0.58, p < 0.01), total misses (r=-0.73 p < 0.01), and total error (r=-0.66, p < 0.01) in 
the go/no-go task. The scores on the serial 7s task were correlated with the formation response time (r=-0.76, 
p < 0.01), differentiation response time (r=-0.48, p < 0.05), mean response time (r=-0.75, p < 0.01), total misses 
(r=-0.45, p < 0.05), and total error (r=-0.45, p < 0.05) in the go/no-go task. The abstraction score correlated 
with the formation response time (r=-0.50, p < 0.05), formation misses (r=-0.47, p < 0.05), differentiation misses 
(r=-0.55, p < 0.01), total misses (r=-0.47, p < 0.05), and total error (r=-0.48, p < 0.01) of the go/no-go task. The 
scores for delayed recall of five words was correlated with the formation response time (r=-0.80, p < 0.01), 
differentiation response time (r=-0.56, p < 0.01), mean response time (r=-0.72, p < 0.01), formation misses (r=-
0.70, p < 0.01), differentiation misses (r=-0.75, p < 0.01), reverse differentiation misses (r=-0.75, p < 0.01), total 
misses (r=-0.83, p < 0.01), and total error (r=-0.81, p < 0.01) in the go/no-go task. The orientation score was 
correlated with the formation response time (r=-0.76, p < 0.01), differentiation response time (r=-0.54, p < 0.05), 
mean response time (r=-0.67, p < 0.01), reverse differentiation misses (r=-0.43, p < 0.05), total misses (r=-0.46, 
p < 0.05), differentiation mistakes (r=-0.44, p < 0.05), reverse differentiation mistakes (r=-0.44, p < 0.05), and 
total error (r=-0.45, p < 0.05) in the go/no-go task. The total MoCA score was correlated with the formation 
response time (r=-0.73, p < 0.01), differentiation response time (r=-0.69, p < 0.01), reverse differentiation 
response time (r=-0.54, p < 0.05), mean response time (r=-0.82, p < 0.01), formation misses (r=-0.64, p < 0.01), 
differentiation misses (r=-0.53, p < 0.01), reverse differentiation misses (r=-0.67, p < 0.01), total misses (r=-0.72, 
p < 0.01), differentiation mistakes (r=-0.41, p < 0.05), reverse differentiation mistakes (r=-0.41, p < 0.05), and 
total error (r=-0.76, p < 0.01) of the go/no-go task (Table 3).

MoCA

Trail making Digit span Serial 7’s Abstraction Delayed recall of five words Orientation Total score

The go/no-go task

 Response

  Formation response time − 0.58* − 0.68** − 0.76** − 0.50* − 0.80** − 0.76** − 0.73**

  Differentiation response time − 0.42 − 0.47* − 0.48* − 0.25 − 0.56** − 0.54* − 0.69**

  Reverse differentiation response time − 0.39 − 0.42 − 0.41 − 0.05 − 0.43 − 0.31 − 0.54*

  Mean response time − 0.63** − 0.57** − 0.75** − 0.40 − 0.72** − 0.67** − 0.82**

 Times

  Formation misses − 0.34 − 0.69** − 0.33 − 0.47* − 0.70** − 0.34 − 0.64**

  Differentiation misses − 0.38 − 0.44* − 0.35 − 0.55** − 0.75** − 0.32 − 0.53**

  Reverse differentiation misses − 0.42* − 0.58** − 0.39 − 0.37 − 0.75** − 0.43* − 0.67**

  Total misses − 0.42* − 0.73** − 0.45* − 0.47* − 0.83** − 0.46* − 0.72**

  Differentiation mistakes − 0.29 − 0.24 − 0.33 − 0.32 − 0.27 − 0.44* − 0.41*

  Reverse differentiation mistakes − 0.29 − 0.24 − 0.33 − 0.32 − 0.27 − 0.44* − 0.41*

  Total mistakes − 0.33 − 0.16 − 0.19 − 0.24 − 0.22 − 0.40 − 0.34

  Total error − 0.61** − 0.66** − 0.45* − 0.48* − 0.81** − 0.45* − 0.76**

Table 3. Correlations between the MoCA and go/no-go task scores. *Indicates a significant correlation, *: 
p < 0.05, **: p < 0.01. MoCA, Montreal Cognitive Assessment.
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Correlations between the total scores of the MoCA and MMSE and the go/no-go task
Table 4 summarizes the correlations between the total scores of the MoCA, MMSE, and go/no-go tasks. The 
mean response time of the go/no-go task correlated with the total misses of the go/no-go task (r = 0.56, p < 0.01), 
the total error of the go/no-go task (r = 0.50, p < 0.01), the MMSE total score (r=-0.77, p < 0.01), and the MoCA 
total score (r=-0.82, p < 0.01).

The total number of misses in the go/no-go task was correlated with the total number of errors in the go/
no-go task (r = 0.87, p < 0.01), the total MMSE score (r=-0.74, p < 0.01), and the total MoCA score (r=-0.72, 
p < 0.01). The total number of mistakes in the go/no-go task was correlated with the total number of errors in 
the go/no-go task (r = 0.43, p < 0.01). The total number of errors in the go/no-go task correlated with the MMSE 
(r=-0.70, p < 0.01) and the MoCA total scores (r=-0.76, p < 0.01). The total MMSE score correlated with the total 
MoCA score (r = 0.86, p < 0.01; Table 4).

Receiver operating characteristic (ROC) curves for the go/no-go task from the MoCA and 
MMSE
At a MoCA cut-off value of 25 for MCI, the optimal cut-off score for the total errors in the go/no-go task to detect 
MCI was 2, with an area under the curve (AUC) of 0.98 and a sensitivity of 0.94 (Fig. 2). When the MMSE cut-
off value was 27 for MCI, the optimal cut-off score for the total errors in the go/no-go task to detect MCI was 6, 
with an AUC of 0.89 and a sensitivity of 0.75 (Fig. 3). The AUC and sensitivity values of the go/no-go task for the 
MoCA (0.98, 0.94) and MMSE (0.89, 0.75) were both close to 1.

The results revealed that 9 out of the 12 items in the go/no-go task were significantly correlated, with a 
correlation coefficient of 0.4 or higher for the total MMSE score and 11 items for the total MoCA score. In 
addition, the total error in the go/no-go task was significantly correlated with the MMSE total score (correlation 
coefficient of 0.70) and the MoCA total score (correlation coefficient of 0.76). The AUC and sensitivity values 
of the MoCA (0.98, 0.94) and MMSE (0.89, 0.75) go/no-go tasks based on the ROC curves were both close to 1.

Discussion
This study aimed to investigate the possibility of using the go/no-go task as a screening test for dementia by 
assessing the associations among MMSE scores, MoCA scores and go/no-go task scores. The total MMSE and 
MoCA scores were strongly correlated with the mean reaction time in the go/no-go task.

Murata et al.36. reported a rapid reaction time and a greater number of mistakes in the first stage of the go/
no-go task. Then, the reaction time increased and the number of mistakes decreased substantially with improved 
frontal cortex function. However, this improvement considerably decreased the reaction time and number of 
mistakes in another study36. These findings showed that the improved performance in the go/no-go tasks could 
manifest as good results with a slow reaction time or good results with a fast reaction time, suggesting that 
dementia cannot be detected based only on the reaction time in go/no-go tasks. We intend to determine the 
correlation between rapid and slow reaction times in the go/no-go task and the total scores of the MMSE and 
MoCA in the future.

Delayed recall and the repetition and writing of sentences on the MMSE are significantly correlated with the 
go/no-go task31. We identified a significant correlation between the go/no-go task score and MMSE score.

Previous studies targeting older adults have reported significant associations between low total MoCA scores 
and decreased total brain volume, frontal lobe volume, total hippocampal volume, and atrophy of the third 
ventricle37,38. In addition, low total MMSE scores are significantly associated with hippocampal atrophy and 
white matter hyperintensities39,40. Similarly, hippocampal atrophy has been correlated with decreased MMSE 
and MoCA scores.

Compared to younger adults, older adults exhibit decreased cortical activity in the middle temporal 
gyrus (MTG) and superior temporal gyrus, as well as delayed activation in the MTG, prefrontal cortex, and 
presupplementary motor area, during evaluation via the go/no-go task using magnetoencephalography 

The go/no-go task MMSE MoCA

Mean response time Total misses Total mistakes Total error Total score Total score

The go/no-go task

 Response

  Mean response time –

 Times

  Total misses 0.56** –

  Total mistakes 0.22 0.05 –

  Total error 0.50* 0.87** 0.43* –

 Cognitive function test

  MMSE total score − 0.77** − 0.74** − 0.27 − 0.70** –

  MoCA total score − 0.82** − 0.72** − 0.34 − 0.76** 0.86** –

Table 4. Correlations between the total scores of the MoCA and MMSE and go/no-go task. * Indicates a 
significant correlation, *: p < 0.05, **: p < 0.01. MMSE, Mini Mental State Examination; MoCA, Montreal 
Cognitive Assessment.
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recordings41–43. Furthermore, lower go/no-go task scores are supposedly related to hippocampal atrophy44. 
However, few studies on patients with dementia have performed go/no-go tasks, and the go/no-go task alone 
has not been used to screen for dementia.

In the future, we will assess whether the anatomical evaluation of the MMSE and MoCA scores matches 
that of a go/no-go task in patients with dementia. The advantages of the go/no-go task include an examination 
time of approximately 10 min and the ability to assess a maximum of 50 participants simultaneously. Cognitive 
assessment tests, such as the MoCA and MMSE, were administered to participants by a health care professional 
or trained tester. Participants were required to be tested passively. Therefore, participants may experience a sense 
of mission and responsibility, both for their own benefit and for the well-being of others, motivating them to 
undergo testing. In contrast, go/no-go tasks can be computer-based and performed by the participant alone, 
without requiring an examiner. Go/no-go tasks reduce the burden on the participants and allow the evaluation 
of cognitive functions in a game-like manner.

In the future, we would like to clarify the usefulness of the go/no-go task, which can be widely used for people 
with disabilities and patients with AD who have slight deterioration of the frontal lobe45.

Conclusion.
With the ageing of society, the number of patients with dementia is increasing. The MMSE, MoCA, and go/

no-go tasks are used to detect dementia. However, it is unclear whether the go/no-go task alone can be used as a 
screening test for dementia. The purpose of this study was to clarify the feasibility of using the go/no-go task as a 
screening test for dementia by comparing the MMSE and MoCA scores with the scores of the go/no-go task. The 
results revealed that 9 out of the 12 items in the go/no-go task were significantly correlated, with a correlation 
coefficient of 0.4 or higher for the MMSE total score and 11 items in the MoCA total score. In addition, the total 
error in the go/no-go task was significantly correlated with the MMSE total score (correlation coefficient of 0.70) 

Fig. 2. ROC curves for a go/no-go task from the MoCA.
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and the MoCA total score (correlation coefficient of 0.76). The AUC and sensitivity values of the MoCA (0.98, 
0.94) and MMSE (0.89, 0.75) go/no-go tasks based on the ROC curves were both close to 1. Our results revealed 
that the go/no-go task could be a useful screening test for dementia. Further studies using larger samples are 
warranted to test its feasibility and true performance.

Limitations.
The generalizability of the results is limited owing to the small and homogeneous number of participants. In 

particular, the disproportionate proportions of older and younger people and the effects of age and sex and their 
interactions may have led to bias. Therefore, it is difficult to generalize these results scientifically. It is necessary 
to increase the number of participants and equalize the age and male/female ratio to increase the statistical 
reliability and usefulness of this study. In the future, we must clarify the usefulness of the go/no-go task, which 
can be widely used for people with disabilities and patients with AD who have slight deterioration of the frontal 
lobe.

The go/no-go task does not involve a passive examination requiring participants to respond to questions such 
as the MMSE and MoCA. The task consisted of a test in which participants actively responded to the stimulus 
of the task. According to the study methodology, we could not assess these relationships in participants who 
were unable to complete fewer than five training sessions. A disadvantage of the go/no-go task was its inability 
to assess dementia grades in cases where the participants did not understand the task rules. However, there were 
no such participants in this study, as this situation was only possible for the participants who understood the 
rules. Continued research on these go/no-go tasks and a detailed evaluation of participants’ misses and mistakes, 
as well as the time between stimuli and reactions may be necessary to understand the participants’ level of 
recognition. However, we must consider introducing different difficulty levels to the go/no-go task by adjusting 

Fig. 3. ROC curves for a go/no-go task from the MMSE.
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stimulus timing or complexity. This could allow for a more nuanced understanding of the effects of dementia 
severity on cognitive function and provide deeper insights into the relationship between task performance and 
cognitive decline. Furthermore, we must consider incorporating a brief post-task questionnaire to assess the 
participants’ comprehension.

Data availability
The data that support the findings of this study are not openly available due to reasons of sensitivity and are 
available from the corresponding author upon reasonable request. Data are located in controlled access data 
storage at Shinshu university.
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