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Introduction: The revised Hopkins Verbal Learning Test-Revised (HVLT-R) and the Brief Visual-Spatial Memory Test-Revised (BVMT-R) are two widely used test involving verbal and visual learning and memory. In the two tests, six different versions are assembled, respectively, to prevent learning effects. Currently, no researchers have compared the six versions of the two tests. Thus, their usefulness in clinical studies requiring multiple follow-ups is limited. In this work, we confirm the equivalence of six HVLT-R and BVMT-R versions.

Methods: 20 people completed all six HVLT-R and BVMT-R versions, while 120 people were randomly assigned to complete one of the six versions of each test. The Intelligence Quotient (IQ) level is measured using the short version of the Wechsler Adult Intelligence test. R4.2.0 is used for statistical analysis. The K-Related sample test (a non-parametric test) is used to observe the differences in test scores among the 20 subjects. The one-way Analysis of Variance (ANOVA) test is utilized to analyze the differences in test scores among the 120 subjects. The scores on different versions are compared using two similar sample tests. The HVLT-R Total Learning, the HVLT-R Delayed Recall, the BVMT-R Total Learning, and the BVMT-R Delayed Recall are indexes for comparison. Version and test scores are used as research factors, while different versions are used as research levels.

Results: The results suggest that HVLT-R and BVMT-R versions 3, 5 and 6 are equally difficult, and relatively easy compared to versions 1, 2 and 4. HVLT-R versions 3, 5, and 6 show good reliability and can be used interchangeably when testing word learning ability or short-term memory; BVMT-R Versions 3, 5, and 6 show acceptable reliability and can be can be used interchangeably.

Discussion: In the study of multiple follow-ups, it is a must to avoid discrepant versions and choose other equivalent versions. The results from this study could be used as a guide for upcoming studies and clinical applications in China.
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1. Introduction

Neurocognitive assessment facilitates early detection of neurocognitive disorder. A fundamental constraint of neurocognitive assessment at the beginning of this century is the lack of consensus on how to evaluate cognition, including in specific cognitive tests and the field of cognitive assessment as a whole. The lack of consistent evaluation makes assessment and diagnosis complicated. This is a serious impediment to treatment, particularly for clinical trials and the use of cognitive drugs. In 2004, the National Institute of Mental Health (NIMH) initiated the MATRICS Consensus Cognitive Battery (MCCB) program, which included a series of consensus meetings with experts from across the country and proposed seven key fields of cognitive disorder in the disease. These key fields are believed to be the most damaged and relevant to the final outcome. They are working memory, attention/vigilance, language acquisition and memory, visual acquisition and memory, reasoning and problem-solving, processing speed, and social cognition (1). Its paramount components include language learning and memory tests in addition to visual learning and memory tests. Impairment in the field of learning and memory is the most common and prominent problem in cross-disease diagnosis. Consequently, the corresponding tests have also undergone substantial development.

Vocabulary Memory is a relatively common measure of language learning and memory used in clinical and research settings (2). There are several standard language learning and memory tests, such as Rey Auditory Verbal Learning Test (RAVLT) and California Verbal Learning Test (CVLT). Despite the fact that these tests have proven valuable in clinical and research settings, they had limitations. Its operation is difficult for patients with severe cognitive impairment. The short, easy-to-use design of HVLT-R was developed. Compared with RAVLT and CVLT, HVLT reduces the types of semantic categories, the number of words and the frequency of recall. Compared with RAVLT and CVLT, HVLT has optimized test structure. HVLT separated the semantically related words from the immediate recall and delayed recall tests and performed them separately in the recognition test. HVLT-R has been shown to evaluate patients with Alzheimer's disease, vascular dementia, and mild cognitive impairment (3).

At the same time, Visuospatial Memory has made great progress in clinical and scientific research. An increasing number of individuals support the use of visual memory tests in the diagnosis of dementia. The visual memory test has been identified as one of the most accurate predictors of the functional outcome of Alzheimer's disease dementia and has been shown to have a higher diagnostic value (4–8).

BVMT-R focuses on assessing cognitive processing speed and verbal and visual memory (9). Several studies, including the assessment of depression (10), multiple sclerosis (11), schizophrenia (12) and bipolar disorder (13) recommend BVMT-R for visual learning and memory assessment. There is evidence that the delayed recall and retention percentage score of BVMT-R can distinguish cognitive impairment between AD patients and those with Lewy bodies dementia, thereby improving the accuracy of diagnosis (14). There is also some support for its application to the assessment of cognitive deficits in Parkinson Dementia (15).

HVLT-R and BVMT-R are designed to be relatively short, easy to operate, and have the same form, so they are often used together. Shi et al. established the Chinese norm of MCCB (16). HVLT-R and BVMT-R have been clinically used in Chinese population. The validity of the tool was tested in schizophrenic patients, which made it a remarkable method for assessing neurocognitive disorder (17).

Chen et al. (18) used the MCCB tool to evaluate the differences in cognitive performance in patients with schizophrenia at different stages. They once again confirmed that cognitive disorder is the core symptom of schizophrenia. The initial phase of a disease is the most indispensable treatment phase all throughout entire course. It is suggested that attention should be paid to the neurocognitive changes of the first-episode patients. Constructive suggestions are given for the early intervention of neurocognitive disorder (18). Zhang et al. (19) conducted a meta-analysis of MCCB tools. Compared with healthy controls, the comprehensive MCCB score and each of the seven cognitive domains in Chinese schizophrenics both demonstrated significant deficiencies. Processing speed and attention had the biggest overall effects, followed by visual learning, working memory, language learning, problem-solving, and social cognition. The effect values of the seven cognitive domains ranged between −0.87 and −1.41. Social cognition shows the least damaged. Some subtests, such as symbol coding, the connection test, and the continuous attention test, are sensitive, which will be useful for the future development of cognitive batteries. In the field of depression, Liang et al. evaluated the psychological properties of the tool in depressed patients and confirmed the brilliant internal consistency and reliability of the MCCB in Chinese patients with MDD (20). In order to verify the psychometric characteristics of MCCB in adolescent patients with MDD, further research was carried out. The conclusion was drawn that MCCB shows excellent psychometric characteristics in adolescent MDD patients (21).

Shi et al. used the first version of two tests in the Chinese norm. The revised Hopkins memory test (HVLT-R) is a word list learning and memory test. It is mainly used for people with neurocognitive disorder. The HVLT-R test consisted of three learning tests, including 12 semantically classified words, followed by a 20-min delayed recall test, ending with a yes/no recognition test. The highest total learning score was 36 and the highest total delayed recall score was 12 (22). The original version of HVLT has been examined in pieces of literature (23). The convergence validity of the two methods was compared. For example, the analysis of standard HVLT and CVLT in a sample of healthy elderly people showed a good correlation between the measurement methods of total word learning (r = 0.74, P = 0.001). However, no consistent relationship was found between insertion or persistent errors in different tasks. These results support HVLT as a measure of learning ability. It also demonstrated the utility of immediate recall in normal elderly individuals. The empirical validity of HVLT-R has also been demonstrated in the studies of ordinary people and neuropsychiatric patients. Construct validity, criterion validity, and discriminant validity of the HVLT-R have been established in two populations with or without neurological disorder (3, 24, 25). The Brief Visual-spatial Memory Test (BVMT-R) is a visual graphic test tool developed by Benedict in recent years. In the current revised BVMT-R, 6 simple graphics (arranged in a 2-by-3 matrix) were visually presented to the subjects in the pamphlet. Three consecutive 10-s experiments were conducted. At the conclusion of each test, the participants must correctly draw as many patterns as possible. After a 25-min delay, they were again asked to draw the exact layout. The recognition test was conducted immediately after the delayed memory test. Recognition and recall were based on the accuracy of immediate recall and recall. For each graph, one for the correct position and one for the correct figure, with a maximum score of 12 per test (26). Due to the similar procedures of the HVLT-R test (e.g., 3 learning tests, 20–25 min delayed recall test, recognition test), there are six alternative forms, and these memory tests are relatively short, which are also suitable for patients with severe disorder. As a result, it is commonly utilized with the HVLT-R test. Among all cognitive tests, the learning and memory tests are the most likely to demonstrate practice effect. They are something we need to pay attention to in our clinical evaluation.



2. Materials and methods


2.1. Research subjects and their inclusion and exclusion criteria

The research subjects were community health ones who were included through recommendation and recruitment information from September 2020 to March 2021. The specific inclusion and exclusion criteria are as follows:

The inclusion criteria of healthy subjects are as follows:

(1) The subjects are between 18 and 65 years old.

(2) The subjects' Wechsler Adult Intelligence Scale−3rd Edition (WAIS-III) scores are >80.

(3) The subjects have signed informed consent.

The exclusion criteria of healthy subjects are as follows:

(1) The subjects currently or previously had any of the following diagnoses:

a. Alcohol and/or substance use disorders,

b. Autism spectrum disorder,

c. Bipolar disorder,

d. Dementia or any other neurodegenerative disease,

e. Learning disabilities,

f. Depressive disorder,

g. Schizophrenia or other mental disorders,

h. Other medical conditions that may affect cognitive function (such as brain tumor, multiple sclerosis, Parkinson's disease, etc.).

(2) The subjects had unstable medical diseases.

(3) The subjects were taking drugs that might affect cognitive function (e.g., glucocorticoidsβ-Receptor blockers, opioid analgesics, central stimulants, etc.).

(4) Subjects consumed alcohol within 8 h of implementation of BVMT-R and HLVT-R tools.

(5) The subjects could not read and understand the informed consent form or self-report questionnaire.



2.2. Research tools
 
2.2.1. General survey

General demographic data: name, gender, age, education, marriage, residence, nationality, smoking, drinking, family history, etc.



2.2.2. Intelligence assessment

Gong and Dai created the Wechsler Adult Intelligence Scale-−3rd Edition (WAIS-III) in 1984 (27). It has been used to assess the overall intelligence level of individuals over the age of 16 in a relatively short period of time. This study primarily assesses knowledge span, learning and acceptance ability, material memory ability, and ability to recognize everyday things, with a maximum original score of 29. The arithmetic test mainly assesses the reasoning ability and active attention ability of mathematical calculation, with a maximum original score of 18. The similarity test mainly assesses logical thinking ability, abstract thinking ability, generalization ability, with a maximum original score of 26. The digital span test mainly assesses attention and short-term memory ability (including forward and backward numbers), with a maximum original score of 22. Then, the four subtests' initial scores are translated into the coarse subscale score in accordance with the age range. In order to calculate the overall scale score, the coarse scores from the four subtests are added, divided by 4, multiplied by 11, and finally converted to an age-appropriate IQ value.




2.3. Study design
 
2.3.1. HVLT-R memory test evaluation

In the HVLT-R test, subjects were asked to speak at a strict two-second rate of one word. In addition, during the operation, we should truthfully record the words answered by the subjects. Instead of asking subjects to put a check mark after the corresponding word. This is because the semantically related approximate answers can reflect the level of semantic memory ability of the subjects, which is convenient for us to analyze after the test. Throughout the test, we did not give any indication of what was right or wrong.

Step 1: Say to the subjects, “next, I'm going to read you a set of words. Please listen carefully, because when I finish reading, I want you to say as many words as you can remember. You can say them in any order. Are you ready?” Read the list at the rate of one word every 2 s. If the subject doesn't automatically start to report the word after the last word is read, say, “OK, now please tell me as many words as you can remember.” You can gently and quickly ask the subjects if they can remember the rest of the words: “Can you remember more?”

Step 2: When the subjects say they can't think of more words, say, “now let's do it again. I'll read you the same set of words. Please listen carefully and say as many words as you can remember. You can say them in any order, including the words you told me for the first time.” Read the list at the rate of one word every 2 s.

Step 3: When the subjects say they can't think of more words, they say, “I'll read this group of words again. Like just now, I want you to say as many words as you can remember. You can say them in any order, including the words you told me for the first time.” When the subjects indicated that they could not think of more words, then record the time in the completion time column of the 3-step test. The delayed test will be done in the next 20 min.



2.3.2. BVMT-R memory test evaluation

BVMT-R Test 1 measures short-term visual memory and attention. Tests 2 and 3 measure learning and long-term visual memory. Therefore, the test was conducted strictly according to the exposure time of the stimulus of 10 s. Delayed recall measures long-term visuospatial memory skills and the ability to retrieve information from long-term memory. The total recall score reflects the overall level of visual memory.

In front of the subjects, place a response sheet and a pencil with an eraser. Before the start of each learning experiment, the subjects' attention should be focused on the manual containing the recall stimulus.

Step 1: I'm going to show you a card with six graphics. I want you to learn these graphics and remember them as much as possible. You only have 10 s to learn the whole list. I'm going to show them here. After that, I put the card about 40 cm away from the subject's eyes, and try to draw every figure exactly where it appears.

Step 2: Good, I'd like to see if you can remember more graphics if you have another chance. I'll show you another 10 s, and this time try to remember as many of these figures as possible, including the last one, and try to draw each figure accurately and put them in the right place.

Step 3: If you get a second chance, I'd like to test your memory by asking you to recall more graphics. I'll demonstrate for another 10 s. This time, try to recall as many of these figures as you can, including the final one. Also, make sure that you accurately depict each figure and place it in its proper location.

The time was recorded in the completion time column of the 3-step test when the subject indicated he or she could not generate any additional graphs. The delayed test will be completed in 25 min.



2.3.3. Sample size estimation

The sample size of healthy subjects refers to the number of subjects included in the test of replica reliability in the HVLT-R and BVMT-R manuals (28, 29). In this work, 20 subjects are recruited to complete all 6 tests of HVLT-R and BVMT-R. The remaining 120 subjects are assigned one of the 6 sets of HVLT-R and BVMT-R by random program numbering method. The 120 and 20 subjects were all from the community and participated voluntarily. All the subjects were community residents from all over the country, but living in Beijing. The subjects' jobs were in all walks of life. Among them, 20 subjects were administered a different version of each test every other week.




2.4. Data management and analysis
 
2.4.1. Data entry and management

Using R4.2.0 to input data, all subjects' general demographic data and cognitive test data are input into the database by two researchers for double entry verification and correction.



2.4.2. Statistical analysis

R4.2.0 is used for statistical analysis. The general data includes age and education level (year), which are continuous variables, thus described by means and standard deviation. Their differences are compared by one-way ANOVA. Gender is a categorical variable, and the χ2 test is used to compare the difference.

Main outcome measures: HVLT-R Total Learning, HVLT-R Delayed Recall, BVMT-R Total Learning, BVMT-R Delayed Recall Total Learning = Trial 1 + Trial 2 + Trial 3. The presented results are rough scores. Version and test scores are used as research factors and different versions are taken as research levels.

Reliability: copy reliability. The difference of test scores between versions of 20 subjects is statistically tested by K-Related sample test in nonparametric test. And the difference of test scores between versions of 120 subjects is tested by one-way ANOVA. Two versions of the test are compared.





3. Results


3.1. General data analysis

According to the proportion of national census data in 2017 (gender: Men 51%, Women 49%), (education level: 39% of junior high school or below, 24% of senior high school, 37% of junior college or above), and (age: 30.1% of 20–35 years old, 25.6% of 36–50 years old, 20.6% of 50–65 years old), 124 healthy volunteers (subjects) are selected voluntarily. Through interview and test, 4 subjects received scores of < 80 in the third edition of the Wechsler Adult Intelligence Test and are excluded. For the remaining 120 subjects, one of the 6 sets of HVLT-R and BVMT-R is chosen by random program numbering. BVMT-R and HVLT-R tests are completed on 120 subjects and analyzed. Among the 120 subjects, the distribution of age, education (years) and gender are similar (Table 1). Among the subjects, 104 are smokers, 16 are non-smokers, 86 are non-drinkers, 25 are occasional drinkers, 9 are non-drinkers, 30 are unmarried, 83 are married, 2 are widowed, and 5 are divorced. Twenty additional individuals who completed all six HVLT-R and BVMT-R tests were included in the analysis. The degree of education (years) follows normal distribution, while the gender and age are not.


TABLE 1 Comparison of general data of 120 healthy subjects.

[image: Table 1]



3.2. Effect of demographic variables on HVLT-R and BVMT-R test scores
 
3.2.1. Gender

There was no significant difference in the Total Learning and the Delayed Recall between HVLT-R and BVMT-R at the level of gender, according to the analysis of the generalized linear model (Table 2). As shown in Figure 1, the total number of HVLT-R and BVMT-R learning and the total number of delay did not increase or decrease significantly for male and female.


TABLE 2 Gender comparison of HVLT-R/BVMT-R total learning and total delay scores.

[image: Table 2]


[image: Figure 1]
FIGURE 1
 (A–D) Relationship between gender and test scores. Authors' own computation.




3.2.2. Education level

Since the primary education in China lasts for 9 years, the < 10 years group represents that the primary education of the subjects has not been completed. Since the secondary education in China is 3 years, the 10–12 years group represents that the subjects have completed their primary education, but not their secondary education. The >12 years group represents the completion of the subjects' secondary education.

Different levels of education showed different mean levels in cognitive tests (Table 3).


TABLE 3 Education level comparison of HVLT-R/BVMT-R total number of learning and total delay scores.

[image: Table 3]

According to the analysis of the generalized linear model (Table 4), there is no statistical difference among the four test education groups, and there is no linear relationship between education level and test scores. However, as shown in Figure 2, by comparing mean (m), standard deviation (SD), regression coefficient (B), and trend graph analysis, Total Learning and delayed recall of HVLT-R and BVMT-R increased with the increase in education level.


TABLE 4 Relationship between education level and test scores.

[image: Table 4]


[image: Figure 2]
FIGURE 2
 (A–D) Relationship between education years and test scores. Authors' own computation.




3.2.3. Age

According to the analysis of generalized linear model, the 18–29 age group show the best overall performance. There is no significant difference between the 30–39 age group and the 18–29 age group. However, there are significant differences in the HVLT-R Total Learning and the Delayed Recall between the 18–29, 30–39, and 50–65 age groups. There are significant differences in the four test variables for HVLT-R and BVMT-R between the 30–39 and 50–65 age groups. Different age groups show different mean levels on cognitive tests (Table 5). From Table 6, the four test variables of HVLT-R and BVMT-R are not significant between 40–49 years old and 50–65 years old. Comparing the mean (m), standard deviation (SD), regression coefficient (B), and trend chart analysis, the total number of learning and delay of HVLT-R and BVMT-R decrease with age (Figure 3).


TABLE 5 Comparison of the total number of HVLT-R/BVMT-R learning and total delay of each age group.

[image: Table 5]


TABLE 6 Relationship between age and test scores.

[image: Table 6]


[image: Figure 3]
FIGURE 3
 (A–D) Relationship between age and test scores. Authors' own computation.





3.3. The scores and differences of HVLT-R and BVMT-R in 120 subjects were compared

Using one-way ANOVA, it is found that there is a significant difference in the total number of HVLT-R (F = 2.673, P = 0.025). Scores on cognitive tests improve with the learning and me mory process (Table 7). From Table 8, there is no significant difference in the other three tests (F = 1.596, P = 0.167); the BVMT-R Total Learning (F = 1.578, P = 0.172); BVMT-R Delayed Recall (F = 1.107, P = 0.361).


TABLE 7 Scores of 6 versions of HVLT-R and BVMT-R in 120 subjects.

[image: Table 7]


TABLE 8 Comparison of differences between groups of HVLT-R and BVMT-R in 120 subjects.

[image: Table 8]



3.4. The Scores and differences of HVLT-R and BVMT-R in 20 subjects
 
3.4.1. The differences between HVLT-R and BVMT-R in 20 subjects were compared

The K-Correlation sample test is used in the non-parametric test to analyze the overall group differences of the 6 versions. Likewise, two correlation sample tests are used to compare afterward. The K-Correlation sample test is used in the non-parametric test to analyze the overall group differences of the 6 versions. Likewise, two correlation sample tests are used to compare afterward. The same group of subjects performed differently in different versions. Similarly, scores on cognitive tests improved over time as learning and memory progressed (Table 9). The results show that there are considerable differences in test scores among different versions (Table 10). The results of the pairwise comparison show that the HVLT-R Delayed Recall is significantly different between form 1 and form 2, 3 and 5 (Table 11). There are noteworthy differences between form 3, form 5, and form 6 (Table 11). The total number of BVMT-R delay in form 2, 3, 5, 6 and form 4, form 1 and form 6 have significant differences (Table 12). There are critical differences in the BVMT-R Total Learning: form 1 and form 3, 5, 6; form 2 and form 4, 5; form 3 and form 4; form 4 and form 5, 6 (Table 12).


TABLE 9 Scores of 6 versions of HVLT-R and BVMT-R in 20 subjects.

[image: Table 9]


TABLE 10 Comparison of differences between the 6 versions of HVLT-R and BVMT-R in 20 subjects.

[image: Table 10]


TABLE 11 Total number of HVLT-R delays/learning in 20 subjects.

[image: Table 11]


TABLE 12 Total number of BVMT-R delays/learning in 20 subjects.

[image: Table 12]





4. Discussion

Six versions of HVLT-R and BVMT-R is evaluated for equivalence. We evaluated the equivalence of the six form versions of the HVLT-R and BVMT-R in the Chinese population. In a previous study of the HVLT-R with a similar design, 432 subjects are randomly assigned a version. There is no difference between versions. 18 subjects complete all six versions of the test and take one version for test every 6 weeks. It is recommended that when the HVLT-R is used as a repetition test, forms 1, 2, and 4 are equivalent and slightly more challenging than forms 3, 5, and 6 (29).

It is also investigated how trustworthy the BVMT-R manual copies are. Another study also examined the equivalence of the six versions of the BVMT-R. One test version is given to 600 subjects at random. It is discovered that the BVMT-R groups do not significantly differ from one another. Every week, 18 subjects complete six different versions of the BVMT-R manual. No significant differences are found (28).

Based on the research evidence in the research manuals of BVMT-R and HVLT-R, we assume that the 6 versions of the 2 tests are equivalent to each other. But in this study, the expected results are not quite the same. The 6 versions of HVLT-R and BVMT-R are not completely equivalent. There is a significant difference in the total number of HVLT-R between the 6 versions of 120 subjects (F = 2.673, P = 0.025). No differences are found in the remaining three indicators, including the HVLT-R Delayed Recall (F = 1.596, P = 0.167), the BVMT-R Total Learning (F = 1.578, P = 0.172) and BVMT-R Delayed Recall (F = 1.107, P = 0.361). There are differences in four indexes among the six versions of 20 subjects, including the HVLT-R Total Learning (χ2= 13.523, P = 0.019), the HVLT-R Delayed Recall (χ2= 14.097, P = 0.015), the total number of BVMT-R studies (χ2= 22.354, P = 0.000) and the BVMT-R Delayed Recall (χ2= 21.490, P = 0.001).

The HVLT-R test do not only evaluate short-term memory skills. At the same time, some test takers struggle to identify the rules of semantic classification in the initial exam, which result in a poor Form1 score. Additionally, the number of words that could be remembered depends on how familiar they are with the words in each version, such as fork and sweet wine in Form2 or canary, uniform, robin, driver, chisel, and other uncommon words in Form4. As a result, the scores of different versions are different. For the BVMT-R test, there are only 10 s to observe the figure time, which is exceptionally sensitive to the instantaneous fluctuation of attention. With the understanding of the test and the increase in concentration, the degree of completion gradually improves, which could account for the low score of Form1. At the same time, the completion of the graph might also be affected by the similarity of the graph. The subjects are unable to provide consistent responses to the questions. In addition, we find that the degree of completion of irregular closed and open graphics in Form2 and Form4 is not high compared with other versions, which is the main reason why we consider the low score of versions. The current research results show that not all versions are equivalent. Versions 1, 2, and 4 of the HVLT-R and BVMT-R were rather difficult, while versions 3, 5, and 6 are relatively simple. The results are more reliable because 20 subjects who complete all 6 sets of tests are more sensitive to the difference in difficulty between versions than 120 subjects who complete one of the 6 sets of tests. We could use it as a very beneficial reference when using the two tests in China.

Age, education and gender usually affect the performance of neuropsychological tests. Although norm data can correct these variables in many tests, little research has been done on the Hopkins Verbal Learning Test-Revised and the short visual-spatial memory test. The HVLT-R manual does not include gender-specific norm data and provides a more detailed description of the specification sample. Among them, women aged 16–92 (75.2%) are the most unbalanced. The gender distribution is most unbalanced among older adults, particularly between the ages of 70 and 79, where 90% of the population consists of women. The HVLT-R manual describes the results of a stepwise multiple regression, which shows that gender has little effect on the variance of all learning and memory scores, but it is statistically significant, accounting for 1.7% of the variance of learning scores. It accounts for 1.4% of the variance of delayed recall scores. Age is responsible for 18.8% of the variance in learning scores, 12.2% of the variance of delayed recall scores. Education level is responsible for 5.1% of the variance of learning scores, and 3.3% of the variance of delayed recall scores. In their standard sample, gender is a significant determinant of the HVLT-R learning and memory, but in comparison to other demographic factors, it has no clinical significance. The common standard is implemented along with the BVMT-R manual's design, which is similar to that of the HVLT-R. Separate norms for men and women are not included in the measure either. In terms of age, the BVMT-R standard sample is rather comparable to the U.S. Census, but it does not offer any descriptive statistics to indicate the distribution of men and women in the sample. After accounting for age, it is stated in the BVMT-R manual. Per the BVMT-R manual, after accounting for age, gender and education do not appear to have much of an impact on test results.

Vanderploeg et al. (30) provided age and gender corrections for the HVLT-R test Form1 in a sample of 394 elderly participants. Consistent with other studies, age is negatively correlated with scores on measures of learning and memory, with where women score higher than men. The authors also examine the impact of education and conclude that it has no appreciable influence on variations in HVLT-R scores. The study still has some flaws despite the fact that the data suggest some new demographic effects. For instance, the sample selection cannot accurately reflect the population as a whole, and the inclusion criteria for these subjects are vague. Low total recall scores are found in the study. Additionally, the delayed recall test includes cues, which could impact the results of the recognition test.

The age and health of 172 elderly people are investigated by Gale et al. As expected, the older the age, the lower the BVMT-R score. And, women tend to perform slightly better than men. These test results appear to be unaffected by education. Although the BVMT-R score in an older cohort is revised in this study, it may be useful. But it has some glaring drawbacks. For instance, only three BVMT-R scores (total score of type-3 learning, delayed recall, and recognition) are modified in this study, whereas clinicians could benefit from the full range of BVMT-R scores. This study only used the BVMT-R test Form4 (e.g., single learning test, retention percentage, false positivity). Low recall scores are also revealed by the study (31). Two other studies report demographic corrections for HVLT-R and BVMT-R (32, 33). But these are in the non-elderly cohort (e.g., 20–65 years old).

The demographic data of this study suggest that: the analysis of the generalized linear model reveals that there is no significant difference in the influence of gender effect across the four tests. In general, men have a better spatial memory than women, while women have a better verbal memory. This study has limitations, regardless of the fact that the difference is not statistically significant. Only the HVLT-R and BVMT scores for learning style and delayed recall are investigated. There was neither a test of recognition nor a percentage of retention.

There was no significant difference in the effect of education level among the four tests. By comparing mean (m), standard deviation (SD), regression coefficient (B), and trend graph analysis, the total number of learning and delay of HVLT-R and BVMT-R has an upward trend with the increase in education level. BVMT-R test is related to the speed of information processing. At the same time, the figure is a cross-cultural and cross-educational level test and reflects the underlying level of neurocognition. It is related to the degree of congenital neural development, and may not have much to do with acquired learning. We conclude that the difference in BVMT-R is statistically insignificant. The HVLT-R test contains relatively simple vocabulary. In China, everyone is required to attend school for 9 years. Therefore, there is no discernible difference in the familiarity with the word list between those with a 9-year education and those with a higher level of education. We believe this is why there is no significant difference in the impact of education level on the HVLT-R test. Because of the small sample size, additional research is required.

In terms of age effect, by comparing the mean (m), standard deviation (SD), regression coefficient (B), and trend chart analysis, the total number of learning and delay of HVLT-R and BVMT-R decrease with the increase of age. The 18–29-year-old group show the best performance, while the 18–29-year-old group has no significant difference with the 30–39-year-old group, and decrease significantly after the 30–39-year-old group. It shows that the memory in the human youth reaches a certain peak, showing a gradual downward trend, and the change is not obvious after middle age. For elderly people over 65 years old, this study has not been included. Whether there will be further decline with aging needs further research.

Research advantages: by providing more options when repeat tests are required, the validation of test version equivalence reduces the exercise effect. The results from this study could be used as a guide for upcoming studies and clinical applications in China.

This study has the following limitations:

(1) The age span is limited to 18–65, without involving children, adolescents and the elderly. And its application in this kind of population needs to be further verified.

(2) The choice of test interval will also affect the stability of the results. Every week, 20 subjects complete six different versions of the BVMT-R and HVLT-R manual. Subjects with a short time interval and better long-term memory may record the words or figures they answered last time in the answer book, causing confusion and failing to get the corresponding score.

(3) There is a lack of delayed recognition test. Due to the limitation of time and energy, this study only conducted learning and delay tests according to the settings in MCCB.

For future research, it can be added to the test of recognition and the consistency between raters. In the majority of clinical and research applications. We need frequency evaluate cognitive improvement in clinical settings. In order to avoid the effect of practice, we typically choose to change the version. when the difference is small, it is impossible to determine whether it is the result of a genuine clinical intervention or a slight difference following the version change. Our future research also needs to take into account: defining criteria for giving partial scores, ensuring that subjects understand the task, standardized instructions, strict time control, and not passing on any information that might influence the response. These can be used to ensure the quality of the test. Delayed recognition tests should be added in future studies. In the future, these issues can be investigated further in terms of statistics and methodology.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding authors.



Ethics statement

The majority of the information created or analyzed during this study is presented and discussed in this article. The Peking University Institute of Mental Health's Ethics Committee reviewed and gave its approval to all studies involving human subjects. The patients/participants provided their written informed consent to participate in this study.



Author contributions

CS and XH conceptualized the article. CS, GC, TY, and XY reviewed articles and collected data. TY ran the analysis. YC formulated the initial version of the article and revised it based on co-authors' comment threads. The article was reviewed and approved by all authors. All authors contributed to the article and approved the submitted version.



Funding

This research was supported by the National Natural Science Foundation of China (Project Numbers: 82071509 and 72110107003), China National Social Science Foundation Project (Project Number: 19BRK025), and National Key Research and Development Program of China (Project Number: 2018YFC1314202).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Marder SR, Fenton W. Measurement and treatment research to improve cognition in Schizophrenia: NIMH MATRICS initiative to support the development of agents for improving cognition in schizophrenia. Schizophr Res. (2004) 72:5–9. doi: 10.1016/j.schres.2004.09.010

 2. Belleville S, Fouquet C, Hudon C, Zomahoun HTV, Croteau J, Disease-Quebec C, et al. Neuropsychological measures that predict progression from mild cognitive impairment to Alzheimer's type dementia in older adults: a systematic review and meta-analysis. Neuropsychol Rev. (2017) 27:328–53. doi: 10.1007/s11065-017-9361-5

 3. de Jager CA, Hogervorst E, Combrinck M, Budge MM. Sensitivity and specificity of neuropsychological tests for mild cognitive impairment, vascular cognitive impairment and Alzheimer's disease. Psychol Med. (2003) 33:1039–50. doi: 10.1017/S0033291703008031

 4. Kane KD, Yochim BP. Construct validity and extended normative data for older adults for the brief Visuospatial memory test, revised. Am J Alzheimers Dis Other Demen. (2014) 29:601–6. doi: 10.1177/1533317514524812

 5. Kasai M, Meguro K, Hashimoto R, Ishizaki J, Yamadori A, Mori E. Non-verbal learning is impaired in very mild Alzheimer's disease (CDR 0.5): normative data from the learning version of the Rey-Osterrieth Complex Figure Test. Psychiatry Clin Neurosci. (2006) 60:139–46. doi: 10.1111/j.1440-1819.2006.01478.x

 6. Kawas CH, Corrada MM, Brookmeyer R, Morrison A, Resnick SM, Zonderman AB, et al. Visual memory predicts Alzheimer's disease more than a decade before diagnosis. Neurology. (2003) 60:1089–93. doi: 10.1212/01.WNL.0000055813.36504.BF

 7. Kessels RP, Rijken S, Joosten-Weyn Banningh LW, Van Schuylenborgh VANEN, Olde Rikkert MG. Categorical spatial memory in patients with mild cognitive impairment and Alzheimer dementia: positional versus object-location recall. J Int Neuropsychol Soc. (2010) 16:200–4. doi: 10.1017/S1355617709990944

 8. Snitz BE, Weissfeld LA, Lopez OL, Kuller LH, Saxton J, Singhabahu DM, et al. Cognitive trajectories associated with β-amyloid deposition in the oldest-old without dementia. Neurology. (2013) 80:1378–84. doi: 10.1212/WNL.0b013e31828c2fc8

 9. Tam JW, Schmitter-Edgecombe M. The role of processing speed in the brief visuospatial memory test–revised. Clin Neuropsychol. (2013) 27:962–72. doi: 10.1080/13854046.2013.797500

 10. Ruihua M, Hua G, Meng Z, Nan C, Panqi L, Sijia L, et al. The relationship between facial expression and cognitive function in patients with depression. Front Psychol. (2021) 12:648346. doi: 10.3389/fpsyg.2021.648346

 11. Nguyen J, Rothman A, Fitzgerald K, Whetstone A, Syc-Mazurek S, Aquino J, et al. Visual pathway measures are associated with neuropsychological function in multiple sclerosis. Curr Eye Res. (2018) 43:941–8. doi: 10.1080/02713683.2018.1459730

 12. Xu C, Sellgren CM, Fatouros-Bergman H, Piehl F, Blennow K, Zetterberg H, et al. CSF levels of synaptosomal-associated protein 25 and synaptotagmin-1 in first-episode psychosis subjects. IBRO Rep. (2020) 8:136–42. doi: 10.1016/j.ibror.2020.04.001

 13. Ishisaka N, Shimano S, Miura T, Motomura K, Horii M, Imanaga H, et al. Neurocognitive profile of euthymic Japanese patients with bipolar disorder. Psychiatry Clin Neurosci. (2017) 71:373–82. doi: 10.1111/pcn.12500

 14. McLaughlin NC, Chang AC, Malloy P. Verbal and nonverbal learning and recall in dementia with lewy bodies and Alzheimer's disease. Appl Neuropsychol Adult. (2012) 19:86–9. doi: 10.1080/09084282.2011.643944

 15. Havlík F, Mana J, Dušek P, Jech R, RuŽička E, Kopeček M, et al. Brief Visuospatial Memory Test-Revised: normative data and clinical utility of learning indices in Parkinson's disease. J Clin Exp Neuropsychol. (2020) 42:1099–110. doi: 10.1080/13803395.2020.1845303

 16. Shi C, Kang L, Yao S, Ma Y, Li T, Liang Y, et al. The MATRICS Consensus Cognitive Battery (MCCB): Co-norming and standardization in China. Schizophr Res. (2015) 169:109–15. doi: 10.1016/j.schres.2015.09.003

 17. Shi C, Kang L, Yao S, Ma Y, Li T, Liang Y, et al. What is the optimal neuropsychological test battery for schizophrenia in China? Schizophr Res. (2019) 208:317–23. doi: 10.1016/j.schres.2019.01.034

 18. Chen S, Liu Y, Liu D, Zhang G, Wu X. The difference of social cognitive and neurocognitive performance between patients with schizophrenia at different stages and influencing factors. Schizophr Res Cogn. (2021) 24:100195. doi: 10.1016/j.scog.2021.100195

 19. Zhang H, Wang Y, Hu Y, Zhu Y, Zhang T, Wang J, et al. Meta-analysis of cognitive function in Chinese first-episode schizophrenia: MATRICS Consensus Cognitive Battery (MCCB) profile of impairment. Gen Psychiatr. (2019) 32:e100043. doi: 10.1136/gpsych-2018-100043

 20. Liang S, Yu W, Ma X, Luo S, Zhang J, Sun X, et al. Psychometric properties of the MATRICS Consensus Cognitive Battery (MCCB) in Chinese patients with major depressive disorder. J Affect Disord. (2020) 265:132–8. doi: 10.1016/j.jad.2020.01.052

 21. Liang S, Xing X, Wang M, Wei D, Tian T, Liu J, et al. The MATRICS consensus cognitive battery: psychometric properties of the chinese version in young patients with major depression disorder. Front Psychiatry. (2021) 12:745486. doi: 10.3389/fpsyt.2021.745486

 22. Belkonen S. Hopkins Verbal Learning Test. Encyclopedia of Clinical Neuropsychology. New York, NY: Springer New York (2011). p. 1264–5. 

 23. Brandt J. The hopkins verbal learning test: development of a new memory test with six equivalent forms. Clin Neuropsychol. (1991) 5:125–42. doi: 10.1080/13854049108403297 

 24. Arango-Lasprilla JC, Rivera D, Garza MT, Saracho CP, Rodríguez W, Rodríguez-Agudelo Y, et al. Hopkins verbal learning test- revised: normative data for the latin American Spanish speaking adult population. NeuroRehabilitation. (2015) 37:699–718. doi: 10.3233/NRE-151286

 25. Lacritz LH, Cullum CM. The hopkins verbal learning test and CVLT: a preliminary comparison. Arch Clin Neuropsychol. (1998) 13:623–8. doi: 10.1093/arclin/13.7.623

 26. Mi-hye C, Yeon-wook K. [image: yes] (Korean-Brief Visuospatial Memory Test) [image: yes][image: yes]. Kor J Clin Psychol. (2010) 29:427–39. doi: 10.15842/kjcp.2010.29.2.005 

 27. Yaoxian G, Xiaoyang D. 韦氏智力量表的简式用法. (1984). 

 28. Benedict RH. Brief Visuospatial Memory Test–Revised. Lutz, FL: PAR (1997). 

 29. Brandt J, Benedict RH. Hopkins verbal learning test–revised: professional manual. Psychol Assess Res. (2001). 

 30. Vanderploeg RD, Schinka JA, Jones T, Small BJ, Graves AB, Mortimer JA. Elderly norms for the Hopkins verbal learning test-revised. Clin Neuropsychol. (2000) 14:318–24. doi: 10.1076/1385-4046(200008)14:3;1-p;ft318

 31. Gale SD, Baxter L, Connor DJ, Herring A, Comer J. Sex differences on the Rey auditory verbal learning test and the brief visuospatial memory test-revised in the elderly: normative data in 172 participants. J Clin Exp Neuropsychol. (2007) 29:561–7. doi: 10.1080/13803390600864760

 32. Cherner M, Suarez P, Lazzaretto D, Fortuny LA, Mindt MR, Dawes S, et al. Demographically corrected norms for the Brief Visuospatial Memory Test-revised and Hopkins Verbal Learning Test-revised in monolingual Spanish speakers from the U.S.-Mexico border region. Arch Clin Neuropsychol. (2007) 22:343–53. doi: 10.1016/j.acn.2007.01.009

 33. Norman MA, Moore DJ, Taylor M, Franklin DJr, Cysique L, Ake C, et al. Demographically corrected norms for African Americans and Caucasians on the Hopkins verbal learning test-revised, brief visuospatial memory test-revised, stroop color and word test, and wisconsin card sorting test 64-card version. J Clin Exp Neuropsychol. (2011) 33:793–804. doi: 10.1080/13803395.2011.559157





OPS/images/fpubh-11-1096397-t007.jpg
HVL

test

The total number of HVLT-R
learning

The total number of HVLT-R
delays

Mean £ SD 6.79 & 1.99 9.03 £ 1.99 9.97 £ 1.76 25.79 £ 5.02 8.89 £2.42
BVMT-R test 1 2 3 The total number of BVMT-R learning The total number of BVMT-R delays
Mean % SD 8.58 £ 2.49 10.85 + 1.69 1147 £1.18 30.89 & 4.44 11.44 £1.30

Authors’ own computation.






OPS/xhtml/Nav.xhtml




Contents





		Cover



		The alternate-form reliability study of six variants of the Brief Visual-Spatial Memory Test-Revised and the Hopkins Verbal Learning Test-Revised



		1. Introduction



		2. Materials and methods



		2.1. Research subjects and their inclusion and exclusion criteria



		2.2. Research tools



		2.2.1. General survey



		2.2.2. Intelligence assessment









		2.3. Study design



		2.3.1. HVLT-R memory test evaluation



		2.3.2. BVMT-R memory test evaluation



		2.3.3. Sample size estimation









		2.4. Data management and analysis



		2.4.1. Data entry and management



		2.4.2. Statistical analysis













		3. Results



		3.1. General data analysis



		3.2. Effect of demographic variables on HVLT-R and BVMT-R test scores



		3.2.1. Gender



		3.2.2. Education level



		3.2.3. Age









		3.3. The scores and differences of HVLT-R and BVMT-R in 120 subjects were compared



		3.4. The Scores and differences of HVLT-R and BVMT-R in 20 subjects



		3.4.1. The differences between HVLT-R and BVMT-R in 20 subjects were compared













		4. Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		References

















OPS/images/fpubh-11-1096397-t006.jpg
Groups P-value 18-29 years old 30-39 years old 40-49 years old

30-39 40-49 50-65 40-49 50-65 50-65
‘The total number of HVLT-R learning 0879 0281 0010 0.254 0.002** 0.089
‘The total number of HVLT-R delays 0.186 0020 0.000** 0.188 0.007** 0232
‘The total number of BVMT-R learning 0953 0709 0.045 0.685 0.012* 0.105
‘The total number of BVMT-R delays 0.059 0490 0.869 0.190 0012 0.379

Authors’ own computation.
*p < 0.05.
**p < 0.01.





OPS/images/fpubh-11-1096397-t009.jpg
HVLT-R test il 2 3 The total number of The total number of
HVLT-R learning HVLT-R delays

Forml 625£220 9.00£1.75 9.85 £ 1.66 25.00 £ 5.03 9.65+ 173

Form2 720 1.70 9.05:+1.93 1045 £ 1.23 26.70 £ 4.01 1045123

Form3 8.00 £ 1.86 9.70 £ 1.66 10.50 & 1.50 28.20 £ 4.49 10.50 & 1.50

Formd 720£222 920 £2.02 10.50 & 1.24 26.90 £ 4.91 9.90 + 148

Form5 7.85 £ 1.66 9.55:+£2.16 10.70 £ 1.53 28.10 £ 4.85 10.50 & 1.57

Formé 770 £ 1.87 9.65 £ 1.66 10.05 & 1.67 27.40 £4.72 10254 1.52

BVMT-R test 1 2 3 The total number of The total number of
BVMT-R learning BVMT-R delays

Forml 770 £ 2.54 10.10 £ 2.10 11.00 £ 1.65 28.80 £ 5.85 10.09 % 1.65

Form2 9.00 £ 2.00 10.60 % 2.06 11.40 & 1.47 31.00 £ 4.92 1140 % 1.47

Form3 930 £ 2.36 11.30 & 1.87 11.50 & 1.82 32.10 £ 5.49 11.50 4 1.82

Formd 8.00£2.03 9.70+£223 10.15 £ 2.11 27.85£5.62 10.20 £ 1.91

Form5 10.30 £ 2.08 11.00 £ 1.65 11.40 £ 1.47 3270 £4.55 1140 £ 1.47

Formé 9.80 £ 1.94 10.90 & 2.00 11.30 & 1.50 32.00 £ 5.03 11.60 % 1.39

Authors’ own computation.





OPS/images/fpubh-11-1096397-t008.jpg
ltem

F

P-value

The total number of HVLT-R learning 2,673 0.025%
The total number of HVLT-R delays 1.596 0.167
The total number of BVMT-R learning 1.578 0.172
The total number of BVMT-R delays 1.107 0.361

Authors’ own computation. *p < 0.05.





OPS/images/fpubh-11-1096397-t005.jpg
Item Age group M  SD
(years old)
The total number of HVLT-R learning 18-29 27.16 | 478
30-39 2695 | 5.18
40-49 2558 | 4.63
50-65 23.48 | 4.63
The total number of HVLT-R delays 18-29 10.16 | 1.80
30-39 932 | 250
40-49 8.54 2.16
50-65 781 | 241
The total number of BVMT-R learning 18-29 3168 | 5.18
30-39 3161 | 329
40-49 3119 | 456
50-65 29.13 | 497
The total number of BVMT-R delays 18-29 1116 | 1.54
30-39 11.82 | 095
40-49 142 | 121
50-65 1110 | 1.54

Authors’ own computation.





OPS/images/fpubh-11-1096397-t004.jpg
<10 years group 10-12 years
group VS
10-12 P VATCETS >12 years
years group group
group
The total number of 0.562 0.018 0.190
HVLT-R learning
The total number of 0.763 0.183 0.436
HVLT-R delays
The total number of 0.955 0.063 0.110
BVMT-R learning
The total number of 0.499 0.116 0.440
BVMT-R delays

Authors’ own computation.









OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
& frontiers | Frontiers in Public Health





OPS/images/fpubh-11-1096397-i002.gif





OPS/images/fpubh-11-1096397-i003.gif





OPS/images/fpubh-11-1096397-g003.gif
A sasmsmdummnes B ssensesumadessesanas

LY ——






OPS/images/fpubh-11-1096397-i001.gif





OPS/images/fpubh-11-1096397-t003.jpg
ltem

Educa

o
level (yea

The total number of HVLT-R learning <10 24.64
10-12 2536 | 4.24
>12 27.04 5.66
The total number of HVLT-R delays <10 858 | 226
10-12 876 | 247
>12 9.24 2.54
The total number of BVMT-R learning <10 30.18 | 4.80
10-12 30.24 4.67
>12 31.86 3.85
The total number of BVMT-R delays <10 1122 | 161
10-12 11.44 1.08
>12 11.64 1.05

Authors’ own computation.






OPS/images/fpubh-11-1096397-t001.jpg
Education level Gender n (%)

year) Men  Women

Forml | M | 4095 1295 11(55%) 9 (45%)
SD | 1162 335

Form2 | M | 4375 11.85 10(50%) | 10 (50%)
SD | 1245 287

Form3 | M | 3840 12.60 7 (35%) 13 (65%)
SD | 1363 355

Formd | M | 39.60 13.75 11 (55%) 9 (45%)
SD | 970 364

Form5 | M | 40.80 12.35 12 (60%) 8 (40%)
SD | 9.69 344

Form6 | M | 3835 10.65 11 (55%) 9 (45%)
SD | 14.07 211

Fix? 0570 1.932

P-value 0723 0.094 0.689

Authors own computation.





OPS/images/fpubh-11-1096397-t002.jpg
Women (n=58) Men (n=62)
M SD
The total number of HVLT-R learning 25.88 497 2571 511 0.0377 0.966
The total number of HVLT-R delays 8.90 240 8.89 246 —0.012 0.976
‘The total number of BVMT-R learning 31.09 434 3071 455 0.278 0728
The total number of BVMT-R delays 1143 129 1145 131 —0.060 0.800

Authors own computation.






OPS/images/cover.jpg
@ frontiers | Frontiers in Public Health

The alternate-form reliability
study of six variants of the Brief
Visual-Spatial Memory
Test-Revised and the Hopkins
Verbal Learning Test-Revised





OPS/images/fpubh-11-1096397-g001.gif





OPS/images/fpubh-11-1096397-g002.gif
i i i
@w u_m. _VHVJ nm

L 1y
:¢m Z_V i

3 :
mww —WAY].

; W T
DT i
@ 1 E S
\JT 4_M _.l»..R.v
i i





OPS/images/fpubh-11-1096397-t011.jpg
ltem Forms Forms P-value

The total number of HVLT-R delays Form1 Form2 0.003**
Form1 Form3 0.037*
Forml Form5 0.013*

The total number of HVLT-R learning Forml Form3 0.003**
Form1 Form5 0.007**
Form1 Formé 0.005**
Form2 Form5 0.041%

Authors’ own computation. *p < 0.05, **p < 0.01.





OPS/images/fpubh-11-1096397-t010.jpg
ltem (] P-value
The total number of HVLT-R learning 13.523 0.019%
The total number of HVLT-R delays 14.097 0.015*
The total number of BVMT-R learning 22.354 0.000*
The total number of BVMT-R delays 21.490 0.001**

Authors’ own computation. *p < 0.05, **p < 0.01.






OPS/images/fpubh-11-1096397-t012.jpg
Item Forms Forms P-value

The total number of BVMT-R delays Forml Form6 0.035%
Form2 Form4 0.007**
Form3 Formd 0.015*
Form4 Form5 0.004**
Formd Formé6 0.004*

The total number of BVMT-R learning Forml Form3 0.013*
Forml Form5 0.003**
Form1 Formé6 0.025*
Form2 Form4 0.018*
Form2 Form5 0.044*
Form3 Form4 0.007**
Formd Form5 0.002*
Formd Form6 0.010*

Authors’ own computation. *p < 0.05, **p < 0.01.





