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Abstract

Background: Practice effects (PE) are traditionally considered improvements in performance 

observed resulting from repeated exposure to test materials across multiple testing sessions. While 

PE are commonly observed for memory tests, this effect has only been considered in summary 

total scores. The current objective was to consider PE in summary total scores, individual learning 

trials, and learning slopes.

Method: One-week PE for individual trial and learning slope performance was examined on 

the BVMT-R and HVLT-R in 151 cognitively intact participants and 131 participants with Mild 

Cognitive Impairment (MCI) aged 65 years and older.

Results: One-week PE were observed across all trials and summary total scores for both 

memory measures and diagnostic classifications, despite the potential for ceiling effects to limit 

improvement on retesting. PE were largest on the first trial relative to subsequent learning trials. 

This effect was diminished – but not eliminated – in participants with MCI. Conversely, no PE 

were observed for learning slope scores, which was counter to expectations and likely confounded 

by ceiling effects.

Conclusions: PE were present across learning trials but not learning slopes, and the initial 

learning trial at follow-up tended to benefit most from PE relative to subsequent learning trials. 

Ceiling effects appeared to influence PE for learning slopes more than learning trials. These 

results highlight the potential diagnostic utility of PE across individual learning trials and inform 

how they are distributed at follow-up, while also suggesting that learning slopes may be generally 

stable during longitudinal assessment.
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INTRODUCTION

Repeat cognitive assessment is a standard practice in clinical neuropsychology settings 

(Chelune & Duff, 2012), and is valuable when considering cognitive trajectory over time. 

For instance, patients with underlying etiology for Alzheimer’s disease (AD) or another 

neurodegenerative condition would be expected to demonstrate consistent cognitive declines 

over time (Cohen, Reisberg, & Yaffee, 2022). In this context, serial assessment could 

provide diagnostic clarity in complex clinical presentations. Additionally, repeat assessment 

has an important role in evaluating the impact of interventions on cognition. The FDA 

approval of disease modifying treatments for AD (e.g., lecanemab) increases the need 

for post-treatment assessment of change over time. Additionally, treatment of common 

reversible causes of cognitive decline (e.g., cardiovascular disease, obstructive sleep apnea) 

may lead to cognitive improvements (Bubu et al., 2020; Gagnon et al., 2022). Further, 

conditions like stroke often require cognitive rehabilitation strategies that may directly 

improve cognition following their initiation (das Nair, Cogger, Worthington, & Lincoln, 

2016).

Confidence in the ability to interpret change over time is paramount, as described in 

the situations above. Unlike most other medical procedures, exposing patients to testing 

materials at a baseline cognitive evaluation can improve cognitive test scores at a later 

evaluation (Holm, Wolfer, Pointeau, Lipsmeier, & Lindemann, 2022), whether or not those 

changes are associated with enhanced cognitive abilities. As a result, these “practice effects” 

(PE) can be considered a form of measurement error that poses a potential challenge 

to clinical interpretation of serial assessment results if not adequately considered (Hinton-

Bayre, 2016). In contrast, evidence suggests that incorporation of PE as a clinical marker 

(i.e., “Do patients benefit from practice?”) may provide clinicians with additional process-

related tools to consider treatment response (Duff, Beglinger, Moser, Schultz, & Paulsen, 

2010) and disease pathology/etiology (Duff et al., 2018). Altogether, PE are critical process 

scores for clinical neuropsychologists to account for during repeat assessment.

Benefit from practice may arise from the repeated assessment of any cognitive domain, 

though episodic memory measures tend to result in the highest PE (Calamia, Markon, & 

Tranel, 2012; Duff & Hammers, 2022) relative to other domains. PE from memory tests 

are also related to a variety of AD biomarkers, including hippocampal atrophy (Duff et 

al., 2018). hypoactivation using fluoro-2-deoxyglucose positron emission tomography (PET; 

Duff, Horn, Foster, & Hoffman, 2015), and β-amyloid deposition (Duff, Suhrie, Dalley, 

Anderson, & Hoffman, 2019). However, up to this point, investigation of memory PE has 

focused on summary scores for memory tests (e.g., the total items learned across tasks, 

or the total items retained upon a delay), with limited consideration of improvements 

due to practice during individual learning trials. As a result, it is currently unclear how 

improvements from one testing session to the next are distributed across the individual 

trials of a memory task. It is possible that between-session improvements (i.e., PE) result in 

incremental benefit across trials, or alternatively they may manifest predominantly during a 

particular trial during the follow-up session (e.g., the first trial on follow-up). Conversely, 

no PE may be present, driven in part by the possible impact of ceiling effects on repeated 

performance. Specifically, ceiling effects occur during memory testing when a participant 
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achieves the highest possible score during learning trials and cannot subsequently display 

improvements on later trials or test administrations. This has the highest potential to be 

observed in cognitively intact individuals displaying strong performances, with the result 

being that improvements (or PE) could be artificially attenuated because there is no more 

information for them to learn. For example, if a participant learns 12 of 12 items on a 

word list in their first attempt, then there is no opportunity for them to learn additional 

items during later exposures. As such, no PE would be present, though this would be due 

to psychometric constraints, not because the individual was unable to benefit from repeated 

exposure. Although this ceiling effect is a possibility, it is unknown whether ceiling effects 

would actually compromise the ability to understand PE across learning trials.

Relatedly, process scores are another way of evaluating learning above and beyond total 

summary scores. Research into learning slopes during multi-trial learning tasks has indicated 

that the rate of learning after the first trial can inform diagnostic decisions and treatment 

recommendations. For example, more shallow learning curves have been observed in a 

variety of clinical conditions, including those ranging from children with traumatic brain 

injury (Warschausky, Kay, Chi, & Donders, 2005) to both middle aged (Hammers, Nemes, et 

al., 2023) and older adults with dementia due to AD (Gifford et al., 2015; Hammers, Suhrie, 

Dixon, Gradwohl, Duff, et al., 2022). Deficits in learning slope have also been associated 

with AD biomarkers, including increased β-amyloid burden (Hammers, Kostadinova, et 

al., 2023; Hammers, Pentchev, Kim, Spencer, & Apostolova, 2023) and tau deposition 

(Hammers, Lin, et al., 2023), and decreased hippocampal volume (Kristine B. Walhovd et 

al., 2020). As detailed in the Methods, a common learning slope metric is the Learning Ratio 

(LR), which is defined as the amount of information acquired after the first trial divided 

by the amount of information left-to-learn after trial one (Spencer, Gradwohl, Williams, 

Kordovski, & Hammers, 2020). As an example of the calculation of this LR metric, if a 

participant learned 2 words on a 3-trial 12-item word-list learning test at Trial One, 4 words 

at Trial Two, and 6 words at Trial Three, s/he would have learned 4 words after Trial One (6 

– 2) out of a possible 10 words left to learn (12 words on the list – 2 words learned on Trial 

One). This would result in an LR score of 0.4 or 40% (i.e., 4 / 10). LR scores range from 0.0 

(0% acquired after trial one) to 1.0 (100% acquired), with “normal” performances typically 

ranging from 50-70% in older adults (Hammers, Spencer, & Apostolova, 2022; Hammers, 

Suhrie, Dixon, Gradwohl, Duff, et al., 2022). As LR takes the first trial performance into 

account when considering learning slope, it has been shown to be a superior calculation to 

other slope metrics (Boscarino, Weitzner, Bailey, Kamper, & Vanderbleek, 2024; Hall et al., 

2023).

Similar to the paucity of research on PE in individual learning trials during repeat 

assessment, PE on learning slopes has not been investigated. This is of particular interest 

because learning slopes are by definition examining rates of learning across repeated 

exposure to stimuli during a single learning session, therefore they should theoretically 

be similar to PE – the latter of which is the benefit from repeated exposure between 
testing sessions. Beyond looking at PE for learning slopes, to date learning slopes have very 

rarely been considered in repeated assessment overall. Hammers and colleagues (Hammers, 

Spencer, et al., 2022) examined stability of the LR and two other learning slope metrics in 

robustly cognitively intact older adults over 6-, 12-, and 24-months. Intraclass correlations 
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ranged from .75 to .79 for LR over that time frame, and from .56 to .60 for the other slope 

metrics. Although limited, these results suggest that researchers are beginning to explore 

the clinical utility of learning process scores when assessed over time, with the hope that 

eventually such metrics may be incorporated into the assessment of cognitive trajectories.

Given the lack of definitive understanding about the impact of PE on individual learning trial 

performance and learning slopes, the aim of the current research was to investigate these 

factors in a sample of older adults with either intact cognition or Mild Cognitive Impairment 

(MCI). It was hypothesized that patients receiving the same versions of the Hopkins Verbal 

Learning Test – Revised (HVLT-R; Brandt & Benedict, 2001) and the Brief Visuospatial 

Memory Test – Revised (BVMT-R; Benedict, 1997) twice over a one-week period would 

experience PE on summary total scores, individual learning trials, and learning slopes. In 

particular, it was anticipated that the benefit from practice would be most impactful during 

early learning trials, and progressively diminish in later trials. As such, it was expected 

that the PE for a measure’s total recall score would be primarily driven by improvement 

at follow-up during the first one to two learning trials. Further, it was hypothesized that 

these results would hold across diagnostic groups, but that the PE observed for the MCI 

participants would be reduced relative to those who were cognitively intact. These results 

are expected to occur despite the potential for interference from ceiling effects – especially 

in cognitively intact participants. The outcome of these current analyses could shed light on 

the impact of PE on individual learning trials or learning slopes, which might provide further 

utility for these process scores in clinical decision making.

METHOD

Participants

Data from 282 community dwelling older adults recruited from the community (e.g., senior 

centers and independent living facilities) were used in the current analyses. This sample 

was originally recruited for a study of PE in cognitively normal participants and those 

with MCI (Duff, Atkinson, et al., 2017). The diagnostic classification procedure for the 

current sample has been previously described (Duff, Atkinson, et al., 2017; Duff, Dalley, 

Suhrie, & Hammers, 2019). Briefly, both criteria from Albert and colleagues (Albert et 

al., 2011) and Petersen (Petersen, 2004) were used to classify participants as cognitively 

normal (CN) versus having MCI. Application of these criteria incorporated collateral report 

and a baseline cognitive evaluation (including the Repeatable Battery for the Assessment 

of Neuropsychological Status [RBANS; Randolph, 2012] and the Trail Making Test (TMT; 

Reitan, 1992). Cognitive impairment across a domain (e.g., attention, language, memory, 

executive functioning) was defined as performing 1.0 SD below expectation for premorbid 

intellect (<16th percentile). This translates into a discrepancy of 15.0 Standard Score 
(SS) points between Wide Range Achievement Test – 4 Reading (WRAT-4; Wilkinson & 

Robertson, 2006) performance and the average cognitive domain performance. To ensure 

cognitive severity, at least one individual task performance within the cognitive domain had 

to be at least 1.5 SD (22.5 SS points) below WRAT-4 Reading performance. To aid in 

understanding, the following example is provided: for a participant with a WRAT-4 Reading 

score of SS = 100, their cognitive domain performance would be classified as impaired if (1) 
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the average performance for the domain was < SS = 85 and (2) a specific task performance 

within that domain was < SS = 77.5. Based on this criteria, 151 participants were classified 

as CN, and 131 were classified as MCI. Of note, given the focus of the original study, all 

participants with MCI were of the amnestic subtype (either single-domain or multi-domain).

Inclusion criteria for participants – regardless of diagnosis – included being >64 years 

of age and functionally independent. Exclusion criteria included a formal diagnosis 

of dementia, neurological conditions likely to affect cognition (e.g., multiple sclerosis, 

epilepsy), current severe depression, major psychiatric condition, anti-convulsant or anti-

psychotic medications, history of or present substance abuse, and residence in a nursing or 

skilled living facility.

Procedure

All procedures were approved by local Institutional Review Board before the initiation of 

the study, with participants providing informed consent prior to completing procedures. The 

following measures – germane to the current study – were administered at a baseline visit:

• BVMT-R is a measure of visual memory utilizing six geometric designs 

in six locations on a card, presented across three trials. The Total Recall 

score is calculated as the number of correctly drawn designs and locations 

summed across the three trials (range = 0 – 36). Higher values indicate better 

performance.

• HVLT-R is a measure of verbal memory utilizing 12 words presented over three 

trials. The Total Recall score is calculated as the number of correctly recalled 

words summed across the three trials (range = 0 – 36). Higher values indicate 

better performance.

• RBANS is a neuropsychological test battery containing 12 subtests that are used 

to calculate Index scores for domains of immediate memory, attention, language, 

visuospatial/constructional, delayed memory, and global neuropsychological 

functioning. RBANS index scores utilize age-corrected normative comparisons 

from the test manual to generate standard scores (M = 100, SD = 15). Higher 

scores indicate better performance.

• WRAT-4 Reading subtest is used as an estimate of premorbid intellect where an 

individual attempts to pronounce irregular words. This score is converted into an 

age-adjusted SS (M = 100, SD = 15). Higher values indicate better performance.

• Trail Making Test Parts A and B is a measure of complex mental flexibility and 

executive functioning, requiring an individual draw a line from either numbers 

(Part A) or alternating numbers and letters (Part B) in increasing order on a 

page as quickly as possible (Reitan, 1992). Total seconds to complete the task 

is the variable of interest for both parts, with lower values indicating better 

performance.

• The Geriatric Depression Scale (Yesavage et al., 1982) is a 30-item self-report 

questionnaire used to assess depressive symptoms. Higher scores indicated 

greater self-reported depression.
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After approximately one week (M = 7.6 days, SD = 2.2), the BVMT-R and HVLT-R were 

repeated to generate a 1 Week PE value. The same form of each test was used to maximize 

practice effects. The RBANS, WRAT-4, and GDS were only administered at baseline, and 

participants were classified as CN or MCI based on their performance on baseline scores.

Calculation of Learning Ratio—LR scores were derived from performance on learning 

trials of both the BVMT-R and the HVLT-R. LR reflects the degree of information learned 

after the first trial on a multi-trial learning task relative to the information left to learn after 

the first trial. It was calculated as the difference in performance between the final trial and 

the first trial in the numerator, and the difference between the total points available for a 

trial and Trial One performance in the denominator (Spencer et al., 2020). The “Total Points 

Available for a Trial” for both BVMT-R and HVLT-R is 12. The specific algorithm is as 

follows:

LR = ( Final Trial performance − Trial One performance )
(Total Points Available for a Trial − Trial One performance)

Calculation of 1 Week PE—In the current study, 1 Week PE were calculated as 

the difference between Baseline performance and 1 Week performance for the following 

BVMT-R and HVLT-R scores: Total Recall, Trial One, Trial Two, Trial Three, and LR. The 

equation for PE for each of the relevant learning variables is as follows:

PE = 1 Week performance − Baseline performance

Of note, the above equation reflects a difference in performance between two timepoints, 

which may theoretically reflect change due to a multitude of causes. However, this 

discrepancy was interpreted to be resulting from practice effects based on the presumption 

that the most likely explanation for improvement over such a short duration was benefit from 

prior exposure to the test stimuli (and not the initiation of medications or cognitive training). 

Additionally, while more rigorous calculations for PE have been used in the literature 

(including standardized regression-based approaches [McSweeny, Naugle, Chelune, & 

Luders, 1993]), the “Simple Difference Method” (Dikmen, Heaton, Grant, & Temkin, 1999; 

Duff et al., 2005) was used because it captures raw actual changes in scores observed 

between two time points, without incorporating expected change (which is common in 

regression-based approaches). Larger PE values reflected greater performance at 1 Week 

relative to Baseline.

Data Analysis—To determine the appropriateness of covariates in the diagnostic group 

analyses, independent samples t tests were conducted between continuous demographic 

variables (e.g., age, education, retest interval, etc.) and diagnostic group, and chi-square 
analyses were calculated between categorical demographic variables (e.g., sex and ethnicity) 

and diagnostic group. Independent samples t tests compared participants’ baseline cognitive 

performances on the RBANS between groups, and one-sample t tests examined the presence 

of 1 Week PE.
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Differences in Learning Trial PE and LR PE Across and Between Groups—
Comparison of HVLT-R and BVMT-R learning trial PE performance both between and 

within diagnostic groups was undertaken using a series of two-way (between-within) 
repeated measures MANCOVA. The main effects of trial PE (within; e.g., Trial One PE 

versus Trial Two PE in CN samples) and diagnostic group (between) were examined on the 

dependent variables of BVMT-R Total Recall PE and HVLT-R Total Recall PE, and a trial 

PE x diagnostic group interaction effect was also included. Following significant omnibus 

testing, ANCOVA and independent samples t tests were conducted to determine specific 

differences between trial PE.

Additionally, to determine whether 1 Week PE was diminished in MCI groups relative to CN 

for a specific learning trial, Total Recall, or LR, one-way MANCOVA was performed, with 

subsequent ANCOVA used to identify the specific variable-differences following significant 

omnibus testing. While similar sounding, this one-way MANCOVA answers a different 

question than the two-way repeated measures MANCOVA described above. Whereas the 

two-way repeated measures MANCOVA has the ability to examine differences in PE 

between diagnostic groups, it can only do so when collapsing performance across trials 

(e.g., PE for Trial One + Trial Two + Trial Three for CN versus PE for Trial One + Trial Two 

+ Trial Three for MCI). Consequently, the only way to examine diagnostic group differences 

for a specific learning trial (e.g., Trial Two PE between CN and MCI), or for LR, is using 

these secondary one-way MANCOVA analyses.

Supplementary Analysis—To understand the unique contribution of learning trial PE on 

the prediction of the PE for Total Recall for the interested reader, a series of supplementary 

hierarchical linear regression analyses can be found in the Appendix. Specifically, predictive 

demographic variables were included in Step 1, Trial One PE was in Step 2, Trial Two PE 

was in Step 3, and Trial Three PE was in Step 4. These hierarchical linear regression models 

predicted PE on Total Recall from the BVMT-R and HVLT-R, in CN and MCI samples 

separately.

Measures of effect size were expressed as Cohen’s d (t tests and MANCOVA), r2 values 

(hierarchical linear regression), and φ (Phi; chi-square). For effect size comparisons for 

individual trial PE across diagnostic groups (e.g., the magnitude of Trial One PE’s effect for 

the CN group relative to the MCI group), 95% Compatibility Intervals (CIs) were calculated 

for the Cohen’s d values; significance was determined by failure of one variable’s 95% CI 
to overlap with the mid-point of the other variable’s 95% CI (Cumming & Finch, 2005). 

To protect against multiple comparisons, a Holm-Bonferroni method of adjustment of the 

two-tailed alpha level was undertaken for all primary analyses.

RESULTS

Preliminary Analyses

Table 1 reflects demographic characteristics of participants from the current study’s CN and 

MCI samples. The CN group was significantly younger and had a lower premorbid intellect 

than the MCI group, ps = .001 to .003, ds = −0.36 to −0.53. No differences were observed 

between groups for education, sex, ethnicity, retest interval, or self-reported depression, 
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ps = .18 to .85, ds = −0.11 to 0.11, Phis = .05 to .08. Consistent with their diagnostic 

make-up, the CN group performed statistically better than the MCI group on tasks from the 

RBANS pertaining to Immediate Memory, p < .001, d = 0.78, Language, p = .002, d = 0.37, 

Attention, p = .001, d = 0.31, Delayed Memory, p < .001, d = 1.16, and Total Scale score, p 
< .001, d = 0.86. No difference was observed for RBANS Visuospatial/Constructional, p = 

.19, d = 0.16. Consequently, age was used as a covariate for analyses comparing PE between 

groups. Premorbid intellect was not used as a covariate given its role in the diagnostic 

classification process.

Table 2 shows the mean Baseline and 1 Week performances for learning trial and LR for the 

BVMT-R and HVLT-R for CN participants, along with 1 Week PE values. As a reminder, 

higher PE scores reflect stronger performance (or larger learning slope) at 1 Week follow-up. 

Table 3 shows the performances for MCI participants. In general, at Baseline the majority 

of information learned on the HVLT-R and BVMT-R occurred during Trial One, with less 

information gained at subsequent trials. For example, CN participants learned on average 7.3 

items on Trial One for the HVLT-R, 9.6 items (a gain of 2.3) on Trial Two, and 10.5 items 

(a gain of 0.9) on Trial Three. Additionally, significant PE were present for both diagnostic 

groups across Total Recall and learning trials for BVMT-R and HVLT, ps < .001, ds = 0.35 

to 1.98. No PE were observed for LR, ps = .28 to .84, ds = −0.02 to 0.10.

Differences in Learning Trial PE and LR PE Across and Between Groups

Two-way repeated measures MANCOVAs were undertaken to examine differences in 

learning trial 1 Week PE for both BVMT-R and HVLT-R between diagnostic groups and 

within trials, after controlling for age. Significant differences were observed in the omnibus 

test for both BVMT-R and HVLT-R, ps = .001 to .03, ds = 0.31 to 0.67. Specifically, 

both BVMT-R and HVLT-R possessed a significant learning trial PE x diagnostic group 

interaction effect, ps = .001 to .015, ds = 0.26 to 0.54. Additionally, main effects for trial 

PE and diagnostic group were observed for BVMT-R (p = .002, d = 0.31 and p = .008, d = 

0.32, respectively), though no main effects were observed for HVLT-R (p = .10, d = 0.26 and 

p = .38, d = 0.11, respectively). As the interaction effect was significant, we will focus on 

that finding. Specifically, the interaction effects can be explained by post-hoc independent 
samples t tests revealing different relationships between learning trials PE depending on the 

diagnostic group. As can be observed in Figure 1, for the CN group the PE for BVMT-R 

Trial One was larger than that for Trial Two, which was larger than that for Trial Three (ps < 

.001, ds = 0.54 to 0.81). Conversely for the MCI group, the PE for BVMT-R Trial One was 

larger than that for Trial Two (p = .003, d = 0.27), but no difference in PE existed between 

Trial Two and Trial Three (p = .24, d = 0.10). A similar effect can be observed in Figure 

1 for HVLT-R. Overall across both BVMT-R and HVLT-R, there was a significantly larger 

discrepancy for PE between Trial One and Trial Two for the CN group than the MCI group 

(BVMT-R: d = 0.81 [95% CI = 0.57 – 1.05] for CN vs d = 0.27 [95% CI = 0.03 – 0.51] for 

MCI; HVLT-R: d = 0.59 [95% CI = 0.35 – 0.83] for CN vs d = 0.23 [95% CI = 0.00 – 0.46] 

for MCI). Stated another way, the difference in Trial PE between groups appears to be driven 

by larger PE for Trial One relative to the other Trials for the CN group compared to the MCI 

group.
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Finally, Figure 2 displays whether 1 Week PE was diminished in MCI groups relative to 

CN for a specific learning trial, Total Recall, or LR (e.g., Trial 2 PE for CN versus Trial 

2 PE for MCI) using one-way MANCOVA analyses. Note, Figure 2 represents comparable 

raw data values to Figure 1, but presented to reflect CN versus MCI comparisons. Following 

significant omnibus tests for both BVMT-R and HVLT-R (ps = .001 to .005, ds = 0.56 to 

0.78), ANCOVA results revealed that PE were significantly larger for the CN group relative 

to the MCI group for BVMT-R Total Recall, p = .009, d = 0.31, and BVMT-R Trial One, p < 

.001, d = 0.65. No differences in PE were observed between groups for BVMT-R Trial Two, 

Trial Three, LR, and HVLT-R Total Recall, Trial One, Trial Two, Trial Three, or LR (all ps > 

.05).

DISCUSSION

The current study observed that 1 Week PE were present for the BVMT-R and the 

HVLT-R for both summary total scores and individual learning trials. These findings 

are consistent with a multitude of past research suggesting that benefit from practice is 

commonly observed in total scores for many memory measures (Calamia et al., 2012; Duff 

& Hammers, 2022), including the BVMT-R and HVLT-R (Duff et al., 2018; Duff, Hammers, 

et al., 2017; Duff, Suhrie, et al., 2019). As can be observed in Table 2, for example, 

the effect sizes for the Total Recall score PE in CN participants were large (ds = 1.12 – 

1.98), suggesting that participants improved – on average – 9 points on the BVMT-R (out 

of a possible 36 points) during the second administration a week later, and 4 points on 

the HVLT-R. These results represent the first documentation of observed PE in individual 

learning trials, and suggest that PE across these measures are not limited by ceiling effects 

in these CN and MCI samples. As can be seen in Tables 2 and 3, PE were present across 

all three learning trials for both memory measures – for both CN and MCI participants. 

Examining the results of BVMT-R for CN participants in Table 2 more specifically, we can 

observe that Trial One performance improved from acquiring approximately 3.5 out of 12 

words on average at Baseline to a little over 8 out of 12 words at 1 Week. These magnitudes 

of effect appear to rival (e.g., ds = 1.93 vs. 1.98; BVMT-R) or exceed (e.g., ds = 1.29 vs. 

1.12; HVLT-R) those for the Total Recall score PE.

The severity of this improvement at both the Total Recall and Trial One levels has practical 

implications for clinicians. For example, when applying normative comparisons provided by 

the test developer for the BVMT-R (Benedict, 1997), this doubling of Trial One performance 

as a result of previous exposure would result in an improvement from a T score of 44.5 

(30%ile) to a T score of 68.5 (97%ile) for a 75-year-old individual. Similarly, using the 

PE scores for the MCI sample (Table 3), our hypothetical 75-year-old patient would be 

re-classified as being cognitively normal based on these 1 Week performances (improvement 

from the borderline impaired range to a cognitively average performance). These examples 

speak to the previously-suggested potential for PE to influence diagnostic decision making 

(Sanderson-Cimino et al., 2022), as distinct clinical pictures can currently be seen depending 

on whether the presence of PE was considered. Because serial assessment will likely be 

increasingly used for diagnostic monitoring of disease modifying treatments for AD – 

especially after evidence of amyloid-related imaging abnormality (ARIA; Cummings et al., 
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2023) – clinical neuropsychologists and cognitive neurologists will need to be attuned even 

more to how benefit from practice could impact the results obtained in clinic.

When examining Trials Two and Three for each measure in these same Tables, we 

can observe that while significant 1 Week PE are present, the magnitudes of effect are 

diminished (ds of 0.66 and 0.35 for HVLT-R in CN) compared to Trial One PE (d of 

1.29). These findings are bolstered by our hierarchical regression results in the Appendix 

suggesting that the benefit from practice observed at Trial One is consistently the strongest 

contributor of the overall Total Recall PE for a measure (see Tables S1 and S2). Put 

another way, the collection of findings suggests that majority of the benefit that a participant 

receives from serial memory assessment appears to present in the first trial of the follow-up 

assessment. These results support our hypothesis, and can be explained as follows. For a 

3-trial learning task like either the HVLT-R and BVMT-R, participants receive the same 

stimuli three times per testing session. As a result, at follow-up, participants have had three 

opportunities to develop scaffolding (Fiechter & Benjamin, 2019) to learn the information 

prior to their Trial One presentation at 1 Week; this leads to a substantial increase in 

acquisition of the information relative to Trial One at Baseline, when the participants had 

previously never been exposed to the material. By Trials Two and Three at Baseline, 

participants are already receiving some benefit from within-session previous exposure, 

therefore the resultant improvement on Trials Two and Three at 1 Week (which represent 

exposures number five and six of the material over a period of one week) are smaller in 

comparison.

These results coincide with patterns of learning traditionally seen at baseline for multi-trial 

learning tasks. There exists a tendency toward non-linear learning across trials on many 

learning tasks, which is exemplified by our HVLT-R results at Baseline (Table 2) indicating 

that the majority of information learned occurred during Trial One, with diminished learning 

on subsequent trials. This suggests that clinicians and researchers may want to focus on 

Trial One performance as being a purer assessment of learning acquisition – associated 

with cortical connectivity of the dorsal attention network (Putcha, Brickhouse, Wolk, & 

Dickerson, 2019) – and that future research should consider Trial One PE as a cognitive 

biomarker for neurodegenerative disease.

Our interpretation of PE related to learning slopes was more challenging than that for 

Total Recall and Trial One. This line of investigation was relevant given that learning 

slopes are themselves related to learning across repeated exposure to stimuli within a single 

learning session (Walhovd et al., 2020). LR failed to display an appreciable PE, and was 

characterized by both non-significant findings (ps > .05) and negligible effect sizes (ds = 

−0.02 to 0.10). As this is the first investigation of practice effects in learning slopes, there 

is no prior literature in which to compare these findings. These slope results are counter 

to hypotheses and expectations, and likely arise from the method in which the learning 

slopes are calculated. As has been consistently shown by our individual trial results above, 

overall improvement at 1 Week for the Total Recall scores tended to be driven by enhanced 

Trial One performance. This improved Trial One performance at follow-up means that 

there is inherently less information available to learn over Trials Two and Three. As will 

be described in more detail below, this appears to lead to 1) a restriction of range of LR 
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values as a result of ceiling effects and 2) an over-penalization of missing items for LR and 

potential for negative values.

First, because the maximum value for LR cannot exceed 1.0 (or 100%), a ceiling effect is 

created whereby LR scores have limited ability to improve at follow-up regardless of the 

presence of PE. This subsequently truncates the scoring distribution for LR, leading to a 

restriction of range. Second, as “information left to learn after Trial One” is the denominator 

of the LR equation, improved Trial One performance at follow-up will lead to a smaller 

denominator for the LR equation. This smaller denominator will result in a greater penalty 

for each item not learned. An example will help explain this idea further. Let’s suppose that 

on HVLT-R at Baseline a participant receives a Trial One score of 4 of 12 and a score of 10 

of 12 for Trial Three; this results in an LR score of 0.75 (or 75%; 10 – 4 /8 words left to 

learn). If this same participant subsequently performs better on Trial One at follow-up with 

a score of 8 of 12, but still scores 10 of 12 at Trial Three, the resultant LR score is 0.50 (or 

50%; 10 – 8 / 4 words left to learn). When incorporated into our PE equation, we get 0.50 

– 0.75, so this participant appears to have performed worse at follow-up even though their 

Trial One performance improved between testing sessions. As a result, although the clinical 

utility of learning slopes has repeatedly been supported (see Spencer et al., 2023 for a recent 

systematic review), PE in LR appears to be mathematically confounded. Consideration 

of PE in learning slopes consequently does not appear to be advised in clinical practice. 

Viewed independently at each time point, however, these results highlight that LR seems to 

be a relatively stable metric across testing sessions. As such, LR may not be susceptible to 

pronounced changes as a result of repeated exposure to stimuli, which further supports its 

use at baseline clinically and in research settings.

When examining differences in PE between diagnostic groups, a few notable findings 

arose. First, results from our two-way repeated measures MANCOVA interactions suggest 

that across both measures, the importance of Trial One PE towards overall learning was 

greater in CN participants relative to those with MCI. For example, Figure 1a shows a large 

step-down in effect for CN participants between Trials One, Two, and Three; conversely, 

MCI participants appeared to improve across trials more equally as a result of practice. 

This indicates that while participants with MCI are still capable of benefiting from PE, 

they do not experience the large gain in performance at Trial One of follow-up seen in CN 

participants. Instead, they appear to require successive trials (i.e., Trials Two and Three) 

to gradually improve their performance. This diminished-PE finding in MCI is similar to 

the observation in other research that the primacy effect (remembering more items from 

the beginning of a list-learning task) is commonly reduced in amnestic populations (Foldi, 

Brickman, Schaefer, & Knutelska, 2003) – and especially in those with hippocampal atrophy 

(Gicas et al., 2020). As worse PE on Total Recall scores have been associated with decreased 

hippocampal volumes (Duff et al., 2018; Duff, Suhrie, et al., 2019), there are hints that 

these cognitive processes may be driven by similar psychological mechanisms and neural 

structures, which will require future examination to consider in greater depth. Relatedly, 

as these findings raise the possibility of diagnostic utility of Trial One performance, future 

research is needed to investigate whether the amount of information learned during Trial 

One of repeated assessments is as sensitive or more sensitive an indicator of MCI or AD 

pathology than what has been observed thus far with Total Recall scores.
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A second notable finding is that while the CN group displayed stronger PE for BVMT-R 

Total score and Trial One than the MCI group, no differences between CN and MCI 

were seen across trials or Total score for HVLT-R (Figure 2). These results are somewhat 

surprising given the literature on the limited capacity of those with MCI and or AD to 

benefit from practice. As summarized in a recent systematic review, Jutten and colleagues 

(2020) found consistent support for the hypothesis that PE tend to be smaller in participants 

with MCI than those with CN. This effect is often associated with the notion of “the rich get 

richer”, such that higher baseline performance bestows greater opportunity to benefit from 

prior exposure of the material (Patton et al., 2005). However, this finding is not universal, 

such that Duff et al. (2008) has observed that participants with MCI displayed stronger PE 

on the HVLT-R than cognitively intact groups. As all MCI presentations are not created 

equally – as a function of either subtype presentation or underlying etiology – it is possible 

that our currently discrepant findings may be a consequence of our MCI sample. For 

example, Hammers and colleagues (2022) observed that amnestic MCI participants recruited 

from a memory disorders clinic displayed worse baseline performances and smaller long-

term PE relative to an amnestic MCI sample recruited from the community. As the current 

MCI sample was all community-recruited, it is possible that the disease severity in our MCI 

participants was not large enough to result in diminished PE across both BVMT-R and 

HVLT-R measures. Given our ambiguous findings, future investigation is warranted to better 

understand the influences of PE in MCI.

Some limitations existed to the current study. First, these results are specific to the HVLT-R 

and BVMT-R over a retest interval of one week, as well as to the LR metric derived using 

the equations from Spencer and colleagues (2020). As a result, generalizability cannot be 

automatically assumed across different cognitive measures and learning slope equations, 

retest intervals, or test versions. This point is particularly true for the retest interval chosen; 

while the one-week retest interval was selected to maximize PE, this is not a common 

interval used clinically. Second, we cannot speak to the usability (or lack thereof) of PE 

across all learning slopes, but only when using LR. Third, these results may not generalize 

to more heterogeneous participants as it pertains to premorbid functioning, sex, education, 

and ethnicity, especially given that only one participant in our sample was non-White. 

Future research should consider PE in individual learning trials in samples that are not 

mostly well-educated, female, and White. Fourth, as alluded to in the Methods, the current 

study used the Simple Difference Method to calculate one-week PE (i.e., 1 Week score – 

Baseline score), despite the availability of more sophisticated methods (e.g., standardized 

regression-based approaches). This was done to capture the “purest” measure of raw change 

between two testing sessions during this first documentation of PE in individual learning 

trials, without accounting for the degree of change that was predicted based on demographic 

and clinical variables, and Time 1 score. Future work that builds on these introductory 

findings may benefit from incorporating more advanced PE indexes. Finally, consistent with 

previous research (Hammers, Suhrie, Dixon, Gradwohl, Archibald, et al., 2022; Spencer 

et al., 2020), an LR value of 1.00 (100% learned) was assigned in the scenario when 

participants learned all available items on Trial One on either measure at each time point. 

This was necessary because a score of 12 of 12 on Trial One would result in a value of 

zero in the denominator of LR (Total Points Available For a Trial – Trial One), which 
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would result in an undefined mathematical expression. While a “perfect” score on Trial One 

is relatively uncommon in most learning slope studies, the frequency of this occurrence 

increased somewhat in the current study (29 cases for HVLT-R, 10 cases for BVMT-R) 

given that the greatest improvement in performance as a result of PE occurred at Trial One 

of the 1 Week follow-up. Despite these limitations, PE on learning trials and learning slopes 

provide some similarities and differences with the broader literature on PE, but remain 

an area in need of additional investigation. As a consequence, clinicians and researchers 

looking to incorporate PE into their diagnostic considerations would be encouraged to do 

so for learning trials but not learning slopes, as the former appears to be less susceptible to 

ceiling effects.
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Figure 1. 
One week Practice Effects for Total Recall, Trial One, Trial Two, and Trial Three of the 

BVMT-R (A) and the HVLT-R (B). BVMT-R = Brief Visual Memory Test – Revised, 

HVLT-R = Hopkins Verbal Learning Test – Revised, CN = Cognitive Normal, MCI = Mild 

Cognitive Impairment. Note that the Practice Effect is calculated as 1 Week score – Baseline 

score. + Denotes significant difference between Trial Practice Effects, p < .001. ° Denotes 

significant difference between Trial Practice Effects, p < .01.
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Figure 2. 
One week Practice Effects for Trial One, Trial Two, Trial Three, and LR of the BVMT-R (A) 

and the HVLT-R (B). BVMT-R = Brief Visual Memory Test – Revised, HVLT-R = Hopkins 

Verbal Learning Test – Revised, LR = Learning Ratio, CN = Cognitive Normal, MCI = Mild 

Cognitive Impairment. Note that the Practice Effect is calculated as 1 Week score – Baseline 

score. + Denotes significant difference between CN and MCI groups, p < .001.
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Table 1.

Demographic, neuropsychological, and behavioral variables for the diagnostic groups and total sample.

Variable Cognitively Normal Mild Cognitive
Impairment

Total
Sample

n 151 131 282

Age (years) 1 75.28 (7.2) 79.13 (7.5) 77.07 (7.6)

Education (years) 15.40 (2.6) 15.34 (2.5) 15.38 (2.6)

Sex (% female) 82.8% 76.3% 79.8%

Minority Status (% Non-Hispanic/ White) 99.3% 100.0% 99.6%

Geriatric Depression Scale 4.06 (3.6) 4.47 (3.5) 4.25 (3.6)

Retest Interval 7.44 (1.6) 7.69 (2.8) 7.56 (2.2)

WRAT-4 Reading 1 107.54 (7.6) 110.48 (8.7) 108.91 (8.2)

RBANS Immediate Memory Index 1 109.03 (14.6) 97.35 (15.6) 103.60 (16.1)

RBANS Visuospatial/Constructional Index 103.75 (15.5) 101.26 (16.4) 102.60 (16.0)

RBANS Language Index 2 104.19 (10.8) 99.87 (12.4) 102.18 (11.8)

RBANS Attention Index 3 104.68 (14.7) 100.23 (14.1) 102.61 (14.6)

RBANS Delayed Memory Index 1 108.32 (9.2) 94.56 (14.4) 101.93 (13.7)

RBANS Total Scale 1 108.54 (12.5) 97.80 (12.4) 103.55 (13.6)

Note: WRAT-4 = Wide Range Achievement Test – 4, RBANS = Repeatable Battery for the Assessment of Neuropsychological Status, Retest 

Interval = Time between baseline and one-week evaluations. All values are Mean (Standard Deviation; range) unless listed otherwise.1 Denotes 

significant difference between groups, p<.001. 2 Denotes significant difference between groups, p<.01. 3 Denotes significant difference between 
groups, p<.05.
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Table 2.

Baseline and 1 Week performances for BVMT-R and HVLT-R learning and learning slope measures – along 

with PE scores, p values, and effect sizes – in Cognitively Normal participants (n = 152)

Baseline
Mean (SD)

1 Week
Mean (SD)

PE Score
Mean (SD)

p Value Cohen’s d

BVMT-R

 Total Recall 18.20 (6.1) 27.53 (5.9) 9.32 (4.7) <0.001 1.98

 Trial One 3.57 (1.9) 8.24 (2.5) 4.66 (2.4) <0.001 1.93

 Trial Two 6.53 (2.4) 9.35 (2.1) 2.82 (1.9) <0.001 1.46

 Trial Three 8.11 (2.3) 9.97 (1.9) 1.85 (1.7) <0.001 1.07

 LR 0.56 (0.2) 0.53 (0.4) −0.032 (0.4) 0.31 −0.08

HVLT-R

 Total Recall 27.42 (4.5) 31.28 (4.0) 3.86 (3.5) <0.001 1.12

 Trial One 7.33 (1.8) 9.61 (1.9) 2.28 (1.8) <0.001 1.29

 Trial Two 9.61 (1.8) 10.65 (1.5) 1.05 (1.6) <0.001 0.66

 Trial Three 10.51 (1.6) 11.01 (1.8) 0.49 (1.4) <0.001 0.35

 LR 0.73 (0.3) 0.73 (0.3) −0.006 (0.4) 0.84 −0.02

Note: BVMT-R = Brief Visual Memory Test – Revised, HVLT-R = Hopkins Verbal Learning Test – Revised, PE = Practice Effect (calculated as 
1 Week – Baseline), LR = Learning Ratio. P value reflects significance of one-sample t tests examining whether PE change scores differed from 
expectation (PE = 0), and Cohen’s d reflects the effect size of the one-sample t tests.
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Table 3.

Baseline and 1 Week performances for BVMT-R and HVLT-R learning and learning slope measures – along 

with PE scores, p values, and effect sizes – in participants with Mild Cognitive Impairment (n = 131).

Baseline
Mean (SD)

1 Week
Mean (SD)

PE Score
Mean (SD)

p Value Cohen’s d

BVMT-R

 Total Recall 10.95 (5.5) 18.35 (7.8) 7.40 (5.1) <0.001 1.45

 Trial One 1.99 (1.6) 4.95 (2.7) 2.92 (2.2) <0.001 1.34

 Trial Two 3.82 (2.2) 6.25 (2.7) 2.34 (2.1) <0.001 1.10

 Trial Three 4.93 (2.4) 7.10 (2.8) 2.10 (2.3) <0.001 0.91

 LR 0.32 (0.2) 0.36 (0.3) 0.029 (0.3) 0.28 0.10

HVLT-R

 Total Recall 22.16 (5.4) 26.53 (5.8) 4.37 (3.5) <0.001 1.24

 Trial One 5.83 (1.9) 7.82 (2.3) 1.98 (1.9) <0.001 1.05

 Trial Two 7.66 (2.1) 9.14 (2.0) 1.48 (1.6) <0.001 0.93

 Trial Three 8.67 (2.1) 9.57 (2.0) 0.90 (1.6) <0.001 0.57

 LR 0.51 (0.3) 0.49 (0.4) −0.019 (0.4) 0.57 −0.05

Note: BVMT-R = Brief Visual Memory Test – Revised, HVLT-R = Hopkins Verbal Learning Test – Revised, PE = Practice Effect (calculated as 
1 Week – Baseline), LR = Learning Ratio. P value reflects significance of one-sample t tests examining whether PE change scores differed from 
expectation (PE = 0), and Cohen’s d reflects the effect size of the one-sample t tests.
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