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Abstract 35 

 36 

Introduction: Prospective memory (PM) deficits have been documented in multiple sclerosis (MS). 37 

This study aimed to explore the specific types of errors made by persons with MS (PwMS), including 38 

differences between PwMS and healthy controls (HC) and PwMS who do and do not have impairments 39 

in processing speed and/or verbal learning and memory.  40 

Method: PwMS (n = 111) and HC (n = 75) completed the Memory for Intentions Test (MIST), an 41 

objective measure of PM that has five types of errors that can be coded (PM failure, task substitution, 42 

loss of content, loss of time, and random errors). The number and types of PM errors were calculated 43 

for the overall MIST and six subscales, which break down performance by types of delay (2-Minute 44 

and 15-Minute), cue (Time and Event), and response (Verbal and Action). Impairment was defined as 45 

performing <1.5 SD on either the Symbol Digit Modalities Test (SDMT) or Rey Auditory Verbal 46 

Learning Test (RAVLT). Bivariate analyses were used to examine group differences, with post-hoc 47 

pairwise comparisons with Bonferroni corrections.  48 

Results: Nearly 93% of PwMS made at least one PM error, compared to 76% of HC (V = .24, p = 49 

.001). The most commonly made PM error by PwMS was loss of content errors (45.0%). PwMS made 50 

significantly more task substitution errors (26.4% vs. 7.6%, p <.001) and fewer loss of time errors 51 

(9.5% vs. 21.2%, p <.001) than HC. Impaired PwMS made more errors than non-impaired PwMS, 52 

specifically PM failures on time-based tasks.  53 

Conclusions: PM errors are common in PwMS, particularly when there are longer delays and time-54 

based cues. Not only do PwMS make more errors than demographically similar HC, but they exhibit 55 

different cognitive process failures.  56 

 57 

Keywords: multiple sclerosis, prospective memory, error analysis, cognitive functioning 58 
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Introduction 59 

Multiple sclerosis (MS) is a debilitating neurological disease that affects nearly one million people in 60 

the United States (Wallin et al., 2019). A common symptom of MS is cognitive impairment, which affects 61 

up to 70% of people with MS (PwMS) (Chiaravalloti & DeLuca, 2008). Many PwMS experience issues 62 

with memory, which is thought to be due to impairments in their initial learning (Chiaravalloti & DeLuca, 63 

2008). Reductions in new learning, along with slower processing speed and executive dysfunction, have 64 

been connected to difficulties completing functional activities (Kalmar et al., 2008). Furthermore, 65 

memory impairments have been associated with unemployment in PwMS (Clemens & Langdon, 2018). 66 

One understudied aspect of memory in MS is prospective memory (PM) or “remembering to 67 

remember” (Cohen & Hicks, 2017). PM involves forming new memories and an intention for future 68 

action, temporarily storing them, and then retrieving them at a future time (Crystal & Wilson, 2015). As 69 

such, individuals need to recall both the content (retrospective component) and the future intention 70 

(prospective component) to successfully complete the task. In the four-stage conceptual model of PM 71 

(Carey et al., 2006; Raskin et al., 2010), the individual first forms the intention, then must retain that 72 

intention while carrying out other tasks, followed by recognition of the cue and correct pairing with the 73 

intention, and then finally execution of the intention. The cues to carry out the intention can be time-74 

based, such as a specific time or general deadline (Oates & Peynircioglu, 2014), or event-based, such as a 75 

specific event or when a particular action is presented (Strickland et al., 2021). For example, 76 

remembering to take a medication at noon is a time-based PM task, while remembering to charge a phone 77 

when the low battery alert goes off is an event-based PM task.  78 

Compared to healthy controls, PwMS have greater difficulties with PM (Dagenais et al., 2016; 79 

Kardiasmenos et al., 2008; Miller et al., 2014; Raimo et al., 2019; Rendell et al., 2012; Rendell et al., 80 

2007; Weber et al., 2019), particularly on time-based PM (Miller et al., 2014; Raimo et al., 2019; Weber 81 

et al., 2019). Several functional issues have been associated with PM deficits in PwMS. For instance, 82 

unemployment has been associated with lower PM performance among PwMS, with deficits being a 83 

small, yet significant, contributor to reduced work hours, independent of other cognitive difficulties 84 
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(Honan et al., 2015). In addition, worse PM has also been associated with poorer medication adherence 85 

(Bruce et al., 2010), appointment non-attendance (Gromisch, Raskin, et al., 2023; Gromisch, Turner, et 86 

al., 2023), and greater difficulty completing everyday activities (Weber et al., 2019). 87 

While the research in MS has primarily focused on overall PM impairment (Rouleau et al., 2018), the 88 

examination of different types of PM errors through error analysis can provide insight into where in the 89 

cognitive process the breakdown is occurring. Five types of PM errors have been identified (Table 1): 90 

PM failure, task substitution, loss of content, loss of time, and random errors (Raskin et al., 2010). 91 

Different process failures are thought to result in these different errors. While issues with time monitoring 92 

are associated with loss of time errors, prefrontal executive control and retrospective memory failures 93 

have been related to task substitution and loss of content errors, respectively (Raskin et al., 2010). In 94 

addition, multiple errors can occur during one task. For instance, an individual may have an electric bill 95 

due on the 15th but forget the day it is due and which utility to pay. In these situations, there are several 96 

cognitive process failures that are contributing to the PM error.  97 

PM errors have been noted to occur in healthy adults with no history of neurological disorder. In the 98 

standardization sample for the Memory for Intentions Test (MIST), which included 736 individuals 99 

between the ages of 18 and 94, there was a mean error rate of 2.55 (SD = 1.89), with no errors occurring 100 

in only 14.5% of the sample (Raskin et al., 2010). PM failure errors were common on Trial 4 (34.8%) and 101 

Trial 8 (29.8%), which were both time-based tasks with 15-minute delays (Raskin et al., 2010). Random 102 

errors were very uncommon, only occurring in 0.3% of the sample on Trial 4 and 0% on all other tasks 103 

(Raskin et al., 2010). More errors were noted in older adults, with the highest rate among individuals 80 104 

years or older (Raskin et al., 2010). It should be noted that an individual could make one or two PM errors 105 

on the eight-task MIST and still be classified as “unimpaired.” For example, if a 50-year-old with a 106 

college degree made two PM failures on two time-based tasks, the overall performance would be in the 107 

34th percentile, which is considered “average” (Raskin et al., 2010). 108 

Given the dearth of information in this area, this study aimed to explore the types of PM errors made 109 

by PwMS. In addition to characterizing the frequency of errors made under different constraints (i.e., 110 
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different time delays, cue types, and response types), comparisons were made between 1) PwMS and 111 

healthy controls (HC) and 2) PwMS with and without impairments in processing speed and/or verbal 112 

learning and memory to examine differences in cognitive process failures. It was hypothesized that 113 

PwMS would exhibit a greater number of PM errors than HC, given the prevalence of cognitive 114 

difficulties in MS (Chiaravalloti & DeLuca, 2008). In addition, it was theorized that non-impaired PwMS 115 

would make errors that allowed for partial retrieval (e.g., recalling the correct time but not the correct 116 

content) while impaired PwMS would have more complete PM failures. 117 

 118 

Material and Methods 119 

Participants and Procedures 120 

PwMS Group: This study was a secondary analysis of a cross-sectional study conducted at two 121 

community-based MS centers (Gromisch et al., 2021). The study procedures were approved by the Trinity 122 

Health Of New England Institutional Review Board (IRB), with the one-time data collection completed 123 

between June 2019 and September 2020. To qualify for the parent study, individuals needed to have a 124 

definite diagnosis of MS made by a center neurologist using on the McDonald criteria (Thompson et al., 125 

2018), be between the ages of 18 and 89 (actual age range was between 21 and 74), be able to read and 126 

write in English, and have not experienced a relapse within the past two months. For the current analyses, 127 

participants needed to complete the entire MIST to ensure the PM error data were available for all eight 128 

trials. One participant was excluded due to not fulfilling the criteria, resulting in 111 PwMS being 129 

included in the analyses. Demographics are reported in Table 2.  130 

HC Group: HC data were extracted from two previous studies (Raskin et al., 2010; Raskin et al., 131 

2011), which were approved by the Trinity College IRB. These individuals had no histories of 132 

neurological, psychiatric, cardiovascular, or substance use disorders, or visual impairments that would 133 

interfere with testing. The HC did not complete any other tests besides the MIST. Selected HC (n = 75) 134 

were between the ages of 21 and 73 to match the ages of the PwMS group. They did not differ from the 135 

PwMS group in terms of age, education, or race, although there was a higher percentage of men (Table 136 
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2).  137 

 138 

Measures 139 

All demographics were self-reported, with MS-related disability measured using the Patient 140 

Determined Disease Steps (PDDS) (Hohol et al., 1995, 1999; Learmonth et al., 2013; Marrie & Goldman, 141 

2007). The primary outcome was the MIST, an objective measure of PM with eight trials (four time-based 142 

and four event-based) (Raskin et al., 2010). The MIST has strong internal consistency and interrater 143 

reliability, and it has been validated in PwMS (Raskin et al., 2010). In addition to a total score for overall 144 

PM performance, six subscales can be calculated, which further break down PM performance by time 145 

delay (2-Minute Time Delay and 15-Minute Time Delay), cue type (Time Cue and Event Cue), and 146 

response type (Verbal Response or Action Response). Four trials were included in each subscale. For 147 

example, Trial 4 was included in the 15-Minute Time Delay, Time Cue, and Verbal Response subscales, 148 

as the task involved the examinee saying a specific statement 15 minutes after it was given. 149 

Errors were recorded if the examinee performed the trial incorrectly, which could be a PM failure, 150 

task substitution, loss of content, loss of time, or random error. Descriptions of each error type are 151 

provided in Table 1. For event-based trials, a loss of time error could be coded if the examinee did not 152 

provide a response within one minute of the cue being provided. Only two random errors were noted in 153 

the HC group, which were both associated with Trial 4, as were the random errors in the MIST 154 

standardization sample (Raskin et al., 2010). These random errors were associated with Trial 4 (15-155 

minute delay, time cued trial task with a verbal response) as they occurred around the time frame of that 156 

task but not within the possible time for a different task. In addition, the random errors were verbal 157 

responses and thus were not related to the adjacent action trials. For both HC, the adjacent trials were 158 

answered correctly and would not have an error coded. It was possible for two errors to occur within one 159 

trial (e.g., the examinee forgot the content of the trial (loss of content error) and responded at the incorrect 160 

time (loss of time error)). The total number of errors made on the MIST were calculated, along with the 161 

percentage of each type of error made. This process was repeated for the six subscales of the MIST as 162 
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well to examine the conditions under which the different errors occur.  163 

Two measures were used to classify PwMS as cognitively impaired/non-impaired: the oral version of 164 

Symbol Digit Modalities Test (SDMT), a brief measure in which examinees match the number to a 165 

simple geometric design (Smith, 1982), and the Rey Auditory Verbal Learning Test (RAVLT), a 15-item 166 

list learning test with five learning trials and immediate and delayed recalls (Schmidt, 1996). The SDMT 167 

was selected as it is a sensitive, though not specific, measure of cognitive functioning in MS that is related 168 

to deep grey matter structures, whole brain volume, and total white matter volume (Benedict et al., 2017; 169 

Pitteri et al., 2021; Sandry et al., 2021; Spain et al., 2023). The RAVLT was selected as impaired new 170 

learning is associated with PM difficulties (Chiaravalloti & DeLuca, 2008), and retrospective memory is a 171 

component of the PM model (Carey et al., 2006; Raskin et al., 2010). The selection of these two measures 172 

was confirmed by the significant, positive associations between the total MIST score and the SDMT (ρ = 173 

.50, p < .001) and RAVLT total (ρ = .44, p <.001), immediate (ρ = .37, p < .001), and delayed (ρ = .44, p 174 

<.001) recalls. MS regression-based norms were used to calculate the SDMT z-scores (Parmenter et al., 175 

2010), while age-based metanorms were used to calculate z-scores for the RAVLT total, immediate, and 176 

delayed recalls (Strauss et al., 2006). Impairment was defined as performing <-1.5 standard deviations 177 

(SD) on at least one of these measures. A total of 57 PwMS (51.4%) were classified as impaired based on 178 

this criterion, with 47.4% impaired only on the SDMT, 29.8% on both measures, and 22.8% only on the 179 

RAVLT.  180 

 181 

Statistical Analysis 182 

SPSS v26 was used to analyze the data. Differences in demographics between the PwMS and HC 183 

groups were examined using t-tests (age and education), chi-square (gender), and Fisher’s exact test 184 

(race). Descriptive statistics were used to characterize the frequency of errors made on the overall MIST 185 

and each subscale by PwMS. For each type of constraint (i.e., time delays, cue type, and response type), 186 

Wilcoxon signed-rank test (effect size reported as r) and McNemar’s test were run to explore whether 187 

there were differences in the number of errors made and percentage of PwMS who did not make any 188 
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errors, respectively. 189 

Mann-Whitney U tests (effect size reported as r) were used to compare the number of errors made by 190 

PwMS and HC on the overall MIST and each subscale, while chi-squares (effect size reported as 191 

Cramer’s V) were used to evaluate the percentage who did not make any errors and differences in the 192 

types of errors made by these two groups. If there was a significant overall difference, post-hoc pairwise 193 

comparisons were conducted with Bonferroni corrections (p < .006 for four error types and p <.005 for 194 

five error types). Similar analyses were used to compare the number of errors and error types between 195 

impaired and non-impaired PwMS, with Fisher’s exact test used when there were frequencies below five. 196 

The analyses were repeated to only include persons with relapsing remitting MS (RRMS) to explore 197 

whether the observed differences changed when individuals with progressive forms of MS were excluded.   198 

 199 

Results 200 

Errors on the Overall MIST 201 

PwMS made a median of three errors, with 24.0% making no errors on the MIST. The most common 202 

error type was loss of content (45.0%), followed by task substitutions (26.4%). Compared to HC (Table 203 

3), PwMS made more errors on the MIST, with the number of individuals making no errors being 204 

significantly lower. There was a significant difference in the types of errors made (Figure 1), with PwMS 205 

making made more task substitution errors and fewer loss of time errors. The observed differences in the 206 

frequency (Supplementary Table 1) and types of errors made (Supplementary Table 2) between HC 207 

and PwMS did not change when only persons with RRMS were examined. Impaired PwMS made more 208 

overall errors than non-impaired PwMS (Table 3), as well as more PM failure errors (Figure 1). These 209 

results did not change when only persons with RRMS were included in the analyses (Supplementary 210 

Tables 1 & 2).  211 

 212 

Errors by Time Delay 213 

PwMS made more errors when there was a 15-minute delay compared to a 2-minute delay (r = .73, p 214 
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< .001; Table 3). In addition, fewer PwMS made no errors when there was a 15-minute delay (8.1% vs 215 

45.0%, p < .001). The most common error type at both time delays was loss of content (46.9% for 2-216 

minutes and 44.3% for 15-minutes).  217 

Compared to HC (Table 3), PwMS made more errors and were less likely to make no errors at both 218 

time delays, which was also observed when only persons with RRMS were examined (Supplementary 219 

Table 1). While there was an overall difference on the types of errors made with the 2-minute delay 220 

(Figure 2), none of the pairwise comparisons were significant after the Bonferroni corrections. This 221 

overall difference became shy of significance when only persons with RRMS were in the sample 222 

(Supplementary Table 2). However, there was a significant difference with the 15-minute delay (Figure 223 

2), with PwMS making more task substitution errors and fewer loss of time errors. In the RRMS only 224 

sub-analysis, the loss of time errors difference was no longer significant (Supplementary Table 2).  225 

Impaired PwMS significantly differed from non-impaired PwMS in terms of the number (Table 3) 226 

and types of errors (Figure 2) made with the 2-minute delay, although none of the pairwise comparisons 227 

were significant following the Bonferroni correction. While impaired PwMS made a greater number of 228 

errors when there was a 15-minute delay (Table 3), there was no difference in the types of errors (Figure 229 

2). These observed differences were maintained when only persons with RRMS were analyzed, except for 230 

the types of errors made with the 2-minute delay which became shy of significance (Supplementary 231 

Tables 1 & 2).  232 

 233 

Errors by Cue Type 234 

PwMS had a greater number of errors on time-based tasks compared to event-based tasks (r = .69, p < 235 

.001; Table 3). Fewer PwMS also made no errors when there were time cues (8.1% vs 40.5%, p <.001). 236 

Loss of content errors were the most common for both cue types (45.8% for time and 4.4% for event), 237 

although task substitutions were frequent for event cues (42.5%).  238 

Compared to HC (Table 3), PwMS had a higher number of both time-based and event-based errors. 239 

In addition, there were significantly fewer PwMS who made no errors in either cue type. Although there 240 
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was an overall difference on the types of errors made when there was a time cue (Figure 3), none of the 241 

post-hoc comparisons were significant after correction. Errors made on event-based tasks, however, did 242 

differ significantly, with PwMS making more task substitution errors and fewer loss of time errors 243 

(Figure 3). None of these results changed when only persons with RRMS were examined 244 

(Supplementary Tables 1 & 2).  245 

Impaired PwMS made more errors than non-impaired PwMS on both time- and event-based tasks 246 

(Table 3). There was a significant difference on the types of errors made on time-based tasks, with 247 

impaired PwMS making more PM failures, but not on the types of errors made on event-based tasks 248 

(Figure 3). These observed differences remained the same when only persons with RRMS were included 249 

in the sample (Supplementary Tables 1 & 2).  250 

 251 

Errors by Response Type 252 

The number of errors made by PwMS did not significantly differ by response type (r = .14, p = .145; 253 

Table 3), nor was there a difference in the percentage who did not make any errors on verbal versus 254 

action responses (18.9% vs 15.3%, p = .119). PwMS primarily made loss of content errors on both verbal 255 

(51.8%) and action (38.9%) tasks, although task substitutions were also frequent for the latter (31.9%).  256 

Compared to HC (Table 3), PwMS made more errors under both response conditions and there was a 257 

significantly lower percentage of PwMS who had no errors for either one. While there was an overall 258 

difference in the types of errors for verbal responses (Figure 4), the post-hoc comparisons were non-259 

significant after correction. There was a significant difference in error type for action responses (Figure 260 

4), with PwMS making more task substitution errors. These results did not change in the RRMS only sub-261 

analyses (Supplementary Tables 1 & 2).  262 

Impaired PwMS had a greater number of errors on both verbal and action tasks compared to non-263 

impaired PwMS (Table 3), but there were no differences in the types of errors made in either condition 264 

(Figure 4). None of these results changed when only persons with RRMS were examined 265 

(Supplementary Tables 1 & 2).  266 
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 267 

Discussion   268 

This is the first study to not only explore the type of PM errors made by PwMS, but also examine 269 

whether there are cognitive process failure differences between 1) PwMS and HC and 2) PwMS with and 270 

without impairments in processing speed and/or verbal learning and memory. Overall, PM errors were 271 

common among PwMS, with 92.7% making at least one error; the average number of errors was three. 272 

PwMS tended to make more errors when there was a 15-minute delay or time-based cue, two conditions 273 

that have higher cognitive demands (Matos et al., 2020). Loss of content errors were the most frequently 274 

made error, which was noted across all conditions. No random errors were made by PwMS, with loss of 275 

time errors occurring less than 10% of the time. 276 

As hypothesized, PwMS made more PM errors than HC. In addition, there was a significantly lower 277 

percentage of PwMS who made no errors compared to HC across all time delays, cue type, and response 278 

type. These findings suggest that PwMS experience a higher rate of cognitive process failures, regardless 279 

of the condition in which the PM task is presented. One explanation may be differences in semantic 280 

networks between HC and PwMS. It has been proposed that these networks are altered in PwMS, 281 

affecting activation of semantic associations when recalling information (Pitteri et al., 2020). 282 

Furthermore, PwMS can be more susceptible to both proactive and retroactive semantic interference 283 

(Matias-Guiu et al., 2020). These issues may culminate in errors through different stages in the PM 284 

model. If there are alterations in the semantic network connectivity affecting how much information is 285 

stored (Pitteri et al., 2020), this may affect encoding of how the task will be carried out (first stage) 286 

(Carey et al., 2006; Raskin et al., 2010). Reductions in connections affecting retrieval (Pitteri et al., 2020) 287 

or interference from competing tasks may cause disruptions in the third stage, where the individual must 288 

recognize the cue and correctly pair it with the intention (Carey et al., 2006; Raskin et al., 2010). Slightly 289 

less than half of the sample did not have impairments in processing speed and/or verbal learning and 290 

memory. It should be noted that issues with PM errors (possibly indicative of semantic network 291 

alterations) were noted in PwMS without verbal memory impairments, suggesting that this process may 292 
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be more subtle than what is measured on traditional neuropsychological assessments (Pitteri et al., 2020). 293 

Clinically, this may translate to PwMS reporting problems with everyday tasks but not exhibiting 294 

significant impairment on standardized testing. Rather, they may be experiencing a subclinical level of 295 

cognitive impairment, evidenced by an elevated number of PM errors in relation to HC.  296 

While both PwMS and HC made loss of content errors the most frequently, differences emerged in 297 

the number of task substitution and loss of time errors they made. PwMS made more task substitution 298 

errors, specifically when there were 15-minute delays, event cues, and verbal responses. HC, on the other 299 

hand, made more loss of time errors, particularly when there were 15-minute delays and event cues. 300 

These findings suggest that PwMS and HC have different cognitive process failures during the third stage 301 

of PM (Carey et al., 2006; Raskin et al., 2010). PwMS experience more difficulty pairing the correct cue  302 

and intention but have fewer issues than HC with recognizing that it is time to respond to the cue. As 303 

noted above, alterations in PwMS’ semantic networks (Pitteri et al., 2020) and susceptibility to intrusions 304 

(Matias-Guiu et al., 2020) could explain why PwMS demonstrated a higher rate of task substitution errors 305 

compared to HC. In addition, as new learning can be impaired in PwMS (Chiaravalloti & DeLuca, 2008), 306 

PwMS may have greater difficulty processing and properly assigning the correct retrospective component 307 

(content) with the prospective component (intention), resulting in the substitution. Furthermore, if their 308 

attentional focus is on the time that they need to complete the task, it may have affected their efficiency of 309 

encoding the retrospective component information.  310 

While it has been suggested that time-based PM issues in PwMS were due to issues with time 311 

monitoring (Raimo et al., 2019), the current results showed that PwMS made fewer loss of time errors 312 

than HC. In addition, loss of time errors were the least commonly made PM error by PwMS (9.5%), 313 

suggesting that time monitoring is not necessarily their primary issue. PwMS still exhibit more problems 314 

with time-based PM than HC, with loss of content (45.8%), PM failures (22.5%), and task substitution 315 

errors (18.6%) being more common than loss of time errors (13.1%) on these tasks. As to why PwMS 316 

made fewer loss of time errors than HC, there are some potential explanations. It is possible that PwMS 317 

were paying more attention to the clock, knowing that they would have to provide a response at a certain 318 
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time even if they could not recall its content. Self-awareness of executive dysfunction has been associated 319 

with cognitive abilities in PwMS (Goverover et al., 2005). Theoretically, if a PwMS was aware that they 320 

would struggle recalling both the time and intention, they may have focused their efforts on just 321 

remembering the time when they needed to respond. However, a stark contrast was noted on event-based 322 

tasks (1.8% versus 20.0%), in which a loss of time error was given if a response was not provided within 323 

one minute of the cue. While the examinee still needs to keep track of the time in relation to discontinuing 324 

the distractor task and engaging in the intended task, loss of time errors on event-based tasks may be less 325 

suggestive of a time monitoring issue and more so a delayed recall response. When taking a closer look at 326 

the specific event-based tasks where HC made errors, 71.4% of them were made on Trials 5 and 6, which 327 

both had a 15-minute delay and examinees had been given instructions for seven out of the eight tasks. 328 

This may suggest that these HC needed additional time to correctly connect the intention with the cue 329 

when there was a longer delay and larger cognitive load. Similar to other 15-minute delay tasks, PwMS 330 

had a higher number of task substitution errors compared to HC (40.0% versus 5.9%) on these two trials, 331 

suggesting that they quickly respond, knowing they have been cued for a task, but they could not 332 

correctly connect the intention with that cue.   333 

Across all conditions, PwMS with impaired processing speed and/or verbal learning and memory 334 

made more PM errors than PwMS without those cognitive deficits. They exhibited more prospective 335 

memory failures (i.e., no response), particularly on tasks where there was a time-based cue. This suggests 336 

that when PwMS have slowed processing speed and/or difficulty encoding new information, they 337 

experience a breakdown during the initial formation of the intention (first stage) (Raskin et al., 2010). 338 

This issue becomes more evident when there is not an external cue, like an event, and the individual must 339 

track both the time and content of the task, thus increasing the cognitive demands. Notably, both groups 340 

had similar amounts of task substitution errors across all conditions, suggesting that deficits in processing 341 

speed, learning, and memory alone do not account for these types of errors. Task substitutions have been 342 

attributed to issues with prefrontal executive control (Raskin et al., 2010), and executive dysfunction was 343 

not measured as part of this study. As such, further examination of PM errors with a larger 344 
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neuropsychological assessment battery is needed to fully understand the underlying cognitive processes 345 

contributing to these errors, as well as identify PwMS with cognitive impairments not captured by the two 346 

measures used, which can then be used to inform interventional approaches for addressing PM issues in 347 

PwMS.  348 

Given its functional implications for PwMS (Bruce et al., 2010; Gromisch, Raskin, et al., 2023; 349 

Gromisch, Turner, et al., 2023; Honan et al., 2015; Weber et al., 2019), there is a need to recognize and 350 

address PM in clinical practice. Even when an individual does not reach the threshold for cognitive 351 

impairment, they still may be making occasional PM errors that may manifest as forgetting to take one’s 352 

medication or mail a bill one time or two times, which can be distressing. As such, if a PwMS endorses 353 

cognitive-related functional issues but their performance does not reach the level of clinical impairment, 354 

clinicians may explore the types of errors they are making, which can help inform compensatory strategy 355 

recommendations. Given that recalling the correct content is an underlying issue for PwMS who do and 356 

do not reach that threshold, strategies that assist with retrospective recall may be considered, such as 357 

diaries and planners. While there is limited information on interventional approaches for PwMS (Rouleau 358 

et al., 2018), there is emerging evidence supporting the implementation of intentions technique in PwMS 359 

(Kardiasmenos et al., 2008), which involves establishing cues for the task using ‘if” ‘then’ statements 360 

along with visualization. This strategy has been beneficial for improving PM in other populations, such as 361 

traumatic brain injury, mild Alzheimer’s disease, and HIV (Pennar et al., 2018; Raskin et al., 2019; 362 

Shelton et al., 2016). 363 

When interpreting the findings of this study, a number of limitations need to be considered. In 364 

addition to the lack of executive functioning measures in the battery used to classify PwMS as 365 

impaired/non-impaired, the low number of errors in certain conditions may have affected detection of 366 

certain differences. For example, although more than 24% of impaired PwMS made PM failures on the 2-367 

minute delay tasks compared to 8.8% of non-impaired PwMS, this difference was non-significant. For the 368 

MIST subscales, there are only four tasks, resulting in a limited number of errors that can be made and 369 

thus examined. It should also be noted that because of the low number of potential errors, small 370 
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differences may result in a significant skew and the results may not be generalizable to the larger 371 

population. This may be addressed in future studies with the inclusion of additional PM tasks, which 372 

would not only provide more confidence that differences in error frequencies occur between PwMS and 373 

HC but could allow for an examination of whether there is a threshold of PM errors made and evidence of 374 

real-world functional difficulties. A larger, more diverse sample size is also needed to better understand 375 

how PM errors differ by MS subtype. Although most results did not change when only persons with 376 

RRMS were examined, the number of persons with progressive forms of the disease was not large enough 377 

to compare the different subgroups. Cognitive impairment is frequently seen in progressive MS 378 

(Wachowius et al., 2005), underscoring the need to examine PM in these disease types.  379 

Greater diversity should be considered as the homogeneity of the sample precluded examination of 380 

cultural differences that may have influenced performance and need to be considered by clinicians when 381 

addressing PM issues. Although HC did not differ from PwMS in terms of age and education, there was a 382 

discrepancy in terms of gender. While the MS sample’s gender distribution is congruent with the larger 383 

MS population (The Multiple Sclerosis International Federation (MSIF), 2020), men with MS can present 384 

with more cognitive impairment than women (Benedict & Zivadinov, 2011). Besides matching on gender, 385 

future analyses may stratify PwMS and HC by age group to examine whether PM error patterns differ in 386 

younger versus older adults, and if factors like disease duration contribute to the number of errors being 387 

made. Finally, the MIST in the PwMS and HC groups were administered by different examiners, so there 388 

is the possibility of disagreements in the error code assignment. That said, the MIST has good inter-rater 389 

reliability for error coding, with the intraclass correlations ranging from 0.81 to 0.96, with 100% 390 

agreement on Trial 7 (Raskin et al., 2010). 391 

Overall, PM errors are common among PwMS, even in the absence of processing speed and/or verbal 392 

learning and memory deficits. PwMS tend to make more errors when there are longer delays and time-393 

based cues, with loss of content errors being the most frequently made error. PwMS have a higher rate of 394 

PM errors than HC, with PwMS making more task substitution errors and fewer loss of time errors. 395 

Impaired PwMS made more errors than non-impaired PwMS, exhibiting more prospective memory 396 
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failures during time-based tasks. These findings highlight the different cognitive process failures that 397 

result in PM issues among PwMS and HC.   398 
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Tables 594 

Table 1  595 

Different Types of Prospective Memory Errors, Their Corresponding Process Failure, and Real-World 596 

Examples 597 

Error Type Description Process 

Failure1 

Time-Based 

Example 

Event-Based 

Example 

Prospective 

memory 

failure 

The individual has 

had a complete 

failure, in which no 

response or 

recognition of the 

need for a response 

is given. 

Prospective 

memory 

Task: “Take your 

medication at 2 pm.” 

 

Response: None 

Task: “Take your 

medication when 

lunch is served.” 

 

Response: None 

Task 

substitution 

While the 

individual responds 

at the correct time, 

the content of the 

task has been 

switched with 

another one. 

Prefrontal 

executive 

control 

Task: “Take your 

medication at 2 pm.” 

 

Response: Pays 

phone bill at 2 pm. 

Task: “Take your 

medication when 

lunch is served.” 

 

Response: Checks 

voicemail when 

lunch is served. 

Loss of 

content 

The individual 

recognizes that they 

had a task to 

complete but 

cannot remember 

what they were 

supposed to do. 

Retrospective 

memory 

Task: “Take your 

medication at 2 pm” 

 

Response: “I know 

I’m supposed to be 

doing something at 2 

pm, but I can’t 

remember what.” 

Task: “Take your 

medication when 

lunch is served.” 

 

Response: “I know 

I’m supposed to be 

doing something 

when lunch is 

served, but I can’t 

remember what.” 

Loss of time The individual 

recalls the correct 

content of the task 

but performs it at 

the incorrect time 

(± 1 minute 

window for both 

time- and event-

based tasks). 

Time 

monitoring 

Task: “Take your 

medication at 2 pm.” 

 

Response: Takes 

medication at 10 am. 

Task: “Take your 

medication when 

lunch is served.” 

 

Response: Takes 

medication when 

dinner is served. 

Random 

error 

The individual 

provides a random 

response at a 

random time.  

Unclear Task: “Take your 

medication at 2 pm.” 

 

Response: Calls 

doctor at 11 am. 

Task: “Take your 

medication when 

lunch is served.” 

 

Response: Pays 

phone bill at 10 am. 
1 Adapted from (Raskin et al., 2010) 598 
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Table 2 600 

Demographics of PwMS and HC  601 

Variable PwMS (n = 111) HC (n = 75) p-value 

Age (years) 51.12 (12.25) 53.32 (17.65) .350 

Education (years)a 15.23 (2.30) 15.09 (2.62) .721 

Gender (% Women) 73.9% 56.0% .011 

Race (% White non-Hispanic)b 82.9% 78.7% .663 

MS Type    -- 

Relapsing Remitting 80.2% --  

Secondary Progressive 10.8% --  

Primary Progressive 8.1% --  

Unsure 0.9% --  

MS Duration (years) 14.50 (9.30) -- -- 

Median PDDS 2 (moderate disability) -- -- 

Mean (SD) reported unless otherwise specified 602 

HC: healthy controls; MS: multiple sclerosis; PDDS: Patient Determined Disease Steps; PwMS: persons 603 

with MS 604 
a n = 9 missing in HC group 605 
b n = 8 missing in HC group 606 

 607 

 608 

  609 
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Table 3  610 

Comparison of PM Errors Made on the MIST by PwMS and HC 611 

  PwMS  

 

All PwMS  

vs. HC 

 

Impaired vs. Non-

Impaired PwMS 
Error Data HC 

(n = 75) 

Whole Sample 

(n = 111) 

Impaired 

(n = 57) 

Non-Impaired 

(n = 54) 

Overall MIST 

Number of Errors Made 1 (1) 3 (2) 4 (2) 2 (2.25) r = .43, p < .001 r = .34, p < .001 

No Errors Made (%) 24.0% 7.2%   V = .24, p = .001  

2-Minute Time Delay subscale 

Number of Errors Made 0 (0) 1 (1) 1 (2) 0 (1) r = .32, p < .001 r = .26, p = .006 

No Errors Made (%) 78.7% 45.0%   V = .34, p < .001  

15-Minute Time Delay subscale 

Number of Errors Made 1 (2) 2 (2) 3 (1) 2 (2) r = .42, p < .001 r = .30, p = .002 

No Errors Made (%) 26.7% 8.1%   V = .25, p = .001  

Time Cue subscale 

Number of Errors Made 1 (2) 2 (2) 2 (1) 2 (2) r = .41, p < .001 r = .29, p = .003 

No Errors Made (%) 26.7% 8.1%   V = .25, p = .001  

Event Cue subscale 

Number of Errors Made 0 (0) 1 (2) 1 (2) 0 (1) r = .35, p < .001 r = .31, p = .001 

No Errors Made (%) 78.7% 40.5%   V = .38, p < .001  

Verbal Response subscale 

Number of Errors Made 1 (1) 1 (1) 2 (1) 1 (2) r = .33, p < .001 r = .29, p = .002 

No Errors Made (%) 45.3% 18.9%   V = .28, p < .001  

Action Response subscale 

Number of Errors Made 1 (1) 2 (1) 2 (2) 1 (2) r = .40, p < .001 r = .28, p = .004 

No Errors Made (%) 42.7% 15.3%   V = .31, p < .001  

Median (interquartile range) reported unless otherwise specified 612 

HC: healthy controls; MIST: Memory for Intentions Test; PwMS: persons with multiple sclerosis 613 

 614 

  615 



Prospective Memory Errors in MS 

24 

 

Figure Legends 616 

 617 

Figure 1 618 

Types of Errors Made on the Overall MIST by PwMS and HC 619 

Note: PwMS vs HC: V = .26, p < .001; Impaired vs Non-Impaired PwMS: V = .19, p = .006 620 

*p <.005, **p <.001 621 

HC; healthy controls; LC: loss of content; LT: loss of time; MIST: Memory for Intentions Test; PMF: 622 

prospective memory failure; PwMS: persons with multiple sclerosis; RE: random error; TS: task 623 

substitution 624 

 625 

Figure 2 626 

Types of Errors Made on Different Time Delays (2-Minute and 15-Minute) on the MIST by PwMS and 627 

HC 628 

Note: PwMS vs HC on 2-minute delay: V = .25, p = .032; Impaired vs Non-Impaired PwMS on 2-minute 629 

delay: V = .28, p = .045; PwMS vs HC on 15-minute delay: V = .26, p < .001; Impaired vs Non-Impaired 630 

PwMS on 15-minute delay: V = .17, p = .061 631 

*p <.005, **p <.001 632 

HC; healthy controls; LC: loss of content; LT: loss of time; MIST: Memory for Intentions Test; PMF: 633 

prospective memory failure; PwMS: persons with multiple sclerosis; RE: random error; TS: task 634 

substitution 635 

 636 

Figure 3 637 

Types of Errors Made on Different Cue Types (Time and Event) on the MIST by PwMS and HC 638 

Note: PwMS vs HC on time cue: V = .20, p = .018; Impaired vs Non-Impaired PwMS on time cue: V = 639 

.21, p = .017; PwMS vs HC on event cue: V = .44, p < .001; Impaired vs Non-Impaired PwMS on event 640 

cue: V = .17, p = .334 641 

*p <.005, **p <.001 642 

HC; healthy controls; LC: loss of content; LT: loss of time; MIST: Memory for Intentions Test; PMF: 643 

prospective memory failure; PwMS: persons with multiple sclerosis; RE: random error; TS: task 644 

substitution 645 

 646 

Figure 4 647 

Types of Errors Made on Different Response Types (Verbal and Action) on the MIST by PwMS and HC 648 
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Note: PwMS vs HC on verbal response: V = .24, p = .015; Impaired vs Non-Impaired PwMS on verbal 649 

response: V = .22, p = .053; PwMS vs HC on action response: V = .30, p < .001; Impaired vs Non-650 

Impaired PwMS on action response: V = .18, p = .111 651 

**p <.001 652 

HC; healthy controls; LC: loss of content; LT: loss of time; MIST: Memory for Intentions Test; PMF: 653 

prospective memory failure; PwMS: persons with multiple sclerosis; RE: random error; TS: task 654 

substitution 655 

 656 

  657 



Prospective Memory Errors in MS 

26 

 

Supplementary Table 1  658 

Comparison of PM Errors Made on the MIST by PwMS (RRMS Only) and HC 659 

  PwMS (RRMS Only)  

 

All PwMS  

vs. HC 

 

Impaired vs. Non-

Impaired PwMS 
Error Data HC 

(n = 75) 

Whole Sample 

(n = 89) 

Impaired 

(n = 46) 

Non-Impaired 

(n = 43) 

Overall MIST 

Number of Errors Made 1 (1) 3 (2) 4 (2.25) 2 (2) r = .42, p < .001 r = .40, p < .001 

No Errors Made (%) 24.0% 6.7%   V = .24, p = .002  

2-Minute Time Delay subscale 

Number of Errors Made 0 (0) 1 (2) 1 (2) 0 (1) r = .34, p < .001 r = .28, p = .007 

No Errors Made (%) 78.7% 43.8%   V = .35, p < .001  

15-Minute Time Delay subscale 

Number of Errors Made 1 (2) 2 (2) 3 (1) 2 (1) r = .40, p < .001 r = .36, p = .001 

No Errors Made (%) 26.7% 7.9%   V = .25, p = .001  

Time Cue subscale 

Number of Errors Made 1 (2) 2 (2) 2 (1) 2 (2) r = .42, p < .001 r = .30, p = .004 

No Errors Made (%) 26.7% 7.9%   V = .25, p = .001  

Event Cue subscale 

Number of Errors Made 0 (0) 1 (2) 1 (2) 0 (1) r = .33, p < .001 r = .39, p < .001 

No Errors Made (%) 78.7% 43.8%   V = .35, p < .001  

Verbal Response subscale 

Number of Errors Made 1 (1) 1 (1) 2 (2) 1 (2) r = .35, p < .001 r = .30, p = .004 

No Errors Made (%) 45.3% 20.2%   V = .27, p = .001  

Action Response subscale 

Number of Errors Made 1 (1) 2 (1) 2 (2) 1 (2) r = .38, p < .001 r = .37, p < .001 

No Errors Made (%) 42.7% 15.7%   V = .30, p < .001  

Median (interquartile range) reported unless otherwise specified 660 

HC: healthy controls; MIST: Memory for Intentions Test; PwMS: persons with multiple sclerosis; RRMS: relapsing remitting multiple sclerosis 661 

 662 

  663 
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Supplementary Table 2  664 

Types of PM Errors Made on the MIST by PwMS (RRMS Only) and HC 665 

  PwMS (RRMS Only) 

Error Types HC  

(n = 75) 

Whole Sample  

(n = 89) 

Impaired  

(n = 46) 

Non-Impaired 

(n = 43) 

Overall MIST1 

PM Failure 20.3% 20.2% 26.0%* 10.6% 

Task Substitution 7.6% 26.7%** 26.6% 26.9% 

Loss of Content 49.2% 43.3% 38.2% 51.9% 

Loss of Time 21.2% 9.7%* 9.2% 10.6% 

Random Error 1.7% 0.0% 0.0% 0.0% 

2-Minute Time Delay subscale2 

PM Failure 29.6% 20.7% 25.9% 10.7% 

Task Substitution 7.4% 26.8% 31.5% 17.9% 

Loss of Content 48.1% 47.6% 37.0% 67.9% 

Loss of Time 14.8% 4.9% 5.6% 3.6% 

15-Minute Time Delay subscale3 

PM Failure 17.6% 20.0% 26.1% 10.5% 

Task Substitution 7.7% 26.7%** 30.3% 24.4% 

Loss of Content 49.5% 41.5% 38.7% 46.1% 

Loss of Time 23.1% 11.8% 10.9% 13.2% 

Random Error 2.2% 0.0% 0.0% 0.0% 

Time Cue subscale4 

PM Failure 19.3% 22.3% 30.6%* 11.0% 

Task Substitution 9.1% 19.7% 18.0% 22.0% 

Loss of Content 47.7% 44.6% 37.8% 53.7% 

Loss of Time 21.6% 13.5% 13.5% 13.4% 

Random Error 2.3% 0.0% 0.0% 0.0% 

Event Cue subscale5 

PM Failure 23.3% 15.5% 17.7% 9.1% 

Task Substitution 3.3% 42.9%** 41.9% 45.5% 

Loss of Content 53.3% 40.5% 38.7% 45.5% 

Loss of Time 20.0% 1.2%** 1.6% 0.0% 

Verbal Response subscale6 

PM Failure 20.7% 16.8% 22.6% 7.5% 

Task Substitution 10.3% 20.4% 20.2% 20.8% 

Loss of Content 43.1% 51.8% 45.2% 62.3% 

Loss of Time 22.4% 10.9% 11.9% 9.4% 

Random Error 3.4% 0.0% 0.0% 0.0% 

Action Response subscale7 

PM Failure 20.0% 23.6% 29.2% 13.7% 

Task Substitution 5.0% 32.9% 32.6% 33.3% 

Loss of Content 55.0% 35.0% 31.5% 41.2% 

Loss of Time 20.0% 8.6%** 6.7% 11.8% 
1 PwMS vs HC: V = .26, p < .001; Impaired vs Non-Impaired PwMS: V = .20, p = .014 666 
2 PwMS vs HC: V = .25, p = .056; Impaired vs Non-Impaired PwMS: V = .30, p = .066 667 
3 PwMS vs HC: V = .27, p < .001; Impaired vs Non-Impaired PwMS: V  = .19, p = .072 668 
4 PwMS vs HC: V = .20, p = .022; Impaired vs Non-Impaired PwMS: V = .24, p = .011 669 
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5 PwMS vs HC: V = .47, p < .001; Impaired vs Non-Impaired PwMS: V = .13, p = .785 670 
6 PwMS vs HC: V = .25, p = .021; Impaired vs Non-Impaired PwMS: V = .22, p = .085 671 
7 PwMS vs HC: V = .33, p < .001; Impaired vs Non-Impaired PwMS: V = .19, p = .162 672 

* p < .005, **p < .001 673 

 674 

HC: healthy controls; MIST: Memory for Intentions Test; PM: prospective memory PwMS: persons with 675 

multiple sclerosis; RRMS: relapsing remitting multiple sclerosis 676 

 677 
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