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Abstract  

  The variability in response time a person shows within a certain task is called 

Intraindividual Variability (IIV). In neuropsychological research higher amounts of IIV has 

been shown to indicate cognitive decline and neurological disfunctions. Acquired brain injury 

such as stroke often result in cognitive decline. One of the tests frequently used in 

neuropsychological assessment post-stroke is the (digital) Trail Making Test (dTMT). The 

aim of this thesis is to investigate the influence of individual differences in age, months since 

the first stroke and level of education, of people with stroke on the IIV measured by means of 

dTMT. A group of 175 stroke survivors and 229 people without stroke participated in the 

present study. The outcome measures for IIV are the residualized Intraindividual Standard 

Deviation (rISD) and the Maximum Discrepancy score (MD). Results suggest that people 

with stroke can be distinguished from people without stroke based on higher amounts of IIV. 

Higher age of people that suffered stroke also predicted increased amounts of IIV. Months 

since the first stroke affected IIV measures from the  TMT-A but not of TMT-B. Level of 

education did not affect IIV.  

keywords: intraindividual variability, dTMT, stroke, MD, rISD,   
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Intraindividual Variability as a Measure of Neurological Integrity 

Stroke is a group of conditions that interrupt the cerebral blood flow (Zhang et al., 

2011). In the Europe Union (EU) the prevalence of stroke in the year 2000 was approximately 

1.1 million new stroke events per year (Truelsen et al., 2006). This number is estimated to 

increase to 1.5 million new stroke events per year in 2025. Research on the costs of stroke in 

1997 in the Netherlands showed that 3% of the annual Dutch healthcare budget was spent on 

patients that suffered from stroke (Evers et al., 1997). In the Netherlands stroke is number 2 

on a list of most disabling diseases (Poos et al., n.d.). This has been calculated based on 

Disability Adjusted Life Years. Individuals with a history of stroke often experience cognitive 

decline (Lo et al., 2019). Cognitive decline is a broad term that describes decline in 

functioning of cognitive domains, for example memory or executive functioning. Cognitive 

decline is highly correlated with changes in the brain such as brain atrophy (Planche et al., 

2019; Wang et al., 2021). In healthy ageing the brain volume changes which could result in 

cognitive problems (Aljondi et al., 2018). So, cognitive decline is a natural process while 

ageing. Stroke often causes brain damage which goes hand in hand with cognitive decline. 

The decline in cognitive performance in healthy ageing individuals may deteriorate when 

dealing with neurological diseases such as stroke, because of changes in the brain. After 

stroke, the onset of cognitive impairments may immediately appear, but often it is delayed 

(Brainin et al., 2014). Stroke appears to be a trigger for degenerative brain processes as the 

onset of dementia prevails 10 years earlier in people with stroke than in people without stroke 

(Ronchi et al., 2007). Furthermore, progression from cognitive impairments with no dementia 

(CIND) to dementia is accelerated by a previous stroke. The cognitive decline after stroke is 

accelerated compared to individuals without stroke. Heshmatollah and colleagues (2021) 

repeatedly assessed cognition in over 14,000 participants over 26 years in an population-based 

study. By matching people who experienced a stroke during that time with people of the same 
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sex and birth year without a stroke, they found that stroke patients even had steeper cognitive 

decline before the first-ever stroke than the matched person. The authors concluded that 

stroke is a risk factor for cognitive decline and stroke patients have a steeper decline already 

up to ten years before the first stroke (Heshmatollah et al.,  2021). These findings illustrate 

that knowing if cognitive impairments are present may indicate future neurological 

disfunctions. Insight in the cognitive impairments and decline might benefit the patient as 

compensatory strategies of the brain might adapt structural alterations and provide more 

cognitive and neural reserve which may lead to better cognitive outcome (Barulli & Stern, 

2013).   

Lately, research has been focusing on a new measure to indicate cognitive decline; 

Intraindividual Variability (IIV; Stuss et al., 2003; Bielak et al., 2010). IIV is the fluctuation 

in performance from trial to trial of a reaction time (RT) task (Bielak et al., 2019). IIV is 

highly sensitive to subtle changes in cognitive ability and could therefore be an early marker 

of cognitive decline (Bielak et al., 2010). In a meta-analysis, including 13 studies, Mumme 

and colleagues (2021) studied the association of IIV with cognitive decline and dementia. 

They found that IIV was associated with cognitive decline or conversion to MCI/dementia, 

this finding was independent of the operationalization of IIV. IIV is an interesting measure for 

stroke survivors as stroke often leads to cognitive impairments. In addition, stroke is a risk 

factor for degenerative neurological diseases. It is for clinical practice and research relevant to 

further explore variables in stroke survivors that affect the IIV construct. 

There are multiple types of variability described in the literature. First, Inter-individual 

variability, also referred to as diversity (Hultsch et al., 2002). This is the variability in 

response time within a single task of one person compared to the response time of another 

person on the same task at the same occasion. Intra-individual variability, is used when 

measuring variability of response time within one person. Comparing the variability in 
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response time across different tasks at one occasion, is referred to as dispersion. The 

variability in response time on one task, compared across multiple occasions is called 

inconsistency.  

Bielak et al., (2019) distinguished IIV in between-person, the change of IIV compared 

to others, and within-person, the change in IIV of one person over time (referred to as 

inconsistency by Hultsch et al., 2002). Three age groups of healthy people were made, 20-24; 

40-44 and 60-64 years. They were assessed on cognition with various tests like Symbol Digit 

Modalities Test at baseline and after 4 years and 8 years. The IIV was measured with a simple 

response time task and a choice response time task. The IIV within one person over the three 

assessments was not significantly associated with changes in cognitive performance. When 

comparing the IIV between persons, a negative relation between IIV and cognitive 

performance was found. So, in healthy individuals it appeared that a person with higher 

average IIV scores lower on cognitive performance than someone with a lower average 

amount of IIV. This effect is apparent in all age groups. Hultsch et al. (2002) found that older 

adults (ages 54-94) are more variable in all three types of variability, than younger adults 

(ages 17-36). The IIV is a potentially important predictor of cognitive performance. Hultsch 

and colleagues (2002) suggest that variability at one occasion, within-person (dispersion) or 

between-person (diversity), might influence long-term developmental change.  

In another study, Hultsch and colleagues (2000) studied three groups of people, people 

with a neurological disfunction (mild dementia), somatically disturbances (arthritis) and 

healthy individuals. They measured response time on a simple- and choice- reaction time task, 

and two cognitive tasks to test episodic memory (word and story recognition). The variability 

of the response time on the reaction time tasks appeared to be related to the level of 

performance on the episodic memory tasks in all three groups. Also, this variability appeared 

to be a unique predictor of neurological status, independent of level of performance. So, 



7 

 

neurological status was predicted by one measure at one occasion.  Based on these findings 

Hultsch et al. (2000) concluded that IIV could possibly be a behavioral indicator of disturbed 

neurological mechanisms. This conclusion has been confirmed in studies on people with 

traumatic brain injury (Stuss et al., 2003);  Parkinson’s disease (Burton et al., 2006; de Frias 

et al., 2012); symptoms of mild cognitive impairment (Christensen et al., 2005; LaPlume et 

al., 2021) and loss of consciousness in sport related concussions (Merritt et al., 2020). Hultsch 

and colleagues (2000) also stated that when IIV is influenced by neurological dysfunction, it 

might be a relative stable characteristic, because neurological dysfunction is a stable 

endogenous mechanism. The researchers confirmed this hypotheses as they found that more 

variability on one task indicated more variability on other tasks. This is consistent over 

multiple task domains and not due to random error. IIV appears to be a developmental 

phenomenon and a relatively stable individual characteristic (Hultsch et al., 2000; Rabbitt et 

al., 2001).  

In healthy individuals inconsistency on response time tasks measured over multiple 

occasions, is highest in young children (ages 6-8), gets lower throughout adolescence (ages 

18-29) and increases after adolescence throughout adulthood (ages 60-81) (Williams, 2005). 

Hultsch et al., (2002) did extensive research on all three types of variability (dispersion, 

diversity and inconsistency) over four age groups varying from young adults (age 17-36) to 

old adults (ages 75-94). In their research they found that with increasing age in adulthood al 

three types of variability increase. With regard to dispersion specifically, it appeared that 

older adults (ages 65-94) had more variability than younger adults (ages 17-64). Grewal et al., 

(2021) also found support for this association between cognitive variability and age-related 

cognitive decline. When adults get older, performance on cognitive tasks worsens and IIV 

increases (Nesselroade & Salthouse, 2004).  In other words, with cognitive decline in ageing 

the variability of response time within one task also increases.  
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Not every individual with a history of stroke experiences the same amount of 

cognitive decline. One possible explanation is given by the cognitive reserve theory. Barulli 

and Stern (2013) defined cognitive reserve (CR) as “differences in cognitive processes as a 

function of lifetime intellectual activities and other environmental factors that explain 

differential susceptibility to functional impairment in the presence of pathology or other 

neurological insult” (Barulli & Stern, 2013, p. 502). To estimate CR often proxy variables like 

years of education, knowledge and socioeconomic status are used. Higher education has been 

associated with a slower transition from mild cognitive impairment (MCI) to dementia in 

Parkinson’s patients (Poletti et al., 2011). People with higher education benefit more from 

literacy leisure activities which result in decreased odds of dementia (Lee & Chi, 2015), and 

more CR (indicated by higher education) has positive effects on the cognitive trajectory of 

Alzheimer patients (de Groot et al., 2018). Grand and colleagues (2015) found that years of 

education had no influence on the association between IIV and cognitive decline. On the 

contrary de Felice and Holland (2018) found that adults (aged 59-71) benefitted from 

cognitive reserve (measured in years of education). In addition, the amount of cognitive 

decline in executive functioning after stroke is less in people with high past leisure activity 

engagement compared to people with low past leisure activity engagement (Ihle et al., 2020). 

Ihle and colleagues state that leisure activity engagement might be a crucial cognitive reserve 

proxy. To understand individual difference in the amount of post stroke cognitive impairment 

the pre-morbid cognitive reserve should be considered (Umarova, 2016). Higher education is 

associated with more cognitive reserve and less post stroke cognitive decline is reported in 

patients with higher education. Christensen et al., (2005) found that higher IIV is related to 

lower education.  

Neuropsychological assessment is used to assess cognitive functioning and can 

objectify impairments and decline. The National Institute of Neurological Disorders and 
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Stroke (NINDS) an Canadian Stroke Network (CSN) proposed a neuropsychological test 

battery to guide neuropsychological assessment for stroke patients. One of the tests in this 

neuropsychological test battery is the Trail Making Test (TMT), part A and B (Jaywant et al., 

2018). In TMT part A the participant needs to connect numbers in circles (stimuli), counting 

upwards from 1 to 26. In TMT-B the connection of the 25 stimuli need to be of alternating 

sequence between numbers and letters such as 1-A-2-B. In neuropsychological assessment the 

TMT is often used because it is sensitive to a variety of neurological disorders (Fellows et al., 

2017). The TMT measures processing speed, visual motor speed and flexibility in set shifting. 

Compared to the TMT-A, the TMT-B is a more complex cognitive task and requires 

executive control as it demands set switching. The TMT-B is therefore associated with 

measures of cognitively-based instrumental activities of daily living (IADL) such as meal 

planning (Jaywant et al., 2018). In digitalized assessment the digital Trail Making Test 

(dTMT) provides additional measurements and data such as inter stimulus intervals (Fellows 

et al., 2017). This data gives the opportunity to investigate IIV within the dTMT.  

There is a growing body of literature that recognizes the importance of IIV as indicator 

of neurological integrity. Currently most research is focused on healthy individuals. Studying 

IIV with measures of the dTMT is of great clinical and research relevance. The aim of this 

thesis is to investigate the influence of individual differences of people with stroke on the IIV 

measured by means of dTMT. The first hypothesis is that people with stroke can be 

distinguished from people without stroke, based on higher measures of IIV measured by the 

dTMT. The second expectation is that with increasing months after stroke, IIV increases. The 

third hypothesis is that in people who suffered stroke, higher age indicates higher IIV. Lastly, 

the fourth hypothesis is that in stroke survivors a higher level of education indicates lower 

amounts of IIV.  

Method 
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Participants 

Archived data from research by the University of Groningen was used for the current 

study. The dataset originates from a study on validating a digitalized screening tool for mid-

level and higher-order visual perceptual disorders. The original dataset contains two 

subsamples, 953 people with Acquired Brain Injury (ABI) and 282 Healthy Controls (HC). 

From the ABI group participants with a history of stroke were selected. Other inclusion 

criteria for the people who suffered stroke were sufficient visual acuity (>0.8) and all TMT 

ISI data being available. After selecting participants, the stroke group contained 175 people. 

In 19 people stroke was no further specified, 136 people suffered from ischemic stroke, 17 

individuals suffered from hemorrhagic stroke and 3 people suffered a combination of 

ischemic and hemorhagic stroke. Inclusion criteria for HC were all TMT ISI data available, 

absence of self-reported neurological or visual impairments, a score of 24 or higher on the 

mini mental state examination (MMSE) and a minimum age of 18 years old. In order to match 

individuals of the ABI group to individuals of the HC group international individuals were 

excluded. A group of 229 healthy participants met the criteria, resulting in a total sample of 

404 individuals. The demographic characteristics of the (sub)samples are shown in Table 1. 

Table 1 

Descriptive statistics of independent variables: gender, age, level of education and months 

since stroke  

  Total Stroke group Healthy control group 

 Total Male  Female  Total  Male  Female Total  Male  Female  

Gender: frequency (%)        

 404 189 

(46,8) 

215 

(53.2) 

175  100 

(57,1) 

75 

(42,9) 

229  89 

(38,9) 

140 

(61,1) 

Age: Mean (SD)        

 58,23 

(14,86) 

58,71 

(14,15) 

57,80 

(15,47) 

61,91 

(12,17) 

62,61 

(10.30) 

60.99 

(14,30) 

55,41 

(16,09) 

54,34 

(16,48) 

56,09 

(15,85) 
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Level of education: 

frequency 

       

Low 61 29 32 47 25 22 14 4 10 

Middle 130 61 69 66 38 28 64 23 41 

High 210 97 113 60 36 24 150 61 89 

Months since stroke: 

Mean (SD) Range 

       

    14,23 

(32,48) 

0-281 

14,85 

(32,95) 

0-281 

13,41 

(32,07) 

0-218 

   

 

Design and Procedure 

Data of the stroke group was obtained during post-injury clinical assessment at 18 

locations of Royal Dutch Visio from 2015 till 2017. Data of the healthy control group was 

collected at the University of Groningen from 2015 till 2018. All data was obtained by 

educated and certified psychologists or graduate students with supervision of experienced 

psychologists. The same assessment protocol was used for ABI and HC by the administrators 

to ensure standardized assessment. The dataset contains variables such as age, level of 

education and many measures of cognitive performance. To investigate the hypotheses stated 

above the following variables are studied: gender; age; level of education; time in months 

since the first stroke and response time measures of the dTMT.  

Materials  

 The DiaNAH is a digital test battery developed to assess people with acquired brain 

injury (ABI). The goal of the DiaNAH is to screen for mid-level and higher-order visual 

perceptual disorders. A tablet with 24.1 inch screen was used for the assessment. The test 

battery contains eleven digital neuropsychological tests (de Vries et al., 2018). The current 

study used response time data from the digital Trail Making Test (dTMT) part A and B to 

calculate IIV measures.  
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The (d)TMT consists of two parts, TMT-A is a simple visual motor speed task in 

which the participant has to draw a line from number to number, counting upwards. The 

TMT-B is a cognitive task in which the participant has to switch in cognitive sets by 

connecting in alternating sequence numbers and letters. The digital variant of the TMT has the 

benefit of accurately measured Inter Stimulus Intervals (ISI) (Fellows et al., 2016). 

The ISI is the time in seconds that a participant needs to get from one stimulus to the 

other, for example, from one to two, from two to three and so on. Since both TMT part A and 

TMT part B contain 25 stimuli, there are 48 ISIs in total, 24 ISIs for each part of the TMT. 

The inter stimulus distance is the distance in cm of one stimuli to the other, for example the 

inter stimulus distance from one to two could be six cm and the distance from two to three, 

eight cm. The inter stimulus distance differs over all stimuli. To be able to compare one ISI to 

another the raw ISIs are divided by the corresponding inter stimulus distance. So, the time that 

a participant needed to get from 1 to 2 was divided by the distance in cm between one and 

two. After this the ISIs are comparable and can be used in calculating measures of IIV.  

Measures  

 Different types of measures for IIV are described throughout the literature (Stawski et 

al., 2019).  In the current study, two of these were calculated, the Maximum Discrepancy 

(MD) and the residualized Intraindividual Standard Deviation (rISD) (Schretlen et al., 2003). 

After correcting the ISI measures for distance from one stimulus to the other, as described 

above, the MD was calculated for TMT part A and TMT part B by subtracting the lowest ISI 

from the highest ISI. This resulted in two MD scores for each participant, MD A and MD B. 

To calculate the rISD, first the raw ISD were calculated over all 24 ISIs of part A and 

24 ISIs of part B. The raw ISD equals the standard deviation of an individual across trials, it is 

criticized as it fails to control for mean reaction time (Hultsch et al., 2008). Not correcting for 

mean reaction time likely causes higher standard deviations because of higher mean 
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performances (Bielak & Anstey, 2019). To calculate the rISD a regression analyses of the 

outcome measure and potential confounding variables was done. Potential confounding 

variables were age, level of educational (dummy variable with reference ‘low’) and gender. 

The outcome measure were the ISIs. The standard deviation of the residuals were calculated, 

this resulted in two rISD measures for each participant, rISD A and rISD B. 

Analyses 

 Analyses were performed using IBM SPSS statistics version 27. The significance level 

was set at an p-value of .05. An parametric t-test is due to non-normality of the dependent 

variables not used. A non-parametric Mann-Whitney U test was performed to test whether 

people with a history of stroke could be distinguished from healthy controls based on 

measures of IIV. The assumptions of the non-parametric Mann-Whitney U test, non-

normality, continuous dependent variable and similar distribution for both groups, were met. 

To test the remaining hypotheses, analyses were performed within the stroke group only. To 

test if the time since stroke, in months affected IIV, two single regression analyses with 

dependent variables rISD A and rISD B and predictor months after stroke were performed. In 

calculating rISD a correction for the effects of age and level of education was done. The rISD 

was therefore not used as a dependent variable in analyzing age and level of education. To test 

the influence of age and level of education on IIV two multiple linear regression analyses 

were performed. The dependent variables were MD A and MD B, with four predictors: age; 

months since stroke; and two dummy variables (low and high) for level of education with 

reference group  ‘middle’. The predictors are added to the model in a fixed order thru enter. 

For both linear regression analyses no assumptions (homoscedasticity, independence of 

observations and normality) were violated. To calculate the effect size of the regression 

analyses Cohen’s f2 is used.  
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Results  

 Table 2 contains the descriptive statistics of the dependent variables for both, the 

healthy control group and the group of people who suffered stroke. 

Table 2 

Descriptive statistics of the dependent variables MD A, MD B, rISD A and rISD B 

Variable Healthy control group 

(N=229)  

M (SD) Range 

Stroke group 

(N=175) 

M (SD) Range 

MD A 0.65 (0.57) 0.08 - 3.45 1.41 (1.36) 0.16 – 10.01 

MD B 1.31 (1.22) 0.17 - 8.83 3.43 (4.27) 0.27 – 40.85 

rISD A 3.88 (2.47) 1.04 - 19.41 9.69 (7.59) 1.85 – 42.26 

rISD B 3.61 (2.87) 0.98 – 18.80 9.30 (8.31) 1.27 – 42.31 

 

Differences in variability of response time between the stroke group and the healthy 

individuals were compared with the Mann-Whitney U test. The mean variability of people 

with a history of stroke is significantly higher than in people with no neurological damage. 

This result is found in all IIV outcome measures; MD A (U = 11058, p <.001)  and B (U = 

8887, p <.001), rISD A (U = 7093, p <.001) and B (U = 7661, p <.001).  

Twelve people were excluded from the multiple regression analysis. Two because 

there was no data available on their level of education and ten people because the amount of 

months could not be calculated as there was no date of their first stroke available. In 12 other 

cases only the year of damage is reported. To minimalize the loss of respondents, June was 

filled in as month of stroke incident for these participants. The single regression analyses of 

the amount of months since the first stroke and rISD A and B shows only significant results 

for part A (R2 = .03, F(1,162) = 4.89, p =.028, f2= .029) and not for part B (p = .222). This 

indicates that the amount of months since the first stroke only increases the rISD of part A (B 

= .04, p =.028) . The results of the multiple linear regression analyses of age, months since 
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stroke and level of education on MD A and B, are shown in Table 3. The results show that the 

effect of the amount of months since the first stroke, is only present in MD A (f2= .128). No 

significant results of months since stroke were found in MD B (p = .225). Higher amount of 

months after first stroke increases the IIV on the outcome measures based on ISIs of TMT 

part A (MD A and rISD A) but not of part B (MD B and rISD B).  

The multiple linear regression analyses shows that age is a significant predictor for 

MD A (f2= .046) and B (f2= .028). The uniquely explained variance of age in MD A is 27.4 % 

and in MD B 20%.  Both dummy variables of level of education (low and high) did not 

significantly contribute to the regression model. No evidence is found for increase of IIV due 

to higher levels of education in both MD A and MD B. Overall the predictors age, months 

since stroke and level of education explained 19 % of the variance in MD A and 4.2% in MD 

B. 

Table 3 

Multiple regression analysis of age, months since stroke, and education on MD A and MD B 

Variable MD A MD B 

 B (SE) Beta t  Sig. B (SE) Beta t  Sig. 

(constant) -.33(.52)  -.64 .522 -.35(1.73)  -.2 .841 

Age  .03(.01) .22 6.76 .003 .06(.03) .17 2.15 .033 

Months since 

stroke 

.02(.003) .36 2.07 <.001 .01(.01) .07 .87 .387 

Education (low) .18(.25) .06 .49 .469 .51(.85) .05 .6 .551 

Education (high) -.08(.24) -.03 .46 .748 -.49(.79) -.05 -.62 .539 

F (4,163) 9.36   <.001 1.73   .146 

R2 .44    .20    

Adjusted R2 .17    .02    
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Discussion 

The purpose of the present study was to gain more knowledge and insights in IIV in 

response time of people with a history of stroke. Consistent with the expectations, people with 

a history of stroke had significantly higher amounts of IIV than healthy individuals as 

measured on the dTMT. This result supports the work of Naranjo and colleagues (2018) who 

studied attention in stroke patients with aphasia. They compared IIV in response speed of 

people with aphasia after stroke with healthy controls. One of their findings was that people 

that experienced stroke showed increased IIV compared to neurologically unimpaired 

individuals. The result of the current study supports this finding, and the work of other studies 

in this area linking IIV to neurological disfunctions such as mild dementia (Hultsch et al., 

2000), traumatic brain injury (Stuss et al., 2003) and Parkinson’s Disease (Burton et al., 

2006).  

The current study has also shown that in people who suffered stroke, higher age 

predicts higher IIV. This result matches those observed in earlier studies by Hultsch and 

colleagues (2002) as they found that all three types of variability: within one task over 

different occasions (inconsistency); within one person over different tasks (dispersion); and 

between individuals (diversity), were greater in older compared to younger participants. In 

addition, Bielak et al. (2019) also found a relationship between age and IIV. Both studies 

measured IIV in age groups of healthy individuals. The present study elaborates on these 

findings by establishing this relation in people who suffered stroke. 

The expectation that with increasing months after stroke the IIV of a participant would 

increase, is partially confirmed. This effect was found in both IIV measures for TMT part A. 

More time between stroke and the dTMT assessment explained 19 % of the variance of the 

IIV of part A, but not of part B. Several explanations for this result are possible. First, higher 

amounts of months since stroke could be a mediator for higher age at the assessment. Ding 
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and colleagues (2019) researched predictors of post-stroke cognitive impairments (PSCI) and 

found that higher age contributed significantly on the probability of cognitive impairment 

within 6 to 12 months after stroke. Umarova (2016) studied neglect and degree of recovery in 

a people who suffered stroke. They found different factors that contribute to the presence and 

severity of neglect and degree of recovery. These factors are the severity of network 

impairment by stroke and pre-stroke brain- and cognitive reserve. Brain reserves are 

quantitative aspect of the brain such as brain size that could influence the functional outcome 

of pathology or neurological insults (Barulli & Stern, 2013). It might be that pre-stroke brain 

reserves, in combination with site of lesion explain differences in IIV better than merely the 

amount months since the first stroke. In addition, Heshmatollah and colleagues (2021) found 

that people who suffered a stroke showed more cognitive decline than healthy matched people 

10 years before the stroke. After stroke an immediate decline in cognition (based on MMSE 

scores) and daily functioning was shown in people who suffered a stroke. It might be that the 

immediate decline in cognition that occurs after stroke explains most of the IIV. Dividing 

people with stroke in separate groups according to stage after stroke, such as acute, post-acute 

or chronic might be more fitting than amount of months after stroke. 

Surprisingly, the current study has been unable to demonstrate that the level of 

education of people who suffered stroke impacts the amount of IIV. Heyanka and colleagues 

(2013) found that 59 % of people with high average intelligence and educational attainment 

show variability (more than 1 SD below the mean) in test results on a cognitive test battery. 

Although this intraindividual variability was measured within a cognitive test battery and not 

on response time, it raises thoughts about the variability in higher educated individuals. This 

might explain why level of education does not explain variance of IIV, because people with 

lower as well as higher education may show variability (although this might be due to 

different reasons). The expectation of the present study was that higher level of education 
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would increase cognitive reserve which could lead to lower levels of IIV. No effect of level of 

education is contrary to that of Christensen et al. (2005) who studied cross-sectional 

community data of healthy individuals and a number of cognitively impaired groups including 

dementia, mild cognitive impairment and aging-associated cognitive decline. They found that 

lower education was associated with increased variability. Christensen and colleagues 

measured the level of education based on the amount of years of education. Twelve or less 

years of education was labelled ‘low’, 13-14 ‘mid’ and 15 years or more as ‘high’. In the 

current study level of education is not based on the amount of years but on which level of 

education was followed by the participants, for example secondary school or university. This 

might explain the difference in outcome. In addition, Lee & Chi (2015) found in their study 

on cognitive reserve an interaction effect between years of education and literacy activities. 

The authors found that increased amount of literacy activities over the years might increase 

cognitive reserve. The operationalization of level of education in the present study might not 

be a good indicator for cognitive reserve. Cognitive reserve has been shown to influence IIV, 

but the amount of years of education or amount and type of leisure activities might be better 

proxies for cognitive reserve than level of education and therefore a better predictor of IIV.  

This study has several limitations that should be considered when interpreting the 

findings. First, the rISD measures could not be used in all analyses as the level of education 

and age were already controlled for in calculating this outcome measure. Merely the MD 

measure was used in the analysis with these variables. This may have affected the results as 

the MD measure is a range score of the participants highest and lowest response time. The 

MD score may be more sensitive to random errors and external influences than the rISD 

score. One outlier in the ISIs of one participant due to attentional relapse or disturbances in 

the assessment could result in a high MD score. One might hypothesize that the MD score 

might therefore not reflect variability. The external influences are reduced as much as 
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possible by standardizing the protocol for the neuropsychological assessment. So, the 

limitations of the MD score were reduced as much as possible. Also the rISD and MD scores 

are both used in the analyses for between-person variability, both indicated significant 

differences between the two groups, suggesting that both measures can distinguish people 

who suffered stroke from neurologically unimpaired people. The MD score is calculated 

relatively easy, which increases the usability in clinical practice. It is therefore worth to 

further study the quality of the MD score as a measure of IIV.  

Second, there could be a bias in the results as participants of whom not all ISIs were 

available were excluded. Severe cognitive deficits could result in not being able to finish the 

TMT part A or B. In addition, Specka and colleagues (2022) found that 10 % of healthy 

people who are low educated and 75 years and older fail to meet the 300 seconds requirement 

to finish the TMT. So, the results of the present study might not reflect the entire group of 

stroke survivors due to loss of participants because of failure to finish the TMT. The results 

may therefore merely reflect the people with mild or moderate cognitive deficits. Also not all 

data for calculating the amount of months after the first stroke were available. Filling in June 

might have unknown consequences for the outcome as it could differ up to six months from 

the real amount of months. By filling in June instead of January or December the maximum 

amount of months are limited to six instead of twelve. The effect of filling in June is most 

likely small as the amount of months after stroke ranges from 0 to 281. The amount of strokes 

a person experienced has not been taken into account. The months since the first stroke are 

calculated but participants might have experienced more strokes since, as a previous stroke 

increases the risk of another stroke (Zhang et al., 2012). No clear prevalence of multiple 

stroke has been found because most of the literature is focused on first stroke patients. A 

mixed group of participants who experienced one or more strokes might be a better reflection 

of clinical practice.  
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Future research could study the relation of IIV in pre-stroke cognitive decline as 

Heshmatollah and colleagues (2021) established that cognitive decline is present pre-stroke. 

The current study could be repeated using variables such as years of education and age at 

stroke onset. The age of onset might influence the IIV, as older individuals are more likely to 

show symptoms of pre-stages of dementia. The cognitive decline after stroke often results in 

dementia (Delgado et al., 2021). It would therefore be of great value to investigate IIV in 

stroke patients with and without signs of dementia. Lastly, for future practice it would be of 

great value to further explore the usability of the dTMT as it is often used in 

neuropsychological assessment and it captures lots of data on response time. Investigating the 

influence of the different parts (A and B) of the dTMT on IIV may be valuable. The relation 

between IIV and cognition is stronger for fluid cognitive domains such as processing speed, 

memory and reasoning than for crystallized cognitive domains such as verbal ability (Bielak 

et al., 2010). West and colleagues (2002) found that in tasks that require more executive 

control, the performance variability was greater for older (65-83 years) than for younger (19-

29 years) adults as cognitive deficits generally increase with age. In simple tasks that required 

minimal executive control the variability was similar for both age groups (West et al., 2002). 

In line with this finding, Strauss et al., (2007) argue that increased variability is more evident 

in cognitively higher demanding situations, like switching cognitive sets or inhibit responses. 

Several authors found that with increasing complexity of the task the IIV gets more evident 

(West et al., 2002; Strauss et al., 2007, Bielak et al., 2010). The TMT-B requires executive 

control as it demands set switching. The TMT-A is a task that requires less executive control. 

Future research might investigate the influence of IIV based on the TMT-B compared to IIV 

based on the TMT-A in predicting cognitive functioning. Current research did not involve 

measures of cognitive functioning, this is recommended for future research. More research on 
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the dTMT is advised to see whether this neuropsychological test is sufficient for calculating 

IIV in different neurological patient groups. 

This explorative research has provided a deeper insight in the effect of age, time since 

the first stroke onset and level of education of people who suffered a stroke on IIV in response 

time. This work supports the existing knowledge of IIV as an indicator of neurological 

integrity in people with a history of stroke. People with a history of stroke can be 

distinguished from healthy individuals by calculating the MD and rISD on the dTMT. The 

predictors age and months since the first stroke explained variance of the IIV based on TMT-

A and less or none of the IIV based on TMT-B. The present findings suggest that the dTMT is 

a suitable test for calculating IIV measures. Future studies might focus on the difference of 

IIV based on TMT-A and TMT-B and cognitive functioning. This could have great practical 

implication, as the dTMT is an neuropsychological test that is available and used in many 

different patient groups, countries and settings.   
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