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Abstract: Working memory (WM), important for driving, declines with age. It 

was investigated whether a WM training would enhance aspects of cognitive 

ability and driving ability of older drivers. Thirty-eight drivers (mean age 71 

years) were randomly assigned to an adaptive WM training (n=19) or a non-

adaptive WM training (n=19). In addition, a no-training control group was 

collected (n=18). During the pre-test and post-test, aspects of cognitive ability and 

driving ability were assessed. In between, participants in the adaptive training 

group and the non-adaptive training group conducted a WM training. We 

hypothesized that improvement on aspects of cognitive ability and driving ability 

will be largest in the adaptive training group, smaller in the non-adaptive training 

group and only minimal in the no-training control group. Results indicated that 

this hypothesis was confirmed for a measure of WM. For two driving measures 

(i.e., driving speed and reaction to stop signs), group means were in the expected 

direction, but results were only marginally significant. In addition, there were 

general test-retest effects for a measure of attention and one driving measure (i.e., 

gap acceptance). These results are in line with previous cognitive training studies 

with older people indicating training can improve performance on the trained 

tasks, but transfer to untrained tasks is only limited. Suggestions for future 

research are offered.  
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1. Introduction  

 

Driving is a complex task that requires cognitive, visual and motor abilities (Eby, Molnar, & 

Kartje, 2009). With age, there is a decline of these abilities. With regard to cognitive abilities, 

increasing age is, among others, characterized by problems of working memory (Eby et al., 

2009). Working memory (WM) is the ability to temporarily store or manipulate information 

(Baddeley, 1992). Previous research of individual differences has indicated the importance of 

WM for driving in older drivers: Guerrier, Manivannan, and Nair (1999) found that WM was 

related to decision time while turning left, more specifically, a higher WM score was related to a 

longer decision time to turn left. In addition, Adrian, Postal, Moessinger, Rascle, and Charles 

(2011) found that WM was related to a summarized driving measure taking into account speed 

control, lane position and responses to road signs. More specifically, a higher WM score was 

related to a better driving performance.  

Since driving cessation can lead to social isolation and even depression (Marottoli et al., 

1997), there is a need for interventions to keep drivers safe drivers for as long as possible. 

Cognitive training might serve this purpose. Indeed, several studies have shown that cognitive 

training targeting older people can improve their cognitive ability (Rebok et al., 2014; 

Schmiedek, Lövdén, & Lindenberger, 2010). Hence even people with an advanced age, have 

considerable plasticity in their cognitive functioning (Kramer & Willis, 2002). Moreover, a 

limited number of studies have shown transfer of cognitive training effects to driving ability of 

older people (Edwards, Delahunt, & Mahncke, 2009; Roenker, Cissell, Ball, Wadley, & 

Edwards, 2003). As a consequence, an increasing number of commercially available cognitive 

training packages for older people have been introduced that claim to improve driving ability.  

Since WM declines with age, it can be expected that a cognitive training specifically 

targeting WM might improve WM of older people. Indeed, several recent studies showed that 

WM of older people improved as a consequence of WM training (e.g., Borella, Carretti, Zanoni, 

Zavagnin, & De Beni, 2013; Richmond, Morrison, Chein, & Olson, 2011). Some of these studies 

showed that WM training also improved other cognitive abilities of older people, like attention 

(Brehmer, Westerberg, & Bäckman, 2012; Richmond et al., 2011) and inhibition (Borella et al., 

2013). However, there is debate about the (transfer) effects of a WM training (Melby-Lervåg & 

Hulme, 2013; Shipstead, Redick, & Engle, 2012), since several studies found improvement on 

the trained tasks after following a WM training, but not on untrained tasks (Lange & Süb, 2015; 

Zinke, Zeintl, Eschen, Herzog, & Kliegel, 2012).  Interestingly, positive transfer effects of a WM 

training have been shown in several domains of behavior. For example, after following a WM 

training, adults showed a decrease of alcoholic drinks intake (Houben, Wiers, & Jansen, 2011), 

and children with Attention Deficit Hyperactivity Disorder (ADHD) showed an improvement in 

behavioral symptoms of ADHD (Klingberg, Forssberg, & Westerberg, 2002). As for driving, to 

our knowledge, only two studies have so far investigated whether a computerized WM training 

improves driving ability of older drivers. First, Cassavaugh and Kramer (2009) investigated the 

effect of a WM training on specific driving measures like lane position, following distance and 

accelerator response time to lead-vehicle braking and found a positive effect on response time for 

the trained group. Second, Seidler, Bernard, Buschkuehl, Jaeggi, Jonides and Humfleet (2010) 

investigated the effect of a WM training on a summarized driving measure, taking into account 

speed control, lane position and crashes, under single task and dual task conditions. Although the 

results were preliminary, because participants were still completing the training, they showed 

transfer to the summarized driving measure particularly when driving under dual-task conditions.   
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The purpose of the present study was to investigate the effect of a computerized WM 

training on aspects of older drivers’ cognitive ability and driving ability. We expected that 

improvement of cognitive ability and driving ability will be largest in an adaptive training group, 

smaller in a non-adaptive training group and minimal in a no-training control group. More 

specifically, the first part of this hypothesis (i.e., improvement in adaptive training group is 

larger than in non-adaptive training group) is based on previous research that found that an 

adaptive WM training generally leads to larger training gains than non-adaptive WM training 

both in older people (Brehmer et al., 2012) and in children (Holmes, Gathercole, & Dunning, 

2009; Karbach, Strobach, & Schubert, 2015; Klingberg et al., 2002; Klingberg et al., 2005). The 

final part of this hypothesis (i.e., only minimal improvement in the no-training control group) is 

based on learning theories that state that participants improve when performing a task for a 

second time (Boot, Blakely, & Simons, 2011; Collie, Maruff, Darby, & McStephen, 2003). 

Interestingly, a recent WM training study found similar differential group improvement on a 

WM task for a sample of undergraduates (Lilienthal, Tamez, Shelton, Myerson, & Hale, 2013).  

With regard to cognitive abilities, we expected that the WM training would not only 

improve WM, but also attention and inhibition. This was based on previous studies that showed 

an improvement of attention and inhibition after following a WM training (Borella et al., 2013; 

Brehmer et al., 2012; Richmond et al., 2011) and on the interrelatedness of different cognitive 

functions and their underlying neural circuits (McNab, Leroux, Strand, Thorell, Bergman, & 

Klingberg,  2008). With regard to driving ability, in contrast to investigating the effect of a WM 

training on a summarized driving measure (Seidler et al., 2010), specific measures of driving 

ability were used, since previous research has indicated the importance of investigating specific 

measures (Aksan, Anderson, Dawson, Uc, & Rizzo, 2015; Anstey & Wood, 2011; Cuenen et al., 

2016; Mullen, Chattha, Weaver, & Bédard, 2008). Although Cassavaugh and Kramer (2009) 

already investigated the effect of a WM training on specific driving measures, their selection of 

driving measures was limited (i.e., lane position, following distance and accelerator response 

times) and investigated under manipulated circumstances (e.g., during car-following, a visual 

memory task, a monitoring task, or dual tasking). Therefore, this is the first study to investigate 

the effect of a WM training on several specific measures of driving ability under normal driving 

circumstances while encountering situations that are known to be difficult for older drivers (i.e., 

intersections).  Driving measures of interest (i.e., speed control, lane position, gap acceptance 

while turning left, responses to road signs and crashes) were already investigated as part of a 

summarized driving measure that was related to WM  (Adrian et al. 2011). Here, specific 

measures and their relations to WM were investigated in an exploratory analysis. Since recent 

research showed that different driving measures have different underlying cognitive abilities, it 

can be expected that improvements will be limited to a selection of these driving measures 

(Aksan et al., 2015; Anstey & Wood, 2011; Cuenen et al., 2016; Mullen et al., 2008). There were 

however no a priori expectations which specific driving measures will be affected by the 

training. The results of this study can guide future initiatives to attenuate declines in cognitive 

and driving ability in order to extend the independence of older people.  

 

 

2. Method 

 

2.1. Participants  
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Participants aged 60 years or older who were still active drivers, had not had a stroke or 

sequel in the last six months, had experience with a Personal Computer (PC)
1
 and had a Mini-

Mental State Examination (MMSE) score of 25 or above were recruited. The MMSE is a brief 

test that examines the cognitive function of an individual. It comprises items assessing 

orientation to time and place, registration and recall, attention, language and constructional 

ability (Folstein, Folstein, & McHugh, 1975). Possible scores range from 0 to 30, with higher 

scores reflecting higher cognitive ability. Recruitment occurred through the community via 

(local) media and via oral presentations and flyers distributed in senior associations. Given the 

possibility of simulator sickness, participants were closely watched for signs of this type of 

sickness. If a participant showed any signs of simulator sickness, the simulation was immediately 

terminated and the participant was excluded from further participation. 

A sample size of around 25 people per group was chosen based on previous WM training 

studies that had between 7 and 28 participants per group (Cassavaugh & Kramer, 2009; Houben 

et al., 2011; Klingberg et al., 2002). In total, fifty-four participants volunteered. However, 

sixteen participants dropped out due to simulator sickness (n=12) or personal circumstances (i.e., 

hospitalization, n=4). After successful completion of the pre-test (i.e., no simulator sickness), 

participants were randomly assigned to an adaptive WM training (n=19) or a non-adaptive WM 

training (n=19). In addition, a no-training control group was collected
1
. In total, thirty 

participants volunteered. However, twelve participants dropped out due to simulator sickness 

(n=9) or personal circumstances (n=3). Hence, the no-training control group consisted of 18 

participants.  

The adaptive training group can be regarded as an experimental group. An adaptive training 

ensures an adequate level of difficulty that does not over- or underchallenge participants. This 

way, participants continuously work at their individual performance limit (Baltes, Sowarka, & 

Kliegl, 1989; Borella et al., 2013; Brehmer et al., 2012; Klingberg et al., 2002; Lange & Süb, 

2015; Richmond et al., 2011). The non-adaptive training group can be regarded as an active 

control group. In many studies (e.g., Borella  et al., 2013; Lange & Süb, 2015; Richmond et al., 

2011; Seidler et al., 2010) this group follows a different training than the experimental group, 

however, this brings along the disadvantage that it might affect performance differently 

(Brehmer et al., 2012). In the present study, the adaptive and non-adaptive training groups only 

differ in terms of task difficulty, as this is kept fixed at a low level in the non-adaptive training 

group. This provides a conservative assessment of training effects, because the influence of 

various unspecific factors is attenuated (Brehmer et al., 2012; Shipstead, Redick, & Engle, 2010; 

Zehnder, Martin, Altgassen, & Clare, 2009). The no-training control group can be regarded as a 

passive control group which allows to determine possible test-retest effects (Brehmer et al., 

2012; Chein & Morrison, 2010; Dahlin, Nyberg, Bäckman, Stigsdotter Neely, 2008; Li, 

Schmiedek, Huxhold, Röcke, Smith, & Lindenberger, 2008; Schmiedek et al., 2010). 

 

2.2. Driving simulator scenario 

 

Driving ability was measured in a driving simulator since a simulator provides the 

opportunity to investigate dangerous situations in a standardized, safe and controlled 

environment (Lee, Cameron, & Lee, 2003). Furthermore, it allows to investigate specific driving 

measures, like speed control and lateral position.  Recently, positive evidence for simulator 

validity has been provided (Fisher, Rizzo, Caird, & Lee, 2011). The study was conducted with 

STISIM version 2 on a STISIM M400 fixed-base driving simulator with a force-feedback 
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steering wheel, an instrumented dashboard, brake and accelerator pedals and with a 135 degree 

field of view. The visual environment of this simulator is presented on three computer screens 

(each with 1280 x 800 pixels resolution and 60Hz refresh rate). Two practice drives preceded the 

main drive to get acquainted with the driving simulator. In the first practice drive (2.1 km) 

almost no curves, no signs, and no other road users were introduced to acquaint drivers with the 

experience of driving in a simulator. The second practice drive (5.5 km) was similar to the main 

drive to acquaint drivers with several traffic situations. The main drive solely consisted of inner-

city (50 km/hour) segments, and to decrease the risk of simulator sickness did not contain any 

curves. The main drive included several situations at intersections that are known to be difficult 

for the older driver, i.e., right of way decisions (Hakamies-Blomqvist, 1993), responses to signs 

(Bao & Boyle, 2008; Jongen, Brijs, Brijs, Lutin, Cattersel, & Wets, 2012) and gap acceptance for 

turning left (Jongen et al., 2012; Yan, Radwan, & Guo, 2007). In addition, road hazards occurred 

during the scenario (i.e., pedestrians suddenly crossing the road without using a pedestrian 

crossing). The intersections all were a four-way intersection consisting of a straight piece of road 

and a minor road to the left and to the right.  

 

 

2.3. Driving ability 

 

A total of six specific driving measures were derived for analyses. Although these driving 

measures are often combined into a summarized measure of driving ability, here we were 

interested in specific driving measures. These driving measures were selected since previous 

research found a relation between a summarized version of these measures and WM (Adrian et 

al., 2011). The first two driving measures, driving speed (km/h) and standard deviation of lateral 

lane position (SDLP, m) represent longitudinal and lateral control measures. A measure of 

longitudinal control (i.e., driving speed) was selected since older drivers compensate for age-

related increases in response time, for example by adopting slower speeds (Fisher et al., 2011). A 

measure of lateral control (i.e., SDLP) was selected since this measure is an index of road-

tracking precision (Ramaekers, 2003), which is considered a reliable characteristic of individual 

driving performance (O’Hanlon and Ramaekers, 1995; Vuurman, Theunissen, van Oers, van 

Leeuwen, & Jolles, 2007; Wester, Bocker, Volkerts, Verster, & Kenemans, 2008) and provides a 

sensitive measure of driver impairment (De Waard, 1996; Ramaekers, 2003). Driving speed and 

SDLP were measured across separate road segments without any events (Trick, Toxopeus, & 

Wilson, 2010). The third and fourth driving measure, giving right of way (yes (coded as 1) or no 

(coded as 0)) and making a complete stop at a stop sign (yes (coded as 1) or no (coded as 0)) 

were computed from 200m before reaching the intersection (with a stop sign) until the location 

of the intersection (with a stop sign). It was determined whether drivers complied with Belgian 

traffic regulations that drivers must give right of way at a non-signalized intersection within an 

inner-city and make a full stop (i.e., speed = 0 km/h) at a stop sign (Bao and Boyle, 2008; Jongen 

et al., 2012). The fifth driving measure, left turn gap acceptance decision (s), is the time headway 

between two vehicles on the major road into which a left-turn driver chooses to turn (Jongen et 

al., 2012; Yan et al., 2007). When the driver approached the intersection, the instruction to turn 

left was played. On the major road in the opposite lane, a stream of oncoming cars was driving 

with a speed equaling the speed limit, forcing the driver to make a stop. The first part of the 

stream consisted of very small gaps (less than 3 s) and was followed by the second part of the 

stream that, similar to Yan et al. (2007), consisted of gaps uniformly increasing in duration from 



6 
 

3 s to 16 s. Participants were asked to indicate their decision to turn left when they judged it was 

safe to do so by pressing a button. This procedure was followed to minimize the chance of 

simulator sickness that was very high in a previous study where participants actually made the 

left turn maneuver (Jongen et al., 2012). These three driving measures (i.e., giving right of way, 

making a complete stop at a stop sign, and left turn gap acceptance decision) occurred two times 

at four-way intersections consisting of a straight piece of road and minor roads to the left and to 

the right. Finally, the number of crashes was assessed. Crashes occurred with road hazards (i.e., 

pedestrians suddenly crossing the road without using a pedestrian crossing). All driving 

measures were averaged measures, with the exception of crashes which illustrates the total 

number of crashes during the drive.  

 

2.4. Cognitive ability - WM 

 

WM was measured with the Automated Operation Span (AOSPAN) task (Unsworth, 

Heitz, Schrock, & Engle, 2005). This is an adapted version of the original Operation Span 

(OSPAN) task of Turner and Engle (1989). This task included three practice sessions and one 

test session. In the first practice session, participants practiced the letter portion of the task. A 

letter appeared on the screen, and the participants were required to recall the letters in the same 

order in which they were presented. In the second practice session, participants practiced the 

math portion of the task. They first saw a math operation, which they needed to solve as quickly 

as possible. On the next screen a digit was presented and the participants were required to 

indicate whether it was the correct or false solution of the math operation. After this second 

practice session, the program calculated each individual’s mean time required to solve the math 

operations. This time (plus 2.5 SD) was then used as a time limit for the math portion of the test 

session for that individual. In the final practice session, the participants performed both the letter 

and math portions together, just as they would do in the test session. The participants first saw 

the math operation and afterwards the letter to be recalled. If the participants took more time to 

solve the math operations than their average time plus 2.5 SD, the program automatically moved 

on and counted that trial as an error. This served to prevent the participants from rehearsing the 

letters when they should be solving the operations. After participants completed all practice 

sessions, they started with the test session, which consisted of three sets of each set size, with set 

sizes ranging from 3 to 7. This made for a total of 75 letters and 75 math problems. The order of 

set sizes was random for each participant. Participants were encouraged to keep their math 

accuracy at minimum 85% at all times. The AOSPAN score (i.e., the sum of all perfectly 

recalled sets) was used as a measure of WM. A higher AOSPAN score corresponds with an 

improved WM.  

 

2.5. Cognitive ability – Inhibition 

 

The Stop Signal Task (SST) was used as a measure of inhibition (Logan & Cowan, 1984; 

for a review, see Verbruggen & Logan, 2008). This task included two practice sessions (each 

consisting of 40 trials) and one test session (88 trials). In all sessions, participants were required 

to press a button (left or right) as quickly as possible in response to a stimulus (‘X’ or ‘O’) 

presented centrally on screen (go trials). In each trial, after 1000ms, a fixation cross was 

presented for 500ms. After this, a stimulus was presented for 1000ms. The first practice session 

served to determine the individual’s mean Reaction Time (RT), which was used as a reference 
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for the second practice session and the test session. The latter sessions consisted of the same task 

as the first practice session, but in addition, an auditory stimulus (1000Hz, 70dB, 100ms) was 

presented on a randomly selected 25% of the trials. Upon presentation of this auditory stimulus, 

the participant needed withheld their response to the stimulus on that trial (stop trials). 

Importantly, the Stop Signal Delay (SSD; i.e., the time interval between the stimulus and the stop 

signal) was initially set 50ms below the individual’s mean RT. Subsequently the interval varied 

dynamically, according to a staircase algorithm, to converge on a SSD at which the probability 

of stopping on stop trials was 50%. SSD was increased by 50ms if the response was withheld and 

decreased by 50ms when the response was not withheld. The Stop Signal Reaction Time (SSRT), 

the time participants need to inhibit their predominant response after hearing the stop signal, was 

used as a measure of inhibition. This measure can be derived by subtracting the mean SSD from 

the mean RT. A longer SSRT corresponds with decreased inhibition. 

 

2.6. Cognitive ability – Attention 

 

Attention was measured with the Useful Field of View (UFOV). This test was PC-based, 

with stimuli presented on a 19-inch monitor and responses made using a computer mouse. This 

version of the UFOV has been shown to be both reliable and valid (Edwards, Vance, Wadley, 

Cissell, Roenker, & Ball, 2005). This test consisted of three subtests assessing participants’ 

visual processing speed (UFOV1), divided attention (UFOV2) and selective attention (UFOV3; 

Ball, Owsley, Sloane, Roenker, & Bruni, 1993). Scores are expressed in milliseconds, 

representing the exposure duration required for an observer to perform at an accuracy level of 

75%. For each subtest, possible scores range from 16.7ms to 500ms. UFOV-total (i.e., the sum of 

scores on the three subtests) was used as a measure of attention. Lower scores, correspond with 

improved attention.  

 

2.7. WM training 

 

Participants in both the adaptive training and the non-adaptive training group completed a 

WM training. The training consisted of three WM subtasks: a visuo-spatial task, a backward digit 

span task and a letter span task (adapted from Klingberg et al. (2002) and Houben et al. (2011)). 

During the visuo-spatial task, squares in a 4 x 4 grid changed color one at a time. Participants 

had to reproduce these squares in the correct order. During the backward digit span task, 

numbers were presented one at a time, and participants had to reproduce these numbers in 

reverse order. Finally, in the letter span task, letters were presented one at a time in several 

circles. One of these circles then changed color, and participants had to enter the corresponding 

letter. Each task consisted of 30 trials. The training consisted of 25 consecutive sessions spread 

over at least 25 days. Participants had two days to conduct a session. The session was marked as 

‘missed’ if participants did not complete a session in those two days. Participants could miss 

maximum 5 sessions. Hence, the total number of sessions varied between 20 and 25 sessions. 

The training was conducted at home, on a PC, via the internet. Responses were given with a 

computer mouse or number keys on a keyboard. 

 In the adaptive training group, the difficulty level of the training was automatically 

adjusted on a trial-by-trial basis. Initially, each task involved a span of three items. The length of 

the span changed according to participants’ performance. When participants succeed on two 

consecutive trials, one item was added to the span on the next trial hence task difficulty was 
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increased. When participants failed on two consecutive trials, one item was subtracted from the 

span on the next trial hence task difficulty was decreased. Participants in the adaptive training 

group could receive a span of maximum 15 items.  

In the non-adaptive training group, the difficulty level of the training was not adjusted: each task 

involved a span of three items. In addition, participants in the non-adaptive training group, 

started each session with a span of 3 items, whereas participants in the adaptive training group 

started each session with the number of items of the previous session. 

Adherence to the training was monitored for each participant. Each day participants received an 

automatic invitation mail for a new session. For each day, data was automatically sent to a server 

if participants finished the session. If no data was received by the server it was marked as 

“missed”. If participants missed a session, they received an automatic mail that they missed the 

previous session and that they were allowed to only miss five sessions. This overview was 

checked by the involved researcher. If participants missed two or more sessions, the researcher 

contacted the person to remind him/her personally of the fact that he/she was allowed to only 

miss five sessions.   

 

2.8. Procedure  

 

First, participants gave informed consent. Then, all participants were screened for 

cognitive status with the MMSE. After successful completion of the pre-test (i.e., no simulator 

sickness), participants were randomly assigned to either the adaptive training group (n=19) or the 

non-adaptive training group (n=19). In addition, a no-training control group
1
 was collected 

(n=18). After the training period, all participants completed a post-test. During the pre- and post-

test, participants conducted the cognitive tasks (i.e., AOSPAN, UFOV, and SST) and the driving 

simulator scenario. In between, participants in the adaptive and non-adaptive training group 

completed the WM training. After the post-test, participants received a gift certificate. Order of 

the cognitive tasks was counterbalanced between participants during the pre- and post-test.  

 

2.9. Data analysis 

 

The data was processed using SPSS. Before analyses, outliers were treated for each 

variable. Outliers larger than three standard deviations were replaced with the maximum score 

within the three standard deviation range (Wood, Anstey, Kerr, Lacherez, & Lord, 2008).  

Univariate analyses of variance (ANOVA) were conducted to check whether there were 

significant differences between the three groups at pre-test on age, MMSE, the three cognitive 

measures (i.e., WM, attention and inhibition) and the six driving measures (i.e., driving speed, 

SDLP, gap acceptance, complete stops at stop signs, giving right of way, and crashes).  

A manipulation check was conducted to investigate performance on the training for the 

two training groups. Performance on the training was assessed by taking the average WM span 

reached at the end of each training session.  

Planned comparisons were conducted to test the hypothesis that improvement of 

cognitive ability and driving ability will be largest in the adaptive training group, smaller in the 

non-adaptive training group and minimal in the no-training control group. More specifically, 

one-way ANOVAs were conducted for each of the dependent measures with the pre-post 

difference score as the dependent measure (i.e. performance during post-test minus performance 

during pre-test) and Group (i.e., adaptive training group, non-adaptive training group, no-training 
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control group) as the independent measure. We used a linear contrast for each of the dependent 

measures with the following contrast weights: 1 0 -1 (Sagi, Tavor, Hofstetter, Tzur-Moryosef, 

Blumenfeld-Katzir, & Assaf, 2012).   

To investigate whether general test-retest effects were present, repeated measures 

ANOVAs were conducted for each of the dependent measures to investigate the main effect of 

Test (pre-test, post-test). In the ANOVA, Test (i.e., pre-test, post-test) served as within-subjects 

variable and Group (i.e., adaptive training group, non-adaptive training group, no-training 

control group) served as between-subjects variable. The Greenhouse–Geisser epsilon correction 

factor was applied to compensate for possible effects of non-sphericity in the measurements 

compared. Only the corrected F and probability values are reported. An alpha level of .05 was 

maintained for all statistical tests. A Bonferroni correction was applied to control for repeated 

comparisons. Effect sizes for the main effect of Test were reported with Cohen’s delta. A 

Cohen’s delta of 0.2 indicates a small effect size, 0.5 indicates a medium effect size, and 0.8 

indicates a large effect size. 

 

 

3. Results 

 

3.1. Differences at pre-test 

 

See Table 1 for the descriptive statistics of the demographic, cognitive and driving 

measures in the three groups, for the pre- and post-test. At pre-test, participants did not 

significantly differ in Age, MMSE, on the majority of cognitive measures (i.e., attention, 

inhibition), or on the majority of driving measures (i.e., driving speed, SDLP, gap acceptance, 

complete stops at stop signs, and crashes, all p-values >.10). For one cognitive measure (i.e., 

WM), there was a significant difference between groups (F(2,51)=6.86, p=.002), as participants 

in the no-training control group had a lower WM capacity than those in the non-adaptive and 

adaptive training group. For one driving measure (i.e., giving right of way), there was a 

significant difference between groups (F(2,53)=8.61, p=.001), as participants in the no-training 

control group gave less right of way than those in the non-adaptive and adaptive training group.  

 

Table 1.  

Means and standard deviations (SDs) for the demographic, cognitive and driving measures, in 

the three groups for the pre-test and post-test. 

 
Measure Pre-test Post-test 

 

Adaptive 

training group 

Non-adaptive 

training group 

No-training 

control group 

Adaptive 

training group 

Non-adaptive 

training group 

No-training 

control group 

Demographic measures Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

Age (years) 70.84 (4.66) 69.84 (4.39) 73.06  (6.20) n.a. n.a. n.a. 

MMSE (number) 28.74 (1.37) 28.74 (1.20) 28.72 (1.49) n.a. n.a. n.a. 

Cognitive measures Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

Working memory1 

(AOSPAN - number) 
18.79 (15.17) 20.32 (17.44) 3.73 (6.87) 29.21 (18.18) 27.84 (22.81) 4.74 (7.50) 

Attention (UFOV-total - 

ms) 
240.50 (217.63) 204.08 (130.57) 332.50 (201.85) 187.74 (143.47) 130.67 (48.60) 293.26 (168.86) 

Inhibition (SSRT - ms) 222.29 (46.14) 227.14 (50.27) 205.54 (50.69) 204.74 (50.39) 203.64 (50.40) 199.26 (54.23) 
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Driving measures Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

Driving speed (km/h ) 41.49 (4.89) 41.93 (6.06) 41.14 (6.97) 45.16 (5.12) 43.05 (5.75) 41.50 (6.75) 

SDLP (m) 0.22 (0.05) 0.19 (0.05) 0.20 (0.06) 0.22 (0.07) 0.18 (0.03) 0.22 (0.06) 

Gap acceptance (s) 5.36 (0.89) 5.54 (1.17) 5.68 (1.12) 4.93 (1.25) 4.96 (0.80) 5.18 (1.05) 

Complete stops at stop 

signs (0= no/1 = yes) 
0.58 (0.42) 0.76 (0.35) 0.72 (0.35) 0.71 (0.35) 0.63 (0.40) 0.58 (0.43) 

Giving right of way (0 = 

no/1 = yes) 
0.90 (0.21) 0.84 (0.24) 0.56 (0.34) 0.87 (0.23) 0.90 (0.21) 0.72 (0.39) 

Crashes (number) 0.53 (0.70) 0.47 (0.70) 0.50 (0.62) 0.21 (0.42) 0.41 (0.72) 0.33 (0.59) 

n.a. = not applicable 

 

3.2. Manipulation check  

 

On average, 23.05 sessions (SD=2.32) and 23.63 sessions (SD=1.64) out of 25 training 

sessions were completed by participants in the adaptive training group and the non-adaptive 

training group, respectively. As shown in Figure 1, performance of participants in the adaptive 

training group increased on the training sessions during the training period. This is because in 

this group, the number of items of the training was adjusted adaptively to participants’ 

performance. The error bars show that variability in terms of training improvement is limited. In 

contrast, in the non-adaptive training group, the number of items of the training was not adjusted 

adaptively to participants’ performance, but fixed to three items. 

 

  
Fig. 1. Mean WM span at the end of each training session of participants in the adaptive training 

and non-adaptive training groups. WM span was averaged across the three tasks for each training 

session. Error bars represent standard errors of the mean. 
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3.3. Planned comparisons  

With regard to cognitive ability, as shown in Figure 2, our hypothesis (i.e., improvement 

will be largest in the adaptive training group, smaller in the non-adaptive training group and only 

minimal in the no-training control group) was supported for WM (t(21.34)=2.30, p=.03). For the 

other cognitive measures (i.e., attention and inhibition) there was no support for our hypothesis 

(all p-values >.10).  

With regard to driving ability, as shown in Figure 3, effects were in the expected 

direction, but only marginally significant, for driving speed (t(53)=1.96, p=.06) and complete 

stops at stop signs (t(53)=1.87, p=.07). For the other driving measures (i.e., SDLP, gap 

acceptance, giving right of way, and crashes) there was no support for our hypothesis (all p-

values >.10). 
 

 

 
Fig. 2. Estimated marginal means for the cognitive measures at pre-test and post-test, separately 

for participants in the adaptive training, non-adaptive training and no-training control group. 

Error bars represent standard errors of the mean. 
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Fig. 3. Estimated marginal means for the driving measures at pre-test and post-test, separately for 

participants in the adaptive training, non-adaptive training and no-training control group. Error 

bars represent standard errors of the mean.  

 

3.4. Repeated measures ANOVA 

 

See Table 2 for the results of the repeated measures ANOVAs for the cognitive and driving 

measures. With regard to cognitive ability, there was a significant main effect of Test for the 

WM and the attention task, indicating a test-retest effect for these cognitive measures. For the 

inhibition task, there was a marginally significant main effect of Test, indicating that a test-retest 

effect for this cognitive measure is possible.  

With regard to driving ability, there were significant main effects of Test for driving speed 

and gap acceptance, indicating a test-retest effect for these specific driving measures.  

 

Table 2.  
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Corrected F and probability values per dependent cognitive and driving measure. 

Measure F p Cohen’s d 

Cognitive measure    

Working memory (AOSPAN)    

Test 10.41 .002** 0.37 

Test x condition  1.90 .16 n.a. 

Condition  9.87 .00** n.a. 

Inhibition (SSRT)    

Test 3.44 .07 n.a. 

Test x condition  0.34 .72 n.a. 

Condition  0.48 .62 n.a. 

Attention (UFOV-total)    

Test 10.81 .002** 0.33 

Test x condition  0.35 .70 n.a. 

Condition  4.20 .02** n.a. 

Driving measure    

Driving speed    

Test 6.32 .015** 0.29 

Test x condition  2.14 .13 n.a. 

Condition  0.65 .53 n.a. 

SDLP    

Test 0.17 .68 n.a. 

Test x condition  1.03 .36 n.a. 

Condition  2.50 .09 n.a. 

Gap acceptance    

Test 8.47 .006** 0.48 

Test x condition  0.06 .94 n.a. 

Condition  0.36 .70 n.a. 

Complete stop at stop signs     

Test 0.62 .43 n.a. 

Test x condition  2.31 .11 n.a. 

Condition  0.15 .86 n.a. 

Giving right of way    

Test 1.71 .20 n.a. 

Test x condition  1.28 .29 n.a. 

Condition  8.06 .001** n.a. 

Crashes    

Test 2.24 .14 n.a. 
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Test x condition  0.36 .70 n.a. 

Condition  0.13 .88 n.a. 

*<.05, **<.01  

n.a. = not applicable 

 

 

4. Discussion  

 

The present study investigated whether a WM training would enhance cognitive ability 

and driving ability of older drivers. Based on previous studies, we hypothesized that 

improvement of cognitive ability and driving ability would be largest in the adaptive training 

group, smaller in the non-adaptive training group and only minimal in the no-training control 

group (Brehmer et al., 2012; Holmes et al. 2009; Karbach et al., 2015; Klingberg et al, 2002; 

Klingberg et al, 2005; Lilienthal et al., 2013).  

More specifically, based on previous studies, we expected (a) that the WM training would 

improve WM, but also attention and inhibition (Borella et al., 2013; Brehmer et al., 2012; 

Richmond et al., 2011), and (b) that the WM training would improve several specific measures 

of driving ability (e.g., speed control, lane position, gap acceptance while turning left, responses 

to road signs and crashes). 

With regard to cognitive ability, after following an adaptive training, older people had a 

significantly larger improvement of WM, compared to older people following a non-adaptive 

training or no training. This improvement in WM after following a cognitive training specifically 

targeting WM is in line with previous research (e.g., Borella et al., 2013; Richmond et al., 2011). 

It is important to note that although, as indicated by Figure 2, there is a cross-over effect for WM 

between the adaptive and the non-adaptive training group, the hypothesis of a linear 

improvement was nevertheless confirmed. Although we found near transfer effects that are a 

requirement for far transfer effects (Harrison, Shipstead, Hicks, Hambrick, Redick, & Engle, 

2013), we found no differential group improvement for the other cognitive functions. For 

attention, all groups improved to a similar degree, indicating a general test-retest effect. For 

inhibition, group means were in the same direction, but results were only marginally significant. 

A general test-retest effect for this measure is therefore also possible. These results are in line 

with learning theories that state that participants improve when performing a cognitive task for a 

second time (Boot et al., 2011; Collie et al., 2003). Moreover, these results are in line with recent 

studies indicating that cognitive training specifically improves only the cognitive function that 

was trained (Melby-Lervåg & Hulme, 2013; Shipstead et al., 2012). 

With regard to driving ability, results indicated that for driving speed and reaction to stop 

signs group means were in the expected direction (i.e. largest improvement with adaptive 

training, smaller improvement with non-adaptive training and minimal improvement with no 

training), but results were only marginally significant. It has to be noted that for reactions to stop 

signs, although the hypothesis of a linear improvement was confirmed, unexpectedly the non-

adaptive training group and no-training group deteriorated, showing a lower number of stops in 

the post-test than in the pre-test. The reason why these groups deteriorated remains unclear. It is 

known that older drivers typically fail to make a complete stop at stop signs and drive slower 

(McKnight, 1988). Interestingly, it has been argued that driving slower reflects a way to 

compensate for the decline in cognitive abilities (Fisher et al., 2011). Our result may be regarded 

as in line with this, as participants drove faster after improvement of their WM. We found no 
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differential group improvement for the other driving measures. Whereas for gap acceptance, all 

groups improved to a similar degree, indicating a general test-retest effect, for SDLP, giving 

right of way and crashes, no improvements were found. Taken together, transfer of the 

improvement of WM to driving performance was only limited. This is in line with recent studies 

indicating an effect of training solely on the cognitive function being trained, and lack of transfer 

to daily life activities, like driving (Gaspar, Neider, Simons, McCarley, & Kramer, 2012; 

Mayhew, Robertson, & Vanlaar, 2014). Moreover, improvement of driving after WM 

improvement was expected for only a selection of driving measures based on recent research 

showing that different driving measures have different underlying cognitive abilities (Aksan et 

al., 2015; Anstey & Wood, 2011; Cuenen et al., 2016; Mullen et al., 2008). Possibly, in order to 

have an effect on more driving measures, a multifactorial cognitive training is necessary, (i.e., a 

training that includes tasks addressing a variety of cognitive abilities as used by Schmiedek et al., 

2010) or a more direct type of a training targeting driving ability is necessary (e.g. a driving 

simulator training as used by Casutt, Theill, Martin, Keller, & Jäncke, 2014).  

These results illustrate the importance of investigating training effects on specific 

measures of driving ability, since summarized measures of driving ability do not provide a 

detailed view of training effects: whereas the training can have an effect on some aspects of 

driving, it is possible that it has no effects on other aspects of driving. Indeed, Cassavaugh and 

Kramer (2009) also only found that improvement was limited to one measure of driving ability 

(i.e., accelerator response time to lead-vehicle braking) after following a WM training. 

Consequently, the same training cannot be used as an intervention for all driving problems. 

Importantly, effective training programs are tailored to the individual, targeting those specific 

abilities that are hampered. Hence, our results suggest that those older people that experience 

difficulty with speed control and responses to stop signs could benefit most from WM training.  

 

 

5. Limitations and future research  

 

Some limitations have to be noted. First, although the investigated training only caused 

improvements of WM and two driving measures, particularities of the aging population may be 

responsible for the lack of transfer effects (Lange & Süb, 2015).  Although cognitive plasticity 

can be assumed even in old age, it is constricted when compared with that of younger people 

(Lange & Süb, 2015). Compared to training studies with younger people, training studies with 

older people have typically reported smaller or non-existent transfer effects (Lange & Süb, 2015; 

von Bastian & Oberauer, 2014). In order to know whether the lack of transfer effects is due to 

the training or due to the target group, future research should investigate the transfer effects of 

this WM training in younger people. Since previous studies indicated the relation between WM 

and driving ability of younger drivers (Mäntylä, Karlsson, & Marklund, 2009; Ross, Jongen, 

Brijs, Ruiter, Brijs, & Wets, 2014), transfer effects of a WM training to aspects of driving ability 

of younger drivers can be expected. However, since older people are the fastest growing segment 

of the population and with age there is a decrease in abilities necessary for daily life activities 

like driving, there is a need for effective interventions for older people to ensure their quality of 

life. Future initiatives should be explored to attenuate declines in cognitive ability and driving 

ability. As for cognitive training, in a recent meta-analysis a group-based training consisting of 

maximum three sessions was advised (Lampit, Hallock, & Valenzuela, 2015). 
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Second, the present study only investigated immediate training effects, therefore the long-

term effects remain unclear. Future research should examine the durability of effects. Previous 

research found maintained effects for several months (Borella et al., 2013; Li et al., 2008).  

Third, the training was conducted at home. Although this has several advantages, it 

reduces experimenter control (i.e., standard testing environment and procedures). Related to this 

limitation, although the no-training control group received no training, we cannot be sure that 

this group did not train their WM during the study. However, based on our results that WM 

improvement was minimal in the no-training control group, there were no indications that people 

trained their WM.   

Fourth, we used a non-adaptive training group, that can be regarded as an active control 

group, who performs the same training as the adaptive training group but on a fixed low level. 

This was done to provide a conservative assessment of training effects, because the influence of 

various unspecific factors is attenuated (Brehmer et al., 2012; Shipstead et al., 2010; Zehnder et 

al., 2009). Although there are no indications that the non-adaptive training is less stimulating 

than the adaptive training, since the number of completed sessions is comparable (i.e., 23.05 

sessions completed by participants in the adaptive training group and 23.63 sessions completed 

by participants in the non-adaptive training group), it might be interesting for future research to 

incorporate an active control group performing an equal amount of training time as the adaptive 

training group but on tasks that are not expected to improve cognitive or driving ability. This 

might help to further establish that the specific training under investigation, rather than any 

challenging training task, is directly related to improvements in cognitive and driving ability 

(Cassavaugh & Kramer, 2009).  

Fifth, driving ability in the present study was investigated with a driving simulator. 

Although simulators have several advantages and positive evidence for simulator validity has 

been provided (Fisher et al., 2011), the present study should be replicated during real-world 

driving to bolster our conclusions. By replicating the study during real-world driving, the 

practical relevance of the results can be investigated. Looking at the results, it seems that the 

adaptive training group (the group who improved the most compared to the other groups) drove 

3.67 km/h faster and stopped 0.13 times more at a stop sign in the driving simulator after 

following the training. However, it has to be noted that for the driving simulator, there is 

evidence for relative validity, not for absolute validity. This means that the direction of change of 

a simulated driving measure is in the same direction as a corresponding driving measure in the 

real world, but does not produce the same numerical change. As a consequence, investigating the 

effect of the training on driving in real-world conditions would cause an increase in speed and 

number of complete stops, however, the amount of increase can be different than observed in the 

simulator (Fisher et al., 2011).  

Finally, the present study investigated the effect of a WM training on specific measures 

of driving ability under normal driving circumstances (e.g., not during car-following) while 

encountering situations that are known to be difficult for older drivers (i.e., intersections).  In 

order to guide future initiatives to increase driving safety of older people, future research should 

investigate other measures related to driving ability, e.g., gaze behavior. In addition, it would be 

interesting to further investigate the reasons behind certain driving behaviors. In the present 

study, participants did not always follow the traffic rules (e.g., not making a complete stop at a 

stop sign). This could be due to an error or due to a violation of the traffic rule.  
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 Although procedure and time between testing was the same for all three groups, participants of the no-training 

control group were later recruited compared to participants of the two training groups (i.e., adaptive and non-
adaptive) and ‘experience with a PC’ was not added as an inclusion criteria. Unexpectedly, average OSpan scores of 
the no-training control group were lower when compared to those of the adaptive training group and the non-
adaptive training group. Closer inspection of the data showed that this is due to a higher frequency of zero-scores 
in the no-training control group (n = 10), than in the adaptive training group (n = 2) or the non-adaptive training 
group (n = 4). Possibly this is due to later recruitment of the no-training control group. As a consequence, 
participants were randomized across the two training groups (i.e., adaptive and non-adaptive), thereby distributing 
zero-scores across the two groups, whereas all low scorers were assigned to the same no-training control group. In 
addition, this can be due to the difference in recruitment, since for the no-training control group, experience with 
a PC was not added as an inclusion criterion. There were no significant differences between scores in the no-
training control group on each of the cognitive tests for the pre-test and post-test, which supports that the lower 
OSpan scores are not due to measurement errors. 
 


