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Abstract 

 

Despite the popularity of working memory (WM) and updating training, recent reviews have 

questioned their efficacy. We evaluated a computer-based training programme based on the 

Running Span and Keep Track paradigms. We assigned 111 7-year-olds with poor WM and 

mathematical performances to updating training, one of two control groups, or a fourth group, 

who were administered Cogmed, a commercially available programme. At the immediate 

posttest, updating training produced only marginal improvements relative to control, but this 

was sustained and became significant six months post-training. Cogmed training resulted in 

substantial improvement at immediate posttest, but became marginal at delayed posttest. 

Neither type of training resulted in better performance in mathematics or generalised to other 

WM tasks that differed more markedly from those used during training. These findings 

suggest that relations between WM or updating capacity and mathematics performance may 

be moderated by factors that do not benefit directly from improved capacity.  
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Working memory and updating training: immediate improvement, long-term maintenance, 

and generalizability to non-trained tasks 

 Working memory (WM) and updating predict children’s performances in reading 

(e.g., Gathercole & Pickering, 2000) and mathematics (e.g., Bull & Scerif, 2001; Lee, Pe, 

Ang, & Stankov, 2009; St Clair-Thompson & Gathercole, 2006). WM, defined as processes 

or structures that allow information to be maintained and manipulated simultaneously 

(Baddeley, 2000), is often deemed a fundamental capacity that affects how well other higher 

cognitive functions are performed. Updating refers to the ability to monitor and refresh 

information in WM (Miyake et al., 2000). Although not conceptually synonymous, measures 

of WM and updating are highly correlated (Schmiedek, Hildebrandt, Lövdén, Wilhelm, & 

Lindenberger, 2009; St Clair-Thompson, 2011). In addition to correlational findings, 

experimental studies have found that accuracy of mathematical task performance is 

dependent on the availability of WM resources (Fürst & Hitch, 2000; Lee & Ng, 2009). A 

question of continuing interest is whether academic performance can be improved by 

increasing WM or updating capacity. In this study, we designed and evaluated the efficacy of 

a computerized updating training programme.  

Improving Working Memory or Updating Capacities 

In a seminal study, Klingberg et al. (2005) tested a computerized game-based training 

programme and found that it improved WM performances on both measures that were 

structurally similar and those that differed from tasks used during training (near and far 

transfer, respectively). The present version of the programme, Cogmed, consists of 12 visuo-

spatial and verbal memory tasks. Because there are already a number of recent reviews on the 

efficacy of Cogmed and other WM related training (Melby-Lervåg & Hulme, 2013; 

Shipstead, Redick, & Engle, 2012b; Wass, Scerif, & Johnson, 2012); here, we focused largely 

on studies conducted with children and which are of direct relevance. 
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A number of Cogmed studies have found near transfer effects, but far transfer effects 

have proven elusive. Dunning, Holmes, and Gathercole (2013), working with 8 year olds, 

found Cogmed improved performance on a range of untrained WM tasks, but not tasks based 

on classroom activities or other cognitive assessments. They also found improvement in 

verbal WM to be sustained for 12 months in a subgroup of participants. In contrast, Holmes 

et al. (2009), working with 10 year olds, found no immediate far transfer effects to reading, 

mathematical reasoning, or intelligence, but found an improvement in mathematical 

reasoning scores six months after training. However, because their control group was not 

retested at delayed posttest, it is unclear whether the improvement can be attributed to 

training. K. I. E. Dahlin (2013) found that 9- to 12-year-old boys with attention deficits 

performed better than a control group in mathematics after Cogmed training. Improved 

posttest performance on visuo-spatial WM was also observed in the treatment group. Again, 

as the control group was not administered WM tasks at either pretest or posttest, it is not clear 

whether improvement in mathematics is due to improved WM. 

A more recent study by Holmes and Gathercole (2014) found that teacher-

administered Cogmed training improved performance on various WM tasks in 8 to 9 year 

olds. It also improved English and mathematics scores in low achieving 9 to 11 year olds. 

However, in their first experiment, they used a pretest-posttest design without a control group. 

This makes it difficult to attribute improvement in WM to training. In their second 

experiment, a matched group design was used without assessment of performances before 

and after training. Furthermore, WM was not assessed. Again, these methodological 

limitations make it difficult to know whether differences in the criterion measures are due to 

training. Bergman-Nutley and Klingberg (2014) found that Cogmed improved performances 

in WM, arithmetic, and a following-instructions tasks in 7 to 15 year olds with poorer WM 
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and attention capacities. Their findings are encouraging, but the use of typically-developing 

children in the control group added some uncertainty to the interpretation of findings.    

In at least one study, updating abilities were found to predict mathematics 

performance better than did WM (Lee et al., 2012). In updating tasks, participants are 

typically asked to monitor, remember, and make decisions regarding stimuli that are 

presented sequentially. In the n-back task, for example, participants are asked to indicate 

whether the current stimulus is the same as the one that appeared n items earlier. Jaeggi, 

Buschkuehl, Jonides, and Shah (2011) trained 9 year olds using a programme based on a 

spatial n-back task and found improved performance on the training task. However, 

compared to an active control group trained on general knowledge and vocabulary questions, 

there were no post-training differences in fluid intelligence. In contrast, their earlier studies 

conducted with adults using single and dual n-back tasks found far transfer effects on fluid 

intelligence (Jaeggi, Buschkuehl, Jonides, & Perrig, 2008; Jaeggi et al., 2010). The efficacy 

of n-back training is controversial. A number of researchers (Chooi & Thompson, 2012; 

Redick et al., 2013; Thompson et al., 2013) have not been able to replicate Jaeggi et al.’s 

(2008) findings. Furthermore, methodological limitations in Jaeggi et al. (2008) render the 

findings difficult to interpret (for details, see Moody, 2009; Redick et al., 2013). 

Other training studies have utilised a running span paradigm. Typically, participants 

are asked to recall the last items at the end of a sequence of presented stimuli. Because 

participants are not told the length of the sequence, updating of old with new is needed for 

successful performance. Working with adults, E. Dahlin, Nyberg, Bäckman, and Neely (2008) 

found training improved performance on both a running span task (similar to that used in 

training) and on an untrained n-back task. Zhao, Wang, Liu, and Zhou (2011) used non-

adaptive running memory span training and found improvements in 9 to 11 year olds’ 

performances on a fluid intelligence task.  
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In a recent study, Karbach, Strobach, and Schubert (in press) trained 8-year-olds using 

two adaptive WM complex span tasks. They found that the training group performed better 

on an untrained visuo-spatial WM task and a reading ability task compared to a control group 

trained on a non-adaptive version of the tasks. The effect on the visuo-spatial WM task was 

sustained for three months. However, there were no training effects on switching, inhibition 

or mathematics performance.  

Improving capacities in young children. Few studies have examined WM or 

updating training effects in younger children. In recent reviews, both Wass et al. (2012) and 

Melby-Lervåg and Hulme (2013) found that younger children benefited more from such 

training. However, both reviews located only a handful of studies that involved younger 

children. Thorell, Lindqvist, Bergman-Nutley, Bohlin, and Klingberg (2009) administered a 

Cogmed-based WM training programme to 4-year-olds and found improvement in both 

trained and untrained tests of WM and attention. Bergman-Nutley et al. (2011) administered 

the same WM training programme to another sample of 4-year-olds and found that it 

improved performance on WM tasks, but not on fluid intelligence measures. They did, 

however, find that training using non-verbal reasoning tasks improved fluid intelligence. 

In more recent studies, Chacko et al. (2014) and van Dongen-Boomsma, Vollebregt, 

Buitelaar, and Slaats-Willemse (2014) evaluated the effects of Cogmed on children with 

attention deficit and hyperactivity disorder. Although Chacko et al. found improvement in 

short term memory performance, neither study found improvement in WM. Another recent 

study on 5 year olds by Foy and Mann (2014) found that Cogmed improved visuo-spatial and 

verbal WM performance and self-regulation as measured by the Head-Toes-Knees-Shoulders 

test, but not on measures of emergent reading skills. 

Apart from Cogmed training, two recent studies have examined the efficacy of other 

training modalities. Kroesbergen, van ’t Noordende, and Kolkman (2014) trained 5-year-olds 
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using WM games that were either domain general or that contained numerical content. They 

found both types of training improved performances on one of the WM measures and speed 

of quantity discrimination. Numerical WM training also improved performances on an early 

numeracy test. Goldin et al. (2014) trained 6 year olds on WM, planning, and inhibition. They 

found that compared to an active control group, trained children performed better in a 

cognitive flexibility, but not an inhibitory measure. This finding is unexpected because 

children were not specifically trained on cognitive flexibility. The trained children also 

performed better on school based language and mathematics tasks than did children in the 

control condition. Notably, no tests of WM were administered.       

The Current Study  

Despite a number of positive findings, there are significant concerns over the 

replicability of findings and the methodology used in some of the studies (e.g., Gibson, 

Gondoli, Johnson, Steeger, & Morrissey, 2012; 2013; Shipstead, Hicks, & Engle, 2012; 

Shipstead, Redick, & Engle, 2012a). Shipstead, Redick, et al. (2012b), for example, argued 

that a number of studies failed to provide adequate measures of WM by indexing it with only 

one task , confusing short term with working memory, and using only subjective measures. 

They also questioned the adequacy of control groups that failed to control for the kind of 

sustained attention needed for WM training. One of the gaps in the literature is the relatively 

small number of longer term studies. Because an improvement in WM or updating capacities 

may only improve children’s capacities to learn, longer term evaluation is needed to test 

whether better learning results in better academic performance. Furthermore, as pointed 

earlier, there is a dearth of studies on very young children, who are most likely to benefit 

from WM or updating training. 

Given these observations, we designed and tested an updating training programme for 

children. We created seven games based on two commonly used updating paradigms: running 
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span (Morris & Jones, 1990), and keep track (Yntema, 1963). In the training component of 

the games, children were asked to remember the last one to four presented exemplars 

(running span) or the last exemplar from one to four presented categories of objects (keep 

track). The number of exemplars to be recalled increased adaptively in each game when 

children’s performances improved.  

We examined the efficacy of training by contrasting it against two control conditions. 

For the active control condition, we designed a suite of games that were similar to those used 

in the training condition, with the exception that children were not asked to remember the 

stimuli used during game-play. These games allowed us to examine directly whether any 

training effects were due merely to playing computer games or to updating training. Because 

we focused on children identified as having difficulties in mathematics, which at this stage 

included fluency in counting, we explicitly excluded content that required counting or 

arithmetic in both the training and active control games. In the passive control condition, we 

had no contact with the children apart from the pretest and posttest. 

The main aim of the study was to investigate whether our training improved updating 

capacity. We were interested in both near and far transfer effects. WM and updating were 

indexed by a battery of four tasks. A secondary aim was to compare the efficacy of our 

updating training with that of a more established protocol. For this purpose, we selected 

Cogmed. Given the extant findings, both sets of training were expected to produce near 

transfer effects, but we did not have sufficient information on which to base expectations 

regarding whether one would produce greater improvement than the other.  

Method 

Participants and Design 

The experiment was based on a 4 (Training condition: Updating, Cogmed, active 

control, versus passive control) x 3 (Assessment time: pretest, immediate posttest, delayed 
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posttest) full factorial split-plot design. Using G*Power 3.1.0 (Faul, Erdfelder, Lang, & 

Buchner, 2007), an a priori power analysis showed that a total sample size of 125 was 

required (effect size f = .25, 85% power, α = .05). We screened 237 children, who were in 

their first year of formal schooling and who were identified by their teachers or by a school-

administered readiness assessment as having difficulties with mathematics. Children 

identified by the readiness assessment were enrolled in a learning support programme that 

provided instructions by specially trained teachers as part of the children’s weekly lessons. 

All children participated with parental consent and received small tokens of appreciation. 

Children were screened using a WM and an updating task (Block Recall and Animal 

Updating, see below for details). We selected only those who performed at or below the 20th 

percentile based on local data (Lee, Bull, & Ho, 2013). Of the 118 children (from 17 primary 

schools across Singapore) who satisfied the inclusion criteria, one dropped out during 

training, two were withdrawn by their parents prior to the delayed posttest, and three left 

school after the immediate posttest and were not contactable. The data from one child, who 

was unresponsive throughout the study, were excluded from the analyses.  

The final data set contained 111 children. Based on parameters used to conduct the 

initial power analysis, the final sample (M age = 81.73 months; SD = 3.2 months; Range = 76 

– 89 months; 69 boys) provided 80% power. However, post-hoc power analyses based on the 

observed effect sizes of f = .50 and f = .29 (for the omnibus interaction and main training 

effects, respectively), yielded power of 99% and 94%. Children were quasi-randomly 

assigned to the four groups: Cogmed (n = 25), updating (n = 32), active control (n = 28), and 

passive control (n = 26). Where possible, we assigned children from each school to each of 

the four conditions.  
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Materials  

All children completed a battery of WM, updating, and mathematical proficiency 

tasks before, immediately after, and six months after training. Because mathematical 

performance is likely affected by language proficiency and intelligence, these were measured 

at the start of the study and were used as covariates. The intelligence measure was also 

administered at posttest. 

Working memory and updating tasks. The Animal Updating task was based on the 

running memory paradigm by Pollack, Johnson and Knaft (1959, as cited in Morris & Jones, 

1990). Children were shown a series of animal pictures one at a time on a computer screen 

and were asked to recall the last two animals (increased to three in a later block) at the end of 

each trial. Children were not told how many items were to be presented. One point was given 

for every animal recalled in the correct order (maximum: 60).   

In the Letter Rotation task (Ang & Lee, 2008), children were asked to determine 

whether a capital letter was presented in the normal orientation or as a mirror image. They 

were also asked to remember the cardinal position aligned with the top of the letter for later 

recall. One letter at a time appeared in one of seven cardinal positions. The number of 

positions to be remembered increased progressively. The dependent measure was the total 

number of positions recalled in the correct order (maximum: 85).  

In the Block Recall task (Pickering & Gathercole, 2001), the researcher tapped out 

sequences of increasing length on nine blocks, positioned randomly on a board. The children 

were asked to recall and tap the blocks in the same order. Each correctly recalled sequence 

was given one point (maximum: 54). Although sometimes regarded as a short term memory 

task, performance on this task has previously been shown to require executive resources, 

especially in children (e.g., Ang & Lee, 2008). Rudkin, Pearson, and Logie (2007) and 

Vandierendonck, Kemps, Fastame, and Szmalec (2004) showed that even in adults, 
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performance on the task was impaired by executive suppression, which again suggests that it 

draws significantly on executive resources.  

The Backward Letter Recall task, was modified from the Backward Digit Recall task 

(Pickering & Gathercole, 2001) and used consonants in place of digits. Children were asked 

to recall, in reverse order, sequences of two to seven letters with each correctly recalled 

sequence scoring one point (maximum: 36). Although deemed a measure of short term 

memory in adults, St Clair-Thompson (2010) showed that it loads onto WM for children, but 

short term memory for adults. 

Mathematics tasks. The Numerical Operations task from the Wechsler Individual 

Achievement Test (WIAT-II; Wechsler, 2002) assessed children’s abilities to identify and 

write numbers, count, and solve arithmetic problems. The addition and subtraction fluency 

tasks were adapted from the WIAT-III (Wechsler, 2009). Children were asked to solve as 

many mathematical equations out of 48 equations as they could in 1 minute. Consistent with 

local practice, the equations were presented in a “horizontal” instead of the original “vertical” 

format. Raw scores were used as dependent measures. 

Covariates. The Raven’s Coloured Progressive Matrices (Raven, Raven, & Court, 

1998) was used as a measure of fluid intelligence. Reading abilities were measured by the 

Schonell Graded Word Reading Test (Schonell, 1942) in which children were asked to read 

as many words as possible from a list of 100 words that increased in difficulty. Vocabulary 

was measured by the Bilingual Language Assessment Battery (BLAB; Rickard Liow & Sze, 

2008), which consisted of a set of 100 English words, arranged in increasing difficulty. 

Children heard each word and had to select a picture, out of a set of four, which best 

described the word.  
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Training programmes. Seven computerised games were developed for the updating 

training. Four games were based on the running span paradigm and three games were based 

on the keep track paradigm. Figure 1 shows screenshots of one of these games.  

<insert Figure 1 here> 

All the games started with movement based gameplay that provided the “context” for 

training. In the Post Bear game, children helped the protagonist deliver mail and were asked 

to avoid contact with the alien inhabitants by moving the protagonist accordingly. In another 

game, the protagonist was an ant and the children were asked to help it catch various falling 

objects. All games were adaptive and all children started at level one, in which they only had 

to remember the last exemplar in a sequence or the last exemplar from one category. In the 

Post Bear game, for example, children were asked to remember the last alien encountered by 

the postman. In the ant game, children were asked to remember the last object in each 

category of objects that they helped caught. Performing accurately in four of six trials in any 

given level resulted in progression to the next level. At level two, children were asked to 

remember the last two exemplars or the last exemplar from each of two categories. There 

were four levels in each game.  

Only one game was available at the commencement of training. A new game was 

made available when children passed level two. Children who failed to achieve this 

performance threshold were required to play 36 trials at level two before they could move on 

to another game. Once the children had unlocked all games, they were allowed to conduct the 

remaining training using any of the games (with encouragement to alternate between games 

from each paradigm).  

The active control games contained the same themes and game-play, but the children 

were not asked to remember any stimuli. The children had to play 36 trials of each game 
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before they could move on to the next game. Again, the children could choose between the 

various games after all the games were unlocked.  

The Cogmed programme for children was administered according to published 

protocol (see www.cogmed.com). During each session, children were administered eight WM 

training tasks, with each task consisting of 15 trials. Task difficulty was adapted to each 

child’s current WM span on a trial-by-trial basis. With a pool of 12 tasks, different sets of 

eight tasks were administered in each session. The programme contained a variety of 

visuospatial and verbal WM training tasks. In the Input Module task, for example, children 

were asked to recall a sequence of digits in backward order. The digits were presented on a 

keypad as part of a robotic arm. In the Rotating Data Link task, children were asked to recall, 

in sequence, lamps that lit up in a 4 x 4 grid one at a time. The grid rotated 90 degrees in 

between presentation and recall, so that the lamps were in different locations during recall. 

Procedure 

 All sessions were conducted in supplement to the children’s usual school activities. 

Because game-play was designed to be intensive and continuous in the updating and active 

control conditions, we restricted each session to 30 minutes. Each Cogmed session took 45 

minutes. For all conditions, children were asked to attend 25 sessions, conducted over 8 

weeks (three to four session a week) , including a week of school holidays when no training 

could be conducted. To keep the children motivated during training, they were given stickers 

after every session. On average, children in the Cogmed, updating, and active control groups 

attended 24, 23 and 22 sessions respectively.  

The immediate posttest was conducted one to two weeks after the last session. The 

delayed posttest was conducted approximately six months after termination of training. With 

the exception of the pretest and posttest, the passive control group continued with their usual 

activities and had no contact with the researchers.  
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Results 

The data were screened for outliers and normality of distribution. Scores that were 

greater than 3 SD from the mean were replaced with scores at 3 SD to temper their effects on 

the mean while preserving their status as outliers (this affected approximately 0.9% of the 

data points). No multivariate outliers were detected (see Table 1 for descriptive statistics).   

<insert Table 1 about here> 

To examine whether children’s performances on the updating training tasks improved 

during the course of training, we conducted preliminary analyses on their recall accuracy at 

the start of training (i.e., data from the two and third sessions) and compared them to the last 

two training sessions. The dependent variable was the percentage of trials in which the to-be-

remembered information was recalled accurately. A paired samples t test showed a 

significant improvement (M = 34.11%, SD = 15.07% versus M = 43.09%, SD = 18.09%, t(30) 

= 2.04, p = .05. Because we did not have access to the raw data generated during Cogmed 

training, we had to rely on training indices computed automatically by the programme. 

Similar to Updating training, there was a significant improvement in the training index from 

the first two days of training (M = 52.30, SD = 7.15) to the last two days (M = 71.34, SD = 

10.90); t(24) = 11.31, p < .001.  

The effects of training on WM and updating capacities were examined using a 4 

(Training condition) x 3 (Assessment time) multivariate analysis of variance (MANOVA), 

with the four WM and updating measures as dependent variables. There was a significant 

interaction effect, F(24, 290.63) = 2.10,  p < .01, ηp² = .14. To identify the locus of the 

interaction, one-way MANOVAs were conducted, separately for each time point. At pretest, 

there were no differences amongst the four groups, F(12, 275.45) = .68,  p = .77, ηp² = .03. At 

immediate posttest, there were significant group differences, F(12, 275.45) = 4.26,  p < .01, 

ηp² = .14. Univariate tests showed that performance on the Block Recall task was most 
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affected, F(3, 107) = 14.14,  p < .01, ηp² = .28. Pairwise contrasts showed that the Cogmed 

group performed significantly better than did the other groups, p < .01. Although the 

univariate ANOVA result was not significant, it is interesting to note that pairwise contrasts 

showed that the Updating group tended to perform better than did the passive control group 

on Animal Updating, p uncorrected = .04, p corrected = .17.  

We also found significant group differences at the delayed posttest, F(12, 275.45) = 

1.85,  p = .04, ηp² = .07. Univariate tests showed that performance on Animal Updating was 

most affected, F(3, 107) = 3.03,  p = .03, ηp² = .08. The Updating group performed better 

than did the Cogmed (p = .02), active control (p < .01), and passive control groups (p = .05). 

Again, though the univariate ANOVA result was not significant, pairwise contrasts showed 

that the Cogmed group tended to perform better on the Backward Letter Recall task than did 

the Updating (p uncorrected = .03, p corrected = .12) and passive control groups (p uncorrected = .03, p 

corrected = .14). Figure 2 shows group differences in performances on the Block Recall and 

Animal Updating tasks.   

Using the same MANOVA model, we examined the effects of training on the 

mathematics tasks. Children improved across testing sessions, but the magnitude of 

improvement was not affected by training. Although the majority of our children were 

enrolled in the LSM programme, 23% were identified by teachers as performing poorly in 

mathematics, but who were not enrolled in the LSM programme. To take account of possible 

differences in their performances and responsiveness to training, we re-ran all the analyses 

using LSM enrolment status as an additional independent variable. The same pattern of 

findings was obtained. 

<insert Figure 2 here> 

Performances on all three covariates were significantly correlated with mathematics (r 

= .29 – .46); the BLAB and the CPM were also correlated with Animal Updating (r = .22 –
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 .32) and Letter Rotation (r = .23 – .36); the Schonell was correlated with Backward Letter 

Recall (r = .25). To investigate whether findings regarding the training were affected by 

individual differences in the covariates, we conducted separate MANCOVAs for the WM and 

mathematics measures. The overall pattern of findings did not vary.  

Although most of the children attended the scheduled training, there were differences 

in how well they performed during training. Children in the updating group who remembered 

more items during training performed better on both the Animal Updating and Letter 

Rotation tasks at post-test (r = .39 – .52).  

Discussion 

The Updating group performed better on the updating capacity measure six months 

after training than did both control groups and the Cogmed group. A similar improvement 

was found between the Updating and passive control groups at immediate posttest, but it 

failed to attain significance. In contrast, the Cogmed group significantly out-performed all 

other groups on the visuo-spatial WM measure at the immediate posttest. However, this 

advantage was not maintained at delayed posttest. Though the Cogmed group tended to 

perform marginally better than the Updating and passive control groups on the verbal WM 

task at delayed posttest, the contrasts were not significant after correction for multiple 

comparisons. We found no differences between the various groups on the mathematics tasks. 

Our findings are generally in line with the literature showing that WM or updating 

training produces improvement in tasks closely related to those used in training, but does not 

generalise to other types of executive, reasoning, or academic tasks (Melby-Lervåg & Hulme, 

2013). Neither our updating training nor Cogmed improved children’s performance on the 

mathematics tasks. Inclusion of the language and intelligence measures as covariates did not 

alter the overall pattern of findings. A supplementary analysis also showed that neither 

training improved performance in our measure of intelligence. Although some earlier studies 
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suggested that Cogmed or updating training improved intelligence, this was not replicated in 

more recent studies (Chooi & Thompson, 2012; Redick et al., 2013; Thompson et al., 2013; 

Zhao et al., 2011). Cogmed improved visuo-spatial WM performance at the immediate 

posttest, but this was not sustained after 6 months. Dunning et al. (2013) produced a similar 

pattern of finding on a verbal WM task; showing improvement immediately after training, but 

not one year later.  

It is unclear why the effects of both types of training were restricted to tasks fairly 

similar to those used in training. One possibility is that relations between WM or updating 

capacity and mathematics performance may be moderated by factors that do not benefit 

directly from improved capacity. Dunning et al. (2013) suggested that additional guidance, 

instructions or reinforcement are required to help participants apply their newly developed 

skills to novel tasks or situations. This could be especially true for children. Children have 

reported that they closed their eyes to concentrate, pay special attention to presented 

information, or rehearsed information to improve their performance on WM training tasks 

(Holmes et al., 2009). Indeed, St Clair-Thompson, Stevens, Hunt, and Bolder (2010) found 

that training children on a memory strategy game improved both WM and mental arithmetic. 

Such training is not uncontroversial and it has been argued that the use of explicit strategies 

training may result in improving WM performance without improving core WM capacity. 

Indeed, this could potentially explain our findings. Children in both the Updating and 

Cogmed conditions may simply have worked out strategies to perform the trained tasks more 

efficiently, with the underlying capacities remaining unchanged.  From a practical 

perspective, this may matter little if strategies used in these training tasks can be generalised 

and applied to more distant academic tasks. In contrast to St Clair-Thompson et al. (2010), 

our findings provide little evidence for such transfer. However, it should be noted that even in 
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St Clair-Thompson et al. (2010) study, the effect of training was found on one mental 

arithmetic task, but not on another standardised mental arithmetic task.  

Another explanation for the lack of generalisation rests in differences in timescales of 

WM versus mathematics tasks. The typical WM task requires keeping information in mind 

for seconds. In contrast, it is often the case that each mathematics question requires a longer 

period of sustained attention. It is possible that even with improved WM capacities, children 

cannot sustain or extend that capability over a longer period of time. Though speculative, 

another possibility is that bringing online the improved capacity is itself effortful; it is only 

through sustained practice that it can be successfully applied.  

One concern raised in recent reviews (Melby-Lervåg & Hulme, 2013; Shipstead, 

Redick, et al., 2012b) is the lack of appropriate control groups in previous studies. In this 

study, we used both an active and a passive control groups. The active condition controlled 

for the possible effects of sustained engagement with a computer-based task on attention. The 

passive condition controlled for test-retest and other developmental changes associated with 

the passage of time. Another concern with prior studies is that of statistical power. 

Specifically, that some studies may not have sufficient power to detect training effects. Given 

the cost of training and the existence of pre-existing intervention for our target population, we 

erred on the side of caution and adopted conventional parameters (α = .05, power = .80, 

Cohen, 1988) in estimating our required sample size. Our findings show that with regards to 

the major effect of interest (i.e., the interaction between training condition and assessment 

time), the observed effect size is large. A post hoc analysis shows that the present sample size 

provides 99% power.  

In our training protocol, we specifically avoided the use of numerical and 

mathematical content because our participants had known difficulties in mathematics. We 

were concerned that using such content may have decreased the accessibility and increased 
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difficulty of the training tasks. One potential drawback of our approach is that the use of non-

mathematically related stimuli limited transfer to the performance of mathematical problems. 

This concern is allayed by recent findings from Kroesbergen et al. (2014), who found that 

there were no differences in the effects of domain-specific versus domain-general WM 

training in improving pre-schoolers’ early numerical skills. Nonetheless, it may be useful to 

investigate a staged approach in which initial training is conducted with domain-general 

stimuli, followed by similar training conducted using domain-specific stimuli, and further 

reinforced by explicit instructions on methods to reduce load on WM or updating resources.  

One caveat to our Cogmed findings is that though overall exposure was maintained, 

training was not administered as intensively as recommended. Due to school time-tabling 

issues, instead of five times a week, it was administered three to four times a week for most 

participants. Recent findings suggest that dosage affects the magnitude of the training effect 

(Alloway, Bibile, & Lau, 2013), however, it is not clear whether the same dosage, 

administered under different schedule (e.g., over 5 versus 7 weeks) also affects training 

outcome. Because such logistical issues will likely be encountered when programmes are 

implemented in wider school settings, if such variation in intensity does markedly reduce 

efficacy, it has serious implications for parameters under which training can be considered 

efficacious. In comparison to our Updating training, the amount of time spent on Cogmed 

was longer (30 versus 45 minutes per session, respectively). Thus, it is possible that the 

superior effect of Cogmed at immediate posttest is partially attributable to the duration of 

training.  

Practical Application 

The findings showed that our updating training resulted in improved updating capacity 

six months after termination of training. However, the improvement is limited to a task 

similar to that used in training and did not transfer to better mathematics performance. The 
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effect of Cogmed was similarly restricted to another task similar to those used in training. If 

the aim of training is better mathematics outcome, given these limitations, it seems premature 

to recommend either type of training. In this study, we focused on methods to remediate 

problems associated with poor WM or updating capacity. In the absence of clear evidence of 

transfer, another approach is to accommodate to the problem (Gathercole  & Alloway, 2007). 

This may take the form of structuring mathematics problems to reduce the number of steps 

that needs to be performed in sequence, the use of intermediate points at which partial 

solutions are to be written down to reduce the amount of information that needs to be kept in 

mind, and the use of standardised heuristics to reduce the amount of effortful processing 

needed for solving routine problems.  

Conclusion 

More research is needed to determine the additional guidance or training processes 

that are needed for successful transfer to mathematics performance. One potential direction is 

to develop a better understanding of the underlying processes involved in producing the 

training effects and to compare that with processes associated with better mathematics 

performance. Using neuroimaging methods, a comparison of changes in neural activation 

when children undergo training in mathematics versus in updating training may provide 

insight on whether critical processes needed for mathematics improvement is targeted by 

updating based training.   
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Table 1 

Means and Standard Deviations (in Parentheses) of the Outcome Measures  

 Updating Cogmed Active Control Passive Control 

Task  Pre Post 1 Post 2 Pre Post 1 Post 2 Pre Post 1 Post 2 Pre- Post 1 Post 2 

AU 
25.00 

(11.69) 

39.22 

(10.13) 

41.25 

(7.44) 

20.28 

(10.88) 

34.40 

(10.90) 

35.64 

(9.97) 

23.54 

(11.24) 

35.57 

(11.25) 

34.79 

(9.11) 

19.35 

(10.94) 

33.04 

(13.00) 

36.52 

(10.24) 

LR 
18.41 

(5.93) 

21.69 

(7.21) 

22.09 

(8.95) 

21.75 

(9.20) 

20.20 

(6.96) 

19.52 

(8.23) 

20.56 

(10.70) 

19.96 

(6.64) 

21.29 

(8.64) 

19.53 

(9.73) 

18.50 

(6.22) 

21.31 

(7.46) 

BR 
19.31 

(4.22) 

20.81 

(4.19) 

21.56 

(4.41) 

19.76 

(3.26) 

27.20 

(4.55) 

23.84 

(3.77) 

19.64 

(4.48) 

21.50 

(3.49) 

21.82 

(4.29) 

19.52 

(5.43) 

21.58 

(3.89) 

22.89 

(4.83) 

BLR 
6.28 

(1.42) 

7.66 

(2.48) 

7.56 

(2.12) 

6.16 

(2.24) 

8.28 

(2.25) 

8.88 

(2.56) 

6.71 

(2.54) 

7.21 

(2.46) 

7.71 

(2.12) 

6.54 

(2.25) 

7.08 

(1.62) 

7.55 

(1.94) 

NO 
9.47 

(2.08) 

12.38 

(2.64) 

15.16 

(3.45) 

9.88 

(2.32) 

12.00 

(2.08) 

14.88 

(3.24) 

9.14 

(2.26) 

11.93 

(2.55) 

13.89 

(3.45) 

9.92 

(2.06) 

12.50 

(2.61) 

15.77 

(3.87) 

AFlu 
6.97 

(4.79) 

11.59 

(6.33) 

16.75 

(6.65) 

8.48 

(4.60) 

11.84 

(5.77) 

15.08 

(6.45) 

6.82 

(5.16) 

10.18 

(6.24) 

13.79 

(7.43) 

6.88 

(3.89) 

10.43 

(6.73) 

14.31 

(6.72) 
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SFlu 
3.45 

(3.40) 

7.96 

(5.07) 

11.78 

(6.92) 

4.12 

(2.85) 

6.32 

(3.65) 

11.04 

(4.13) 

4.18 

(3.85) 

6.89 

(4.98) 

10.75 

(5.71) 

3.38 

(3.65) 

7.62 

(4.60) 

10.19 

(5.23) 

Note. Pre = Pretest; Post 1 = Immediate posttest; Post 2 = Delayed posttest; AU = Animal Updating Task; BR = Block Recall Task; BLR = 

Backward Letter Recall Task; LR = Letter Rotation Task; AFlu = Additional Fluency Task; SFlu = Subtraction Fluency Task; NO = Numerical 

Operations Task. Standard Deviations are in Parentheses. 
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Figure 1. Sequential screenshots of a game based on the running span paradigm. The first 

screenshot shows game play during which children are asked to smack the monsters as soon 

as they appear. The second screen shows the warning sign at the top of the screen, which 

alerts the children to start memorizing the identity of the monsters. Depending on the block, 

children were informed as to whether they should remember the last, the last two, the last 

three, or last four monsters. The third screenshot shows the recall screen. The children were 

asked to recall the last monster and had five response alternatives from which to choose. 

Original screenshots were in full colour. 
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Figure 2. Mean Animal Updating and Block Recall scores by condition and time of test. The 

error bars depict standard errors.  
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