
Increased training complexity reduces the effectiveness of brief working
memory training: evidence from short-term single and dual n-back training
interventions

Kristina Küpera,b and Julia Karbachb,c

aAging Research Group, Leibniz Research Centre for Working Environment and Human Factors, Dortmund, Germany; bDepartment of
Educational Science, Saarland University, Saarbrücken, Germany; cDepartment of Psychology, Goethe-University, Frankfurt, Germany

ABSTRACT

N-back training has recently come under intense scientific scrutiny due to reports of
training-related improvements in general fluid intelligence. As of yet, relatively little is
known about the effects of short-term n-back training interventions, however. In a
pretest-training-posttest design, we compared brief dual and single n-back training
regimen in terms of training gains and transfer effects relative to a passive control
group. Transfer effects indicated that, in the short-term, single n-back training may be
the more effective training task: At the short training duration we employed, neither
training group showed far transfer to specific task switch costs, Stroop inhibition costs
or matrix reasoning indexing fluid intelligence. Yet, both types of training resulted in a
reduction of general task switch costs indicating improved cognitive control during the
sustained maintenance of competing task sets. Single but not dual n-back training
additionally yielded near transfer to an untrained working memory updating task.
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Introduction

Working memory (WM), the ability to maintain and
manipulate a limited amount of information over a

limited time span, is crucial for higher order cogni-
tion and in turn everyday functioning and academic
and occupational success (Miyake & Shah, 1999). The

close correlation between WM capacity and general
fluid intelligence (e.g. Conway, Cowan, Bunting,
Therriault, & Minkoff, 2002) has raised substantial

interest in training interventions designed to
enhance WM function. Previous research has
shown that performance in a variety of WM tasks

can be improved even by relatively short-term train-
ing on these tasks. Importantly, transfer effects, that
is, training-related performance gains in untrained
tasks, indicate that these performance benefits

reflect an enhancement of underlying cognitive pro-
cesses rather than mere task-specific practice effects
(Au et al., 2014; Karbach & Verhaeghen, 2014).

In an influential study by Jaeggi, Buschkuehl,
Jonides, and Perrig (2008), participants completed
short- and long-term versions of an adaptive dual

n-back training. In single n-back tasks, participants

are presented with a continuous stream of items
and have to indicate whether a given stimulus

matches an item presented n trials beforehand. In
the more complex dual n-back task, this matching
task had to be performed simultaneously on visually

presented spatial positions and auditorily presented
letters. In addition to performance gains in the
trained task, the authors observed far transfer to per-

formance in a matrix reasoning task measuring
general fluid intelligence. This far transfer effect to
fluid intelligence appears to be somewhat elusive,

however. Although it has been replicated in several
studies employing the same complex dual n-back
training (Jaeggi, Buschkuehl, Shah, & Jonides, 2014;
Jaeggi, Studer-Luethi, Buschkuehl, Su, Jonides, &

Perrig, 2010; Schweizer, Hampshire, & Dalgleish,
2011; Stephenson & Halpern, 2013), it has been
notably absent in a number of others (Chooi &

Thompson, 2012; Redick et al., 2013; Salminen, Stro-
bach, & Schubert, 2012; Thompson et al., 2013).

In light of the large body of research on the

effects of dual n-back training, surprisingly little is
known about the cognitive processes which
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underlie task performance and which may in turn

mediate potential effects of dual n-back training
on fluid intelligence. The diverse and somewhat
inconsistent transfer effects associated with training

on the dual n-back task indicate that it is a very
complex task drawing on various distinct cognitive
processes each of which has been discussed as a
potential mediating factor in far transfer to fluid

intelligence. Near transfer effects have been
reported for simple span tasks measuring short-
term memory capacity but not for complex span

tasks involving additional processing demands
(Jaeggi et al., 2008; Lilienthal, Tamez, Shelton,
Myerson, & Hale, 2013; Schweizer et al., 2011). Dual

n-back training has improved updating processes
in some cases (Jaeggi et al., 2010; Salminen et al.,
2012) but not in others (Lilienthal et al., 2013) and

has been shown to either expand the focus of atten-
tion (Lilienthal et al., 2013) or improve the efficiency
of dividing attention (Salminen et al., 2012). Salmi-
nen et al. (2012) additionally reported an improve-

ment in the ability to maintain and select task sets
in a task-switching paradigm.

It has been argued that far transfer to fluid intelli-

gence is contingent on the increased task demands
of the dual n-back task (Jaeggi et al, 2010). Yet, direct
comparisons of dual and single n-back training have

yielded comparable transfer effects, at least for long-
term training interventions across 20 sessions
(Jaeggi et al., 2010, 2014; Stephenson & Halpern,
2013). A recent meta-analysis by Au et al. (2014)

similarly found a small but significant transfer
effect from n-back training to fluid intelligence
which was equivalent for single and dual versions

of the task. Again, the authors confined their analysis
to studies employing relatively long-term n-back
training regimen across on average 19.5 sessions.

There is evidence to suggest, however, that very
brief training interventions may be sufficient to
enhance neural efficiency, at least when it comes

to training on the single n-back task: Vartanian
et al. (2013) found lower prefrontal brain activation
during a divergent thinking task accompanied by
enhanced matrix reasoning ability after only three

single n-back training sessions. This is especially
noteworthy since dual n-back training has been
shown to yield significant transfer to fluid intelli-

gence only after 17 or more training sessions, but
not after short-term training (Jaeggi et al., 2008).
This raises the question of whether single n-back

training may be more effective than dual n-back
training when training duration is short. With the

exception of the two studies mentioned above,

however, relatively little research has focused on
the effects of short-term n-back interventions.

The present study addressed this issue by system-

atically examining training gains and transfer effects
associated with brief n-back training interventions of
different complexity. Participants in the training
groups received five sessions of either dual or

single n-back training. In order to estimate near and
far transfer effects, participants completed untrained
cognitive tasks measuring WM updating, inhibition,

task switching and fluid intelligence, before and
after the intervention. Data from the two training
groups were compared to a passive control group

allowing us to examine whether dual and single n-
back training differ in terms of training gains and
transfer effects when training duration is short.

Method

Participants

Fifty-four healthy young adults (17–36 years; M =
23.3, SD = 4.1) participated in this study. They were

screened for colour-blindness and psychotropic
medication, provided written informed consent and
received course credit or payment (8 EUR/hour) for

participating in the study. Participants were randomly
assigned to a passive control condition, a single
n-back training condition, or a dual n-back training

condition. The three groups were comparable in
terms of education, self-rated physical and mental
health, perceptual speed, semantic knowledge, and
fluid intelligence (all p-values > .13, see Table 1).

Table 1. Demographic characteristics, well-being, and
cognitive baseline performance as a function of group
(single n-back, dual n-back, control group).

Variable

Single n-
back Dual n-back

Control
group

N
18 18 18

Age range (years) 20–36 17–26 19–32

M (SD) M (SD) M (SD)

Years of education 13.8 (1.9) 13.00 (0.0) 13.1 (1.4)
Self-rated physical
health (one item; 1 =
high, 6 = low)

2.1 (0.7) 2.1 (0.6) 2.4 (0.8)

Self-rated mental health
(one item; 1 = high, 6 =
low)

2.0 (1.2) 1.9 (0.8) 2.0 (0.8)

Digit-symbol
substitution test score

65.6 (11.5) 69.5 (9.2) 64.7 (11.0)

Semantic knowledge
test Score

23.1 (3.7) 20.4 (3.1) 22.5 (5.1)

Raven matrices test
score

21.3 (4.9) 23.0 (5.0) 19.6 (6.4)
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Procedure and tasks

We assessed transfer of WM training by means of a

pretest-training-posttest design. Transfer was
defined as performance improvement at posttest
relative to baseline performance at pretest. Partici-
pants in the training groups attended seven ses-

sions: One for the pretest and posttest assessment
(60–80 minutes each), respectively, and five training
sessions (30 minutes each). The pretest session

included a battery of cognitive transfer tasks and
the control measures included to test for between-
group differences (perceptual speed and semantic

knowledge). It was followed by the training sessions
that were completed within two weeks (no more
than one session per day or three sessions per
week). The posttest session included the same test

battery as the pretest. Participants in the control
condition only completed the pretest and the postt-
est. The order of tasks at pretest and posttest was

the same for all participants (perceptual speed
(only at pretest), WM, task switching, inhibition,
fluid intelligence, semantic knowledge (only at

pretest)).

Pretest and posttest sessions

Near transfer of WM training was estimated using an

untrained WM task. To investigate far transfer to
other cognitive control tasks, we applied a switching
task, an inhibition task, and a test of fluid

intelligence.

WM

Participants performed a 3-back task on a sequence
of digits successively presented on the computer

screen. They were to press the response key if the
current digit matched the digit presented three pos-
itions back in the sequence. Trials started with the
presentation of a fixation-cross (500 ms), followed

by the target (1000 ms), and another fixation-cross
(500 ms). Subjects were to respond as fast and as
accurately as possible. They performed four 3-back

blocks with 24 trials each (including 6 targets). Test
performance was estimated by calculating the
total number of hits as well as false alarms.

Task switching

We applied a task-switching paradigm including
single-task (task A or B only) and mixed-task blocks
(switching between both tasks, cf. Karbach & Kray,
2009). In mixed-task blocks, subjects had to switch

tasks on every second trial. In task A, they were to

decide whether a picture showed a fruit or a veg-
etable (“food” task), and in task B whether a
picture was small or large (“size” task). Stimuli con-

sisted of 16 fruit and 16 vegetable pictures, each pre-
sented in a large and a small version (yielding a total
of 64 stimuli). Trials started with the presentation of
a fixation-cross (500 ms), followed by the target

(1500 ms) and an inter-trial interval (1000 ms). Par-
ticipants were to respond as fast and as accurately
as possible. They performed 10 single-task and 10

mixed-task blocks (17 trials per block) in an alternat-
ing sequence. We calculated two different measures:
General switch costs, measuring the ability to main-

tain and select between two task sets, were defined
as the difference in performance between single-
task blocks and mixed-task blocks. Specific switch

costs, indexing the ability to flexibly switch
between tasks on trial-to-trial transitions, were
defined as the difference in performance between
stay (AA, BB) and switch (AB, BA) trials within

mixed blocks.

Inhibition

In a computerised Stroop task, participants had to

indicate the font colour of words presented in red,
blue, green, or yellow font by pressing one of four
response keys as quickly as possible. Words were
presented in uppercase 18-point font against a

black background. In congruent trials, colour
names were identical to the font colour (e.g. “red”
presented in red). In incongruent trials, word

meaning interfered with the font colour (e.g. “blue”
presented in yellow) and in neutral trials words
were not semantically linked to colours (e.g. “hat”

presented in green). Trials started with the presen-
tation of the stimulus for 2000 ms or until the
subject responded, followed by a response-stimulus

interval of 700 ms. Participants first performed two
practice blocks (12 trials each) followed by four
experimental blocks (24 trials each).

Fluid intelligence

We applied 36 items from Raven’s Advanced Pro-
gressive Matrices (Raven, Raven, & Court, 2003;
internal consistency = .85). Subjects were instructed

to select one of eight figures that best completed
a given pattern shown on the computer screen.
The test score referred to the number of correctly
solved items within 20 minutes.
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Perceptual speed

In the digit-symbol substitution test (Wechsler, 1982;
internal consistency = .87), nine digit-symbol map-
pings were presented at the top of a test sheet.
Below, 100 digits without the corresponding

symbols were displayed and participants were
instructed to fill in the missing symbols. The test
score was the number of correctly added symbols

within 90 seconds.

Semantic knowledge

In the spot-a-word test (cf. Lehrl, 1977; internal con-
sistency = .93), 35 items were successively presented

on the computer screen, each containing one word
and four pronounceable nonwords, numbered from
one to five. Participants had to identify the word and

press the corresponding number on the keyboard.
The test score was the number of correctly solved
items within five minutes.

Training sessions

Single n-back training

Participants saw successive letters on the screen and

were to press the response key if the letter on the
screen was identical to the one n positions back in
the sequence. Trials started with the presentation

of a fixation-cross (500 ms), followed by the target
(1000 ms), and another fixation-cross (500 ms). At
the beginning of each block, an instruction

window appeared, indicating the n-level for the
next block. Task difficulty was individually adapted
to performance: Subjects started the first training

session with one block on the 2-back level. After-
wards, the difficulty level was adjusted at the begin-
ning of each new block based on the performance
score of the preceding one: If performance accuracy

was above 67%, the n-back level increased by one, if
it was between 67% and 33%, the n-back level did
not change, and if it was below 33%, the n-back

level decreased by one. At the beginning of each
training session, participants resumed training with
the n-back level of the last block in the preceding

training session. Each session consisted of 15 exper-
imental blocks (20 + n-back level trials including six
targets per block).

Dual n-back training

Participants performed the dual n-back task intro-
duced by Jaeggi et al. (2008), including an auditory
and a visual task. In the auditory task, letters (C, G,
H, K, P, Q, T, W) were presented via headphones. In

the visual task, blue squares were presented succes-
sively at eight different locations on the screen in
random order. Stimuli were presented for 500 ms, fol-

lowed by an inter-stimulus interval of 2500 ms. Par-
ticipants responded by pressing left (visual task)
and right (auditory task) response keys when the

current stimulus matched the one presented n trials
before in the sequence. The n-level was always iden-
tical for both tasks. Training started with one block at

the 2-back level; the difficulty level of the following
blocks was adjusted based on the performance
score of the preceding block. If participants per-
formed at least 90% of trials accurately in both mod-

alities, the n-level was increased by one. If response
accuracy was between 90% and 70%, the n-level
did not change and if accuracy was below 70% the

n-level decreased by one.1 At the beginning of each
training session, participants resumed training with
the n-back level of the last block in the preceding

training session. Each session consisted of 15 exper-
imental blocks (20 + n-back level trials per block)
with six auditory and six visual targets per block.

Data analysis

Performance gains on the training tasks (single n-
back, dual n-back) were analysed based on the
mean n-level per training session. The transfer

measures were analysed with individual analyses
of variance (ANOVA) and with a multiple ANOVA
to protect against type 1 errors. Both analyses
yielded the same pattern of results. Analyses for

the switching task and the inhibition task were
restricted to mean reaction times (RT, ms) for
correct responses and accuracy. Practice blocks,

the first trial in each block, and responses faster
than 200 ms were not considered. In order to
control for potential differences in general response

speed, we also ran control analyses based on log-
transformed RT. After this transformation, costs
were expressed as differences between logarithms,

1The two n-back training regimen differed with respect to the threshold used for the adaptive adjustment of task difficulty. The present data indicate,
however, that this did not have a substantial effect on training and transfer gains. The single n-back group who trained with a more lax adjustment
criterion did not show a particularly steep increase in n-level across training sessions, but levelled up at a comparable rate as the dual n-back group.
This is due to the fact that a more lax criterion for levelling up would come to bear primarily once training gains have reached a plateau: a lax
criterion could then potentially allow for more additional level-ups than a stricter criterion. Figure 1 indicates, however, that training gains
were not yet at ceiling after the five training sessions of the present study.
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which is equivalent to ratio scores (Ratcliff, 1993)
that are less sensitive to differences in baseline per-
formance (Meiran, 1996). Given that the pattern of

results did not change, we only report analyses
based on mean RT. General and specific switch
costs were defined as two orthogonal contrasts for
the factor trial type (single, stay, switch). General

switch costs can also be calculated as the difference
in performance between single and stay trials
(“mixing cost”) rather than the difference between

single and mixed-task blocks. Therefore, we
additionally ran a set of control analyses on mixing
costs, which yielded the same result pattern as

reported below. Means and standard deviations for
all tasks are provided in Table 2.

Results

Testing for group differences at baseline

In order to test for preexisting group differences at
baseline, we analysed pretest data for each of the

transfer measures. Repeated-measures ANOVA
with the between-subjects factor Group (single n-
back, dual n-back, control) and the within-subjects
factor Trial type for the task switching (single, stay,

switch) and the inhibition task (congruent, incongru-
ent, neutral) revealed no significant interactions (all
p > .29), indicating that there were no differences

in performance at pretest. One-way ANOVA with
the between-subjects factor Group (single n-back,
dual n-back, control) for the measures of fluid intelli-

gence, perceptual speed, and semantic knowledge
similarly revealed no significant group effects (all p
> .11). We did, however, find significant differences

in WM performance both on the level of hits, F(2,
53) = 5.96, p < .01, h2

p = .65, as well as false alarms,
F(2, 53) = 8.25, p < .001, h2

p = .25, with the dual n-
back group performing better than the remaining

groups (all p < .05). When analysing WM transfer
effects, we therefore controlled for these baseline
differences by computing the pretest–posttest

difference relative to the pretest performance (i.e.
(post-pre)/pre). For these analyses, the pattern of
results was identical to the one reported below.

Training gains

A repeated-measures ANOVA including the within-
subjects factor Training session (1–5) and the

between-subjects factor Group (single n-back, dual
n-back) yielded a significant main effect of Training
session, F(4, 136) = 63.07, p < .0001, h

2
p = .65,

showing an increase of n-level as a function of train-

ing (Figure 1), with a significant linear increase from
the first (M = 2.9, SD = 1.0) to the last (M = 4.8, SD =
1.3) session, F(1, 34) = 114.80, p < .0001, ηp

2 = .77.

Both the main effect of Group (p = .23) and the inter-
action between Group and Training session (p = .17)
were not significant.

Table 2.Means (SD) of the performance on the transfer measures as a function of session (pretest, posttest) and group (single
n-back, dual n-back, control).

Single n-back Dual n-back Control group

Pretest Posttest Pretest Posttest Pretest Posttest

WM transfer (N hits) 15.8 (4.7) 20.8 (2.6) 19.3 (4.0) 21.4 (1.7) 14.6 (4.0) 17.2 (4.2)
WM transfer (N false alarms) 6.2 (5.0) 6.8 (4.6) 2.8 (2.0) 2.9 (2.5) 7.6 (3.3) 6.7 (4.4)
Task switching (RT)
Switch (ms) 738.3 (183.8) 649.3 (143.6) 627.2 (161.5) 598.5 (131.3) 765.2 (117.6) 744.9 (137.5)
Stay (ms) 634.3 (133.3) 569.7 (107.9) 540.37 (113.8) 537.1 (106.4) 658.6 (137.0) 651.0 (140.9)
Single (ms) 557.1 (95.7) 525.7 (91.3) 507.0 (79.8) 501.6 (67.2) 614.2 (77.1) 587.1 (97.6)

Inhibition (RT)
Incongruent (ms) 666.1 (124.8) 590.8 (73.0) 613.9 (99.8) 567.8 (105.1) 693.6 (190.5) 629.5 (133.2)
Neutral (ms) 631.8 (100.2) 564.2 (63.5) 580.4 (77.6) 538.1 (73.6) 636.7 (146.0) 581.6 (97.1)
Congruent (ms) 615.5 (101.6) 559.9 (53.3) 561.5 (68.7) 523.5 (53.4) 623.3 (147.9) 565.8 (97.3)

Fluid intelligence (N correct responses) 21.3 (4.8) 23.6 (6.1) 22.9 (5.0) 24.9 (5.5) 19.6 (6.4) 20.7 (7.3)

Figure 1. Performance on the training tasks as a function of
training session (1–5) and group (single n-back, dual n-
back). Error bars refer to standard errors of the mean.
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Transfer effects

WM

A repeated-measures ANOVA of the mean number
of hits with the within-subjects factor Session
(pretest, posttest) and the between-subjects factor
Group yielded a main effect of Session, F(1, 51) =

46.73, p < .0001, h2
p = .48, pointing to general per-

formance improvements from pretest to posttest.
The main effect of Group was also significant, F(2,

51) = 8.71, p < .01, h
2
p = .26, indicating that the

control group performed worse than the training
groups (p < .01), and that the dual n-back group per-

formed marginally better than the single n-back
group (p = .06). The interaction between Session
and Group, F(1, 51) = 3.39, p < .05, h2

p = .12, revealed
that the improvement from pretest to posttest was

larger in the single n-back group than in the remain-
ing groups (p < .05), but there was no difference
between the control group and the dual n-back

training group (p = .32). The analyses of false
alarms also yielded a significant main effect of
Group, F(2, 51) = 14.17, p < .0001, h2

p = .36, indicating

that the control group performed worse than the
training groups (p < .01), and that the dual n-back
group performed better than the single n-back

group (p < .001). We neither found a significant
main effect of Session nor an interaction between
Session and Group (both p > .71).

Task switching—reaction times

A repeated-measures ANOVA with the between-

subjects factor Group and the within-subjects
factors Session and Trial type (single, stay, switch)
yielded a main effect of Session, F(1, 51) = 11.22,

p < .01, h
2
p = .18, indicating that participants

responded faster at posttest than at pretest. A
main effect of Trial type, F(2, 102) = 111.59, p

< .0001, h2
p = .69, revealed significant general and

specific switch costs (F(1, 51) = 103.67, p < .0001,
h
2
p = .67 and F(1, 51) = 126.04, p < .0001, h2

p = .71,
respectively). A main effect of Group, F(2, 51) =

5.39, p < .01, h2
p = .17, showed that the training

groups responded faster than the control group
(p < .05), without a difference between the training

groups (p = .10). The interaction between Group
and Trial type was not significant (p = .27), but we
found an interaction between Session and Trial

type, F(2, 102) = 3.88, p < .05, h2
p = .07, as well as

marginally significant interactions between
Session and Group, F(2, 51) = 2.84, p = .07, h

2
p

= .10, and Session, Group, and Trial type, F(4,

102) = 2.21, p = .07, h2
p = .67. Within-subjects con-

trasts indicated that the interaction between
Session and Group was significant for general
switch costs, F(2, 51) = 3.42, p < .05, h2

p = .12, but

not for specific switch costs (p = .79). Follow-up
analyses showed a reduction of general switch
costs from pretest to posttest in the training
groups, F(1, 34) = 4.77, p < .05, h2

p = .12, but not in

the control group (p = .48). Although the reduction
of general switch costs was larger in the single n-
back group than in the dual n-back group, this

difference did not reach significance (p = .18)
(Figure 2).

Task switching—accuracy

The same analysis based on accuracy (% errors)
only revealed a significant main effect for Trial
type, F(2, 102) = 11.12, p < .0001, h2

p = .18, reflecting

general and specific switch costs (F(1, 51) = 6.24, p
< .05, h2

p = .11 and F(1, 51) = 35.06, p < .0001, h2
p

= .41, respectively). No further effects reached

significance.

Inhibition—reaction times

A repeated-measures ANOVA with the between-sub-

jects factor Group and the within-subjects factors
Session and Trial type (congruent, incongruent,
neutral) showed a main effect of Session, F(1, 51)

= 29.84, p < .0001, h
2
p = .37, revealing faster

responses at posttest than at pretest. A main effect
of Trial type, F(2, 102) = 27.55, p < .0001, h2

p = .35,
revealed significant interference costs (congruent

vs. incongruent), F(1, 51) = 34.72, p < .0001, h
2
p

= .41. No further effects reached significance (all
p-values > .27).

Figure 2. General switch costs as a function of training
session (pretest, posttest) and group (single n-back, dual
n-back). Error bars refer to standard errors of the mean.
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Inhibition—accuracy

The analysis based on accuracy (% errors) yielded a
main effect for Trial type, F(2, 102) = 18.92, p

< .0001, h2
p = .27, revealing significant interference

costs (F(1, 51) = 19.68, p < .0001, h
2
p = .28. No

further effects reached significance.

Fluid intelligence

A repeated-measures ANOVA with the between-sub-

jects factor Group and the within-subjects factor
Session revealed a significant effect of Session, F(1,
51) = 15.47, p < .0001, h2

p = .23, indicating that per-

formance improved from pretest to posttest. The
main effect of Group was marginally significant, F
(1, 51) = 2.00, p = .07, h2

p = .07, pointing to slightly

better performance in the training groups than in
the control group (p = .07). The interaction
between Group and Session failed to reach signifi-
cance (p = .58).

Discussion

The aim of the present study was to examine the
effectiveness of brief n-back training interventions
of different complexity. In a pretest-training-posttest

design, we compared short-term dual and single n-
back training regimen in terms of training gains
and transfer effects relative to a passive control
group.

Across five training sessions, both training groups
showed an equivalent linear increase in n-back level.
Near transfer effects were subject to training com-

plexity: We observed transfer to an untrained 3-
back WM updating task only in the single but not
in the dual n-back training group. Regarding far

transfer, we found a reduction of general task
switch costs from pretest to posttest in both training
groups, but not in the control group. Neither train-
ing group showed far transfer to specific switch

costs, inhibition costs in a Stroop task or matrix
reasoning ability indexing fluid intelligence.

Of the two training tasks employed in the present

study, the dual n-back task is considered the signifi-
cantly more complex one. Adaptive dual n-back
training is thus usually performed at a consistently

lower n-back level than single n-back training
(Jaeggi et al., 2010, 2014). In the present study,
however, both the single and the dual n-back train-

ing group trained at comparable n-back levels across
all five training sessions. For both groups, starting n-
back levels in the first session were similar to those
reported in previous research (e.g. Chooi &

Thompson, 2012; Jaeggi et al., 2010, 2014; Smith,

Stibric, & Smithson, 2013; see also Au et al., 2014).
Baseline differences between studies thus cannot
account for these contrasting training patterns. Simi-

larly, years of education, perceptual speed, semantic
knowledge, and fluid intelligence were comparable
for both training groups and the control group. Pre-
existing individual differences may nevertheless

have been a contributing factor since WM updating
performance at pretest was better in the dual n-back
group compared to the single n-back group and the

control group. It is thus feasible that updating mech-
anisms were particularly effective in these partici-
pants to begin with enabling them to consistently

perform the dual n-back training task at a higher dif-
ficulty level than reported previously.

In addition to performance gains in the trained

tasks, we observed near transfer to an untrained
WM updating task. Performance improvements
from pretest to posttest were, however, limited to
the single n-back group and did not emerge as a

result of dual n-back training, even when controlling
for this group’s superior WM updating performance
at pretest (see above). Previously, dual n-back train-

ing has improved WM updating in some cases
(Jaeggi et al., 2010; Salminen et al., 2012) but not
in others (Lilienthal et al., 2013). In a comparison of

dual and single n-back training regimen, Jaeggi
et al. (2010) found comparable near transfer effects
to updating after both types of training. These
equivalent near transfer effects were, however,

observed after 20 training sessions rather than the
five sessions participants completed in the present
study. In keeping with this, Salminen et al. (2012)

who also reported transfer to updating had partici-
pants complete 14 dual n-back training sessions
whereas Lilienthal et al. (2013) who failed to find

this near transfer effect trained participants for
only eight sessions. Taken together with our data,
these previous findings indicate that dual n-back

training may positively affect WM updating pro-
cesses only after a sufficient number of training ses-
sions. Adequate training length appears to be crucial
for the effectiveness of dual n-back training on a

more general scale as well since Jaeggi et al.
(2008) observed that the magnitude of far transfer
from dual n-back training to fluid intelligence

increased as a function of training length.
For single n-back training, on the other hand, five

training sessions were sufficient to improve updat-

ing processes. This discrepancy between the two
training groups may indicate that, at least at short
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training durations, dual and single n-back training

initially affect distinct underlying processes: Single
n-back training directly enhances WM updating
whereas the dual task demands of dual n-back train-

ing chiefly put strain on cognitive control mechan-
isms which are in turn selectively exercised.
Updating processes may thus only benefit from
dual n-back training after participants have gained

sufficient cognitive control to accommodate the
two competing tasks, that is, after a higher
number of training sessions. For the present study,

an exploratory correlational analysis could,
however not directly confirm an association
between updating performance and training gains

in either the single (p = .21) or the dual n-back train-
ing group (p = .16). We can thus not rule out alterna-
tive interpretations of the between-group

differences in WM updating transfer effects. Partici-
pants in the single n-back group could, for
example, have shown better posttest performance
in the WM updating task because they found it to

be structurally more similar to their training task
than participants in the dual n-back group did: As
opposed to the dual n-back task, participants had

to attend to only a single stream of stimuli in both
the single n-back and the WM transfer task. In
addition, although all three tasks featured visual

stimulus presentation, the visual stimuli used in
the WM transfer task were more similar to those
used in the single n-back training compared to the
visually presented spatial positions used in the

dual n-back training. We can thus not rule out the
possibility that task-specific training benefits
played a role in the between-group differences in

WM updating transfer effects. The easier single n-
back task could potentially also offer a more positive
task experience which could in turn facilitate trans-

fer to WM updating. The question remains,
however, why a more positive task experience or
indeed any other difference between single and

dual n-back training which is not directly related to
WM updating processes would selectively affect
only these processes but not the cognitive abilities
tested in the other transfer tasks.

Regarding the effects of n-back training on cogni-
tive control processes, we observed a reduction of
general but not specific switch costs from pretest

to posttest in both training groups, but not in the
control group, a result pattern previously reported
by Salminen et al. (2012) after 14 sessions of dual

n-back training. The authors concluded that dual
n-back training selectively improved cognitive

control mechanisms but not inhibition processes

since efficient task performance requires attending
to both n-back tasks simultaneously rather than inhi-
biting one or the other. The present data corrobo-

rate this notion, since dual n-back training was
neither associated with a reduction of specific task
switch costs nor with performance gains in a
Stroop task measuring inhibition. What is more,

our data extend previous findings as they indicate
that transfer to cognitive control can emerge after
as few as five training sessions. Importantly, the

dual task demands of the dual n-back task are appar-
ently not a necessary prerequisite for this far transfer
effect since equivalent performance gains were

observed after single n-back training. In fact, the
reduction of general switch costs was numerically
even larger in the single than in the dual n-back

group. This may, however, simply reflect ceiling
effects in the performance of the dual n-back
group who showed numerically reduced general
switch costs relative to the other two groups even

at pretest.
Neither of our two training groups showed far

transfer to fluid intelligence as measured by a

matrix reasoning task. This was to be expected for
the dual n-back group since far transfer to fluid intel-
ligence has been shown to be contingent on a rela-

tively high number of dual n-back training sessions
(Au et al, 2014; Jaeggi et al., 2008). In contrast, Varta-
nian et al. (2013) reported that a mere three sessions
of single n-back training resulted in far transfer to

fluid intelligence as measured by a modified
version of Raven’s Advanced Progressive Matrices
(Raven et al., 2003) featuring a 10-minute time

limit. Operationalising fluid intelligence in this
manner has been criticised on the grounds that it
unduly prioritises the ability to quickly solve the

easier visual analogies included in a matrix reason-
ing test at the expense of measuring the more rel-
evant ability to solve the test’s more difficult items

(Moody, 2009). The present data are based on a
more conservative measure of matrix reasoning
and indicate that, while dual and single n-back train-
ing may improve fluid intelligence in the long-term

(Jaeggi et al., 2010, 2014; Stephenson & Halpern,
2013), they cannot accomplish this at a very short
training duration.

As we used a passive control group we cannot rule
out the possibility that the increased computer-based
and/or general cognitive activity of the training

groups contributed to some of the training and trans-
fer gains we observed (cf. Redick et al., 2013). Like the
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majority of n-back training research (Au et al., 2014),

the present study featured a relatively small sample
size of 18 participants per group. Small sample sizes
not only increase the risk of type 1 and type 2

errors (Bogg & Lasecki, 2014) but may also lead to
an overestimation of effect sizes (Halsey, Curran-
Everett, Vowler, & Drummond, 2015). It follows that
the results of the present study need to be treated

with caution and should be substantiated by replicat-
ing the present data pattern in a larger sample.

To summarise, it appears that, in the short-term,

single n-back training may be the more effective
training task compared to dual n-back training. At
least in the present study, brief single n-back train-

ing improved WM updating processes in addition
to cognitive control mechanisms associated with
the sustained maintenance of competing task sets.

Transfer effects from brief dual n-back training, on
the other hand, were limited to these cognitive
control processes probably owing to the increased
complexity of this training task.
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