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Recent studies reported that training of working memory may improve performance in the trained
function and beyond. Other executive functions, however, have been rarely or not yet systematically
examined. The aim of this study was to test the effectiveness of inhibitory control (IC) training to produce
true training-related function improvements in a sample of 122 healthy adults using a randomized,
double-blind pretest/posttest/follow-up design. Two groups performed either adaptive (training group) or
nonadaptive (active control) versions of go/no-go and stop-signal tasks for 3 weeks. Training gains as
well as near-transfer to an untrained Stroop task and far-transfer to psychometric fluid intelligence were
explored. Although the adaptive group could substantially improve overall IC task performance after
training, no differences to the active control group occurred, neither at posttest nor at follow-up testing.
A large decrease in response latency from pre- to posttest (and from pretest to 4 months’ follow-up
testing) was found when the training group was compared to the passive control group, which, however,
does not sufficiently control for possible confounds. Thus, no conclusive evidence was found that this performance
increase mirrors a true increase in IC function. The fact that training improvement was mainly related to
response latency may indicate that individuals were more focused on performance gains in the prepotent
go trials but less on the stop trials to meet the requirements of the tasks as well as possible. The challenges
for response inhibition training studies are extensively discussed.
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A number of recent studies reported training and transfer effects
after working memory (WM) training in healthy individuals and in
samples with executive function impairments (see, e.g., Klingberg,
2010; Morrison & Chein, 2011). For instance, Klingberg, Forss-
berg, and Westerberg (2002) reported that children with attention-
deficit/hyperactivity disorder (ADHD) who practiced on a visuo-
spatial and verbal WM training not only improved on the trained
tasks, but also showed transfer on Stroop performance and on
psychometric fluid intelligence (Gf). Further data suggest that
untrained executive measures and psychometric Gf may be sensi-
tive to WM training: Jaeggi, Buschkuehl, Jonides, and Perrig

(2008), for example, reported far-transfer on Gf in a healthy
sample attending to an adaptive WM-updating training using a
dual n-back task (see also Jaeggi et al., 2010).

However, given the considerable heritability estimates for Gf
(40%–80%) emphasizing the importance of genetic variance in
establishing individual differences in intelligence (e.g., Plomin &
Spinath, 2002), a real improvement of Gf by a simple training of
WM functions would be astonishing (Moody, 2009; Shipstead,
Redick, & Engle, 2010) but may support the notion that Gf is not
invariant to changes (Sternberg, 2008). Moreover, converging
evidence suggests a strong relationship between WM measures
and inductive reasoning, with correlations of up to .90 (Buehner,
Krumm, & Pick, 2005; Colom, Rebollo, Palacios, Juan-Espinosa,
& Kyllonen, 2004; Kyllonen & Christal, 1990). Thus, WM appears
to be (partly) a possible basis for Gf (Sternberg, 2008), rendering
it reasonable that training of the former may impact on the latter.
However, other studies using the cognitive training program (Cog-
med Systems AB) developed by Klingberg and colleagues (see
Klingberg et al., 2005) provided inconsistent results about the
effectiveness of cognitive training: For preschool children with
ADHD, Klingberg et al. (2005) could replicate the WM training-
related improvements in measures of inhibitory control (IC; Stroop
task) and reasoning (Raven’s Colored Progressive Matrices), as
previously reported (Klingberg et al., 2002), and albeit in a sample
of only three participants, found increased functional magnetic
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resonance imaging (MRI) BOLD activation in frontal and parietal
regions as a concomitant of training (Olesen, Westerberg, &
Klingberg, 2004; see also Westerberg & Klingberg, 2007; Takeu-
chi et al., 2010). Further attempts using the Cogmed program were
unsuccessful in replicating transfer on untrained IC or Gf tasks,
including samples of healthy preschool children (Thorell,
Lindqvist, Bergman Nutley, Bohlin, & Klingberg, 2009), children
with low WM (Holmes, Gathercole, & Dunning, 2009; van der
Molen, 2010), children with ADHD (Holmes et al., 2010), and
adult patients suffering from stroke-related impairments (Wester-
berg et al., 2007). Consistently, using a spatial and verbal WM
training, Chein and Morrison (2010) reported an increase for
Stroop performance after training, but not for reasoning (Advanced
Progressive Matrices [APM]). Nonetheless, training gains that
have been observed in these studies suggests that improvements in
the trained task may be preserved over time and that near-transfer
may also be possible, whereas no conclusive evidence has been
provided for far-transfer (Enriquez-Geppert, Huster, & Herrmann,
2013; Klingberg, 2010; Morrison & Chein, 2011; Redick et al.,
2013; Shipstead et al., 2010; Shipstead, Redick, & Engle, 2012).

Given that the improvement of executive functions is of high
individual and social significance and would provide therapeutic
potential for cognitive deficits, training gains that can be attributed
to real changes in the trained function would be of particular value
(e.g., Klingberg, 2010). Thus, more data about the temporal sta-
bility and the size of putative training effects would be desirable.
This holds particularly true for the effectiveness of training of
other important functions beside WM, for which no or only insuf-
ficient data are currently available (Klingberg, 2010; Shipstead et
al., 2010).

In this regard, although there is no consensus about the exact
number, classification, and relationship among the postulated ex-
ecutive functions so far, inhibition or IC has been widely consid-
ered to be one of the important factors in cognitive and behavioral
regulation (Aron, Robbins, & Poldrack, 2004; Diamond, 2013;
Friedman & Miyake, 2004; Miyake et al., 2000; Salthouse, Atkin-
son, & Berish, 2003). Further, systematic examinations of ex-
plained variances in cognitive tasks have demonstrated that IC can
affect task performance incrementally over WM and task shifting
(Engle, Tuholski, Laughlin, & Conway, 1999; Fisk & Sharp, 2004;
Miyake et al., 2000; but see Friedman et al., 2006). Basically, IC
can be defined as the ability to suppress stimuli, prepotent re-
sponses or impulses, behavioral alternatives, overlearned habits,
interpretations, and memories that are currently irrelevant, inter-
fering, incorrect, or inappropriate to perform goal-directed behav-
ior (Aron et al., 2004; Barkley, 1997; Ridderinkhof, van den
Wildenberg, Segalowitz, & Carter, 2004; Salthouse et al., 2003).

Consequently, IC is crucial to focus on relevant information in
complex environments (Barkley, 1997), playing a role in verbal
communication, reading comprehension (De Beni, Palladino, Paz-
zaglia, & Cornoldi, 1998), and memory retrieval, mediating the
suppression of inappropriate thoughts (Anderson & Weaver, 2009;
Levy & Anderson, 2002). Moreover, IC affects planning (Barkley,
1997) and prospective memory (Kliegel, Mackinlay, & Jager,
2008), promotes decision making and cognitive flexibility
(Bechara, 2005; Clark, Cools, & Robbins, 2004), and supports
learning and problem solving (Dempster & Corkill, 1999b; Pas-
solunghi, Cornoldi, & De Liberto, 1999), as demonstrated for
mathematical aptitude (Dempster & Corkill, 1999a), and by asso-

ciations with Gf tasks up to r � .73 (Salthouse et al., 2003). Thus,
IC can be considered as a fundamental function for “successful
living” (Garavan, Ross, & Stein, 1999, p. 8301).

On the contrary, IC deficits are commonly associated with
several clinical syndromes, as primarily with ADHD (Barkley,
1997), but also with schizophrenia (Nestor & O’Donnell, 1998),
autism (Ciesielski & Harris, 1997), obsessive-compulsive disorder
(Bannon, Gonsalvez, Croft, & Boyce, 2002; Enright & Beech,
1993), and drug addiction (Bechara, 2005; Giancola & Tarter,
1999; Perry & Carroll, 2008), and have been suggested to be one
of the key developmental mechanisms for cognitive aging (Dia-
mond, 2013; Hasher & Zacks, 1988).

With regard to training studies, near-transfer of WM training on
IC-related paradigms like the Stroop were reported for individuals
with executive function deficits such as children with ADHD and
older adults with age-related impairments in executive control
functions, as well as for healthy populations (for review, see
Enriquez-Geppert et al., 2013; Klingberg, 2010; Morrison &
Chein, 2011; Shipstead et al., 2012): For example, near-transfer on
Stroop performance was reported for children with ADHD using
the Cogmed program (Klingberg et al., 2002), which remained
stable even 3 months after the training (Klingberg et al., 2005).
Further, transfer on Stroop performance was reported for a spatial
and verbal WM training in young adults (Chein & Morrison,
2010), and for a task-shifting training in different age groups
(Karbach & Kray, 2009). In contrast, Thorell et al. (2009) found no
near-transfer of WM training on Stroop performance in healthy
preschool children, but limited transfer on performance in the
go/no-go task (omission errors). No transfer effects occurred when
IC was trained directly. Owens, Koster, and Derakshan (2013)
showed that dual n-back training resulted in improved visual IC in
dysphoric participants. In old-old individuals, Borella, Carretti,
Zanoni, Zavagnin, and De Beni (2013) observed successful trans-
fer of WM training on Stroop performance.

All in all, it is notable that most of the available studies using IC
tasks have been based on populations with executive deficits,
children or older adults; used relatively small samples; yielded
inconsistent results; and in most cases served to test potential
transfer effects of WM training. Moreover, conclusions on the
effectiveness of cognitive training were frequently drawn by com-
paring training with passive control groups, which, however, may
not sufficiently control for potential confounds, as the groups
differ in exposure to tasks and laboratory conditions (Redick et al.,
2013; Shipstead et al., 2012).

Taken together, a systematic evaluation of the temporal stability
and the effect size of IC training (and possible transfer) is lacking
so far. Thus, the main aim of this study was to provide an
estimation of the effectiveness of IC training to produce true
training effects in a young and healthy adult population. For this
purpose, the go/no-go and stop-signal tasks were used as training
tasks. These well-established and among the most widely used IC
tasks measure (motor) response inhibition as a major form of IC in
a relatively pure manner (see, e.g., Aron et al., 2004; Logan, 1994;
Miyake et al., 2000; Ridderinkhof et al., 2004; Simmonds, Pekar,
& Mostofsky, 2008). Further, it was of interest whether IC training
caused near-transfer on the performance of an untrained Stroop
task that is considered a valid and more complex marker of IC
(Friedman & Miyake, 2004; MacLeod, 1991; Ridderinkhof et al.,
2004; Salthouse et al., 2003; Simmonds et al., 2008). For reasons
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of comparability with other studies and because IC has been
related to Gf measures (Dempster & Corkill, 1999b; Engle et al.,
1999; Fisk & Sharp, 2004; Kane & Engle, 2002), far-transfer of IC
training on psychometric Gf was also explored.

Considering methodological advice (Klingberg, 2010; Moody,
2009; Shipstead et al., 2010, 2012; Sternberg, 2008), the study was
designed as a pretest, posttest, and follow-up trial in a sample of
122 participants and comprised two groups that performed either
adaptive (training group) or nonadaptive (active controls) versions
of the two training tasks during 3 weeks. The group assignment
was randomized and double-blind. Both groups were compared to
test the effectiveness of IC training. In addition, a passive control
group was implemented to provide comparison with previous
studies relying on no-contact controls.

Method

Participants

The present study was conducted in accordance with the Dec-
laration of Helsinki and followed the ethical standards of the
German Psychological Association. The total sample comprised
122 student volunteers (105 women, 17 men; mean age � 21.3
years, SD � 4.16; range: 18–38) who gave written informed
consent prior to the beginning of the study. Individuals received
course credit for their participation and were fully debriefed upon
completion of the study. All participants were randomly assigned
to either one of three groups: (a) the adaptive training group (n �
43), where task difficulty was individually adjusted on a trial-by-
trial basis; (b) the nonadaptive group (n � 39), which served as
active control group, as task difficulty was fixed according to the
individual performance level obtained at the pretest session (i.e.,
participants performed far below their capacity limit); or (c) the
passive control group (n � 40), which did not receive training or
any other task, but was implemented to provide comparison with
other studies and to control for retest effects. There was a dropout
of two individuals in the posttest session and of nine in the
follow-up session 4 months after the training. All subjects had
normal or corrected-to-normal vision, and self-report data revealed
no history of relevant health problems.

Experimental Design

Each testing (pretest, posttest, follow-up) lasted about 2 hr and
consisted of two blocks. First, Gf and questionnaires measuring
mood and the possible confounding factors sex, age, malaise, sleep
duration, smoking, and caffeine and alcohol consumption were
assessed. Second, IC tasks were conducted: Participants performed
a Stroop task (10 min), a stop-signal task (15 min), and a go/no-go
task (15 min) with counterbalanced task order.

After pretesting, participants were randomly assigned to one of
the three experimental conditions by an uninvolved person and a
coding scheme, which assured that neither experimenters nor par-
ticipants were informed of the individual’s group assignment.
During the 3 weeks between pre- and posttesting, participants of
the adaptive training group and the active control group completed
three training sessions per week. It was ensured that participants
did not train on three consecutive days to prevent possible effects
of massed learning, as spaced or distributed learning has been

shown to be more effective (for review, see Cepeda, Pashler, Vul,
Wixted, & Rohrer, 2006). At the beginning of each session,
participants rated their current mood. Subsequently, two blocks of
15 min each followed in which the computerized go/no-go and
stop-signal training tasks were performed (see below). The order
of the training tasks was counterbalanced over the nine sessions.
After the 3 weeks’ training period, all participants returned for
posttesting and about 4 months later for the follow-up assessment.

Measures

Inhibitory control tasks. Three IC tasks used either as train-
ing tasks (go/no-go and stop signal) or as near-transfer task
(Stroop) were administered using the Presentation software (http://
www.neurobs.com) running at LCD screens with a resolution of
1024 � 768. The participants read a written instruction and prac-
ticed each task for at least 20 trials.

Go/no-go task (Training Task 1). In the go/no-go task (see
Figure 1A), a sequence of black capital letters (A–Z) in 72-point
Arial font was presented centered on a white display with a
variable duration ranging from 750 ms to 1,250 ms. Each letter
was preceded by a fixation cross that was presented for 250–750
ms. Durations for fixation and stimulus presentation added up to a
maximum of 1,500 ms. Participants were instructed to respond to
any letter except X by pressing the2 button as fast as possible (go
trial), but not to respond when the letter X occurred (no-go trial).
Participants carried out the go/no-go task for 10 min test time, and
thus completed at least 400 trials with a 20% rate of no-go stimuli.
Note that the number of trials for each participant depended on the
participant’s individual response time. The go/no-go task de-
scribed above was used in pretest, posttest, and follow-up testing
alike. For the training sessions, a 10-min version of the task was
used. In the first training session, stimulus durations and no-go
stimulus rates were adjusted based on pretesting performance
values of each individual (stimulus duration: mean reaction time
[RT] � 250 ms; no-go stimulus rate in percent: 0.20 � factor
reflecting the relation of correct rejections and false alarms; algo-
rithm available upon request). Extreme values were adjusted, so
that stimuli were presented for at least 350 ms and a maximum of
1,000 ms, and the rate of no-go stimuli was more than 5%, but less
than 35%. For the nonadaptive group, these parameters were used
as fixed values for all training sessions; that is, task demand did not
change and thus individuals could not reach their capacity level. In
the adaptive training group, however, these parameters served as
starting values for Training Session 1 and were then adjusted on a
trial-by-trial basis. Performance was saved at the end of each
training session to provide a starting value for the next session. To
provide an individual adaptation for the given task, stimulus du-
ration increased by 50 ms, if the participant made an error, and
decreased by 50 ms in case of correct responses to no-go stimuli.
Stimulus duration was also adjusted according to the participant’s
RT in go trials; that is, the duration for the next stimulus decreased
by 50 ms, if the participant’s response was faster than the average
reaction in the session’s previous trials, and increased by 50 ms, if
the response was slower. A lower threshold of 250 ms stimulus
duration was determined to guarantee stimulus detection. Addi-
tionally, the no-go stimulus rate increased by 5%, if the subject
wrongly responded to a no-go stimulus, and decreased by 5%, if a
no-go stimulus was correctly ignored. No-go stimulus rates in-
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creasing to more than 50% or decreasing to less than 2.5% were
corrected to meet these thresholds, respectively.

Stop-signal task (Training Task 2). In the stop-signal task (see
Figure 1B), a series of black capital letters in 72-point Arial font was
presented on a white screen. Participants were instructed to discrim-
inate between vowels and consonants by pressing the buttons ¢ (for
vowel) and ¡ (for consonant). Letters were presented centered on the
screen for up to 1,000 ms and were preceded by a fixation cross that
was presented for 500 ms. The stimulus set comprised vowels and
consonants in equal number, but the letter X was excluded from the
stimulus set because it served as a no-go stimulus in the go/no-go task.
In addition, participants were instructed to suppress their response to

the stimulus if the letter appeared in red font color or changed its color
from the default black to red (stop signal) during the trial (stop trial).
In stop-trials the stop-signal delay (SSD), that is, the delay between
stimulus and stop signal appearance, varied from 0 ms to 500 ms in
100-ms increments. In pretest, posttest, and follow-up testing, the
participants performed the stop-signal task for 10 min test time, during
which at least 400 trials were completed. The rate of stop trials was
about 25%. The adjusted stop-signal task used in the training sessions,
which also lasted for 10 min, had identical stimulus and fixation
durations but different rates of SSD. For participants of the nonadap-
tive group, the individual SSD was adjusted according to pretesting
performance (based on mean RT and the relation between correct
rejections and false alarms; algorithm available upon request), and this
value was constantly used during the nine training sessions. In con-
trast, for the adaptive training group, this starting SSD was subse-
quently adjusted on a trial-by-trial basis, and performance indicators
were saved at the end of each training session to serve as starting
parameters in the following session. To adjust task difficulty contin-
uously, the SSD decreased by 50 ms, if participants erroneously
executed the discrimination task during a stop trial. If the response
was correctly inhibited, however, the SSD increased by 50 ms.

Stroop task (near-transfer). Participants performed a classic
Stroop task during pretest, posttest, and follow-up testing for 5 min
(200 trials minimum), respectively. Different color names
(“GREEN,” “RED,” “BLUE”) and a neutral stimulus “����”
were successively presented centered on the screen in varying font
colors (red, green, or blue) in 72-point Arial font for up to 1,000
ms on a white screen. Stimuli were preceded by a fixation cross for
500 ms. Participants were instructed to identify the font color of
the presented stimuli by pressing the arrow keys ¢ for red fonts,
2 for green fonts, and ¡ for blue fonts. Three types of trials were
conducted: (a) in congruent trials, font color and word meaning
matched (e.g., “GREEN” written in green fonts); (b) in incongru-
ent trials, font color and word meaning mismatched (e.g., “RED”
written in blue); and (c) in neutral trials, the stimulus “����”
was presented in one of the font colors as outlined above. Training
of IC should particularly affect performance in response to incon-
gruent trials where response conflict is high.

Fluid intelligence (far-transfer). To measure Gf, two test
halves of Raven’s APM (Raven, 1990a; Raven, 1990b) were con-
ducted and used for pre- and posttesting, respectively. APM item pairs
of comparable difficulty were selected, and the two items of each pair
were randomly assigned to one of two test halves, resulting in two
APM test halves of 18 items, each with a mean item difficulty of .77.
After participants finished the 5-min lasting practice module (Set 1) of
the APM, they had 20 min to perform the test items. This is consid-
ered a valid measure of APM performance (Hamel & Schmittmann,
2006). In the follow-up testing, to prevent retest effects of the APM,
the comparable matrices scale of the reasoning module of the well-
established Intelligenz-Struktur-Test 2000 R Version C (IST 2000–R;
Liepmann, Beauducel, Brocke, & Amthauer, 2007) was conducted.
After a short practice block, participants had 10 min to complete the
20 items of this scale. Additionally, given the time between training
and follow-up testing suggesting at best small transfer effects, the
Wiener Matrizen-Test (WMT; Formann & Piswanger, 1979) was
used to proof whether possible transfer can be replicated on a similar
Gf test. The WMT is an adapted version of the Raven progressive
matrices that conforms to the Rasch model (Rasch, 1960). It contains

Figure 1. Inhibitory control training tasks (go/no-go [A] and stop signal
[B]) in the pretest, posttest, and follow-up test session. For the training
sessions, an adjusted version of the tasks was used that varied between
adaptive and nonadaptive training groups: (A) Initial stimulus presentation
time and no-go trial rate were adjusted according to individual’s pretesting
performance. Further, for the adaptive training group, both values were
continuously adjusted on a trial-by-trial basis according to the individual’s
training performance: When an incorrect no-go response occurred, no-go
trial rate was raised by 5% and stimulus presentation time was lengthened
by 50 ms, while for correct no-go responses, no-go trial rate was reduced
by 5% and stimulus presentation time was shortened by 50 ms. Further-
more, stimulus presentation time decreased by 50 ms if the participant’s
response was faster than the average reaction in the session’s previous
trials and increased by 50 ms if the response was slower. (B) Initial
stop-signal delay (SSD; varied from 0 to 500 ms in 100-ms steps) was
adjusted according to individual’s pretesting performance. Further, SSD of
the adaptive training group was continuously adjusted on a trial-by-trial
basis according to the individual’s training performance: When an incor-
rect stop response occurred, SSD was shortened by 50 ms; for correct stop
responses SSD was lengthened by 50 ms. Note that the white letter (stop
signal) actually appeared in red. max. � maximum.
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24 matrices with increasing task difficulty and was administered with
a time limit of 15 min.

Positive and negative affect scales. Because possible differ-
ences in positive and negative affective states can severely impact
on task engagement and performance, the participant’s current
mood states were rated on the German version of the Positive and
Negative Affect Schedule State version (PANAS–S; Krohne, Eg-
loff, Kohlmann, & Tausch, 1996) at the beginning of each test and
training session. The PANAS–S is sensitive to mood fluctuations
and, according to Watson, Clark, and Tellegen (1988), can provide
information of whether the experimental groups differ with regard
to the extent they feel enthusiastic, active, and alert (positive
affect), with higher scores reflecting states of energy, full concen-
tration, and pleasurable engagement; or the extent they feel dis-
tressed, afraid, and nervous (negative affect), reflecting unpleasur-
able engagement.

Statistical Analyses

In a first step, it was examined whether the training procedure
and the parameter adjustments in the IC tasks were suitable to train
IC. For both training tasks, repeated-measures analyses of variance
(ANOVAs) were conducted with the nine training sessions as
repeated factors. Specifically, for the go/no-go task, it was deter-
mined whether the two parameters adjusted in the adaptive training
group in a trial-by trial fashion (i.e., stimulus duration and no-go
stimulus rate) decreased over the nine test sessions, which would
indicate that individuals could handle increasing task demands.
Similarly, for the stop-signal task, it was examined whether the
adjustment of task difficulty by SSD increase and decrease, de-
pending on their task performance, was suitable to train individuals
of the adaptive training group in their ability to accurately inhibit
a go response after a stop-signal occurred.

In a second step, mixed-model ANOVAs were conducted to
examine (a) whether individuals who attended a 3-week ongoing

adaptive training of the go/no-go and stop-signal IC tasks showed
training-induced task improvements (as indicated by mean RT on
go trials and by commission error rate, d=, and stop-signal RT as
more specific indicators of IC) compared to the nonadaptive (ac-
tive control) group and, to provide comparison with other studies,
to the passive control group; and (b) whether they differed with
regard to their performance in a nontrained Stroop task (near-
transfer) and psychometric Gf (far-transfer).

All analyses were done with SPSS 18.0 and are described in more
detail in the Results section. Greenhouse–Geisser corrected degrees of
freedom were applied where appropriate, and original degrees of
freedom, epsilon adjustment values, and corresponding F values were
reported. Note that individuals who exhibited overall error rates of
more than 40% or RTs larger than 1,000 ms in the training/near-
transfer tasks were discarded from the respective analyses. With our
sample size of at least 117 for the comparison of pre- with posttesting
and of at least 107 for the comparison of pretest with follow-up
testing, we were able to detect a minimum effect size of about ƒ � .13
and ƒ � .14, respectively, with an alpha of .05 and a power of .80.
Thus, relatively small effects could be detected.

Results

Descriptives

Descriptive statistics are shown in Table 1. Means and standard
deviations are reported for the two training tasks (go/no-go, stop-
signal), the near-transfer task (Stroop), and the Gf measures sep-
arated by the three groups (adaptive, nonadaptive, passive control)
and the three time slots (pretest, posttest, follow-up). Moreover,
intercorrelations of the used tasks at pretest are depicted in Table
2. The results indicate that the two training tasks as well as the
training tasks and the Stroop task are significantly correlated with
each other. However, none of the IC tasks was significantly

Table 1
Means (and Standard Deviation) of Performance in the Two Training Tasks (Go/No-Go, Stop Signal), the Near-Transfer Task
(Stroop), and the Fluid Intelligence (Gf) Measure Separated by the Three Groups (Adaptive, Nonadaptive, Passive Control) and the
Three Time Slots (Pretest, Posttest, Follow-Up Test)

Time slot

Go/no-go Stop signal Stroop Gf

N RT d= cE% N RT cE% SSRT N RT SE N APM IST WMT

Adaptive

Pretest 43 425 (47) 3.40 (0.63) 23 (12) 43 665 (92) 34 (18) 351 (61) 43 625 (103) 70 (50) 43 13.9 (1.8)
Posttest 43 359 (39) 3.40 (0.64) 29 (17) 43 538 (97) 50 (17) 341 (47) 43 576 (95) 49 (39) 43 14.9 (2.4)
Follow-up 41 353 (33) 3.34 (0.62) 34 (18) 41 539 (82) 51 (16) 334 (45) 41 562 (83) 54 (46) 41 12.8 (2.7) 19.0 (2.9)

Nonadaptive

Pretest 38 419 (37) 3.27 (0.56) 24 (12) 37 656 (72) 35 (15) 358 (76) 37 628 (82) 64 (48) 38 13.1 (2.1)
Posttest 38 349 (34) 3.20 (0.55) 34 (16) 37 526 (83) 52 (16) 342 (53) 37 554 (58) 36 (22) 38 14.3 (2.3)
Follow-up 32 340 (28) 3.23 (0.60) 38 (19) 31 532 (73) 51 (17) 342 (62) 33 545 (63) 36 (23) 34 12.1 (2.1) 17.7 (3.1)

Passive control

Pretest 38 414 (28) 3.26 (0.54) 25 (13) 37 647 (84) 39 (18) 366 (65) 37 622 (89) 54 (40) 39 13.2 (1.9)
Posttest 38 380 (34) 3.27 (0.67) 30 (15) 37 580 (96) 48 (21) 346 (67) 37 565 (63) 44 (38) 39 14.5 (1.9)
Follow-up 35 366 (26) 3.25 (0.60) 33 (15) 36 578 (85) 49 (17) 366 (54) 36 555 (63) 36 (45) 37 12.7 (2.5) 18.2 (3.6)

Note. Descriptive statistics include the respective number of observations that were included in the subsequent statistical analyses. RT � reaction time
(in milliseconds) on correct trials; cE% � error rate (in percent) on no-go/stop trials; SSRT � stop-signal reaction time; SE � stroop effect; APM �
Raven’s Advanced Progressive Matrices; IST � Intelligenz-Struktur-Test; WMT � Wiener Matrizen-Test.
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associated with the Gf measures, suggesting far-transfer effects to
be less likely.

Between-Group Differences of Possible
Confounding Factors

It was tested whether training and control groups differed with
regard to the potentially confounding factors sex, age, sleep dura-
tion, smoking status, malaise, and caffeine and alcohol consump-
tion, as well as positive and negative affective mood states. Mixed-
model ANOVAs revealed that the adaptive training group did not
differ from either the nonadaptive training group or the passive
control group across the sessions (all p � .10).

Effectiveness of the Training Procedure

In a next step, we examined whether the training procedure was
suitable to train IC in the adaptive training group. For both training
tasks, repeated-measures ANOVAs were conducted with the nine
training sessions as repeated factors. As outlined above, adaptive
training of IC in the go/no-go task was operationalized by the
adjustment of stimulus duration and no-go stimulus rate. Indeed, in
the adaptive training group, stimulus duration at the beginning of
the training sessions significantly decreased from 673 ms in Train-
ing Session 1 to 576 ms in Session 9 (p � .001; see also Figure 2,
first panel). In view of the adjustment criteria (depending on the
participant’s RT in go trials and correct responses to no-go trials),
the decrease of stimulus duration was mainly due to a substantial
decrease in mean RT observed for the adaptive training group (and
also for the nonadaptive training group) over the nine test sessions
(see Figure 2, third panel). Further, a significant decrease in the
no-go rate over the nine test sessions was observed when Session
1 was compared to the mean value of Sessions 2–9 (p � .046) and
a trend when Session 1 was compared to Sessions 4–9 where
performance had leveled out (p � .079; see Figure 2, second
panel). However, with respect to both parameters, the adaptive
training group significantly differed from the fixed values of the
nonadaptive group (stimulus duration: p � .05 for Training Ses-
sions 2–9; no-go rate: p � .05 for Training Sessions 2, 3, 6, and 8),
indicating that task difficulty was much higher during the training
sessions for the adaptive compared to the nonadaptive group.

In the stop-signal task, adaptive training of IC was obtained by
the adjustment of the SSD that increased when the response was

correctly inhibited during a stop trial. According to the horse race
model (Logan & Cowan, 1984), at longer delays, it becomes more
and more difficult to cancel the go process as the stop process
starts later, and thus the go process finishes when the stop process
is still going on. Effective training should be reflected in the
stop-signal RT (SSRT), reflecting the speed of the inhibitory
process after the stop-signal arose. As the adaptive adjustment
produced response probabilities of about 50%, SSRT could be
calculated by subtracting the mean SSD from the mean go RT (see
Verbruggen & Logan, 2009), with lower values indicating higher
IC. Against our expectations, individuals of the adaptive group
showed a significant and relatively continuous increase of SSRT
from 164 ms at Training Session 1 to 213 ms at Training Session
9 (p � .001; see Figure 2, last panel). This increase, however, was
mainly due to a large and highly significant (p � .001) decrease in
mean RT from Session 1 (597 ms) to Session 9 (508 ms; see Figure
2, fifth panel), which occurred at the cost of an increase in mean
SSD over the nine test sessions (see Figure 2, fourth panel). In
view of Figure 2, individuals of the adaptive group showed the
expected increase in mean SSD in Training Sessions 1 and 2,
which was reflected in low SSRT. Over the subsequent trainings
sessions, however, SSD decreased, accompanied by a strong de-
crease in RT and thus an increase in SSRT, too. Thus, one might
argue that their focus had changed from slower but more accurate
toward faster but less accurate responding.

Moreover, it was examined whether the negative affective mood
states substantially changed over the nine test sessions. As outlined
above, the Negative Affect scale is a dimension of distress and a
lack of engagement that might severely compromise training gains
in the adaptive training group. However, the analysis neither gives
evidence for an increase in negative affect nor suggests any dif-
ferences between the adaptive and nonadaptive groups (all p �
.05).

Between-Group Differences in the Training Tasks

Next, we examined whether the adaptive training group showed
larger performance increase at the posttest (Time 2 [T2]) and the
follow-up test session (Time 3 [T3]) than the nonadaptive and
passive control groups. No group-specific differences should occur
at Time 1 (T1). Mixed-model ANOVAs were conducted for the
following indicators of overall performance in the go/no-go and
stop-signal tasks: Commission errors (cE%) indicating failures to

Table 2
Intercorrelations of Training and Transfer Measures at Pretest (Time 1)

Variable 1 2 3 4 5 6 7 8 9

1. GNG_RT —
2. GNG_d= .30�� —
3. GNG_cE% �.56��� �.78��� —
4. SST_RT .47��� .45��� �.54��� —
5. SST_cE% �.39��� �.55��� .61��� �.93��� —
6. SST_SSRT �.01 �.31��� .28�� �.32�� .50��� —
7. Stroop_RT .47�� .08 �.22� .24�� �.18� .09 —
8. Stroop effect .24�� �.10 �.01 �.08 .11 .15† .51��� —
9. Gf �.05 �.03 .07 �.10 .06 .05 �.12 �.01 —

Note. GNG � go/no-go task; RT � mean reaction time; cE% � error rate (in percent) on no-go/stop trials;
SST � stop-signal task; SSRT � stop-signal reaction time; Gf � fluid intelligence.
† p � .10. � p � .05. �� p � .01. ��� p � .001.
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suppress the response in the no-go/stop trials and d= in the go/
no-go task and SSRT in the stop-signal task were considered as
specific indicators of response inhibition. Moreover, mean RT on
correct go trials (RT) was considered, as analyses of the training
sessions indicated that performance benefits were especially ob-
tained with respect to RT. The ANOVAs included the within-
subjects factors Time (T1 vs. T2/T3) and the between-subjects
factor Group (adaptive training, nonadaptive active control, pas-
sive control). Note that the three test sessions were analyzed in two
ANOVA models (Model 1: T1 vs. T2; Model 2: T1 vs. T3) to
provide maximal sample size and power.

With respect to the go/no-go task performance, for the compar-
ison of T1 with T2, there were no significant group differences for
cE% and d= (all p � .05; for exact p values and effect sizes, see
Appendix; see also Figure 3A, middle and right panels) indicating
that adaptive training of the inhibition tasks did not cause substan-
tial variance in these measures at the posttesting. When, however,
comparing T1 with T3, the analysis revealed a significant Time �
Group effect for cE% (F2, 105 � 3.27, p � .042, 	p

2 � .06), which
was due to a somewhat steeper increase of cE% at T3 compared to
T1 for the nonadaptive group (see Figure 3A, right panel). As
indicated by parameter estimates, these group differences, how-
ever, did not reach statistical significance (for all simple compar-
isons, p � .05). For mean RT on go trials in the T1–T2 compar-
ison, the analysis showed a very large and highly significant
Time � Group interaction effect (F2, 116 � 14.77, p � .001, 	p

2 �
.20). As expected, no group differences occurred at T1 (adaptive
vs. nonadaptive: p � .515; adaptive vs. passive control: p � .204).
At T2, the adaptive training group showed large RT decrease (T1
vs. T2: F1, 116 � 175.56, p � .001, 	p

2 � .60). However, this
decrease was similarly high for the nonadaptive active control
group (T1 vs. T2: F1, 116 � 174.17, p � .001, 	p

2 � .60; adaptive
vs. nonadaptive: p � .235). Significant group differences also
occurred when the adaptive training group was compared to the
passive control group that exhibited a much smaller RT decrease
(F1, 116 � 39.05, p � .001, 	p

2 � .25; adaptive vs. passive: p �
.007), which clearly indicates that practicing the tasks impacts RT
performance at posttesting. When comparing pretest (T1) and
follow-up test session (T3), the observed group differences in RT
decrease remained stable, even 4 months after the training (F2, 105 �
10.48, p � .001, 	p

2 � .17). The group pattern at T3 went parallel
to that observed at T2 (adaptive vs. nonadaptive: p � .076;
adaptive vs. passive control: p � .049). The group-related RT
performance in the go/no-go task at T1, T2, and T3 is depicted in
Figure 3A (left panel).

Concerning group-related performance in the stop-signal task,
similar effects were observed (see Figure 3B). For the comparison
of T1 and T2, there was a large Time � Group interaction effect
for mean RT on go trials (F2, 114 � 10.46, p � .001, 	p

2 � .16).
Again, no group differences were observed at T1 (adaptive vs.
nonadaptive: p � .656; adaptive vs. passive control: p � .358). As
in the go/no-go task, larger RT improvements from T1 to T2 were
observed for the adaptive group (T1 vs. T2: F1, 114 � 151.78, p �
.001, 	p

2 � .57) compared to the passive control group (adaptive
vs. passive: p � .045). However, the nonadaptive group showed
similar RT decrease (T1 vs. T2: F1, 114 � 139.39, p � .001, 	p

2 �
.55), and thus again, the adaptive and nonadaptive groups did not
differ from each other (adaptive vs. nonadaptive: p � .544).
Notably, the group-related differences in RT decrease remained

Figure 2. Start adjustment parameters of the adaptive training and group-
related go/no-go and stop-signal task performance at training Sessions 1–9.
StartStimDur � starting value of stimulus duration; StartNoGo � starting
value of no-go trial rate; RT � reaction time; SSRT � stop-signal reaction
time; SSD � stop-signal delay. Error bars represent standard error of the
mean.
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stable even 4 months after training (F2, 105 � 7.36, p � .001, 	p
2 �

.12), as suggested by a larger RT decrease from T1 to T3 for the
adaptive compared to the passive control group (p � .034). No
differences between adaptive and nonadaptive groups were ob-
served (p � .733). Moreover, similar to the result pattern obtained
for the go/no-go task, no significant group effects occurred for
SSRT, providing a more specific indicator of response inhibition
(all p � .05; for exact p values and effect sizes, see Appendix; see
also Figure 3B, middle panel). With respect to cE%, a significant
Time � Group effect occurred for the comparison of T1 and T2
(F

2, 114
� 3.51, p � .033, 	p

2 � .06). As in the go/no-go task,
however, parameter estimates indicated that there were no signif-
icant group differences at either T1 or T2. All groups showed
larger cE% rates at the posttest than at the pretest, but the slope of
the adaptive group and, even more pronounced, that of the non-
adaptive group was somewhat steeper than that of the passive
control group (see Figure 3B, right panel).

Between-Group Differences in Nontrained Tasks

Near-transfer. To examine transfer on Stroop performance,
we performed mixed-model ANOVAs for overall Stroop RT as
well as the Stroop congruency effect (incongruent minus congru-
ent RT). The ANOVAs included the within-subjects factors Time
(T1 vs. T2/T3) and the between-subjects factor Group (adaptive,
nonadaptive, passive control). Comparing pre- and posttesting (T1
vs. T2) and pretest with follow-up testing (T1 vs. T3), no signif-

icant group-related main or interaction effect emerged (all p � .05;
for exact p values and effect sizes, see Appendix), suggesting that
the adaptive training group showed no substantial differences with
regard to either the active control or the passive control group in
Stroop performance. The group-related effects on Stroop task
performance at T1, T2, and T3 are depicted in Figure 4.

Far-transfer. Possible training effects on Gf were explored
by a mixed-model ANOVA with Time (T1 vs. T2/T3) as within-
subjects factor. The comparison of T1 with T3 was conducted for
the averaged score of the two Gf measures used in the follow-up
test session (IST 2000–R, WMT). All Gf scores were
z-transformed to ensure comparability. None of the ANOVA mod-
els revealed significant Time � Group interactions or group main
effects (all p � .05; see Appendix).

Discussion

IC is considered a key factor of goal-directed behavior (Barkley,
1997; Hasher & Zacks, 1988; Ridderinkhof et al., 2004), and IC
deficits have been shown to play a crucial role in neuropsychiatric
syndromes such as ADHD (Barkley, 1997), compulsive-affective
disorder (Bannon et al., 2002), and addiction (Bechara, 2005) and
in the decline of prospective memory across the life span (Kliegel
et al., 2008).

Thus, it would be desirable to know whether and to what extent
IC can be improved by cognitive training. However, training
studies addressing IC yielded inconsistent results concerning their

Figure 3. Group-related training task performance at pretest (Time 1), posttest (Time 2), and follow-up testing
(Time 3) for the go/no-go task (A) and the stop-signal task (B). The three test sessions were analyzed in two
analysis of variance models (Model 1: Time 1 vs. Time 2; Model 2: Time 1 vs. Time 3) to provide maximal
sample size and power. RT � mean reaction time; SSRT � stop-signal reaction time; T1–T3 � Time 1–Time
3. Error bars represent standard error of the mean.
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feasibility to produce training and transfer effects (see Morrison &
Chein, 2011; Shipstead et al., 2010; Thorell et al., 2009), focused
on small samples with executive deficits (Holmes et al., 2009;
Klingberg, 2010), frequently used passive control groups (see
Shipstead et al., 2012), or did not directly train IC, as IC tasks were
used to test transfer effects of WM training (see Karbach & Kray,
2009; Klingberg, 2010). Thus, the main goal of the present study
was to provide an estimation of the effect size and stability of IC
training in a healthy population. It was also of interest whether and
to what extent the training caused near-transfer on untrained IC
measures (Stroop). In addition, far-transfer on psychometric Gf
was explored. Based on recent methodological advice (Klingberg,
2010; Moody, 2009; Shipstead et al., 2010, 2012; Sternberg,
2008), this study was designed as a randomized, double-blind
pretest, posttest, and follow-up trial.

Between-Group Differences in the Training Tasks

The training of the two established IC tasks (go/no-go, stop-
signal) was expected to result in training gains as indicated by
overall task performance and more specific indicators of IC (e.g.,
error rate on no-go/stop trials, SSRT). When comparing perfor-
mance gain from pre- to posttesting, the 3 weeks’ training led to a
large and highly significant decline in mean RT in both the
adaptive and nonadaptive (active control) groups. The adaptive
training group did not significantly differed from the active control
group but showed a significant training gain with respect to the
passive control group that even remained stable in the follow-up
measurement 4 months later. This is similar to a number of
previous studies on WM training that frequently observed training
gains for the adaptive compared to the passive group but not to the
active controls (see Klingberg, 2010; Morrison & Chein, 2011;
Shipstead et al., 2012). Given that the present study used a young
healthy sample of lower variance for IC measures relative to
samples with executive deficits, this large effect would suggest a
high effectiveness of the present training. However, as discussed

for WM trainings, only differences between the adaptive training
group and the active controls (nonadaptive group) would allow
firm conclusions on the possible benefits of an adaptive IC train-
ing, as both groups were administered to the same treatment except
that the adapted version of the tasks pushes individuals to their
maximal level of task performance and thus is far more demanding
than the nonadaptive one (see Klingberg, 2010; Shipstead et al.,
2010, 2012).

In contrast, comparisons between the adaptive group and no-
contact controls who are not involved in any similar task in
between the pre- and posttest sessions can be somewhat problem-
atic. For example, they are not as often confronted with the tasks,
the laboratory setting, and the experimenters than the other groups,
and they may also have recognized not to receive experimental
treatment. As a consequence, effects between the training group
and passive controls that occurred after the training can potentially
(although not necessarily) be explained by alternative sources of
variation that can influence task performance and may have led to
the observed differences between the groups. Such unwanted vari-
ance that, for example, relate to a person’s engagement in the study
(e.g., Hawthorne/placebo or expectancy effects) can affect the
internal validity of training studies, as discussed recently (Redick
et al., 2013; Shipstead et al., 2010, 2012). Although the influence
of several task-relevant confounds has been controlled, such as
task-relevant mood fluctuations relating to the extent of (un)plea-
surable engagement (Krohne et al., 1996; Watson et al., 1988), this
cannot rule out that other concomitant factors may have contrib-
uted to the observed effect, as outlined above. Thus, given that the
adaptive training group differed from the passive control group but
not from the active control group in RT performance of the IC
tasks at posttest and follow-up testing, training effects that can be
conclusively attributed to real changes in IC function could not be
observed. Alternatively, performance differences between the
training group and passive control group may be attributed to
practice effects independent of changes in IC or to group-related
differences in task engagement or motivation.

This conclusion is also supported by the fact that training gains
were only observed with respect to RT but not regarding the more
specific parameters of IC such as error rate on no-go/stop trials, d=
(go/no-go task), or SSRT (stop-signal task). This poses the ques-
tion whether the training of IC tasks can actually result in training
effects of IC.

The Effectiveness of Parameter Adjustments in the
Adaptive Training

To evaluate whether the adaptive training procedure was appro-
priate to increase IC performance, it was examined whether the
adaptive training group benefited from performance-dependent
parameter adjustments over the course of training. Indeed, for the
go/no-go task, the expected performance improvements were ob-
tained during training. Specifically, this was indicated by a large
decrease in stimulus duration and by a significant decrease in the
no-go rate over the nine test sessions. However, in the stop-signal
task, adjustment of the SSD as a function of task performance did
not result in continuously increasing SSDs, as would have been
expected. Consequently, SSRT reflecting the speed of the inhibi-
tory process after a stop-signal occurs increased rather than de-
creased. A closer look on the training data shows that during

Figure 4. Group-related Stroop performance (near-transfer) at pretest
(Time 1), posttest (Time 2), and follow-up testing (Time 3) measured by
mean reaction time (RT) and the Stroop congruency effect (incongruent
minus congruent RT). The three test sessions were analyzed in two analysis
of variance models (Model 1: Time 1 vs. Time 2; Model 2: Time 1 vs.
Time 3) to provide maximal sample size and power. T1–T3 � Time
1–Time 3. Error bars represent standard error of the mean.
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Training Sessions 1 and 2, individuals of the adaptive training
group “trained” as expected. That is, they showed an increase in
mean SSD, which was reflected in decreased SSRTs. In Training
Sessions 3 and 4, however, SSD decreased (and remained invariant
from Session 5 to Session 9), which was accompanied by a strong
RT decrease and thus an increase in SSRT. In light of these data,
one might argue that the response patterns of the adaptive group
members changed from a slower but more accurate toward a faster
but less accurate responding. Given that individuals can focus
either on the go trials or on the stop trials or on both to meet the
requirements of the task, it may be conceivable that with increas-
ing training (and thus task demand) individuals have shifted their
focus to those stimuli that can be most easily controlled (i.e., the
go stimuli) in order to accomplish the task as well as possible. This
could have been further promoted by the fact that the participants
were instructed to be as fast and accurate as possible (as is
common for these kind of tasks). Overall, this may have led to
shorter response latencies in go trials at the cost of accuracy in the
stop trials, indicating that speed–accuracy trade-offs may play a
critical role here. This impression was also supported when stop-
signal task improvements from pre- to posttest session were con-
sidered. Here overall RT in all groups (most pronounced in the
adaptive and nonadaptive groups) decreased, whereas commission
error rate (i.e., false alarms on no-go/stop trials) increased, which
was similarly observed for the go/no-go task. Because of this,
training gains in specific indicators of response inhibition might be
more difficult to obtain than compared to the training of WM
capacity, where task performance and load adjustments only de-
pend on correct target responses. This might be particularly true
for the stop-signal task, as we observed a strategy change during
the course of training toward speeded responses on more easy-to-
control go trials, as outlined above.

Near- and Far-Transfer as a Function of Training

As recently summarized (Klingberg, 2010; Morrison & Chein,
2011; Shipstead et al., 2012), several studies reported training
increases to significantly explain variance in untrained behavioral
measures. However, as outlined above, training effects in the
present study only occurred when the adaptive training group was
compared with passive controls and also only with respect to
overall task performance as indicated by mean RT. That is, poten-
tial benefits of the adaptive training group in nontrained tasks
(near- and far-transfer) cannot be readily attributed to changes in
IC (see Redick et al., 2013; Shipstead et al., 2012). Nevertheless,
to provide a full picture of the effects and comparability with
previous studies using passive control groups, as recommended
(Redick et al., 2013), we tested whether the adaptive training group
differed from the two control groups with respect to the nontrained
Stroop task (near-transfer) and to Gf (far-transfer). Moreover,
larger transfer effects for the training compared to the active
control group would suggest that their similar performance in-
crease in the training tasks could be attributable to ceiling effects.
Because performance gains in the training tasks from T1 to T2
were observed for overall RT but not for specific IC markers, a
potential transfer effect on Stroop task was more likely for overall
Stroop RT than for the Stroop congruency effect measuring IC
more specifically. However, neither for posttest nor for the

follow-up testing significant group differences in any of the Stroop
performance indicators were detected.

Similarly, no transfer on psychometric Gf was observed. A few
studies also reported successful far-transfers of executive training
(mainly WM tasks) on Gf performance (for reviews and critique,
see Klingberg, 2010; Morrison & Chein, 2011; Shipstead et al.,
2010, 2012). It might be that the high conceptual analogy between
WM and Gf (e.g., Friedman et al., 2006) favors WM as basis for
training-induced far-transfer (Sternberg, 2008), although transfer
on Gf has been recently reported using a task-switching training
(Karbach & Kray, 2009). However, the potential of WM training
to cause transfer due to changes in WM has been recently chal-
lenged (Chooi & Thompson, 2012; Melby-Lervag & Hulme, 2013;
Redick et al., 2013; Shipstead et al., 2010, 2012). Moreover, it is
obvious that the proof of far-transfer to a rather broad and distant
concept such as Gf is undeniably more complicated than proving
near-transfer to performance in conceptually closer tasks such as
the Stroop (see also wide-strength dilemma; Perkins & Salomon,
1989).

Overall, although in the adaptive training group, training effects
were observed relative to passive controls, this cannot be conclu-
sively attributed to increases in the IC function, as there were no
differences with regard to the active controls and as these differ-
ences were related to overall task performance but not to specific
markers of IC functioning.

Should Null Effects of IC Training Be Generalized?

In contrast to our healthy sample, which showed lower variabil-
ity in executive functions, IC training and transfer effects (differ-
ences between training group and active controls) may be possible
for individuals with cognitive deficits such as children with ADHD
and stroke patients, where a potential for plasticity and neurocog-
nitive reorganization can be expected (see, e.g., Lovden, Backman,
Lindenberger, Schaefer, & Schmiedek, 2010). For example, Kling-
berg et al. (2005) reported improvements for children with ADHD
in both RT and accuracy of WM training on untrained Stroop
performance of d � 0.34 for the posttesting and d � 0.25 for the
follow-up testing 3 months after the training. However, Karbach
and Kray (2009) found transfer on Stroop performance using a
task-switching training in healthy samples of different ages and
even on Gf, but observed no such transfer in ADHD children
(Kray, Karbach, Haenig, & Freitag, 2012). Further, training and
near-transfer may also occur in the elderly (e.g., inhibitory deficit
theory Hasher & Zacks, 1988) with age-related deficits in execu-
tive control functions (Lovden et al., 2010; Zinke, Zeintl, Eschen,
Herzog, & Kliegel, 2012). In this context, future research should
also examine whether the effectiveness of trainings is moderated
by factors that explain interindividual variability and plasticity in
IC such as genetic variations (e.g., Enge, Fleischhauer, Lesch,
Reif, & Strobel, 2011; Meyer-Lindenberg et al., 2006) or temper-
amental factors.

As a general recommendation, in addition to control for viola-
tions of the internal validity of executive function training by using
appropriate designs, future studies may control for other important
sources of unwanted variance, such as systematic method variance.
Training tasks and (near-) transfer tasks are typically based on
conceptually similar requirements (e.g., similar motor responses).
This, in turn, may lead to an overestimation of the size of training
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and transfer effects. In order to separate method- from construct-
specific variance, the use of multitrait–multimethod designs, in
which the variables of interest were assessed by several different
methods, would be promising (Campbell & Fiske, 1959). Thus, the
function of interest (here IC) should be measured not only by
computerized tasks but also by test inventories and questionnaires
(e.g., Rothbart, Ahadi, & Evans, 2000), behavioral observations
(e.g., Klingberg et al., 2002), and endophenotypes (Gottesman &
Gould, 2003), such as structural MRI data, positron emission
tomography, and brain chemistry parameters, which would reflect
the impact of training in brain circuits corresponding to the trained
function. Thus, multitrait–multimethod designs would enable the a
posteriori adjustment of the group-specific variance by the vari-
ance proportion caused by the different assessment methods, pro-
viding a valid estimate of the actual effect size.

Limitations

One may argue that the nine training sessions have limited
possible training and transfer effects in the present study (e.g., that
small effects would not have been detected). Although other train-
ing studies used a similar number of training sessions, there are a
variety of studies using a larger number of sessions. In this context,
however, recent studies and meta-analytic data of WM trainings
suggest that, for example, irrespective whether the training in-
cluded eight or 20 sessions, no significant transfer on nontrained
mental abilities tests and Gf measures could be detected (Chooi &
Thompson, 2012; see also, Melby-Lervag & Hulme, 2013; Redick
et al., 2013). It is also notable that we used a comparatively large
sample size, compared to most other training studies, that enabled
us to detect relatively small effects. In addition, data on the
development of the adjusted task parameters over the nine test
sessions demonstrate performance changes in the adaptive training
group, particularly in the first two to four test sessions that then
leveled out. Thus, one might argue that more than nine test
sessions would not have resulted in a more effective training. As
outlined above, this might result from the fact that the individuals
focused on speed rather than on accuracy. Notably, however, even
with regard to the large decrease of RT in both IC tasks at T2, no
significant transfer on RT in Stoop measures could be found in the
present study, which renders the possibility of true training and
transfer effects on more specific markers of IC also less likely.
Thus, it seems rather unlikely that the limited effects in the present
study can mainly be attributed to our number of training sessions.

Nevertheless, future research should ensure that individuals are
more focused on stop trials, for example, by instructing them to be
as accurate as possible in response to stop trials at the expense of
response speed on go stimuli (i.e., to provoke a more conservative
responding). Related to this, a further possible recommendation
refers to the training algorithm. One may speculate that instead of
adjusting the SSD trial by trial, as is common in training studies,
training of response inhibition in the stop-signal task might have
been more effective if SSD were increased by 50 ms after indi-
viduals had correctly inhibited their response in, for example, 10
subsequent stop trials (i.e., in a stepwise fashion). Such an adjust-
ment would probably have allowed individuals to get more famil-
iar with increasing task demand by increasing SSD.

Another possible limitation may refer to the use of the Stroop as
an adequate near-transfer task. Although we did not observe sub-

stantial differences between the adaptive training group and the
active controls after training that in turn would be a prerequisite for
later transfer, this issue might be interesting for future research.
We decided to utilize the Stroop as a near-transfer measure for the
following reasons: The Stroop has been related to the efficiency to
suppress prepotent responses, such as those that are already initi-
ated or under way but need to be inhibited to effectively accom-
plish the task, and thus shares variance with motor response
inhibition tasks (as, for example, reviewed in Friedman & Miyake,
2004; MacLeod, 1991; Miyake et al., 2000; Salthouse et al., 2003).
In the present study, this could indeed be demonstrated by corre-
lations between performance indices of the go/no-go and stop-
signal tasks with the Stroop congruency effect at pretesting. Thus,
the present data support the notion that performance of training
tasks and near-transfer task is significantly associated. Although
these correlations were small, it has been recommended that trans-
fer tasks should share features and processes of the training task,
but should be different enough from the training task to avoid mere
practice effects (see also Jaeggi et al. 2008). Assuming that per-
formance in the training tasks can lead to real changes in the IC
function that cannot be attributed to practice/learning or other
effects (Redick et al., 2013; Shipstead et al., 2010, 2012), we
deemed the Stroop to be appropriate for testing potential transfer
effects of IC training. Nevertheless, compared to the response
inhibition tasks used for training, beyond doubt, the Stroop com-
prises several other aspects of executive control and is therefore
considered a more complex IC task (see Friedman & Miyake,
2004; MacLeod, 1991; Miyake et al., 2000; Simmonds et al.,
2008). Besides being a measure of suppressing prepotent re-
sponses, Stroop relates to performance in suppressing irrelevant
stimuli, stimulus-triggered reflexive attention shifts, and irrelevant
cognitions or habits (see, e.g., Salthouse et al., 2003). As under-
lying mechanism, an intern response competition is discussed
(MacLeod, 1991), which is reflected by RT differences on con-
gruent and incongruent trials (Dempster & Corkill, 1999b). How-
ever, alternative tasks for near-transfer would have been possible,
such as the Simon task, which may provide a close proximity to the
training tasks used (Hommel, 2011). Considering that interference
suppression (Eriksen flanker task) and response inhibition (go/
no-go task) appear to share overlapping neural bases in adults
(Bunge, Dudukovic, Thomason, Vaidya, & Gabrieli, 2002), are
highly correlated, and seem to fall along a single factor (Friedman
& Miyake, 2004), other selective attention tasks related to inhibi-
tion, such as the Eriksen flanker or spatial Stroop task (Diamond,
2013), might appear as potential near-transfer measures for re-
sponse inhibition training.

Furthermore, Stroop performance has been frequently found
to explain substantial variance in several Gf measures such as
reflected in moderate negative correlations with the Raven’s
matrices test (see Dempster & Corkill, 1999b; Kane & Engle,
2002). In contrast, however, in the present study, no correla-
tions between the Stroop and Gf could be detected. Overall, for
its shared variances with the trained tasks and based upon the
conceptual proximity of Stroop to the IC training tasks, we
regarded the Stroop as a possible near-transfer task that might
also be seen suitable as a “connection” to more general cogni-
tive performance.
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Conclusion

In this work, the effectiveness of IC training in a healthy
population was examined by comparing an adaptive training group
with nonadaptive active controls. The study followed a random-
ized, double-blind pretest, posttest, and follow-up procedure and
provided a relatively large sample size. For the sake of compara-
bility with previous studies, a no-contact control group was also
implemented. Although the adaptive group could substantially
improve overall IC task performance after training, particularly
with regard to RT, no differences to the active control group
occurred, either at posttest or at follow-up testing. In contrast, as in
a number of previous studies, significant training gain was found
when the training group was compared to the passive control
group, which, however, does not sufficiently control for possible
confounds. Thus, contributing to the current debate, no conclusive
evidence was found that this performance increase mirrors a true
increase in IC function. However, the fact that the training gain
was mainly related to overall RT performance may indicate that
individuals appeared to be more concentrated on performance
gains in the prepotent go trials but less to the stop trials to meet the
requirements of the tasks as well as possible. Such a response
strategy may be related to the typical design of the training tasks
used but seemed to be particularly evident for the stop-signal task.
Overall, this challenges the effectiveness of IC training on specific
measures of response inhibition relative to the training of WM, as
outlined above. By changes in task instructions and training algo-
rithms, we provide possible recommendations that may provoke
individuals to be more focused on stop trial performance instead of
overall performance or response speed on go stimuli in order to
obtain a more effective training of specific response inhibition
indices (e.g., stop trial accuracy). However, even in light of the
large RT decrease in the training tasks that was found at T2,
neither significant differences between the training groups nor
transfer effects could be detected, which challenge the expectation
of true training-related changes for more specific response inhibi-
tion markers. Irrespective of this, the results do not rule out the
possibility of training-related improvements in populations with IC
deficits, particularly in those with the potential for neural plasticity
and reorganization. This may also be true for factors that relate to
interindividual variability and plasticity in IC function and thus
may moderate the effectiveness of training, such as genetic vari-
ations and temperamental factors.
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Appendix

Overall Effects of Between-Group Differences in Task Performance Comparing Pretest (Time 1)
With Posttest (Time 2) and Follow-Up Testing (Time 3)

Variable

Time 1 versus Time 2 Time 1 versus Time 3

F(df, error) p 	p
2 F(df, error) p 	p

2

Go/no-go (training tasks)
RT

Group 1.44(2, 116) .240 .02 0.98(2, 105) .379 .02
Time � Group 14.77(2, 116) �.001 .20 10.48(2, 105) �.001 .17

d=
Group 1.12(2, 116) .330 .02 0.35(2, 105) .703 .01
Time � Group 0.20(2, 116) .818 �.01 0.25(2, 105) .777 .01

cE%
Group 0.87(2, 116) .421 .02 0.13(2, 105) .880 �.01
Time � Group 1.55(2, 116) .216 .03 3.27(2, 105) .042 .06

Stop-signal (training tasks)
RT

Group 0.72(2, 114) .488 .01 0.63(2, 105) .535 .01
Time � Group 10.46(2, 114) �.001 .16 7.36(2, 105) .001 .12

SSRT
Group 0.47(2, 114) .629 .01 2.43(2, 105) .093 .04
Time � Group 0.21(2, 114) .812 �.01 0.64(2, 105) .529 .01

cE%
Group 0.11(2, 114) .900 �.01 0.01(2, 105) .987 �.01
Time � Group 3.51(2, 114) .033 .06 2.94(2, 105) .057 .05

Stroop (near-transfer task)
RT

Group 0.17(2, 114) .842 �.01 0.04(2, 107) .961 �.01
Time � Group 2.08(2, 114) .130 .04 1.22(2, 107) .298 .02

Stroop effect
Group 1.13(2, 114) .327 .02 2.04(2, 107) .135 .04
Time � Group 1.68(2, 114) .190 .03 .51(2, 107) .604 �.01

Fluid intelligence (far-transfer task)

Group 1.93(2, 117) .150 .03 2.50(2, 109) .087 .04
Time � Group 0.28(2, 117) .756 �.01 0.67(2, 109) .513 .01

Note. RT � mean reaction time on correct trials; SSRT � Stop-Signal reaction time; cE% � commission error rate.
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