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a b s t r a c t

Working Memory (WM) plays a crucial role in successful self-regulation of behavior, including weight
regulation. Improving WM might therefore be a promising strategy to support weight loss. In the present
study, overweight individuals with a desire to lose weight (N ¼ 91) received an online lifestyle inter-
vention, in conjunction with either 25 sessions of gamified WM training (experimental condition) or a
sham training (control). Primary outcomes were Body Mass Index (BMI) and food intake at posttest.
Secondary outcomes were executive functioning, self-control, eating style, eating psychopathology and
healthy eating. Data were analyzed with mixed regression analyses with condition as between-subjects
factor (experimental versus control) and time as within-subjects factor (baseline, posttest, FU1 after one
month and FU2 after six months). Results revealed that the experimental condition increased their WM
span more than control from pretest to posttest, and these gains were retained at FU1, though lost at FU2.
No transfer effects of WM training to other executive functioning measures were found. During the bogus
taste test at posttest, participants in the experimental condition consumed significantly less than par-
ticipants in the control condition. However, both conditions showed a small reduction in BMI, improved
eating style, reduced eating disorder pathology, and reported more self-control and a healthier eating
pattern. In conclusion, the current results provide some evidence that WM training can improve eating
behavior at the short term. However, the WM gains were short-lived, and the added value of WM
training as an intervention to promote weight loss could not be established. Future studies should test
the added value of WM training booster sessions to promote weight loss over a prolonged period of time.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

Worldwide, the prevalence of overweight and obesity has
increased rapidly in the past 30 years, and has currently reached
epidemic proportions (Flegal, Carroll, Kit, & Ogden, 2012). As a
result of environmental changes in lifestyle and food supply during
the last centuries, a so-called ‘obesogenic environment’ has
emerged. Because of these environmental changes, significantly
less energy is needed to deal with everyday situations, while high
caloric foods are available in abundance (Chaput, Klingenberg,
Astrup, & Sj€odin, 2011). If the ‘energy balance’, the relationship
between the consumed energy and the energy used for daily
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activity, is positive, eventually weight will be gained (Spiegelman&
Flier, 2001). While there are numerous factors that contribute to
obesity, the fundamental cause of weight gain concerns a rise in the
consumption of energy-dense foods without a corresponding in-
crease in energy expenditure (Hill & Peters, 1998). In order to
promote weight loss, behavioral interventions such as calorie-
restricting diets and lifestyle interventions are frequently imple-
mented. However, the amount of weight loss achieved via such
interventions is, at best, only modest and quickly diminishes again
over time (Dansinger, Tatsioni, Wong, Chung, & Balk, 2007;
Douketis, Macie, Thabane, & Williamson, 2005). Thus, lifestyle in-
terventions seem effective only in the short term, stressing the
importance to develop new, effective weight loss interventions.

Being able to resist tempting food requires persistency to long-
term health goals and not giving in to immediate pleasures. Based
on dual-process theories of behavior, the ability to do this de-
pends on the balance between two cognitive systems that control
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behavior: the reflective or executive system, which promotes
reflective, controlled behavior, and the impulsive system, which is
responsible for impulsive, automatic behavior (e.g. Hofmann,
Friese, & Strack, 2009; Strack & Deutsch, 2004). The executive
system is necessary to carry out flexible, goal-directed behavior
(Hofmann, Schmeichel, & Baddeley, 2012). From a dual-process
perspective, strengthening the executive system (e.g. cognitive
control) could increase the capacity to act more towards the
achievement of goals and standards (e.g. adherence to a diet), and
provide more cognitive control over automatic impulses and be-
haviors that originate in the impulsive system (e.g. cravings and
temptations) (Hofmann et al., 2009).

Working memory (WM) plays a central role in cognitive con-
trol (Hofmann et al., 2012). WM is one of the main executive
functions (Miyake et al., 2000), and refers to the ability to
temporarily store, analyze and manipulate information (Baddeley,
1992). WM is important for focused attention (Barrett, Tugade, &
Engle, 2004), regulation of emotions (Schmeichel, Volokhov, &
Demaree, 2008), suppression of ruminative thoughts (Brewin &
Smart, 2005), down-regulation of cravings (Kavanagh, Andrade,
& May 2005) and to keep mental representations of long-term
goals active (Hofmann et al., 2012). Importantly, reduced WM
capacity is associated with overweight and obesity (e.g. Gunstad
et al., 2007; Smith, Hay, Campbell, & Trollor, 2011), and with
increased food intake, especially in combination with a strong
automatic positive attitudes towards foods (e.g. Hofmann,
Gschwendner, Friese, Wiers, & Schmitt, 2008), while higher WM
capacity is associated with increased weight loss following life-
style intervention (Hege et al., 2013). Thus, WM seems crucial for
the successful self-regulation of eating behavior and body weight.

Over the past years, several studies have shown that WM ca-
pacity can be increased through computerized training (e.g.
Diamond & Ling, 2016; Klingberg, 2010; Morrison & Chein, 2011).
For instance, WM training has been found to decrease ADHD
symptoms in children with ADHD (Klingberg et al., 2005), and to
reduce alcohol abuse in a sample of heavy drinkers,(Houben,
Wiers, & Jansen, 2011). In a recent study, WM training was also
found to reduce pathological ruminative thoughts about food,
weight, and body shape, as well as self-reported emotional eating
for up to one-month after completion of the training (Houben,
Dassen, & Jansen, 2016). In addition, WM training reduced food
intake among highly restrained eaters, though no effects were
found on weight loss. However, this study did not take into ac-
count whether participants were actually motivated to put in
effort to achieve weight loss, and strengthening WM capacity is
probably of little use in the absence of suchmotivation and dieting
goals (Hofmann et al., 2012; Houben et al., 2016). Also, WM
training in itself is presumably not enough to support weight loss,
as improved WM capacity will only be helpful if someone also has
sufficient knowledge about what constitutes a healthy lifestyle
and which unhealthy behaviors need to be controlled. It would,
therefore, probably be more effective to provide WM training
together with a lifestyle intervention, thereby directly enhancing
the ability to stick to the provided dietary guidelines (Juarascio,
Manasse, Espel, Kerrigan, & Forman, 2015).

In the current study, we examined this possibility. Specifically,
in the current study, overweight and obese participants received
online psychoeducation about a healthy lifestyle and weight loss,
in combination with either WM training or sham training. Hence,
participants were provided with the necessary information to
change their daily intake in order to achieve weight loss. Because
online WM training can be very time consuming and monotonous
for participants (Lumsden, Edwards, Lawrence, Coyle, & Munaf�o,
2016), we designed the WM training as a serious game. A
serious game is a computer-delivered intervention which is both
enjoyable and educational (DeSmet et al., 2014). The goal of
gamification is to make the boring and repetitive tasks more
engaging and fun, thereby heightening motivation of participants
and potentially reducing drop-out (Lumsden et al., 2016). We
added a surrounding game-shell around the original WM training
(Houben et al., 2011, 2016), thereby leaving the training-paradigm
structurally intact. The scientific value of the tasks is hereby
retained, though the experience and long-term engagement of
participants is heightened by adding game elements. Earlier
research shows that cognitive tasks can successfully be gamified,
without losing its usefulness as a research tool (Lumsden et al.,
2016). We also included rewards which became available after a
completed session, which were supposed to further increase the
external motivation to perform the training (Boendermaker, Prins,
& Wiers, 2015).

The primary outcomes in this study were BMI and food intake.
Secondary outcomes were WM performance, self-control, eating
style, eating psychopathology and healthy eating. In addition, we
also assessed transfer effects of WM training to other measures of
executive functions because transfer of WM training to tasks other
than the trained tasks is still debated (Diamond & Ling, 2016;
Morrison & Chein, 2011; Shipstead, Hicks, & Engle, 2012). We
examined the effect of WM training on the outcome measures
immediately following training and at 1-month and 6-month
follow-up. It was hypothesized that participants who received
WM training would (1) show enhanced performance on a non-
trained WM task, (2) show improved executive functions and
self-control in daily life, (3) report less pathological thoughts
regarding eating, weight and shape, (4) report less emotional and
external eating, (5) consume fewer snacks in a laboratory setting
at posttest, (6) report healthier eating patterns in daily life, and (7)
lose more weight relative to the control condition.
2. Methods

2.1. Participants and design

Participants were recruited via advertisements in local news-
papers, supermarkets, and gyms, via social media, and via a general
database managed by our research group. Eligibility criteria for
participation were checked via a ten-minutes screening by phone
by a research assistant and required that participants were aged
18e60, were overweight (as indexed by a self-reported BMI above
25), and motivated to put in effort to achieve weight loss. Motiva-
tionwas assessed via four statements which were answered on a 5-
point Likert scale ranging from (1) ‘totally not’ to (5) ‘extremely’.
The itemswere: (1) ‘How important is it for you to loseweight?’, (2)
‘Do you intend to lose weight from now on?’, (3) ‘How determined
are you to lose weight?’ and (4) ‘How hard will you try to lose
weight?’. In order to meet inclusion criteria, participants had to
score at least 3 on all statements. The mean score of eligible par-
ticipants was 4.04 (SD ¼ 0.69). In addition, basic computer skills
were checked, to make sure participants would be able to perform
the online training at home. Participants were excluded if they
were in treatment for an eating disorder or in the trajectory of
bariatric surgery.
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3. Materials and measures

3.1. Conditions: training and control

The current WM training was developed as a serious game, a
game specifically designed to improve cognitive ability (McCallum,
2012), by adding game-elements to the original training. This
training was developed by the faculty's engineering department in
conjunction with the authors, and was based on the WM training-
paradigm previously used by Houben et al. (2011; 2016). Partici-
pants had to perform 25 online WM sessions (experimental con-
dition) or sham sessions (control condition) on a tablet or computer
at home. All sessions and tasks were presented in an online
restaurant-setting. When participants completed a session, a new
item or style to decorate the restaurant became available. This gave
participants the opportunity to adjust their restaurant-setting to
their personal preferences. See Fig. 1 for images of the gaming
interface and training tasks.

To complete a full session, participants had to practice threeWM
tasks: a visuospatial WM task, a backward digit span task and an
object memory task (see Fig. 1). Participants could freely choose the
order of the three tasks, consisting of 30 trials each. During the
visuospatial WM task, participants monitored a sequence of
flashing tables presented within a 4 � 4 grid, resembling a dining
room. Participants had to reproduce the sequence by clicking or
tapping the tables in the right order. During the backward digit
span task, a sequence of numbers was shown on a memo board.
Participants were instructed to reproduce the presented sequence
of numbers in reversed order. During the object memory task, a
kitchen cabinet with 16 closed doors was presented. One-by-one
the kitchen doors opened, revealing a kitchen-related object.
Next, one of the presented objects was shown, and participants had
to indicate which of the closed doors was hiding this object.

In the experimental condition, the difficulty level of the tasks
was automatically adjusted on a trial-by-trial basis (adaptive WM
training; Houben et al., 2016; Houben et al., 2011; Klingberg,
Fig. 1. Images of the WM training: the gaming interface (A), the backward dig
Forssberg, & Westerberg, 2002). Each task started with a
sequence of three items. If the participant responded correctly on
two consecutive trials, an item was added to the sequence on the
next trial, thereby increasing task difficulty. When participants
failed to reproduce the sequence correctly on two consecutive tri-
als, the sequence on the next trial was reduced by one item, thereby
decreasing task difficulty. Each new session continued at the same
level with which the previous session ended. In the control con-
dition, the difficulty level of the tasks was held constant on a basic,
easy level of three items or objects for the entire training (Houben
et al., 2011, 2016). In this way we made sure all participants prac-
ticed the tasks for an equal amount of trials, though only the
experimental condition was expected to train WM by practicing at
their optimal capacity limit.

At pretest, posttest, and at follow-up, performance on the
practiced training tasks (WM span) was assessed. The assessment
tasks started with sequences of three items. When participants
responded correctly on two consecutive trials, one item or object
was added to the sequence. The task ended when participants
failed to reproduce a sequence correctly on two consecutive trials.
The outcome measure for each of the three WM assessment tasks
was the amount of items or objects in the sequence that could
correctly be reproduced. In order to calculate one total score for
WM span, the three scores on the WM tasks were averaged.
3.2. Lifestyle intervention

All participants received online psychoeducation about weight
loss and a healthy lifestyle, while completing the 25 sessions ofWM
training or sham training at home. The lifestyle intervention
included four themed sessions. The first sessionwas available at the
start of the training and focused on general principles of weight loss
and motivation to lose weight. Participants were advised to keep
track of their daily caloric intake via an online tool. The second
session addressed topics such as the ‘obesogenic’ environment,
healthy weight loss and nutrition, and participants were
it span task (B), the visuospatial task (C) and the object memory task (D).
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encouraged to come upwith their own personal diet plan. The third
lifestyle session addressed several aspects of physical activity, such
as the health benefits of regular physical activity and implementing
physical activities in daily life. The fourth session discussed stra-
tegies for dealing with difficult moments and gave tips to maintain
a healthy weight after the intervention. The lifestyle intervention
was composed by the first author, using general nutrition infor-
mation and principles of cognitive behavioral therapy (Beck, 2008).
See supplementary material S1 for a more detailed description of
the content of every session.

3.3. 2-back task

The 2-back task is a WM task that predominantly measures the
ability to monitor and update WM representations (Jaeggi,
Buschkuehl, Perrig, & Meier, 2010). The 2-back task was used to
assess near transfer of WM improvement to a more complex, non-
trained WM task. In the current 2-back task (based on Boselie,
Vancleef, & Peters, 2016), participants had to monitor a series of
stimuli (i.e., letters), which were presented one-by-one on a com-
puter screen. Participants were instructed to indicate for each letter
whether the letter corresponded to the letter that was presented
two stimuli before, by pressing either the letter ‘U’ (e.g. Yes) or ‘E’
(e.g. No) on the keyboard. Participants started with a practice
phase, which consisted of 30 trials (10 targets and 20 non-targets).
In the end, the accuracy percentage was calculated. If this was
above 65 percent, participants continued immediately to the
testing phase. However, if the accuracy percentage of the practice
phase was below 50 percent, participants had to repeat the practice
phase to make sure that they understood the task. An accuracy
percentage between 50 and 65 percent gave participants the option
to either repeat the practice phase or to continue to the testing
phase. In the testing phase, participants completed a total of 90
trials, including 30 targets and 60 non-targets. The outcome vari-
able of interest was accuracy, which was the summation of hits and
correct rejections.

3.4. Restraint scale (RS)

The RS (Herman & Polivy, 1980) was assessed at baseline in
order to measure the extent to which participants were trying to
restrain or control their food intake. Higher scores are indicative of
an increased intention to restrict food intake (Cronbach's a ¼ 0.73).

3.5. Bogus taste test

At posttest, participants' food intakewasmeasuredwith a bogus
taste test. During the taste test, participants were presented with
four bowls containing energy-dense palatable foods and a food-
rating form. During the taste test, participants were left alone in
the room while the experimenter waited in an adjacent room. The
bowls were filled with two different types of salted potato chips
(Lays, 541 kcal/100 g; AH Excellent, 515 kcal/100 g) and two
different types of milk chocolate buttons (Callebout Select, 563
kcal/100 g; Aldi, 560 kcal/100 g). Participants were instructed to
consume as much or as little as they preferred in order to complete
the food ratings. On the food rating form, participants first indi-
cated for howmany hours they had not eaten anything, and towhat
extent they experienced hunger, desire and craving at that moment
on a 100 mm Visual Analogue Scale (VAS) ranging from (0) ‘not
hungry/no desire/no craving’ to (100) ‘very hungry/strong desire/
strong craving’. Next, participants had to indicate for each food item
how much they liked the food on a VAS ranging from (0) ‘not at all’
to (100) ‘very much liked’. Finally, participants compared and rated
the different types of food on various taste dimensions (e.g. ‘which
product tastes sweeter?’). After 10 min, the experimenter returned
and removed the bowls of food. Each bowl was weighted before
and after the taste test and grams consumed were converted to
calories to calculate the total amount of calories consumed.
3.6. Behavioral rating of executive functions e adult version (BRIEF-
A)

The BRIEF-A (Roth & Gioia, 2005) is a 75 item self-report
questionnaire to assess executive functions in daily environment.
The BRIEF-A consists of nine subscales: inhibit, shift, emotional
control, self-monitor, initiate, working memory, plan/organize, or-
ganization of materials, and taskmonitor. The nine subscales can be
combined in one Global Executive Composite (GEC) score. Partici-
pants had to indicate for each item whether the statement applied
to them on a 3-point Likert scale, with the options ‘never’, ‘some-
times’ or ‘always’. An example item of the working memory sub-
scale is ‘I have trouble with assignments or tasks that require more
than one step’. T-values (standardized scores with M ¼ 50 and
SD ¼ 10, based on a general normative sample: T � 65 ¼ clinically
significant) were calculated with higher T-values reflecting a
greater degree of executive dysfunction. In the current study, T-
values for the GEC (Cronbach's a¼ 0.96) and theWM subscale were
the variables of interest (Cronbach's a ¼ 0.85).
3.7. Brief Self-Control Scale (brief SCS)

The brief 13-item SCS was utilized to assess general self-control
(Tangney, Baumeister, & Boone, 2004). On each item, participants
had to indicate to what extent they agreed with the statement on a
5-point Likert scale ranging from ‘not at all like me’ (1) to ‘very
much like me’(5). Example items are ‘I am good at resisting
temptation’ and ‘sometimes I can't stop myself from doing some-
thing, even if I know it is wrong’. Higher scores on the SCS indicate
higher levels of self-control (Cronbach's a 0.81).
3.8. Dutch eating behavior questionnaire (DEBQ)

The DEBQ (Van Strien, Frijters, Bergers, & Defares, 1986) is a 33-
item self-report measure with three subscales: emotional eating,
external eating and restrained eating. Items are scored on a 5-point
Likert scale, ranging from ‘never’ (1) to ‘very often’ (5). Means were
calculated for only the emotional and external eating subscale, with
higher scores indicating increased emotional eating (Cronbach's
a ¼ 0.95) or external eating (Cronbach's a ¼ 0.84).
3.9. Eating disorder examination e questionnaire 6.0 (EDE-Q)

The EDE-Q 6.0 (Fairburn & Beglin, 2008) is a 28-item self-report
measure of eating disorder pathology, in particular eating, weight
and shape concerns. The EDE-Q contains 22 items assessing the
frequency and severity of eating disorder psychopathology over the
previous 28 days, which are answered on a 7-point Likert scale,
ranging from ‘not one day’ (0) to ‘every day’ (6) or ‘not at all (0) to
‘markedly’ (6). An example item is: ‘On how many of the last 28
days did you had a clear wish to have a completely flat stomach?’
Higher total EDE-Q scores are indicative of stronger eating disorder
psychopathology (Cronbach's a ¼ 0.89).
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3.10. Healthy eating behavior

In order to determine healthy eating behavior in daily life, par-
ticipants completed a 5-item self-report questionnaire about their
eating behavior during the past two weeks (Baker, Little, &
Brownell, 2003; Dassen, Houben, & Jansen, 2015; Kuijer & Boyce,
2012, 2014). The items focused on how often someone (1) ate
appropriate portions of food (not too much or too little), (2) ate in a
balanced way, with a lot of fruits and vegetables, (3) ate junk food
(potato chips, desserts, sweets, candy bars, etc.), (4) overate (kept
eating while already satiated), and (5) ate breakfast. Items were
answered on a 5-point Likert scale, ranging from ‘every day’ (1) to
‘less than once a week’ (5). A total score for healthy eating was
calculated (Cronbach's a ¼ 0.65), with higher scores indicating
healthier eating behavior during the past two weeks.

3.11. Body Mass Index (BMI) and percentage BMI-loss

A digital scale was used to assess the weight of the participants
and a measuring stick was used to assess their height. BMI was
calculated (kg/m2) as well as percentage BMI-loss relative to
baseline [(BMI pre e BMI post)/BMI pre] x 100).

3.12. Procedure

All participants were tested individually. Upon arrival, partici-
pants were seated behind a computer and the researcher created an
online account after which the tasks and questionnaires were
completed (see Supplementary material S2 for an overview of all
tasks and questionnaires provided in order of administration).
Next, participants were asked to remove shoes and any heavy
clothing (e.g. jacket) to measure height and weight. The next day,
participants started the 25 sessions of online training at home, one
session a day. Participants received daily reminders via email. The
training was flexible by allowing variable time intervals between
sessions: participants were required to perform a minimum of 20
training sessions and a maximum of 25 training sessions, with a
minimum interval of 24 h and a maximum interval of 48 h between
sessions. If participants missed more than five sessions, they
dropped out of the study.

After finishing the first, fifth, 10th and 15th WM session, a new
lifestyle-session became available in the online training program.
The lifestyle-sessions remained accessible during the training. The
posttest was scheduled after completion of the training. There was
an average of 41.58 days between baseline and posttest (SD¼ 9.48).
The first follow-up measurement (FU1) was scheduled one month
(M¼ 31.26 days, SD¼ 8.32) after completion of the training and the
second follow-up (FU2) was scheduled six months (M ¼ 167.48
days, SD ¼ 10.96) after completion of the training. Participants
received gift vouchers of V20 following completion of the posttest,
FU1 and FU2, respectively, resulting in a total remuneration of V60
for full participation. This study was approved by the Ethical Re-
view Committee of the Faculty of Psychology and Neuroscience
(ERCPN) of Maastricht University.

3.13. Statistical analyses

The primary analysis was intention-to-treat and included all
participants who were randomized. Data were analyzed with
mixed regression analysis using maximum likelihood estimation
and an unstructured covariance matrix for the repeated outcome
measures. Our model was a marginal model with repeated mea-
sures nested within persons. Condition was a between-subjects
factor (1 ¼ training versus 0 ¼ control) and time a within-
subjects factor (baseline, posttest, FU1 and FU2, with baseline as
reference category and a dummy indicator per other time point).
Age, sex (with male as reference category) and education level
(with low education level as reference category and dummy in-
dicators for medium and high education level) were included as
covariate in all models. Likelihood ratio testing of the covariate by
time interaction (with df ¼ 3 for age*time and sex*time and df ¼ 6
for education*time) was performed to check for significant in-
teractions. The covariate by time interactions were removed from
the model if not significant. The effect of training was examined by
testing the interaction between time and condition, since no group
difference was expected at pretest due to randomization. The final
mixed model for each outcome was rerun with restricted
maximum likelihood estimation to obtain unbiased standard errors
(Verbeke&Molenberghs, 2000). For the bogus taste test at posttest,
caloric intake in the experimental condition was compared with
intake in the control condition using ANCOVA, with age, sex, edu-
cation level and liking of the food included as covariate.

As a manipulation check, the performance on the assessment-
version of the trained tasks (mean WM span) was compared be-
tween training and control. Primary outcome measures were BMI
(all time points) and snacking behavior (during a bogus taste test at
posttest). Secondary outcome measures were accuracy at the 2-
back task, self-reported executive functioning, self-control (Brief
SCS), eating style (external and emotional eating: DEBQ), eating
psychopathology (EDE-Q), and healthy eating during the past two
weeks. All analyses were two-sided, with an a of 0.05 for primary
outcomes and an adjusted a of 0.01 for secondary outcomes to
correct for multiple testing.
4. Results

4.1. Baseline

A total of 91 participants (74.7% female) met the eligibility
criteria, completed the baseline measurement and were randomly
assigned to one of two conditions: training (n ¼ 51) or control
(n ¼ 40). Of this sample of participants, 8.8% received primary ed-
ucation, 38.5% received secondary education and 52.7% received
higher education. Mean BMI of participants was 30.76 (SD ¼ 3.77),
and the mean RS score was 15.61 (SD ¼ 4.51). The mean age of the
sample was 47.97 years (SD ¼ 10.69) (See S3 in the supplementary
material for an overview of all baseline characteristics per condi-
tion. None of the differences was significant, all p > 0.08, but such
baseline tests are not recommended for RCT's, see Moher et al.,
2010).
4.2. Dropout and descriptives at posttest and follow-up

A total of 21 participants dropped out (5 men, 16 women) from
pre-to posttest, due to personal circumstances or because they
missed too many training sessions.2 In total, 70 participants (18
men, 52 women) completed at least 20 training sessions and the
posttest. One participant dropped out from posttest to FU1 and two
additional participants dropped out from FU1 to FU2, resulting in a
total of 67 participants (experimental condition: n ¼ 34; control
condition: n ¼ 33) who completed all measurements.3 In Table 1
observed means (with SD and n) per condition per time point are
displayed for BMI and secondary outcomes. All randomized par-
ticipants were included in the outcome analyses with all their
available data using maximum likelihood estimation, which is a
good method to handle missing outcome data (see Verbeke &
Molenberghs, 2000; for details).



Table 1
Observed means for Body Mass Index (kg/m2) and secondary outcomes, displayed per condition per time point.

Experimental condition Control condition

Baseline (SD) n ¼ 51 Posttest (SD) n ¼ 34 FU1 (SD) n ¼ 34 FU2 (SD) n ¼ 34 Baseline (SD) n ¼ 40 Posttest
(SD) n ¼ 36

FU1
(SD) n ¼ 35

FU2
(SD) n ¼ 33

BMI 30.96 (3.64) 29.95 (3.46) 29.78 (3.56) 29.65 (3.80) 30.49 (3.97) 30.17 (4.14) 30.28 (4.31) 30.34 (4.55)
2-back task1,3 73.71 (12.22) 78.03 (9.42) e e 75.52 (8.18) 75.12 (14.07) e e

BRIEF-A: WM subscale 60.27 (10.52) 59.85 (12.43) 58.21 (12.74) 57.94 (13.06) 56.33 (10.16) 56.94 (10.87) 54.09 (11.56) 53.03 (9.90)
BRIEF-A: GEC 56.47 (9.76) 57.38 (10.42) 55.03 (10.29) 55.47 (11.31) 51.90 (10.89) 51.94 (10.25) 49.83 (11.19) 49.64 (9.93)
Brief SCS 2.97 (0.62) 3.08 (0.69) 3.28 (0.65) 3.17 (0.65) 3.23 (0.57) 3.29 (0.63) 3.36 (0.65) 3.39 (0.64)
External eating 3.09 (0.61) 3.00 (0.58) 2.87 (0.56) 2.88 (0.58) 3.04 (0.70) 2.80 (0.64) 2.72 (0.60) 2.65 (0.67)
Emotional eating 2.77 (0.84) 2.58 (0.78) 2.45 (0.80) 2.52 (0.91) 2.69 (0.86) 2.53 (0.90) 2.38 (0.87) 2.43 (0.92)
EDE-Q 2.56 (0.78) 2.24 (0.67) 1.94 (0.91) 1.93 (0.95) 2.30 (0.86) 1.98 (0.62) 1.73 (0.94) 1.61 (0.89)
Healthy eating 18.88 (3.44) 20.15 (2.80) 20.74 (3.01) 20.56 (2.31) 18.90 (3.43) 20.53 (2.47) 20.17 (3.10) 20.15 (2.96)

Note. N varies per measurement due to dropout or missing data, which may bias observed means, see Table 2 and supplementary material for bias adjusted effects and means.
BMI ¼ Body mass Index, BRIEF ¼ Behavioral Rating Inventory of Executive Functioning, WM ¼ Working Memory subscale, GEC ¼ General Executive Functioning, SCS ¼ Self-
Control Scale, EDE-Q ¼ Eating Disorders Examination e Questionnaire.
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4.3. Manipulation check

Completion of one online WM session took on average
25.71 min (SD ¼ 31.56) for the control condition and 38.44 min
(SD¼ 25.51) for the experimental condition.4 The control condition
missed on average 0.92 sessions (SD ¼ 1.52) and the experimental
condition missed on average 1.85 sessions (SD ¼ 1.73). The total
number of completed sessions varied between 20 and 25
(M ¼ 23.63, SD ¼ 1.68). The training was on average completed
within 33.57 days (SD¼ 7.98). The control condition practiced every
day at the same level of three items, whereas the experimental
condition showed a steady increase in number of items that could
be recalled during the online training at home (see supplementary
material S4 for an overview of the number of items that could be
1 Participants also performed the 2-back task at FU1 and FU2. However, due to a
programming error, the practice-trial was not kept constant for all participants,
allowing a part of the sample to practice only once at FU1, regardless of accuracy-
level at the practice-session. At FU2, all participants were only allowed to practice
once. This unintended protocol violation (i.e. less practice permitted) introduced
bias, and therefore data at F1 and F2 was not analyzed for the 2-back task. The
mixed regression model therefore only included the change from baseline to
posttest.

2 Logistic regression was performed to assess the difference between participants
who completed the training and participants who dropped out during the training.
The participants who dropped out did not differ from the participants who finished
the training in terms of BMI, sex, education level or RS (all p > 0.24). However, both
age and condition (1 ¼ training versus 0 ¼ control) were predictive of dropout.
Participants who dropped out were somewhat younger compared to the rest of the
sample, B¼-0.06, p ¼ 0.04, and more often in the experimental condition, B ¼ 1.50,
p ¼ 0.02. All randomized participants were included in the analysis, even if they
were only measured at baseline, and age, sex and education level were included as
covariates in all analyses, using maximum likelihood estimation. This method of
treatment effect estimation is valid without imputation of missing outcome values
even if dropout is related to treatment or covariates or the baseline of the outcome
at hand (Verbeke & Molenberghs, 2000).

3 Due to a technical error in the saving of responses, data of the 2-back task was
lost at random for some participants, resulting in a sample of n ¼ 74 at baseline and
n ¼ 64 at posttest.

4 Note that beginning and end time per practiced task at home was recorded
automatically, though from these data cannot be derived whether participants
spent all the time actively on the training, or took some breaks in between. The
difference between conditions with respect to the mean time per session was not
statistically significant, t(1,67) ¼ 1.83, p > 0.05. One participant was excluded from
this particular analysis, because the mean time per session for this person was a
clear outlier (M ¼ 510.90 min).

5 Regarding the 2-back data, there was one outlier identified on the bottom end
of the data at baseline and three outliers were identified on the bottom end of the
data at posttest. These scores were replaced by the nearest value which was not an
outlier minus one point for the outlier identified at baseline, and minus one, two
and three points for the outliers identified at posttest. The analyses without
adjustment for outliers also showed no condition*time interaction (p > 0.085).
recalled daily during the 25 sessions of the online training).
The performance on the assessment-version of the trained tasks

(WM span) after completion of the training was compared between
training and control by testing the interaction between time and
condition. Age, sex and education level were included as covariates.
None of the interactions of covariate by time were significant, and
therefore not included in the final model. Likelihood ratio testing of
the group by time interaction (i.e. comparing the -2loglikelihood of
the model with versus without the interaction, see Verbeke &
Molenberghs, 2000) showed significant interaction, with c2
(df ¼ 3) ¼ 16.94, p ¼ < 0.01. More specifically, in the control group
the score increased by about 1 from pretest to posttest and hardly
changed from there on. In the experimental group the score
increased by 2 from pretest to posttest and FU1, and then dropped
to the level of the control group at FU2. See Fig. 2 for a graphical
display of results.
4.4. Bogus taste test

Seventy participants completed the bogus taste test at posttest
due to dropout during the training. One participant could not
perform the taste test because of medical dietary restrictions, and
was therefore excluded from this analysis, resulting in a sample of
Fig. 2. Estimated means of working memory span (number of items of trained tasks
that could be correctly recalled at pretest, posttest, follow-up 1 and follow-up 2) based
on the final model (REML). The average of the three trained tasks (working memory
span) is displayed. Note. * indicates significant differences at p < 0.05.
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69 participants (experimental: n ¼ 34; control: n ¼ 35). Caloric
intake ranged from 5.72 kcal to 295.90 kcal. Training and control
condition did not differ on hunger, desire, craving, or liking of the
snacks (all p > 0.69). On average, participants rated their liking of
the foodwith a score of 51.29 on a scale of 0e100 (SD¼ 18.03, range
16.25e100). A one-way ANCOVA was conducted to compare food
intake during the bogus taste test between training and control,
with age, sex, education level and participants’ liking of the food
included as a covariate. Results revealed liking as a significant
predictor of caloric intake, F (1, 63) ¼ 6.20, p ¼ 0.02. None of the
other covariates were significant predictors of intake (all p > 0.50).
Importantly, a significant difference between the two conditions on
food intake was found, F (1, 63) ¼ 4.17, p < 0.05, 95% CI for mean
difference [-65.45, �0.71]. This indicates that participants in the
experimental condition (estimated marginal mean ¼ 72.86,
SE ¼ 11.41) consumed significantly less calories than participants in
the control condition (estimated marginal mean ¼ 105.94,
SE ¼ 11.25) during the bogus taste test.

We explored post-hoc potential moderators of this effect. Di-
etary restraint (RS) at baseline and craving were first standardized
and entered as continuous predictor in the ANCOVA. The interac-
tion between RS and condition did not reach significance,
F(1,61) ¼ 0.26, p ¼ 0.61. The interaction between craving and
condition did reach significance, F(1,61) ¼ 7.62, p < 0.01. Next, we
analyzed the effect of the training separately for participants with
high versus low craving (respectively 1 SD above and 1 SD below
the mean score; Cohen et al., 2003). For participants with low
craving (�1 SD), there was no significant difference between
training and control with respect to food intake (mean difference
9.96, 95% CI [-32.45e51.47], F(1,61) ¼ 1.22, p ¼ 0.64). For partici-
pants with high craving (þ1 SD), food intake was higher in the
control condition compared to the experimental condition (mean
difference 72.89, 95% CI [30.04e115.74], F(1,61) ¼ 11.57, p ¼ 0.001.)
4.5. Body Mass Index

None of the interactions of covariate by time were significant,
and these were therefore not included in the final mixed regression
model. Within this final model consisting of covariate main effects,
condition, time and condition by time interaction, the latter inter-
action was not significant either (LR test: c2 (df ¼ 3) ¼ 3.52,
p ¼ 0.32; see Table 2). This indicates that there were no differences
in weight loss between conditions (see S6 and S7 in the
supplementary material for more details). The non-significant
interaction between time and condition was next removed from
the model, to test the main effect of time, showing a very small but
significant decrease of BMI from pretest to all other time points (see
Table 2
Condition by time effects on Body Mass Index (kg/m2) and secondary outcomes, establis

Condition (SE) Condition*post

BMI 0.43 (0.84) 0.08 (0.18)
2-back task1,5 �1.55 (2.31) 3.10 (2.00)
BRIEF-A: WM subscale 4.04 (2.25) �2.33 (1.37)
BRIEF-A: GEC 3.53 (2.21) 0.38 (1.02)
Brief SCS �0.20 (0.13) 0.02 (0.07)
External eating 0.00 (0.14) 0.01 (0.08)
Emotional eating 0.06 (0.17) �0.20 (0.12)
EDE-Q 0.24 (0.16) �0.05 (0.11)
Healthy eating 0.09 (0.76) �0.41 (0.69)

Note. The final mixed model (REML estimation) included the following predictors: condit
condition effect is the group difference at pretest, given that themixedmodel includes the
dummy coding of time. The condition*time effect is the group difference with respect to
BMI ¼ Body mass Index, BRIEF ¼ Behavioral Rating Inventory of Executive Functioning, W
Control Scale, EDE-Q ¼ Eating Disorders Examination e Questionnaire.
Table 3). On the average, participants lost a total of respectively
1.26% of their BMI at posttest, 1.52% at FU1 and 1.61% at FU2 rela-
tively to baseline. The main effect of condition was not significant
(p > 0.47), as expected given the randomized assignment and
absence of condition by time interaction. We explored post-hoc
dietary restraint (RS) as potential moderator for BMI. However,
within themodel consisting of covariate main effects, condition, RS,
time, time by condition interaction, RS by condition interaction,
time by RS interaction, and the three-way interaction between RS,
time and condition, the latter interaction was not significant (LR
test: c2 (df ¼ 3) ¼ 0.79, p ¼ 0.85).
4.6. Secondary outcomes

None of the interactions of covariate by time were significant,
and these were therefore not included in the final model. Within
that model, the condition by time interaction was not significant
either (all p > 0.10 for all secondary outcomes according to the LR
test of the model with versus without interaction, remember that
alfa ¼ 0.01 for secondary outcomes in view of multiple testing; see
Table 2 for more details). The models were rerun with only con-
dition and time as predictors included, corrected for age, sex and
education level, to test for possible main effects of time, relative to
baseline. See Table 3 for an overview of the main results. The main
condition effect was never significant in these models (all p > 0.07).
Participants showed improvement on the 2-back task at posttest.
They reported improved WM in daily life one month after finishing
the training relative to baseline, and effects were retained at FU2.
Participants also indicated improved self-control at FU1 and FU2.
Regarding eating style, self-reported emotional eating was
decreased at FU1 and FU2, but not directly after the training at the
posttest. Participants reported less external eating at posttest, at
FU1 and at FU2. Pathological thoughts regarding eating, weight and
shapewere decreased at posttest, and improvements were retained
at FU1and FU2. At the same time, participants indicated to eat
healthier at posttest, FU1 and FU2.
5. Discussion

It was investigated whether a gamified WM training in combi-
nationwith an online lifestyle interventionwould lead to improved
self-regulation and increased weight loss compared to a lifestyle
intervention combined with sham training. On average, partici-
pants lost a small amount of weight, though the WM training did
not result in additional weight loss compared to lifestyle inter-
vention. However, the training did result in less food intake
immediately after training. Results further showed a stronger
hed with mixed linear regression (N ¼ 91).

test (SE) Condition*FU1 (SE) Condition*FU2 (SE)

�0.09 (0.24) �0.24 (0.36)
e e

�1.71 (1.45) �1.02 (1.68)
�0.52 (1.22) �0.04 (1.57)
0.18 (0.09) 0.06 (0.08)
�0.03 (0.09) �0.01 (0.11)
�0.20 (0.13) �0.18 (0.16)
�0.12 (0.16) �0.02 (0.18)
0.50 (0.77) 0.45 (0.76)

ion, time and condition*time, correcting for age, sex and education level. The ‘main’
condition by time interaction terms and that pretest is the reference category for the
the change from baseline to this time point.
M ¼ Working Memory subscale, GEC ¼ General Executive Functioning, SCS ¼ Self-



Table 3
Main effects of time on Body Mass Index (kg/m2) and secondary outcomes, established with mixed linear regression without condition by time effect in the model (N ¼ 91).

Condition (SE) Posttest (SE) FU1 (SE) FU2 (SE)

BMI 0.60 (0.83) �0.37 (0.09)** �0.43 (0.12)** �0.48 (0.18)*
2-back task1,5 0.14 (2.04) 2.68 (1.01)** e e

BRIEF-A: WM subscale 3.95 (2.23) �0.41 (�0.70) �2.46 (0.73)** �2.94 (�0.84)**
BRIEF-A: GEC 3.89 (2.13) 0.48 (0.50) �1.45 (0.61) �1.19 (0.78)
Brief SCS �0.17 (0.13) 0.05 (0.04) 0.17 (0.04)** 0.11 (0.04)**
External eating �0.01 (0.13) �0.15 (0.04)** �0.25 (0.04)** �0.26 (0.05)**
Emotional eating �0.02 (0.16) �0.16 (0.06) �0.29 (0.06)** �0.23 (0.08)**
EDE-Q 0.21 (0.14) �0.30 (0.06)** �0.57 (0.08)** �0.63 (0.09)**
Healthy eating 0.20 (0.52) �1.28 (0.34)** �1.41 (0.39)** �1.28 (0.38)**

Note. The final mixed model (REML estimation) included the following predictors: condition and time (only main effects), correcting for age, sex and education level. The
condition effect is the group difference average over all time points. Posttest, FU1 and FU2 display the average change (averaged over conditions) from baseline to that time
point.
BMI ¼ Body mass Index, BRIEF ¼ Behavioral Rating Inventory of Executive Functioning, WM ¼ Working Memory subscale, GEC ¼ General Executive Functioning, SCS ¼ Self-
Control Scale, EDE-Q ¼ Eating Disorders Examination e Questionnaire.
*p < 0.05, **p < 0.01; a ¼ 0.05 for Body Mass Index and a ¼ 0.01 for secondary outcomes.
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increase in WM capacity in the experimental condition compared
to control at posttest, and these gains were retained at one month
follow-up, in line with Houben et al. (2016). In the literature there
were some indications of prolonged improvements of WM
following training (e.g. Holmes, Gathercole, & Dunning, 2009;
Jaeggi, Buschkuehl, Jonides, & Shah, 2011). However, the current
results stress the importance of continuous practicing, as gains in
WM relative to control were lost at the six month follow-up mea-
surement. As the effect seems to decay over time, booster WM
training sessions could potentially elongate training effects. Hence,
we encourage future studies to explore the potential added value of
booster sessions. The control condition also showed an increase in
performance on the WM tasks of the training. This was probably
due to practice effects, though we cannot exclude the possibility
that a sham training also caused (smaller) improvements of WM
capacity.

The 2-back task was included as an examination of near transfer
effects to a non-trained WM task. However, no significant differ-
ence between conditions after the training could be demonstrated.
Unfortunately, due to technical problems, data of the 2-back task
was lost for a part of the sample, and practice conditions were not
equal for every measurement, resulting in that the data could not
be analyzed at follow-up measurements. Previous research showed
somewhat mixed results regarding reliability of the 2-back task, as
correlations with other WM tasks are for instance often low (Jaeggi
et al., 2010). The current study therefore provided only a limited
test of near transfer effects. On self-reported executive functioning
in daily life, as measured with the BRIEF-A, also no differences
between conditions were found. Performance-based measures and
ratings of executive function assess different underlying processes
(Toplak, West, & Stanovich, 2013): Cognitive tasks are well struc-
tured and performed under optimal circumstances, capturing the
processing efficiency of cognitive abilities, whereas self-report
measures assesses the extent to which someone is achieving his/
her goals in daily life. The current study did not find evidence for
transfer-effects to other WM measures, though due to several
limitations, results should be interpreted with caution. Further
research should include a more expanded test battery of WM tasks
and self-report measures to study possible transfer-effects.

Interestingly, a significant difference in caloric intake during the
bogus taste test after completion of the training was found. Par-
ticipants in the experimental condition consumed less of the snacks
relative to control. Clearly, the WM training helped these partici-
pants to act more in line with their goal to lose weight (Hofmann
et al., 2008, 2012). Post-hoc analyses showed that craving
moderated the effect of training on food intake. Specifically, at low
levels of craving, there was no difference in caloric intake between
training and control. At high levels of craving, in contrast, intake
was significantly reduced in the training conditions relative to
control. Hence, these findings indicate that the training is most
effective in reducing intake when there is a strong impulse to
consume food (i.e., craving) that requires self-regulation (cf.
Hofmann et al., 2008). However, note the explorative nature of this
analysis, which requires further replication. Houben et al. (2016)
found that only highly restrained participants reduced their
intake after WM training. In the current study, no such moderation
by restraint was found but note that we included only participants
who were motivated to achieve weight loss. As a limitation, it
should be noted that food intake was only measured at posttest,
and therefore it is unclear whether effects on food intake were
retained at follow-up. We also did not directly measure real-world
caloric intake, for instance with a food diary, as food diaries are
often prone to bias and recall error. Instead, we included a
laboratory-based taste test as a more reliable measure of actual
food intake. However, it would be interesting for future studies to
also track changes in daily food intake.

Both the experimental and control condition showed improve-
ments over time in self-reported external and emotional eating,
self-control in general, eating disorder pathology regarding shape,
eating andweight, and healthy eating patterns, for up to six months
after the training. In line with these results, both conditions lost a
small amount of weight during the intervention period, which was
retained at follow-up. The observed reduction in weight from
pretest to follow-up could have been due to the lifestyle sessions
provided, or simply to the fact that participants took part in an
intervention for weight loss. To disentangle these effects, future
research could include two extra conditions, receiving only WM
training or sham training without a lifestyle intervention. Because
the main focus was to examine the effectiveness of WM training,
we did not specifically form or test hypotheses on the effectiveness
of the lifestyle intervention. It would nevertheless be interesting for
future study to explorewhether participants made specific changes
in their dietary intake in response to the lifestyle intervention and
what types of dietary changes they were attempting to make. With
respect to the main aim of the study, however, the present findings
show no indication that supplementing a lifestyle intervention
with WM training has any added value in reducing emotional
eating, pathological thoughts related to shape, eating and weight,
unhealthy eating patterns, or weight. A month is however a rela-
tively short period of time to lose a significant amount of weight.
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Effects on BMI can perhaps only be expected after a prolonged
period of time, as participants need time to be able to apply their
increased WM capacity to weight loss strategies. In the current
study, the increase in WM capacity was not maintained at six
month follow-up, and therefore effects of the training on weight
loss could not be anticipated due to training effects. Here as well, it
would thus be interesting to examine the value of booster WM
training sessions on body weight.

The current study examined the effectiveness of a general WM
training. However, it would also be interesting to tailor the train-
ings sessions to the domain of weight loss and dieting. For instance,
in inhibition training, practicing inhibition with food items
(behavior-specific training) seems more effective than inhibition
training in general (e.g. Allom, Mullan, & Hagger, 2016; Houben &
Jansen, 2015; Houben, Nederkoorn, & Jansen, 2014). Perhaps the
same idea applies to WM training. Some evidence suggests that
food-specific WM capacity is a stronger predictor of dieting success
than general WM capacity. For instance, Meule (2016) found that
successful dieters did perform better than non-successful dieters
on n-back task with food stimuli relative to general stimuli, and
Hege et al. (2013) showed that differences in brain activity during a
food-specific n-back task were related to successful weight loss
following lifestyle treatment. Food-specific WM may be more
relevant in predicting weight loss compared to general WM, for
instance, because one needs to keep track of the amount of calories
already consumed to be able to stick to one's diet, and because food
cues have to be monitored to select when and what to eat (Boutelle
& Kirschenbaum, 1998). Further, it is possible that palatable food
cues activate executive functioning in successful dieters, leading to
more control over eating behavior (Meule, 2016), and it has been
suggested that food-specific WM training may also reduce food cue
reactivity (Jansen, Houben, & Roefs, 2015; Meule, 2016). It would
therefore be interesting for future studies to explore the effec-
tiveness of food-specific WM training on eating behavior and
weight loss. From the current literature, it is also not clear what
type of WM is most important in the regulation of eating behavior.
A recent study provides evidence for the relationship between
better visuospatialWM and healthy food intake and dietary success
(see Whitelock, Nouwen, Van den Akker, & Higgs, 2018). According
to these results, the current training did target the right compo-
nents. Future studies should explore the role of the specific WM
sub-components in the regulation of eating behavior further, as the
effectivity ofWM training could be further enhanced by focusing on
the specific subcomponents involved in eating behavior and weight
loss.

Strengths of the current study are the inclusion of an active
control group and the inclusion of follow-up measurements for up
to six months following training. The current study is also repre-
sentative of the general population (i.e. by using a community
sample). Unfortunately, the current study also had a relatively high
rate of dropout during the online training (23%), which was com-
parable to the study of Houben et al. (2016) (18%), despite the
serious game format of theWM training. A lack of time to complete
the sessions was provided as the main reason for dropout, as ses-
sions were considered to be very time consuming. Yet every
intervention requires effort, and participants should be prepared to
invest time and energy. It is not clear from prior research howmany
sessions of WM training are needed to be efficient. A shorter
training might have led to higher adherence while still preserving
the efficacy of the training. Future studies should explore the
optimal amount of training sessions regarding adherence and ef-
ficiency. Interestingly, more participants of the experimental con-
dition dropped out as compared to those randomized to control.
This could be because the training took more effort to complete, as
trials were more challenging. Future studies should try to keep the
effort equal between conditions. Also, future studies could compare
the standard, nongame WM training with our gamified training, to
see whether both produce equal outcomes.

In conclusion, current results show that WM can be improved,
though we found no evidence for wide transfer effects to daily life
and the added value of WM training as a weight loss intervention
could not be demonstrated. However, the current study did show
reduced food intake immediately following WM training. Hence, it
may be premature to conclude that WM training is not effective at
all, since at least in the short-term WM training affected food
intake. We therefore encourage other researchers to replicate and
extend the current findings.
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