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Prevention of neurocognitive disorders is currently one of the greatest unmet medical
challenges. The cognitive effects of solving jigsaw puzzles (JPs) have not been studied
so far, despite its frequent use as a leisure activity in all age cohorts worldwide. This
study aimed at closing this gap between a lack of science and a frequent real-world
use by investigating the cognitive abilities recruited by JP as well as the cognitive
benefits of lifetime and 30-day JP experience. A total of 100 cognitively healthy adults
(≥50 years of age) were randomized to either a 30-day home-based JP intervention
(≥1 h/day) plus four sessions of cognitive health counseling (JP group) or four sessions
of cognitive health counseling only (counseling group). We measured global visuospatial
cognition by averaging the scores of eight z-standardized visuospatial cognitive abilities
(perception, constructional praxis, mental rotation, speed, flexibility, working memory,
reasoning, and episodic memory). JP skill was assessed with an untrained 40 piece JP
and lifetime JP experience with retrospective self-report. JP skill was associated with all
assessed cognitive abilities (rs ≥ 0.45, ps < 0.001), and global visuospatial cognition
(r = 0.80 [95% CI: 0.72–0.86], p < 0.001). Lifetime JP experience was associated with
global visuospatial cognition, even after accounting for other risk and protective factors
(β = 0.34 [95% CI: 0.18–0.50], p < 0.001). The JP group connected on average 3589
pieces in 49 h. Compared to the counseling group, they improved in JP skill (Cohen’s
d = 0.38 [95% CI: 0.21–0.54], p < 0.001), but not in global visuospatial cognition
(Cohen’s d = −0.08, [CI: −0.27 to 0.10], p = 0.39). The amount of jigsaw puzzling
was related to changes in global visuospatial cognition within the JP group, only after
accounting for baseline performance (β = 0.33 [95% CI: 0.02–0.63], p = 0.03). In sum,
our results indicate that jigsaw puzzling strongly engages multiple cognitive abilities and
long-term, but not short-term JP experiences could relevantly benefit cognition.

Trial Registration: ClinicalTrials.gov Identifier: NCT02667314

Keywords: jigsaw puzzles, visuospatial cognition, cognitive aging, cognitive intervention, cognitive enrichment,
dementia, neurocognitive disorders, cognitive impairment
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INTRODUCTION

Preventing cognitive decline in aging such as in mild cognitive
impairment and dementia is one of the most relevant medical
needs in our aging society (Winblad et al., 2016). Engagement
in cognitively, physically, and socially demanding activities
is associated with a reduced risk of cognitive decline and
dementia in observational studies (Valenzuela and Sachdev,
2006a,b; Wang et al., 2013). Many hundreds of randomized
controlled intervention trials have been conducted to investigate
the causality of these observational findings. These studies
focused mostly on cognitive training programs (Karbach and
Verhaeghen, 2014; Lampit et al., 2014), video games (Bediou
et al., 2018), and physical exercise such as aerobic exercise and
resistance training (Kelly et al., 2014; Young et al., 2015).

However, the cognitive benefits of many other frequently
performed leisure activities have not been investigated so far. One
example is jigsaw puzzling: alone in Germany, it is estimated that
almost 7 million JPs were sold in 2016, resulting in a market of
€75 million (Npdgroup Deutschland GmbH, 2016). The jigsaw
puzzle (JP) market in Europe and the United States was in total
more than €400 million in 2016 (The Npd Group, Inc, 2016; The
Npd Group Inc, 2017)1, almost twice as much as the worldwide
cognitive training market in 2013 (about $220 million; Simons
et al., 2016).

Jigsaw puzzling may provide two active ingredients (i.e.,
effective features) that benefit cognition: first, process-specific
cognitive demands of jigsaw puzzling could contribute to an
increased brain reserve (Gelfo et al., 2018), and second, regulation
of distressing emotions through jigsaw puzzling could prevent
chronic stress states that can exert a negative impact on cognitive
aging and dementia in the long term (Lupien et al., 2009; Wilson
et al., 2011).

Based on a cognitive task analysis, jigsaw puzzling may
demand multiple cognitive abilities including visual perception
(e.g., recognizing objects, patterns, and orientation of lines),
constructional praxis (e.g., integrating visual and motor
information to assemble pieces), mental rotation (e.g., mentally
rotating piece’s orientation to fit them to other pieces), cognitive
speed and visual scanning (e.g., sorting puzzle pieces), cognitive
flexibility (e.g., switching attention between different strategies,
between different puzzle pieces, and between puzzle shape,
image, and color), perceptual reasoning (e.g., integrating
different perceptual information to develop strategies and plans
how to solve the puzzle), and working and episodic memory
(e.g., keeping the association between spatial location and
visual patterns/images of puzzle pieces in working memory and
long-term memory).

As another potential active ingredient, engaging in jigsaw
puzzling could serve to cope with stressors by regulating
distressing emotions (Hutchinson et al., 2003). This emotion-
focused coping (Folkman and Lazarus, 1980) through JPs can
be subdivided in two leisure coping strategies (Iwasaki and

1NPD data captures roughly 80% of total market penetration. It does not capture
all specialty channel data and other accounts. Copyright 2017. The NPD Group,
Inc. All Rights Reserved.

Mannell, 2000): first, jigsaw puzzling could depict a leisure
palliative coping (Iwasaki and Mannell, 2000) or in other words
a “breather” from stress (Lazarus et al., 1980), which may
result from its focused attentional demands that enables a
psychological time out from stressors. Second, jigsaw puzzling
can serve as a mood enhancement through fun, flow, and mastery
experiences.

Despite the frequent use of jigsaw puzzling as a leisure
activity and its potential effects on cognition as a cognitive
demanding activity and emotion-focused coping strategy, the
role of jigsaw puzzling in cognitive aging has not been specifically
investigated in observational and interventional designs so
far.

To our knowledge, there is no randomized controlled trial
on the effects of jigsaw puzzling and only three observational
studies that give hints to the cognitive demands and effects of
jigsaw puzzling. In cognitively healthy children, Dykens (2002)
found strong associations of jigsaw puzzling performance with
a figure copy task and two puzzle-like visuospatial intelligence
tests (rs = 0.59–0.72). While this study indicates that jigsaw
puzzling is cognitively challenging, two studies provide evidence
for potential cognitive effects. Levine et al. (2012) found a positive
association between the frequency of puzzle play (including
jigsaw puzzling) between 2 and 4 years of age and 2-D spatial
transformation skills at 4.5 years of age. While many studies
demonstrated lifetime cognitive activity as a protective factor
for cognitive aging (Vemuri et al., 2014) and dementia (Lee
et al., 2018), to our knowledge, only one study included jigsaw
puzzling in the composite score of cognitive activity (Friedland
et al., 2001). This study did not report specific results on jigsaw
puzzling.

Here, we aimed to close the science-practice gap between
a lack of research on the cognitive demands and effects of
jigsaw puzzling and its frequent use as a leisure activity. First,
we evaluated whether and which visuospatial cognitive abilities
are tapped by solving JPs. Second, we assessed whether lifetime
JP experience is a protective factor for visuospatial cognitive
aging in an observational design. As protective factors found
in observational designs are not manipulated and hence not
necessarily causal (National Research Council and Institute of
Medicine, 2009), we investigated the impact of a 30-day JP
intervention on visuospatial cognition in a randomized, assessor-
blinded, controlled clinical trial. Finally, we aimed at revealing
a dose-response relationship between the amount of jigsaw
puzzling and visuospatial cognitive improvement within the JP
group.

MATERIALS AND METHODS

The observational study and randomized, controlled, assessor-
blinded superiority trial with two parallel groups was conducted
from March 1 to September 12, 2016, at Ulm University,
Germany. The study protocol article on the randomized
controlled trial has been published2 (Fissler et al., 2017), the study

2http://rdcu.be/vEhX
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was preregistered3, and the CONSORT Checklist is provided in
Supplementary Table S1.

Procedure
The Ethics Committee of Ulm University approved the study.
We described the methods in more detail in the study protocol
(Fissler et al., 2017). All participants gave written informed
consent prior to participation and received 40€ as financial
compensation. We recruited participants via newspaper articles
and flyers. Eligibility was assessed in a telephone-based pre-
screening (t1) and an on-site screening at Ulm University before
the pretest assessment (t2). Eligible participants completed a
1.5-h pretest. Subsequently, we provided a 15-min cognitive
health counseling and disclosed the group allocation. The 30-
day intervention period started within 2 weeks after the pretest.
During the intervention period, all participants were contacted
via telephone three times (t3–t5). After the intervention, the
posttest (t6) was scheduled within 2 weeks.

Eligibility Criteria
Inclusion criteria were a minimum age of 50 years, low JP
experience within the past 5 years (<5 completed JPs), interest
in solving JPs, commitment of spending 30 h with solving JPs,
intact vision and motor function of the upper extremities, and
unimpaired cognition [Mini Mental State Examination (MMSE;
Folstein et al., 1975) ≥ 24]. Exclusion criteria were self-reported
psychiatric, neurologic, or other diseases potentially influencing
changes in cognitive performance and current participation in
another intervention study.

Interventions
Participants were randomly allocated to solving JPs plus cognitive
health counseling (JP group) or cognitive health counseling only
(counseling group).

Cognitive Health Counseling
Participants received general information about modifiable
lifestyle risk and protective factors for cognitive decline and
dementia such as cognitive, physical, and social activity and
nutrition (session 1 at t2). In the telephone calls during the
intervention period, we gave individual feedback regarding
potential changes in risk and protective factors based on
participants’ individual lifestyle (session 2 at t3). As the last
behavioral change strategy, we monitored behavior changes by
asking participants for changes in the respective lifestyle domains
(sessions 3 and 4 at t4 and t5).

Jigsaw Puzzle Intervention
The JP group was instructed to solve JPs at home (30 days within
5 weeks, ≥1 h/day). The first JP was standardized (Beautiful
Prague, 300 pieces; by Ravensburger Spieleverlag GmbH, RSV),
while all subsequent JPs were freely selected by the participants
(200–1500 piece JPs). However, we encouraged participants
to increase difficulty of the JPs by increasing the number of
pieces per JP as long as this did not reduce their pleasure and

3https://clinicaltrials.gov/ct2/show/NCT02667314

fun. Recommendations were based on JP performance (time
per connected piece) and participants’ reports about perceived
difficulty, challenge, pleasure, and fun that were assessed in each
of the three telephone interviews (Fissler et al., 2017). To monitor
protocol adherence closely, participants received a diary and
were asked to fill it out immediately after each session. For
each intervention day, participants were supposed to note the
respective JP name, duration, and optional comments about their
puzzle experience. After each of three cognitive health counseling
sessions (t3−5), participants had to report their diary entries via
telephone.

Randomization and Blinding
We applied stratified, blocked randomization with two age bands
(50–64 years; ≥65 years) and two cognitive status bands (MMSE:
24–27; 28–30). We randomly allocated participants to the two
groups in each stratum in blocks of four with a 1:1 allocation
ratio. An author uninvolved in data collection (LL) generated
the allocation sequence4, which was concealed in numbered
envelopes for each stratum.

The staff involved in enrollment (OK, PF, and DL), assessment
(DL and HA), and on-site cognitive health counseling (OK and
PF) were blind to group assignment, which was disclosed to
participants after on-site counseling (OK and PF). They were
instructed verbally and in a written and signed form not to
disclose group assignment to the outcome assessors. However,
two participants disclosed group assignment before completion
of the primary outcome assessment of the posttest.

Outcomes
Primary and Secondary Outcomes
As primary outcome, a composite score representing global
visuospatial cognition was created by averaging eight
z-standardized domain scores: visual perception (adapted
from Benton’s Judgment of Line Orientation Test; Benton
et al., 1994), visuospatial processing speed and flexibility
(Trail Making Test part A and B; Reitan, 1958; Welsh et al.,
1994), visuospatial working memory (Visual Memory Span,
Wechsler Memory Scale-Revised, German edition; Härting
et al., 2000), constructional praxis and visuospatial episodic
memory (Rey Complex Figure Test; Osterrieth, 1944), mental
rotation [adapted version of the Mental Rotations Test–Letters
(Neuburger et al., 2011) and Mental Rotations Test A (Peters
et al., 1995)], and visuospatial reasoning (Block Design, Wechsler
Adult Intelligence Scale–III, German edition; Von Aster et al.,
2006). As pre-defined in the study protocol (Fissler et al., 2017),
ability scores with skewness over |1| were Blom-transformed
(Blom, 1958; Ball et al., 2002) in order to minimize ceiling and
floor effects and increase reliability (retest reliability without
transformation, r = 0.88; with transformation, r = 0.90).

Other Measures
We assessed age, gender, education, and profession in an
interview. Adverse events were recorded at the telephone calls
(t3–t5) and the posttest (t6).

4https://www.random.org/
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We asked for modifiable lifestyle risk and protective
factors for dementia, among others cardiovascular risk factors,
Mediterranean diet (Martínez-González et al., 2012), and the
number of recently performed cognitive, physical, and social
activity types (Challenging Leisure Activities Questionnaire,
based on the CHAMPS Physical Activity Questionnaire for Older
Adults; Stewart et al., 2001).

We assessed JP skill as the average time per connected piece for
frame and inner parts of a 40 piece JP (Rothenburg ob der Tauber,
by RSV). Within the JP group, we also assessed the self-reported
time for solving the first 300 piece JP in the intervention for an
additional analysis (Beautiful Prague, by RSV).

Participants retrospectively rated their lifetime experience in
solving JPs from 1 (none) to 5 (very high) and estimated the time
spent with solving JPs over the lifetime from 1 (<50 h) to 5
(>350 h) and the number of connected JP pieces from 1 (<2000
pieces) to 5 (>8000 pieces). The mean of all three ratings served
as measure of lifetime JP experience.

The average of the z-standardized time spent with solving JPs
and of the number of completed JP pieces during the intervention
period served as a measure of the amount of solving JPs.

Participants subjectively estimated the effects of the
interventions at the last telephone interview (t5) before the
posttest (t6). They were asked whether they expected that
their performance in the visuospatial cognitive tests at the
posttest would be positively influenced (yes or no) and to
estimate how their performance would change from pretest
to posttest from 1 (improve markedly) to 5 (decline markedly).
Both questions were also asked regarding JP skill. After
primary outcome assessment at the posttest, we asked the
participants how motivated they were while performing the
visuospatial cognitive tests from 1 (not at all) to 5 (very
much).

Statistical Analysis
G∗Power and the R software package were used for statistical
analyses (Faul et al., 2007; R Development Core Team, 2015).
We calculated the power to detect associations with medium
effect size (r = 0.30) and intervention effects with small effect
size (f = 0.10), given a retest correlation of 0.90 for the
primary outcome and a two-sided α-error of 0.05. The power
to detect intervention effects was approximately 99%. The power
to detect associations of the primary outcome with the amount
of solving JPs was 60%, and with both JP skill and lifetime JP
experience 87%.

Associations were evaluated with linear regression analyses
(visuospatial cognition and lifetime JP experience, amount
of jigsaw puzzling and visuospatial cognitive change)
or Pearson correlations (visuospatial cognition and JP
skill).

Intervention effects were assessed with linear mixed effects
models with time and group as fixed effects and subject as random
intercept in a modified intention-to-treat analysis (all participants
with follow-up data). Cohen’s d served as effect size measure.
Analyses regarding the eight secondary outcomes and the two
dosage parameters (JP pieces and time) were adjusted for multiple
comparisons using Holm’s method.

RESULTS

From March 1 to August 3, 2016, we screened 168 interested
adults for eligibility, of which 100 participants (64 women, 36
men) were included into the study (see Figure 1). Data collection
was completed on September 12, 2016. Forty individuals
refused study participation after detailed study information,
28 participants did not meet eligibility criteria. Out of 100
included adults, 52 were randomized to the JP group and 48
to the counseling group. One participant was lost to follow-
up.

Baseline demographic (age, gender, education) and cognitive
characteristics (MMST, global visuospatial cognition) in the two
groups were well balanced and differences were below a small
effect size (Cohen’s d ≤ |0.19| ; see Supplementary Table S2).

Association Between Visuospatial
Cognition and Jigsaw Puzzle Skill
Jigsaw puzzle skill, as measured with an untrained 40 piece JP,
was highly associated with global visuospatial cognition (r = 0.80,
p < 0.001, see Figure 2) and with all eight visuospatial cognitive
abilities (rs ≥ 0.45, ps < 0.001; see Supplementary Table S3).
Similarly, self-reported time to complete the 300 piece JP was
associated with global visuospatial cognition (r = 0.70, p < 0.001)
and with all eight visuospatial cognitive abilities (rs ≥ 0.29,
ps < 0.04; see Supplementary Results S1 and Supplementary
Table S3).

Association Between Global Visuospatial
Cognition and Lifetime Jigsaw Puzzle
Experience
Lifetime JP experience was associated with global visuospatial
cognition at baseline (β = 0.51, p < 0.001, see Figure 3) and with
all eight visuospatial cognitive abilities (βs ≥ 0.28, ps ≤ 0.008;
see Supplementary Table S4). Importantly, the associations
with global visuospatial cognition, and two secondary outcomes
(visuospatial reasoning and cognitive flexibility) remained
significant after accounting for the known risk and protective
factors age, education, and the number of recently performed
social, physical, and cognitive activity types (βs ≥ 0.32, ps ≤ 0.004;
see Supplementary Tables S4, S5).

Intervention Effects
Jigsaw puzzle skill improved significantly in the JP group
compared to the counseling group (Cohen’s d = 0.38 [95%
CI: 0.21–0.54], F (97) = 20.43, ps ≤ 0.001). However, the
primary outcome global visuospatial cognition and all secondary
outcomes did not show significant group × time interactions
(see Figure 4 and Table 1). From pretest to posttest, both
groups improved in global visuospatial cognition, mental
rotation, processing speed, cognitive flexibility, and episodic
memory (Cohen’s d ≥ 0.20; ps ≤ 0.05). The JP group also
improved in reasoning (Cohen’s d = 0.20, p = 0.02). The
supportive per-protocol analysis and pre-defined additional
analyses that accounted for confounding variables yielded
consistent results.
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FIGURE 1 | CONSORT flow chart. aCompleted at least 24 days with a minimum of 45 min and at least three of four cognitive health counseling sessions,
bcompleted at least three of four cognitive health counseling sessions, and cparticipants reported solving jigsaw puzzles in the intervention period.

Dose–Response Relationship
Despite the lack of an effect of the JP intervention, compared
to the counseling group, on visuospatial cognition, the dose–
response analysis revealed an association of the change in
global visuospatial cognition from pretest to posttest with the
amount of jigsaw puzzling and with the number of connected
JP pieces within the JP intervention, only after accounting for
baseline performance to adjust for the regression-to-the-mean
effect [β = 0.33, p = 0.03, and β = 0.43, p(Holm corrected) = 0.03,
respectively, see Figure 5 and Supplementary Table S6].
A post hoc analysis that removed one influential data point of a
participant with a very high amount of jigsaw puzzling revealed
a robust dose–response relationship with an even increased effect
size for the primary outcome (β = 0.39, p = 0.01).

Based on the linear model parameters of the dose–response
analysis and the observed pretest–posttest gains in the counseling
group, we estimate that individuals would need to connect 9108
JP pieces to induce gains in global visuospatial cognition of
medium size (Cohen’s d = 0.5).

Assessment of Opportunity Costs and
Placebo Effects
The counseling group increased the number of performed
cognitive, physical, and social leisure activity types (excluding

FIGURE 2 | Cognitive demands of solving jigsaw puzzles. Association
between jigsaw puzzle skill and global visuospatial cognition in the complete
sample (n = 100).

JP solving) by 1.4, which is a marginally significant increase
relative to the JP group (p = 0.07). This indicates that increased
engagement in one activity type – such as solving JPs – goes
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FIGURE 3 | Lifetime jigsaw puzzles experience as a protective factor of
cognitive aging. Association between lifetime jigsaw puzzle experience and
global visuospatial cognition in the complete sample (n = 99, one missing
value).

FIGURE 4 | Intervention effect on the primary outcome. The puzzle group
showed a pretest–posttest improvement of d = 0.38, p < 0.001; the
counseling group of d = 0.46, p < 0.001, with an intervention effect size in
favor of the counseling group of d = 0.08, p = 0.39; ∗∗∗p < 0.001.

along with a reduced potential of gain from other activity types
(opportunity costs). Thus, the use of a counseling control group
efficiently accounted for such opportunity costs.

Placebo effects may be induced through differences in
expectations, test motivation, and randomization-related
disappointment. Participants’ expectations about improvements
in cognitive test performance were higher in the JP group
than in the control group (76 vs. 33%, p < 0.001). Despite this
group difference, expectations that performance will improve
in the visuospatial tests from pre-to-posttest were positive in
the control group (p < 0.001, Cohen’s d = 0.62). Furthermore,

expectations were not related to the amount of solving JPs within
the JP group (see Supplementary Results S2 for more details).
Most importantly, expectations were not related to actual
cognitive changes and statistically accounting for expectations
did not alter group effects and dose–response relationships (see
Supplementary Results S2).

Test motivation at posttest did not differ significantly between
the groups and was not related to the amount of solving JPs
within the JP group (see Supplementary Results S3). Taken
together, the counseling group controlled for the potential gains
from alternative activity types, test motivation, and practice
effects, but only partly for expectations of cognitive gains.
Statistically accounting for expectations did not change our
findings and expectations were not related to objective cognitive
changes. Therefore, we efficiently took opportunity costs into
account and potential placebo effects seemed not to have affected
our results.

Adverse Events
The total number of adverse events did not differ significantly
between the groups. The number of adverse events probably due
to the intervention were all temporarily, but were significantly
higher in the JP group, compared to the control group (n = 11 vs.
n = 0, p = 0.005). These events included back and shoulder pain
(n = 4), loss of motivation in puzzling (n = 3), “craving” to solve
JPs (n = 3), and uncommon headache (n = 1; Supplementary
Results S4 and Supplementary Table S7).

DISCUSSION

Principal Findings
We found that JP skill was highly associated with global
visuospatial cognition and all measured visuospatial cognitive
abilities indicating that solving JPs strongly taps multiple
visuospatial cognitive processes including perception,
constructional praxis, mental rotation, speed, flexibility,
working memory, reasoning, and episodic memory. This result
is in line with a study with cognitively healthy children that
found strong correlations (rs > 0.5) of JP performance with a
figure copy task and two visuospatial intelligence tests that were
structurally similar to jigsaw puzzling (Dykens, 2002).

We revealed that self-reported lifetime JP experience was
associated with visuospatial cognition in healthy adults above 50
years of age, even after accounting for known predictive factors
for cognitive aging. However, this association may be due to an
effect of jigsaw puzzling on cognition, vice versa, or due to non-
measured confounding variables (e.g., people who solve more JPs
may play more games in general). Our results are in line with
two observational studies in children (Levine et al., 2012) and
older adults (Friedland et al., 2001) that found an association of
cognitive outcomes with activity composite scores that included
jigsaw puzzling.

Thirty days of solving JPs improved JP skill in an untrained
JP, but did not improve global visuospatial cognition, in
comparison to the counseling group, in a clinically relevant
way. Both groups improved in global visuospatial cognitive
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TABLE 1 | Intervention effects on jigsaw puzzle skill and visuospatial cognition.

Measure Group Pretest Posttest Pre-posttest Training benefit

Name rreliability Name Score Score Changea [95% CI]b Cohen’s db [95% CI]c p-valued

Jigsaw puzzle skill 0.90 Jigsaw puzzle −0.10 0.33 0.46 [0.35 to 0.57] 0.38 [0.21 to 0.54] <0.001

Counseling 0.10 0.19 0.08 [−0.04 to 0.21]

Global visuospatial cognition 0.90 Jigsaw puzzle −0.03 0.34 0.38 [0.25 to 0.51] −0.08 [−0.27 to 0.10] 0.39

Counseling 0.03 0.49 0.46 [0.32 to 0.60]

Visual perception 0.72 Jigsaw puzzle −0.06 −0.20 −0.11 [−0.31 to 0.09] −0.27 [−0.58 to 0.03] 0.50

Counseling 0.06 0.23 0.16 [−0.07 to 0.40]

Constructional praxis 0.42 Jigsaw puzzle 0.16 0.27 0.11 [−0.19 to 0.40] −0.14 [−0.55 to 0.27] >0.99

Counseling −0.17 0.08 0.25 [−0.04 to 0.54]

Mental rotation 0.83 Jigsaw puzzle 0.04 0.24 0.23 [0.06 to 0.41] −0.31 [−0.55 to −0.07] 0.08

Counseling −0.05 0.50 0.54 [0.38 to 0.70]

Processing speed 0.71 Jigsaw puzzle −0.07 0.17 0.24 [0.05 to 0.43] −0.01 [−0.30 to 0.28] >0.99

Counseling 0.08 0.33 0.25 [0.02 to 0.48]

Cognitive flexibility 0.74 Jigsaw puzzle −0.05 0.21 0.26 [0.05 to 0.48] 0.06 [−0.23 to 0.35] >0.99

Counseling 0.06 0.26 0.20 [0.005 to 0.40]

Working memory 0.72 Jigsaw puzzle −0.13 0.05 0.20 [−0.02 to 0.42] 0.03 [−0.27 to 0.33] >0.99

Counseling 0.15 0.32 0.17 [−0.04 to 0.38]

Episodic memory 0.65 Jigsaw puzzle 0.04 1.01 0.97 [0.72 to 1.21] 0.07 [−0.27 to 0.42] >0.99

Counseling −0.05 0.85 0.90 [0.65 to 1.15]

Reasoning 0.84 Jigsaw puzzle −0.08 0.11 0.20 [0.03 to 0.36] 0.12 [−0.11 to 0.35] >0.99

Counseling 0.08 0.16 0.08 [−0.09 to 0.24]

CI = confidence intervals.
apositive values indicate beneficial change scores.
bpositive values indicate benefits of the jigsaw puzzle group.
cconfidence intervals are not adjusted for multiple comparisons.
dp-values of the group × time interaction of the mixed effects model including 99 participants for each outcome.

performance, which may reflect practice effects through repeated
testing, true cognitive benefits in both groups, or a mixture
of both. Cognitive benefits have been regularly found in both
experimental and active control conditions of intervention
studies without significant differences between groups. These
results have often been interpreted as true intervention effects
in both groups (e.g., Erickson et al., 2011; Barnes et al., 2013;
Ballesteros et al., 2017). However, practice effects should not be
underestimated, especially with regard to episodic memory tests
as subjects know about the delayed recall trial at the second
testing (Woods et al., 2006).

Finally, we found a marginally significant dose–response
association between the amount of jigsaw puzzling and
improvement in visuospatial cognition within the puzzle group
that turned significant after accounting for baseline cognition.
This association supports the interpretation that cognitive test
improvements in the JP group were at least partly due to true
cognitive gains. Assuming that our estimated model parameters
of this association are true, the association was fully due to an
effect of jigsaw puzzling on cognition, we expect that at least
∼9100 JP pieces need to be connected for clinically relevant
cognitive gains, in contrast to the control group (Cohen’s d = 0.5).

Implications
Jigsaw puzzling recruits multiple visuospatial cognitive abilities
and is a potential protective factor for cognitive aging.

FIGURE 5 | Dose–response analysis. Association between the number of
connected puzzle pieces and change in global visuospatial cognition (adjusted
for baseline performance) in the puzzle group (n = 51, one missing value).

Engaging in low amounts of jigsaw puzzling over a 30-
day period (approximately 3600 connected pieces) does not
improve cognition in a clinically relevant way compared to
engaging in other potentially beneficial activities. Our results
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strengthen the evidence that cognitively demanding activities
benefit cognition over the long term, but are no “quick-fix”
solution to improve cognition (Gathercole, 2014). Our findings
are especially important as solving JPs is a frequently performed
and easily applicable leisure activity: it can be executed alone or in
groups at almost all places without the need of technical devices,
language capabilities, or prior knowledge. Given that solving JPs
has no known harms, we think that long-term, but not short-
term jigsaw puzzling can be considered for recommendations
regarding healthy cognitive aging as one component within an
intrinsically motivated, physically, socially and cognitively active
lifestyle.

Strengths, Limitations, and Future
Perspectives
This randomized, controlled, assessor-blinded clinical trial
conforms to best-practice standards of cognitive intervention
trials (Simons et al., 2016). However, there is no consensus
regarding a gold-standard control group (Boot et al., 2013). We
used a counseling group to control for the potential cognitive
benefits through other activity types when solving JPs is chosen
(opportunity costs). In addition, we aimed to control for placebo
effects induced through group differences in test motivation and
expectations about cognitive benefits.

We efficiently accounted for potential opportunity costs, as we
did not use a control group of a theoretically inefficient alternative
activity type and the counseling group engaged in 1.4 more
challenging leisure activity types during the intervention period
than the JP group (excluding solving JPs). However, we cannot
exclude that solving JPs may be superior in inducing cognitive
benefits compared to activities, with no expected influence on
cognition. To evaluate this, future studies could include a second
control condition using a theoretically inefficient activity type
such as watching television (Lindstrom et al., 2005).

We implemented three strategies to prevent placebo effects
due to higher expectations and test motivation in the JP group, as
well as due to disappointment in the control group: first, cognitive
health counseling for the control group; second, verbally
lowering expectations for jigsaw puzzling effects and increasing
expectations for effects through other behavioral changes; and
third, high amount of study staff contact in both groups.
However, we still found higher expectation regarding benefits
in visuospatial cognitive task performance in the JP group than
in the counseling group. Importantly, the counseling group had
significantly positive expectations, statistically accounting for
expectations, did not alter our results, the amount of solving JPs
and the cognitive improvements were not related to expectations,
and finally, test motivation did not differ between groups at
posttest. In behavioral interventions, participants are per se
aware of their behaviors and eliminating group differences in
differentially effective interventions may need stronger verbal
manipulation of expectations or control activities which induce
a mismatch of effects and expectations. To account for potential
effects of randomization-related disappointment on cognitive
change, it should be measured after group assignment in future
trials.

As the choice of tasks is critical for assessing transfer to broad
cognitive abilities, we used a composite measure of multiple
cognitive tests that are structurally dissimilar to jigsaw puzzling.
This should prevent that improvements in task-specific skills
transferred to gains in cognitive tests. While such composite
scores are still the gold standard in measuring broad cognitive
gains (Ngandu et al., 2015), future studies may additionally use
latent difference score models for a secondary analysis strategy
(McArdle, 2009; Schmiedek et al., 2014).

The jigsaw puzzling duration was relatively high with an
average of 49 h within 30 days, in comparison to other
intervention studies (e.g., action video game studies had an
average training duration of 23 h; Bediou et al., 2018). However,
the difference between participants’ amount of jigsaw puzzling
through the intervention is still small when compared with the
differences between participants in the observational study that
investigated the experience across the whole lifetime. Based on
the results of the dose–response relationship, higher amounts
of jigsaw puzzling (>9100 connected pieces) might have the
potential to induce relevant cognitive benefits. Therefore, future
studies should manipulate the amount of jigsaw puzzling over
longer periods (1–2 years) to shed light on the causality of the
experience-cognition association (cf., Ngandu et al., 2015).

Finally, future studies should investigate the underlying
mechanisms of the association between long-term jigsaw
puzzling and cognition. First, process-specific cognitive demands
of jigsaw puzzling may induce changes at a cellular level
(synaptogenesis, neurogenesis, gliogenesis, and angiogenesis)
and molecular level (changes in neurotransmitters and
neurotrophins; Gelfo et al., 2018) resulting in a more efficient
neuronal network (McDonough et al., 2015) that better copes
with brain pathological or age-related changes (Stern, 2009).
Second, the potential of jigsaw puzzling to regulate distressing
emotions as a breather (Lazarus et al., 1980) and a mood
enhancement (Iwasaki and Mannell, 2000) may reduce the
negative impact of chronic stress on cognition (Lupien et al.,
2009; Wilson et al., 2011), e.g., by regulating cortisol levels.
Future studies need to investigate these potential mechanisms
of action by assessing physiological parameters such as task-
related brain activity (McDonough et al., 2015) or resting-state
connectivity (Franzmeier et al., 2017), blood-based or hair-based
parameters such as brain-derived neurotrophic factor (Harb
et al., 2017) or cortisol levels (Koenig et al., 2018). Finally,
cognitively demanding leisure activities such as jigsaw puzzling
may exert their effects not only by increasing brain reserve
but might have the potential to affect brain pathology such as
Alzheimer’s disease (Landau et al., 2012). Therefore, associations
between lifetime JP experience (next to other leisure activities)
and markers of Alzheimer’s disease should be investigated.

CONCLUSION

Our findings indicate that jigsaw puzzling recruits multiple
visuospatial cognitive abilities and is a – not necessarily causal –
protective factor for visuospatial cognitive aging. In addition, we
found no evidence that low amounts of jigsaw puzzling over a

Frontiers in Aging Neuroscience | www.frontiersin.org 8 October 2018 | Volume 10 | Article 299

https://www.frontiersin.org/journals/aging-neuroscience/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/aging-neuroscience#articles


fnagi-10-00299 September 27, 2018 Time: 19:7 # 9

Fissler et al. Jigsaw Puzzling and Cognitive Aging

30-day period (approximately 3600 connected JP pieces) induce
clinically relevant cognitive benefits, compared to engaging in
other potentially beneficial activities.

DATA AVAILABILITY

The raw data supporting the conclusions of this manuscript will
be made available by the authors, without undue reservation, to
any qualified researcher.

AUTHOR CONTRIBUTIONS

PF with supervision of I-TK acquired the financial support for
the project and conceptualized the research aims. PF and OK
managed and coordinated the research activity planning and
execution. PF, LL, CvA, OK, and DL designed the cognitive health
counseling and the JP intervention. PF, OK, LL, CvA, and I-TK
conceptualized the design and methodology. PF, OK, DL, and
LL wrote the initial draft of the manuscript. PF, OK, and DL
conducted the data analyses. OK and PF registered the clinical
trial. LL conducted the randomization procedure. PF, OK, and
DL coordinated availability of study materials. DL coordinated
the outcome assessment. PF and OK created the figures of
the manuscript, DL, PF, and OK conducted the investigational
process (recruitment, pre-screening and screening, cognitive
health counseling, outcome assessment, and communication of
participants’ results). PF, OK, DL, LL, CvA, and I-TK interpreted
the data and reviewed and edited the first draft critically for
important intellectual content.

FUNDING

The trial was funded by Ravensburger Spieleverlag GmbH (RSV).
The funder has no role or ultimate authority in study design;
collection, management, analysis, and interpretation of data;
writing of the manuscript; and the decision to submit the report
for publication. RSV has no role in the study, apart from
providing the jigsaw puzzles.

ACKNOWLEDGMENTS

Content of this manuscript first appeared in the dissertation
of PF (Fissler, 2018). We thank Hellen Apel and Martin J.
Rosenfelder for conducting the outcome assessment, data entry,
the communication of participants’ results, and supporting
participant recruitment, as well as Katharina Benecke for
supporting PF and OK in the project administration and
conducting parts of the telephone-based cognitive health
counseling (primarily telephone-based counseling at t4 and
t5) and data entry. Furthermore, we thank Prof. Dr. Ingo
Uttner for critically contributing to the design of the
methodology.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fnagi.
2018.00299/full#supplementary-material

REFERENCES
Ball, K., Berch, D., Helmers, K., Jobe, J., Leveck, M., Marsiske, M., et al. (2002).

Effects of cognitive training interventions with older adults: a randomized
controlled trial. JAMA J. Am. Med. Assoc. 288, 2271–2281.

Ballesteros, S., Mayas, J., Prieto, A., Ruiz-Marquez, E., Toril, P., and Reales, J. M.
(2017). Effects of video game training on measures of selective attention and
working memory in older adults: results from a randomized controlled trial.
Front. Aging Neurosci. 9:354. doi: 10.3389/fnagi.2017.00354

Barnes, D.E., Santos-Modesitt, W., Poelke, G., Kramer, A.F., Castro, C., Middleton,
L.E., et al. (2013). The Mental Activity and eXercise (MAX) trial: a randomized
controlled trial to enhance cognitive function in older adults. JAMA Intern.
Med. 173, 797–804. doi: 10.1001/jamainternmed.2013.189

Bediou, B., Adams, D. M., Mayer, R. E., Tipton, E., Green, C. S., and
Bavelier, D. (2018). Meta-analysis of action video game impact on perceptual,
attentional, and cognitive skills. Psychol. Bull. 144, 77–110. doi: 10.1037/bul00
00130

Benton, A., Sivan, A., Hamsher, K., Varney, N., and Spreen, O. (1994).
Contributions to Neuropsychological Assessment: a Clinical Manual. New York,
NY: Oxford University Press.

Blom, G. (1958). Statistical Estimates and Transformed Beta Variables. New York,
NY: John Wiley & Sons.

Boot, W. R., Simons, D. J., Stothart, C., and Stutts, C. (2013). The pervasive problem
with placebos in psychology: why active control groups are not sufficient
to rule out placebo effects. Perspect. Psychol. Sci. 8, 445–454. doi: 10.1177/
1745691613491271

Dykens, E. M. (2002). Are jigsaw puzzle skills ‘spared’ in persons with Prader-Willi
syndrome? J. Child Psychol. Psychiatry 43, 343–352. doi: 10.1111/1469-7610.
00025

Erickson, K. I., Voss, M. W., Prakash, R. S., Basak, C., Szabo, A., Chaddock, L.,
et al. (2011). Exercise training increases size of hippocampus and improves
memory. Proc. Natl. Acad. Sci. U.S.A. 108, 3017–3022. doi: 10.1073/pnas.10159
50108

Faul, F., Erdfelder, E., Lang, A. G., and Buchner, A. (2007). G∗ Power 3: a
flexible statistical power analysis program for the social, behavioral, and
biomedical sciences. Behav. Res. Methods 39, 175–191. doi: 10.3758/BF03
193146

Fissler, P. (2018). Healthy Cognitive Aging Through Cognitive Training, Physical
Exercise, and Leisure Activities: From Theory to New Interventions. Doctoral
dissertation, Ulm University, Ulm. doi: 10.18725/OPARU-9704

Fissler, P., Küster, O. C., Loy, L. S., Laptinskaya, D., Rosenfelder, M. J., Von Arnim,
C. A. F., et al. (2017). Jigsaw Puzzles As Cognitive Enrichment (PACE) - The
effect of solving jigsaw puzzles on global visuospatial cognition in adults 50
years of age and older: study protocol for a randomized controlled trial. Trials
18:415. doi: 10.1186/s13063-017-2151-9

Folkman, S., and Lazarus, R. S. (1980). An analysis of coping in a middle-aged
community sample. J. Health Soc. Behav. 21, 219–239.

Folstein, M. F., Folstein, S. E., and Mchugh, P. R. (1975). "Mini-Mental
State": a practical method for grading the cognitive state of patients for
the clinician. J. Psychiatr. Res. 12, 189–198. doi: 10.1016/0022-3956(75)
90026-6

Franzmeier, N., Gottler, J., Grimmer, T., Drzezga, A., Araque-Caballero, M. A.,
Simon-Vermot, L., et al. (2017). Resting-state connectivity of the left frontal
cortex to the default mode and dorsal attention network supports reserve in
mild cognitive impairment. Front. Aging Neurosci. 9:264. doi: 10.3389/fnagi.
2017.00264

Friedland, R. P., Fritsch, T., Smyth, K. A., Koss, E., Lerner, A. J., Chen, C. H.,
et al. (2001). Patients with Alzheimer’s disease have reduced activities in midlife

Frontiers in Aging Neuroscience | www.frontiersin.org 9 October 2018 | Volume 10 | Article 299

https://www.frontiersin.org/articles/10.3389/fnagi.2018.00299/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnagi.2018.00299/full#supplementary-material
https://doi.org/10.3389/fnagi.2017.00354
https://doi.org/10.1001/jamainternmed.2013.189
https://doi.org/10.1037/bul0000130
https://doi.org/10.1037/bul0000130
https://doi.org/10.1177/1745691613491271
https://doi.org/10.1177/1745691613491271
https://doi.org/10.1111/1469-7610.00025
https://doi.org/10.1111/1469-7610.00025
https://doi.org/10.1073/pnas.1015950108
https://doi.org/10.1073/pnas.1015950108
https://doi.org/10.3758/BF03193146
https://doi.org/10.3758/BF03193146
https://doi.org/10.18725/OPARU-9704
https://doi.org/10.1186/s13063-017-2151-9
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.3389/fnagi.2017.00264
https://doi.org/10.3389/fnagi.2017.00264
https://www.frontiersin.org/journals/aging-neuroscience/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/aging-neuroscience#articles


fnagi-10-00299 September 27, 2018 Time: 19:7 # 10

Fissler et al. Jigsaw Puzzling and Cognitive Aging

compared with healthy control-group members. Proc. Natl. Acad. Sci. U.S.A. 98,
3440–3445. doi: 10.1073/pnas.061002998

Gathercole, S. E. (2014). Commentary: working memory training and ADHD –
Where does its potential lie? Reflections on Chacko et al. (2014). J. Child Psychol.
Psychiatry 55, 256–257. doi: 10.1111/jcpp.12196

Gelfo, F., Mandolesi, L., Serra, L., Sorrentino, G., and Caltagirone, C. (2018). The
neuroprotective effects of experience on cognitive functions: evidence from
animal studies on the neurobiological bases of brain reserve. Neuroscience 370,
218–235. doi: 10.1016/j.neuroscience.2017.07.065

Harb, H., Gonzalez-De-La-Vara, M., Thalheimer, L., Klein, U., Renz, H., Rose, M.,
et al. (2017). Assessment of brain derived neurotrophic factor in hair to study
stress responses: a pilot investigation. Psychoneuroendocrinology 86, 134–143.
doi: 10.1016/j.psyneuen.2017.09.007

Härting, C., Markowitsch, H., Neufeld, H., Calabrese, P., Deisinger, K., and
Kessler, J. (2000). Wechsler Gedächtnis Test – Revidierte Fassung [Wechsler
Memory Scale – Revised]. Bern: Huber.

Hutchinson, S. L., Loy, D. P., Kleiber, D. A., and Dattilo, J. (2003). Leisure as a
coping resource: variations in coping with traumatic injury and illness. Leisure
Sci. 25, 143–161.

Iwasaki, Y., and Mannell, R. C (2000). Hierarchical dimensions of leisure stress
coping. Leisure Sci. 22, 163–181.

Karbach, J., and Verhaeghen, P. (2014). Making working memory work: a meta-
analysis of executive-control and working memory training in older adults.
Psychol. Sci. 25, 2027–2037. doi: 10.1177/0956797614548725

Kelly, M. E., Loughrey, D., Lawlor, B. A., Robertson, I. H., Walsh, C., and
Brennan, S. (2014). The impact of exercise on the cognitive functioning of
healthy older adults: a systematic review and meta-analysis. Ageing Res. Rev.
16, 12–31. doi: 10.1016/j.arr.2014.05.002

Koenig, A. M., Ramo-Fernandez, L., Boeck, C., Umlauft, M., Pauly, M., Binder,
E. B., et al. (2018). Intergenerational gene × environment interaction of FKBP5
and childhood maltreatment on hair steroids. Psychoneuroendocrinology 92,
103–112. doi: 10.1016/j.psyneuen.2018.04.002

Lampit, A., Hallock, H., and Valenzuela, M. (2014). Computerized cognitive
training in cognitively healthy older adults: a systematic review and meta-
analysis of effect modifiers. PLoS Med. 11:e1001756. doi: 10.1371/journal.pmed.
1001756

Landau, S. M., Marks, S. M., Mormino, E. C., Rabinovici, G. D., Oh, H., O’neil,
J. P., et al. (2012). Association of lifetime cognitive engagement and low
β-amyloid deposition. Arch. Neurol. 69, 623–629. doi: 10.1001/archneurol.20
11.2748

Lazarus, R. S., Kanner, A. D., and Folkman, S. (1980). “Chapter 8 - emotions: a
cognitive–phenomenological analysis,” in Theories of Emotion, eds R. Plutchik
and H. Kellerman (Cambridge, MA: Academic Press), 189–217.

Lee, A. C., Richards, M., Chan, W. C., Chiu, H. K., Lee, R. Y., and Lam, L. W.
(2018). Association of daily intellectual activities with lower risk of incident
dementia among older chinese adults. JAMA Psychiatry 75, 697–703. doi: 10.
1001/jamapsychiatry.2018.0657

Levine, S. C., Ratliff, K. R., Huttenlocher, J., and Cannon, J. (2012). Early puzzle
play: a predictor of preschoolers’ spatial transformation skill. Dev. Psychol. 48,
530–542. doi: 10.1037/a0025913

Lindstrom, H. A., Fritsch, T., Petot, G., Smyth, K. A., Chen, C. H., Debanne, S. M.,
et al. (2005). The relationships between television viewing in midlife and the
development of Alzheimer’s disease in a case-control study. Brain Cogn. 58,
157–165. doi: 10.1016/j.bandc.2004.09.020

Lupien, S., Mcewen, B., Gunnar, M., and Heim, C. (2009). Effects of stress
throughout the lifespan on the brain, behaviour and cognition. Nat. Rev.
Neurosci. 10, 434–445. doi: 10.1038/nrn2639

Martínez-González, M. A., García-Arellano, A., Toledo, E., Salas-Salvadó, J., Buil-
Cosiales, P., Corella, D., et al. (2012). A 14-item Mediterranean diet assessment
tool and obesity indexes among high-risk subjects: the PREDIMED trial. PLoS
One 7:e43134. doi: 10.1371/journal.pone.0043134

McArdle, J. J. (2009). Latent variable modeling of differences and changes with
longitudinal data. Annu. Rev. Psychol. 60, 577–605. doi: 10.1146/annurev.psych.
60.110707.163612

McDonough, I. M., Haber, S., Bischof, G. N., and Park, D. C. (2015). The
synapse project: engagement in mentally challenging activities enhances
neural efficiency. Restor. Neurol. Neurosci. 33, 865–882. doi: 10.3233/rnn-
150533

National Research Council and Institute of Medicine (2009). “Preventing mental,
emotional, and behavioral disorders among young people: progress and
possibilities,” in Committee on the Prevention of Mental Disorders and Substance
Abuse Among Children, Youth, and Young Adults: Research Advances and
Promising Interventions. Board on Children, Youth, and Families, Division of
Behavioral and Social Sciences and Education, eds M. E. O’Connell, T. Boat, and
K. E. Warner (Washington, DC: The National Academies Press).

Neuburger, S., Jansen, P., Heil, M., and Quaiser-Pohl, C. (2011). Gender differences
in pre-adolescents’ mental-rotation performance: do they depend on grade
and stimulus type? Pers. Individ. Diff. 50, 1238–1242. doi: 10.1016/j.paid.2011.
02.017

Ngandu, T., Lehtisalo, J., Solomon, A., Levälahti, E., Ahtiluoto, S., Antikainen, R.,
et al. (2015). A 2 year multidomain intervention of diet, exercise, cognitive
training, and vascular risk monitoring versus control to prevent cognitive
decline in at-risk elderly people (FINGER): a randomised controlled trial.
Lancet 385, 2255–2263. doi: 10.1016/S0140-6736(15)60461-5

Npdgroup Deutschland GmbH (2016). Retail Tracking Toys. Nuremberg:
Npdgroup Deutschland GmbH.

Osterrieth, P. A. (ed.) (1944). Le Test de Copie d’une Figure Complexe: Contribution
à l’étude de la Perception et de la Mémoire. Paris: Delachaux & Niestlé.

Peters, M., Laeng, B., Latham, K., Jackson, M., Zaiyouna, R., and Richardson, C.
(1995). A redrawn Vandenberg and Kuse mental rotations test - Different
versions and factors that affect performance. Brain Cogn. 28, 39–58. doi: 10.
1006/brcg.1995.1032

R Development Core Team (2015). R: A Language and Environment for Statistical
Computing. Vienna: R Foundation for Statistical Computing.

Reitan, R. M. (1958). Validity of the trail making test as an indicator of organic
brain damage. Percept. Mot. Skills 8, 271–276. doi: 10.2466/pms.1958.8.3.271

Schmiedek, F., Lovden, M., and Lindenberger, U. (2014). Younger adults show
long-term effects of cognitive training on broad cognitive abilities over 2 years.
Dev. Psychol. 50, 2304–2310. doi: 10.1037/a0037388

Simons, D. J., Boot, W. R., Charness, N., Gathercole, S. E., Chabris, C. F., Hambrick,
D. Z., et al. (2016). Do “brain-training” programs work? Psychol. Sci. Public
Interest 17, 103–186. doi: 10.1177/1529100616661983

Stern, Y. (2009). Cognitive reserve. Neuropsychologia 47, 2015–2028. doi: 10.1016/
j.neuropsychologia.2009.03.004

Stewart, A. L., Mills, K. M., King, A. C., Haskell, W. L., Gillis, D., and Ritter, P. L.
(2001). CHAMPS physical activity questionnaire for older adults: outcomes for
interventions. Med. Sci. Sports Exerc. 33, 1126–1141. doi: 10.1097/00005768-
200107000-00010

The NPD Group, Inc (2016). Retail Tracking Toys. Washington, DC: The NPD
Group, Inc.

The NPD Group, Inc (2017). Retail Tracking Toys. Washington, DC: The NPD
Group, Inc.

Valenzuela, M. J., and Sachdev, P. (2006a). Brain reserve and cognitive decline: a
non-parametric systematic review. Psychol. Med. 36, 1065–1073. doi: 10.1017/
S0033291706007744

Valenzuela, M. J., and Sachdev, P. (2006b). Brain reserve and dementia:
a systematic review. Psychol. Med. 36, 441–454. doi: 10.1017/S003329170
5006264

Vemuri, P., Lesnick, T. G., Przybelski, S. A., Machulda, M., Knopman, D. S.,
Mielke, M. M., et al. (2014). Association of lifetime intellectual enrichment
with cognitive decline in the older population. JAMA Neurol. 71, 1017–1024.
doi: 10.1001/jamaneurol.2014.963

Von Aster, M., Neubauer, A., and Horn, R. (2006). Wechsler Intelligenztest für
Erwachsene (WIE). Deutschsprachige Bearbeitung und Adaptation des WAIS-III
von David Wechsler. Frankfurt: Harcourt Test Services.

Wang, H.-X., Jin, Y., Hendrie, H. C., Liang, C., Yang, L., Cheng, Y., et al. (2013).
Late life leisure activities and risk of cognitive decline. J. Gerontol. Ser. A Biol.
Sci. Med. Sci. 68, 205–213. doi: 10.1093/gerona/gls153

Welsh, K. A., Butters, N., Mohs, R. C., Beekly, D., Edland, S., Fillenbaum, G.,
et al. (1994). The Consortium to Establish a Registry for Alzheimer’s Disease
(CERAD). Part V. A normative study of the neuropsychological battery.
Neurology 44, 609–614. doi: 10.1212/WNL.44.4.609

Wilson, R. S., Begeny, C. T., Boyle, P. A., Schneider, J. A., and Bennett, D. A.
(2011). Vulnerability to stress, anxiety, and development of dementia in old
age. Am. J. Geriatr. Psychiatry 19, 327–334. doi: 10.1097/JGP.0b013e31820
119da

Frontiers in Aging Neuroscience | www.frontiersin.org 10 October 2018 | Volume 10 | Article 299

https://doi.org/10.1073/pnas.061002998
https://doi.org/10.1111/jcpp.12196
https://doi.org/10.1016/j.neuroscience.2017.07.065
https://doi.org/10.1016/j.psyneuen.2017.09.007
https://doi.org/10.1177/0956797614548725
https://doi.org/10.1016/j.arr.2014.05.002
https://doi.org/10.1016/j.psyneuen.2018.04.002
https://doi.org/10.1371/journal.pmed.1001756
https://doi.org/10.1371/journal.pmed.1001756
https://doi.org/10.1001/archneurol.2011.2748
https://doi.org/10.1001/archneurol.2011.2748
https://doi.org/10.1001/jamapsychiatry.2018.0657
https://doi.org/10.1001/jamapsychiatry.2018.0657
https://doi.org/10.1037/a0025913
https://doi.org/10.1016/j.bandc.2004.09.020
https://doi.org/10.1038/nrn2639
https://doi.org/10.1371/journal.pone.0043134
https://doi.org/10.1146/annurev.psych.60.110707.163612
https://doi.org/10.1146/annurev.psych.60.110707.163612
https://doi.org/10.3233/rnn-150533
https://doi.org/10.3233/rnn-150533
https://doi.org/10.1016/j.paid.2011.02.017
https://doi.org/10.1016/j.paid.2011.02.017
https://doi.org/10.1016/S0140-6736(15)60461-5
https://doi.org/10.1006/brcg.1995.1032
https://doi.org/10.1006/brcg.1995.1032
https://doi.org/10.2466/pms.1958.8.3.271
https://doi.org/10.1037/a0037388
https://doi.org/10.1177/1529100616661983
https://doi.org/10.1016/j.neuropsychologia.2009.03.004
https://doi.org/10.1016/j.neuropsychologia.2009.03.004
https://doi.org/10.1097/00005768-200107000-00010
https://doi.org/10.1097/00005768-200107000-00010
https://doi.org/10.1017/S0033291706007744
https://doi.org/10.1017/S0033291706007744
https://doi.org/10.1017/S0033291705006264
https://doi.org/10.1017/S0033291705006264
https://doi.org/10.1001/jamaneurol.2014.963
https://doi.org/10.1093/gerona/gls153
https://doi.org/10.1212/WNL.44.4.609
https://doi.org/10.1097/JGP.0b013e31820119da
https://doi.org/10.1097/JGP.0b013e31820119da
https://www.frontiersin.org/journals/aging-neuroscience/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/aging-neuroscience#articles


fnagi-10-00299 September 27, 2018 Time: 19:7 # 11

Fissler et al. Jigsaw Puzzling and Cognitive Aging

Winblad, B., Amouyel, P., Andrieu, S., Ballard, C., Brayne, C., Brodaty, H., et al.
(2016). Defeating Alzheimer’s disease and other dementias: a priority for
European science and society. Lancet Neurol. 15, 455–532. doi: 10.1016/S1474-
4422(16)00062-4

Woods, S. P., Delis, D. C., Scott, J. C., Kramer, J. H., and Holdnack, J. A.
(2006). The california verbal learning test - second edition: test-retest
reliability, practice effects, and reliable change indices for the standard and
alternate forms. Arch. Clin. Neuropsychol. 21, 413–420. doi: 10.1016/j.acn.2006.
06.002

Young, J., Angevaren, M., Rusted, J., and Tabet, N. (2015). Aerobic exercise
to improve cognitive function in older people without known cognitive
impairment. Cochrane Database Syst. Rev. 22:CD005381. doi: 10.1002/
14651858.CD005381.pub4

Conflict of Interest Statement: PF, OK, LL, and DL were employed within the
PACE project that is funded by RSV. RSV may gain or lose financially from
the publication of this and following manuscripts about the PACE project. The
authors declare that they were not influenced in any way by RSV with regard to
study design, collection, management, analysis, and interpretation of data, writing
of the manuscript, and the decision to submit the report for publication. Apart
from providing the JPs, RSV had no role in conducting the study. CvA received

honoraria from serving on the scientific advisory board of Nutricia GmbH (2014)
and Hongkong University Research council (2014) and has received funding for
travel and speaker honoraria from Nutricia GmbH (2014–2015), Novartis Pharma
GmbH (2011), Lilly Deutschland GmbH (2013–2017), Desitin Arzneimittel GmbH
(2014), Biogen (2016–2017), Roche (2017), and Dr. Willmar Schwabe GmbH & Co.
KG (2014–2015) and has received research support from Roche Diagnostics GmbH
(2013–2015), Biologische Heilmittel Heel GmbH (2012), and ViaMed GmbH
(2011–2014). The authors declare that the study was not influenced in any way
by these companies.

The remaining author declares that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Copyright © 2018 Fissler, Küster, Laptinskaya, Loy, von Arnim and Kolassa. This
is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Aging Neuroscience | www.frontiersin.org 11 October 2018 | Volume 10 | Article 299

https://doi.org/10.1016/S1474-4422(16)00062-4
https://doi.org/10.1016/S1474-4422(16)00062-4
https://doi.org/10.1016/j.acn.2006.06.002
https://doi.org/10.1016/j.acn.2006.06.002
https://doi.org/10.1002/14651858.CD005381.pub4
https://doi.org/10.1002/14651858.CD005381.pub4
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/aging-neuroscience/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/aging-neuroscience#articles

	Jigsaw Puzzling Taps Multiple Cognitive Abilities and Is a Potential Protective Factor for Cognitive Aging
	Introduction
	Materials And Methods
	Procedure
	Eligibility Criteria
	Interventions
	Cognitive Health Counseling
	Jigsaw Puzzle Intervention

	Randomization and Blinding
	Outcomes
	Primary and Secondary Outcomes
	Other Measures

	Statistical Analysis

	Results
	Association Between Visuospatial Cognition and Jigsaw Puzzle Skill
	Association Between Global Visuospatial Cognition and Lifetime Jigsaw Puzzle Experience
	Intervention Effects
	Dose–Response Relationship
	Assessment of Opportunity Costs and Placebo Effects
	Adverse Events

	Discussion
	Principal Findings
	Implications
	Strengths, Limitations, and Future Perspectives

	Conclusion
	Data Availability
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


