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Abstract
Lifelong learning offers an opportunity for mature employees to stay adept in the light of changing demands, to promote 
health and counteract physical and cognitive decline. This intervention study evaluates the effects of a multi-component train-
ing programme for employees aged 50+ , focussing on competence expectations, stress management, cognitive, metacognitive 
and psychomotoric training. Effects were evaluated in a longitudinal control group design with follow-up after six months (24 
training groups, n = 247, participants per group: M = 13.04, SD = 2.44; control group, n = 199). To control for experimenter 
effects the same programme was administered to 6 additional groups by trained instructors (n = 54, participants per group: 
M = 11.83, SD = 3.37). To validate effects of the multi-component training 12 supplementary groups were included, with 4 
groups each focusing on either the competence (n = 49, participants per group: M = 15.00, SD = 0.00) or cognitive (n = 43, 
participants per group: M = 14.25, SD = 1.50) or stress management components (n = 41, participants per group: M = 14.50, 
SD = 0.58). Data of 633 adults (mean age: M = 55.03, SD = 3.71 years) were analysed. Participants reported high acceptance 
of the programme. The multi-component training programme was effective regarding improvements in subjective health, 
self-concept of professional competence, self-efficacy, coping with stress and cognitive abilities with long-term effects for 
the latter four. Trainings administered by trained instructors had similar effects to those administered by the programme’s 
designers. The single-component trainings led to specific effects in the focused areas, overall comparable to those of the 
multi-component training. Unexpectedly, cognitive effects were obtained by all single-component trainings. Subjective health 
and self-efficacy were only promoted by the multi-component training, indicating broader effects. The results are discussed 
with respect to strengths and limitations of the study, possible mechanisms underlying the effects, suggestions for further 
research as well as for the training’s implementation in business practice.

Keywords Employees aged 50 +  · Multi-component training · Cognitive training · Stress management training · 
Competence training · Train-the-trainer

Introduction

Against the background of demographic and economic 
changes, employers are facing the necessity to maintain 
their employees’ physical, mental and psychological health, 
competence and performance which in turn are crucial for 
the companies’ success (Chuang and Graham 2020). Due 

to rapidly changing working environments, furthering per-
sonal development has become most important (Arnold et al. 
2018). Holistic trainings that consider cognitive, physical, 
social and emotional aspects offer a promising approach to 
face these demands (Ott and Grotensohn 2014). Learning 
environments for employees aged 50+ should be designed 
specifically for this target group (Brünner 2011), since age-
ing individuals do not necessarily learn less effectively, but 
rather differently than younger people (Käser and Röhr-
Sendlmeier 2002, 2012).

While research on ageing employees has grown over the 
past decades, there is a lack of specific intervention studies 
targeting mature employees (Truxillo et al. 2015). Reviews 
point to only few interventions focusing on improving 
health, mostly by physical training, imparting knowledge 
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and individual coaching (Poscia et al. 2016; Söderbacka 
et al. 2020). There are also examples of cognitive and stress 
management trainings specifically designed for mature 
employees (e.g. Bundesanstalt für Arbeitsschutz und Arbe-
itsmedizin 2012). But scientifically designed and evaluated 
holistic trainings for employees aged 50+ are still lacking.

To ensure the effectiveness of educational programmes, 
systematic evaluation is essential. Dismantling studies can 
help understand which elements of a training programme 
cause specific effects by comparing a full training version 
with training versions comprising only one or several com-
ponents (Papa and Follette 2015). Furthermore, experi-
menter effects are worth investigating to prevent wrong 
interpretations of training effects. Experimenter effects arise 
when instructors hold beliefs about the participants or the 
training, which affect their behaviour unconsciously, so that 
in turn the participants’ behaviour, emotions and cognition 
are influenced (Rosenthal and Rosnow 2009).

Considering age-related changes and needs of mature 
employees, target-group-specific trainings should contain 
cognitive training, stress management and a reflection of 
individual competencies. Mature employees often do not 
value their individual competencies, although these can 
provide resources in dealing with age-related changes and 
challenges at work (Staudinger and Bowen 2011). While 
some studies do not find differences in the general level of 
experienced work-related stress between younger and mature 
employees (Rauschenbach et al. 2013), others document 
higher levels of stress for the latter regarding pace of work 
and fear of not being able to keep up (Techniker Krank-
enkasse 2016). Chronic distress is related to poor health, 
may lead to absence from work and impair (cognitive) per-
formance (Phillips 2017; Techniker Krankenkasse 2016). 
Although a formerly prevailing deficit model of ageing is no 
longer accepted, some losses have to be accounted for, e.g. in 
sensomotor functions or fluid intelligence. In work contexts, 
fluid intelligence—including working memory and mental 
speed—is highly relevant, especially concerning informa-
tion analysis, decision-making and handling unpredictable 
situations (Gajewski and Falkenstein 2011).

Age-related losses regarding basic cognitive abilities like 
mental speed and concentration can be compensated for by 
training (Kelly et al. 2014). Not only cognitive training inter-
ventions (Rebok et al. 2014), but also intellectual engage-
ment and cognitively demanding (leisure) activities (Phillips 
2017) are essential for maintaining and promoting cognitive 
functioning, especially fluid intelligence. Beneficial effects 
of playing challenging strategic games on cognitive abilities, 
like attention and mental speed, have been shown in different 
studies, e.g. for chess and the Asian game Go (Aciego et al. 
2012; Iizuka et al. 2019a).

Metacognitive elements, like monitoring cognitive 
processes and using strategies (Bailey et al. 2010), can 

support cognitive trainings’ effectiveness by improving 
problem-solving and supporting transfer to untrained tasks 
(O’Connell and Robertson 2012). Metacognitive trainings 
have been shown to be effective in counteracting age-related 
memory decline in late adulthood (Hertzog and Dunlosky 
2011). Using cognitive strategies is not only associated 
with memory, but also with everyday functioning (Gross 
and Rebok 2011).

Also, physical activity can counteract age-related declines 
in volume, functioning and connectivity of brain areas asso-
ciated with cognitive abilities, e.g. by stimulating cerebral 
metabolism and neural plasticity (Kramer and Colcombe 
2018). Positive effects on cognitive abilities have been 
shown for dancing, fitness-, coordination- and balance-
training (Kramer and Colcombe 2018; Predovan et al. 2019; 
Voelcker-Rehage et al. 2010, 2011) with combined physical 
and cognitive training often being more effective than either 
alone (Joubert and Chainay 2018; Oswald et al. 2006).

Physical activity also helps to reduce and prevent stress, 
e.g. by reducing the physiological stress response (Phil-
lips 2017). Stress occurs when the demands a person faces 
exceed the subjective resources available to meet them 
(Lazarus and Lazarus 1994). Thus, the experienced level 
of stress is dependent on individual resources and coping 
strategies (Sonnentag and Frese 2003). Stress management 
trainings focussing on enhancing the latter have shown to 
be effective, e.g. regarding the reduction in stress-related 
symptoms (Richardson and Rothstein 2008).

Relaxation techniques, like Progressive Muscle Relaxa-
tion (PMR), are used for preventing stress-related disorders 
or optimizing performance. They can support effects of 
stress management and cognitive trainings, e.g. by reduc-
ing the experienced level of stress, having a regenerative 
effect after cognitive load and fostering concentration, self-
regulation and well-being (Holman et al. 2018; Petermann 
and Vaitl 2014).

Competence, including social, personal, methodological 
and vocational competencies (Wottreng 1999), is acquired 
continuously. Concomitantly, the self-concept is adapted to 
different environments and challenges (Brandtstädter 2010). 
Handling age-related changes appropriately is central for 
maintaining individual functioning, positive self-concept 
and quality of life. According to Baltes and Baltes (1990), 
strategies of resource-oriented goal selection, optimal use of 
resources and compensation of impaired abilities are impor-
tant for minimizing losses and maximizing gains. A sys-
tematic reflection of one’s experiences in different contexts 
can help become aware of one’s multifaceted competencies 
and resources (German Institute for Adult Education 2016). 
This, in turn, can have a positive impact on self-concept and 
self-efficacy.

Gerontological research shows that loss of competen-
cies is not inevitable and individual competencies can be 
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maintained or even increased by training during working life 
and until old age (Zacher 2015). Against this background, 
a multi-component group intervention for employees aged 
50+ was developed. It aims at maintaining and promoting 
individual resources and abilities that are important at work 
and in private life—self-concept of professional compe-
tence, coping with stress and cognitive abilities. Thus, it 
aims at improving health and self-efficacy. A group training 
was chosen to take advantage of participants’ interactions 
while dealing with training contents and because individual 
trainings are unlikely to be implemented in companies. Our 
research questions, developed successively in the course of 
the project, were: (1) Does the multi-component training 
produce short-term and long-term effects? (2) To control 
for experimenter effects: Are training effects independent of 
instructors? (3) To gain further insight into the components 
evoking the results: Can differential effects of single-com-
ponent trainings be found? 4) To examine possible synergy 
effects evoked by the combination of modules: Are effects of 
the multi-component training different from those of single-
component trainings?

Methods

Study design

The effectiveness of a holistic training programme was 
evaluated in an intervention study from 2013 until 2019 
using different methodological approaches: First, effects of 
the multi-component training were tested in an intervention 
group  (IGmult) against a control group (CG) in a longitudi-
nal design and with a follow-up after six months in  IGmult. 
Second, training effects obtained due to developers’ bias 
were controlled for by additional courses administered by 
trained instructors (train-the-trainer—TTT) who had not 
been involved in the development of the training programme 
 (IGTTT ). Third, to test for differential effects of the multi-
component training, three single-component interventions 
(competence:  IGcomp; stress management:  IGstress; cognition: 
 IGcogn) were conducted.

Due to organizational reasons regarding data collection 
and training implementation, assessors could not be held 
blind to participant intervention. Randomization was limited 
in three ways: First, companies decided whether they wanted 
to take part in the study. Second, within companies it was 
necessary to allow for interest-driven choice of training par-
ticipation, as trainings were offered during work time. Third, 
participants could not be assigned randomly across training 
groups, because trainings took place in different companies.

Questionnaires and tests were administered by trained 
staff, using standardized manuals, during the first (t1) and 
last sessions (t2) of the trainings and about six months after 

the trainings (t3, intervention groups). CG was tested during 
two appointments (t1, t2) with an interval of approximately 
four months (equivalent to the intervention period).

Sample

Participants were mainly recruited in North Rhine-West-
phalia, Germany, by informing various companies about 
the project, via email and local newspapers or in person. 
The target group were working people aged 50+, who 
received information about the intervention and partici-
pated voluntarily. The guidelines for ethical research of the 
1964 Helsinki declaration and its later amendments were 
abided by throughout the research process. The study design 
was discussed with the chairman of the ethics committee 
of the Institute of Psychology, Bonn University. Neither 
then nor at any point of the study was any objection raised. 
The participants were informed about the study’s scientific 
purpose including publication, and their consent was regis-
tered before data collection. The intervention was conducted 
in companies of various economic sectors (e.g. insurance 
business, manufacturing industries, education) or in groups 
of people from different companies. The multi-component 
training was administered to 24 groups, single-component 
trainings to 12 groups (4 groups for each version) and TTT-
trainings to 6 groups (from the same economic sectors), 
with an overall average group size of 13.31 participants 
(SD = 2.40, range 6 to 16). Controls did not receive any treat-
ment and continued their normal working routine. Including 
an active CG was not possible, because companies did not 
agree on releasing their staff for alternative activities during 
work time. Companies also did not agree to testing the CG 
at t3 during working hours.

Figure 1 shows the number of participants across all 
groups for pre-, post- and follow-up-measurements and the 
exclusion criteria. The drop-outs did not differ from the 
remaining sample in gender and education, but their aver-
age age (M = 56.09, SD = 4.42) was significantly higher than 
in the remaining sample (M = 55.04, SD = 3.71, p = 0.006, 
d = 0.244). Complete data sets (t1 and t2) were available 
from 633 individuals (433 women, 68.40%). Four hundred 
and thirty eight participants (69.30%) held a qualification for 
entering university or college. Differences between  IGmult 
and the other groups (Table 1) are of minor relevance since 
testing for associations of sample characteristics with gains 
in the outcome variables in general showed no significance.

Intervention

Training groups of up to 16 participants were instructed by 
two trainers using a standardized manual containing psych-
oeducational explanations and extensive practice elements. 
The training included short lectures, individual reflection, 
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group discussions and different types of written and activat-
ing exercises. Most physical exercises allowed for variation, 
accounting for individual differences and promoting optimal 
training at medium difficulty. By discussing strategies and 
exchanging experiences, participants were encouraged to 
integrate exercises and new behaviour into everyday life.

Training versions

The multi-component version, comprising 15 weekly ses-
sions of 2 and a half hours, contained five modules: (1) 
competence, (2) stress management, (3) cognition, (4) 
metacognition and (5) psychomotricity (for details see Röhr-
Sendlmeier et al. 2019). The single-component versions, 
comprising 7 weekly sessions of 2 h, focused on specific 
aspects of the multi-component version: (1) competence, 
(2) stress management, or (3) cognition and metacognition, 
each combined with activating exercises of the psychomo-
toric training. This was motivated by findings of Oswald 
et al. (2006) showing that combined trainings, especially 
with psychomotoric elements, proved to be most effective. 

Single-component versions contained the identical content 
of the respective module of the multi-component training, so 
that the actual time spent on dealing with the respective top-
ics was the same, with the psychomotoric activation filling 
additional time in each single-component version.

The TTT-programme, comprising 60 h, aimed at ensur-
ing that psychology students and employees of cooperating 
companies who later took on the role of trained instructors 
acquired sufficient psychological background knowledge and 
extensive practical experience as trainers. After completing 
the TTT-programme, trained instructors administered the 
multi-component version in pairs.

Modules

Competence training aimed at facilitating perception, appre-
ciation and use of individual abilities. Its key component was 
systematic reflection on and documentation of subjective 
experiences in different occupational and private contexts, 
followed by deducing competencies that helped to cope 

Fig. 1  Flowchart illustrating the number of participants and exclusion criteria

Table 1  Sample characteristics

a German qualification for entering university or college
*Significant difference compared to  IGmult (p < .10)

Characteristics IGmult IGTTT IGcomp IGcogn IGstress CG

Sample size, n 247 54 49 43 41 199
Sex, females, n (%) 168 (68.02) 43 (79.63)* 41 (83.67)* 29 (67.44) 32 (78.05) 120 (60.30)*
Age (years), M (SD) 55.01 (3.37) 53.87 (3.46)* 54.71 (3.85) 56.26 (4.26)* 54.95 (3.21) 55.23 (4.02)
Educational level, (Fach-) 

 Abitura, n (%)
162 (65.59) 39 (72.22) 39 (79.59)* 32 (74.42) 36 (87.80)* 130 (65.33)
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with these situations (German Institute for Adult Education 
2016).

Stress management training intended to reduce physi-
cal tension and inner restlessness and to improve coping 
with stress, focusing on individual resources and strategies. 
Key components were reflecting on individual stressors and 
stress reactions, re-evaluation of personal attitudes reinforc-
ing experience of stress and developing coping strategies 
like stopping rumination, setting priorities and planning 
recovery time (Hillert et al. 2012; Kaluza 2018).

Cognitive training included learning basic rules and strat-
egies of the strategic game Go, widely unknown in Germany, 
solving complex problems on exercise sheets and playing the 
game (Dickfeld 2016; Digulla et al. 2008).

Metacognitive training contained information about func-
tioning of memory, impacts on memory performance and 
memory strategies as well as practical exercises (Croisile 
2011). The aforementioned modules also implied metacog-
nitive elements (e.g. cognitive strategies and monitoring 
processes, metacognitive control).

Psychomotoric training targeted activation by practicing 
short and age-appropriate exercises like balance and coor-
dination exercises (Beigel 2015; Schmidt et al. 2013) and 
relaxation, using the PMR technique originally introduced 
by Jacobson (1929). PMR aims at perceiving and reducing 
physical tension and intensifying relaxation by inducing a 
change between tension and subsequent relaxation of distinct 
muscle groups.

Outcome measures

Training effects were calculated based on self-ratings, using 
questionnaires with a five-point rating scale from 1 = disa-
gree completely to 5 = agree completely, and psychometric 
cognitive tests. All scales were standardized psychological 
questionnaires, partly shortened for reasons of economic 
assessment. Reliabilities were calculated on the basis of the 
complete sample (n = 633) and showed to be very satisfac-
tory in spite of reduced item numbers (Table 2). Subjective 
health was measured by a single item (“How is your health 
in general?”) using a five-point rating scale from 1 = very 
good to 5 = very bad. Demographic data were assessed at 
pre-test regarding sex, age and educational level by single 
items. At post-test, participants were asked whether they 
would recommend the training.

According to the content of the respective training, par-
ticipants of the intervention groups received feedback after 
pre- and post-tests on cognitive performance, stress man-
agement, competencies and self-efficacy. Participants of CG 
received feedback on cognitive performance, stress manage-
ment and self-efficacy only after post-tests to avoid changes 
in normal behaviour induced by test results.

Statistical analysis

For statistical analyses IBM SPSS 26 was used. Χ2-tests, 
independent samples t-tests, paired sample t-tests and 
mixed-design ANOVAs with repeated-measures fac-
tor time (2: t1 vs. t2) and between-subjects factor group 
(2:  IGmult vs. CG) were conducted to examine research 
questions 1 and 3. Violations of assumptions were con-
sidered when testing for statistical significance. α ≤ 0.05 
was considered to indicate statistical significance (respec-
tively, α ≤ 0.10 for comparing groups at baseline). Effect 
sizes are reported as Cohen’s d, with d ≥ 0.2 indicating 
small, d ≥ 0.5 indicating medium and d ≥ 0.8 indicat-
ing large effects (Cohen 1988). They were calculated by 
the formula suggested by Dunlap et al. (1996), yielding 
conservative measures to ensure caution in interpreting 
results. To answer research questions 2 and 4, effect sizes 
of intervention groups  (IGmult vs.  IGTTT,  IGmult vs. single-
component versions) were computed for variables with a 
significant interaction of group and time when comparing 
 IGmult and CG or near to small effects of this interaction. 
These were compared using Psychometrica (Lenhard and 
Lenhard 2016, https:// www. psych ometr ica. de/ effect_ size. 
html) by transforming Cohen’s d, resulting from paired 
sample t-tests, into Pearson product-moment correlation 
coefficient r. Subsequently Cohen’s q, representing the 
difference between Fisher z-transformations of two cor-
relations r, was calculated with q ≥ 0.1 indicating small, 
q ≥ 0.3 indicating medium and q ≥ 0.5 indicating large 
effects (Cohen 1988).

Results

Acceptance of training

Totally, 95.49% of participants would recommend the 
training  (IGmult: 97.06%,  IGTTT : 92.45%,  IGcomp: 87.23%, 
 IGstress: 95.12%,  IGcogn: 100.00%). Recommendation only 
differed significantly between  IGmult and  IGcomp (p = 0.003, 
d = 0.355).

Training effects

Table 3 gives the results of interactions between groups 
 IGmult and CG and time. Effects of significant results were 
small, unless stated otherwise.

Comparing subjective health before and after training, 
 IGmult improved significantly more than CG (see Table 3). 
Additional t-tests revealed that at t1 health status was rated 
lower in  IGmult (p = 0.001, d = 0.329) than in CG; at t2 

https://www.psychometrica.de/effect_size.html
https://www.psychometrica.de/effect_size.html
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there was no significant difference between  IGmult and CG 
(p = 0.396).

For self-efficacy, time and group also interacted signifi-
cantly in favour of  IGmult (see Table 3). While at t1 self-
efficacy was descriptively lower in  IGmult than in CG, it was 
slightly higher in  IGmult than in CG at t2 due to significant 
improvement in  IGmult from t1 to t2 (see Table 4).

Concerning self-concept of professional competence, in 
 IGmult scores in expertise, methodological competencies and 
affective commitment improved significantly compared to 

CG. For flexibility significance was missed, however, with 
near to small effect in favour of  IGmult (see Table 3). In addi-
tion, while t-tests showed that expertise was rated lower in 
 IGmult than in CG at t1 (p = 0.008, d = 0.253), there was no 
significant difference at t2 (p = 0.847). In methodological 
competencies no significant difference resulted compar-
ing  IGmult and CG at t1 (p = 0.382), but they were rated 
significantly higher in  IGmult than in CG at t2 (p = 0.008, 
d = 0.256).

Table 2  Outcome measures

Scale Questionnaire/psychometric test No.  
of items

Reliability 
(Cronbach's 
Alpha)

Test score

Self-efficacy
Self-efficacy Allgemeine Selbstwirksamkeit Kurzskala 

(ASKU; Beierlein et al. 2012)
3 .809 Arithmetic mean (1 to 5)

Self-concept of professional competence
Expertise Scale for measuring professional expertise 

(Goossens 2013)
5 .703 Arithmetic mean (1 to 5)

Vocational competencies Fragebogen zur Selbsteinschätzung beru-
flicher Kompetenz (SBK; Sonntag and 
Schäfer-Rauser 1993)

5 .746 Arithmetic mean (1 to 5)

Methodological competencies ̎ 5 .834 ̎
Social competencies ̎ 6 .716 ̎
Motivation on the job Bochumer Inventar zur berufsbezogenen 

Persönlich-keitsbeschreibung (BIP; 
Hossiep and Paschen 2003)

11 .825 ̎

Flexibility on the job ̎ 14 .863 ̎
Affective commitment to the organization Commitment-Skalen (COMMIT; Felfe 

and Franke 2012)
5 .874 ̎

Coping with stress
Subjective importance of work Arbeitsbezogenes Verhaltens- und Erle-

bensmuster (AVEM; Schaarschmidt and 
Fischer 2008)

4 .800 stanine values

Professional ambition ̎ 4 .778 ̎
Willingness to work to exhaustion ̎ 4 .838 ̎
Striving for perfection ̎ 4 .715 ̎
Distancing ability ̎ 4 .862 ̎
Resignation tendency when facing failure ̎ 4 .755 ̎
Proactive problem solving ̎ 4 .811 ̎
Inner calm ̎ 4 .826 ̎
Successful experiences at work ̎ 4 .811 ̎
Satisfaction with life ̎ 4 .842 ̎
Experience of social support ̎ 4 .796 ̎

Cognitive abilities
Mental speed Zahlen-Verbindungs-Test (ZVT; Oswald 

and Roth 1987)
4 .914 Arithmetic mean

(All sets)
Concentration Alters-Konzentrations-Test (AKT; Gatterer 

1990)
3 .816 ̎
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Regarding coping with stress, scores in willingness 
to work to exhaustion, distancing ability and inner calm 
changed significantly in  IGmult compared to CG. For res-
ignation tendency significance was missed, but there was 
a near to small effect with greater improvement in  IGmult 
(see Table 3). t-tests revealed that at t1 in  IGmult inner calm 
was significantly lower (p = 0.001, d = 0.309) and resigna-
tion tendency significantly higher (p = 0.008, d = 0.255) 
than in CG. After training, these differences were notice-
ably reduced.

For cognitive abilities significant interactions resulted 
between time and group for mental speed (medium effect) 
and concentration in favour of  IGmult (see Table 3). In addi-
tion, at t1 mental speed did not differ significantly between 
 IGmult and CG (p = 0.916), whereas  IGmult outperformed CG 
at t2 (p = 0.004, d = 0.278). Concentration was descriptively 
lower in  IGmult than in CG at t1 and higher at t2.

Table 4 displays results of t-tests comparing intra-group 
developments from t1 to t2 (t1/t2) and t1 to t3 (t1/t3) for 
those variables in which development of  IGmult had shown 
to be significantly more positive than in CG. Table 4 also 
includes comparisons of effect sizes (Cohen’s q) between 
 IGmult and  IGTTT ,  IGcomp,  IGcogn,  IGstress for both intervals. 

Table 3  Interaction between group and time based on ANOVAs 
 (IGmult: n = 247, CG: n = 199)

Scale t1
M (SD)

t2
M (SD)

d
(CI-95%)

p

Subjective health
  IGmult 2.21 (0.68) 2.12 (0.71) 0.277

(0.09–0.47)
**

 CG 2.00 (0.64) 2.06 (0.64)
Self-efficacy
  IGmult 4.01 (0.50) 4.15 (0.54) 0.223 *
 CG 4.10 (0.52) 4.13 (0.51) (0.04–0.41)

Self-concept of professional competence
Expertise
  IGmult 4.02 (0.54) 4.16 (0.53) 0.353 ***
 CG 4.16 (0.50) 4.15 (0.46) (0.16–0.54)

Vocational competencies
  IGmult 4.17 (0.51) 4.24 (0.46) 0.124
 CG 4.13 (0.44) 4.15 (0.45) (−0.06–0.31)

Methodological competencies
  IGmult 3.96 (0.63) 4.03 (0.59) 0.254 **
 CG 3.91 (0.63) 3.87 (0.62) (0.07–0.44)

Social competencies
  IGmult 4.27 (0.47) 4.27 (0.46) 0.049
 CG 4.23 (0.44) 4.21 (0.46) (−0.14–0.24)

Motivation on the job
  IGmult 2.88 (0.60) 2.87 (0.57) 0.017
 CG 2.90 (0.62) 2.89 (0.67) (−0.17–0.20)

Flexibility on the job
  IGmult 3.29 (0.55) 3.34 (0.54) 0.176
 CG 3.27 (0.64) 3.25 (0.62) (−0.01–0.36)

Affective commitment
  IGmult 3.77 (0.86) 3.82 (0.82) 0.264 **
 CG 3.87 (0.81) 3.79 (0.85) (0.08–0.45)

Coping with stress
Subjective importance of work
  IGmult 3.58 (1.77) 3.45 (1.61) −0.087
 CG 3.84 (1.65) 3.83 (1.88) (−0.27–0.10)

Professional ambition
  IGmult 4.20 (1.73) 4.38 (1.61) 0.116
 CG 4.48 (1.71) 4.53 (1.83) (−0.07–0.30)

Willingness to work to exhaustion
  IGmult 3.93 (2.00) 3.68 (2.06) 0.208 *
 CG 3.64 (2.13) 3.68 (2.13) (0.02–0.40)

Striving for perfection
  IGmult 4.36 (1.69) 4.25 (1.84) 0.073
 CG 4.01 (1.76) 4.01 (1.86) (−0.11–0.26)

Distancing ability
  IGmult 5.77 (1.81) 6.23 (1.82) 0.279 **
 CG 5.93 (1.90) 6.07 (1.88) (0.09–0.46)

Resignation tendency
  IGmult 5.09 (1.91) 4.79 (1.76) 0.165
 CG 4.62 (1.75) 4.55 (1.69) (−0.02–0.35)

Table 3  (continued)

Scale t1
M (SD)

t2
M (SD)

d
(CI-95%)

p

Proactive problem solving
  IGmult 4.36 (1.83) 4.66 (1.83) 0.072
 CG 4.62 (1.83) 4.83 (1.68) (−0.12–0.26)

Inner calm
  IGmult 4.65 (1.95) 5.19 (1.95) 0.313 **
 CG 5.23 (1.93) 5.37 (1.89) (0.13–0.50)

Successful experiences at work
  IGmult 5.09 (1.97) 5.38 (1.92) 0.133
 CG 5.06 (1.86) 5.17 (1.96) (−0.06–0.32)

Satisfaction with life
  IGmult 5.47 (2.07) 5.71 (2.01) 0.066
 CG 5.37 (1.89) 5.51 (1.98) (−0.12–0.25)

Experience of social support
  IGmult 4.74 (1.80) 4.72 (1.77) 0.043
 CG 4.85 (1.74) 4.78 (1.66) (−0.15–0.23)

Cognitive abilities
Mental speed
  IGmult 2.38 (0.46) 2.56 (0.47) 0.501 ***
 CG 2.39 (0.45) 2.43 (0.47) (0.30–0.68)

Concentration
  IGmult 60.54 (14.29) 68.02 (15.36) 0.242 *
 CG 62.16 (12.32) 66.82 (12.66) (0.05–0.43)

*p < .05; **p < .01; ***p < .001
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Table 4  Results of t-tests comparing intra-group developments from t1 to t2 and t1 to t3 and comparison of effect sizes (Cohen’s q) between 
 IGmult and  IGTTT ,  IGcomp,  IGcogn,  IGstress for both intervals

Scale t1
M (SD)

t2
M (SD)

p Cohen’s d
(CI-95%)

Cohen’s q t1
M (SD)

t3
M (SD)

p Cohen’s d
(CI-95%)

Cohen’s q

Subjective health
  IGmult 2.21 (0.68) 2.12 (0.71) ** 0.142

(0.04–0.24)
2.23 (0.67) 2.19 (0.74) 0.066

(−0.08–0.21)
  IGTTT 2.14 (0.75) 1.92 (0.55) * 0.323

(0.04–0.60)
0.090 2.16 (0.78) 1.90 (0.47) 0.391

(−0.05–0.82)
0.161

  IGcomp 1.77 (0.63) 1.79 (0.54) −0.035
(−0.25–0.18)

0.088 1.77 (0.57) 1.83 (0.59) 0.115
(−0.22–0.45)

0.090

  IGcogn 2.03 (0.54) 1.97 (0.54) 0.095
(−0.14–0.33)

0.023 2.03 (0.59) 2.19 (0.74) 0.233
(−0.27–0.73)

0.149

  IGstress 2.24 (0.71) 2.21 (0.66) 0.038
(−0.27–0.34)

0.052 2.12 (0.71) 2.04 (0.60) 0.115
(−0.23–0.46)

0.024

 CG 2.00 (0.64) 2.06 (0.64) 0.094
(−0.04–0.22)

Self-efficacy
  IGmult 4.01 (0.50) 4.15 (0.54) *** 0.276

(0.15–0.41)
4.01 (0.47) 4.09 (0.55) * 0.162

(0.02–0.30)
  IGTTT 3.98 (0.55) 4.11 (0.56) * 0.245

(0.02–0.47)
0.015 3.89 (0.52) 4.23 (0.57) ** 0.618

(0.23–1.00)
0.223

  IGcomp 3.95 (0.74) 4.04 (0.66) 0.127
(−0.09–0.34)

0.074 3.97 (0.61) 4.08 (0.66) 0.175
(−0.20–0.55)

0.007

  IGcogn 3.85 (0.49) 3.97 (0.45) 0.245
(−0.02–0.51)

0.015 3.82 (0.47) 3.85 (0.42) 0.069
(−0.20–0.34)

0.046

  IGstress 3.95 (0.69) 4.03 (0.63) 0.113
(−0.19–0.41)

0.081 3.99 (0.75) 4.02 (0.51) 0.055
(−0.32–0.43)

0.053

 CG 4.10 (0.52) 4.13 (0.51) 0.065
(−0.06–0.19)

Self-concept of professional competence
Expertise
  IGmult 4.02 (0.54) 4.16 (0.53) *** 0.249

(0.14–0.35)
4.03 (0.51) 4.13 (0.49) ** 0.206

(0.07–0.35)
  IGTTT 4.01 (0.50) 4.10 (0.45) * 0.201

(0.00–0.40)
0.024 3.97 (0.43) 4.12 (0.46) 0.331

(−0.04–0.70)
0.062

  IGcomp 4.03 (0.63) 4.20 (0.55) ** 0.285
(0.11–0.46)

0.018 3.95 (0.67) 4.14 (0.62) * 0.288
(0.01–0.56)

0.041

  IGcogn 4.04 (0.58) 4.04 (0.52) 0.000
(−0.20–0.20)

0.124 4.01 (0.55) 4.01 (0.45) 0.012
(−0.23–0.25)

0.097

  IGstress 3.83 (0.54) 3.95 (0.54) 0.222
(−0.06–0.50)

0.013 3.87 (0.56) 3.96 (0.45) 0.169
(−0.13–0.47)

0.018

 CG 4.16 (0.50) 4.15 (0.46) 0.022
(−0.09–0.13)

Methodological competencies
  IGmult 3.96 (0.63) 4.03 (0.59) * 0.112 

(0.03–0.20)
3.94 (0.62) 3.95 (0.56) 0.022

(−0.10–0.14)
  IGTTT 3.89 (0.69) 3.98 (0.62) 0.145

(−0.03–0.32)
0.016 3.84 (0.73) 3.90 (0.63) 0.087

(−0.18–0.35)
0.033

  IGcomp 3.73 (0.85) 3.96 (0.76) ** 0.290
(0.09–0.49)

0.089 3.79 (0.84) 3.95 (0.79) * 0.204
(0.00–0.41)

0.091

  IGcogn 3.80 (0.62) 3.87 (0.67) 0.097
(−0.09–0.28)

0.008 3.78 (0.66) 3.79 (0.59) 0.020
(−0.19–0.24)

0.001

  IGstress 3.79 (0.74) 3.82 (0.69) 0.042
(−0.14–0.23)

0.035 3.78 (0.79) 3.88 (0.74) 0.135
(−0.14–0.41)

0.056

 CG 3.91 (0.63) 3.87 (0.62) 0.055
(−0.03–0.14)
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Table 4  (continued)

Scale t1
M (SD)

t2
M (SD)

p Cohen’s d
(CI-95%)

Cohen’s q t1
M (SD)

t3
M (SD)

p Cohen’s d
(CI-95%)

Cohen’s q

Flexibility on the job
  IGmult 3.29 (0.55) 3.34 (0.54) 0.089

(0.00–0.18)
3.29 (0.54) 3.35 (0.55) * 0.115

(0.02–0.21)
  IGTTT 3.16 (0.56) 3.29 (0.54) * 0.231

(0.05–0.42)
0.071 3.14 (0.54) 3.10 (0.49) 0.069

(−0.23–0.37)
0.092

  IGcomp 3.35 (0.69) 3.48 (0.65) * 0.192
(0.04–0.34)

0.051 3.27 (0.64) 3.40 (0.61) 0.212
(−0.03–0.46)

0.048

  IGcogn 3.32 (0.53) 3.37 (0.49) 0.097
(−0.07–0.27)

0.004 3.28 (0.56) 3.34 (0.54) 0.109
(−0.10–0.32)

0.003

  IGstress 3.02 (0.60) 3.12 (0.62) 0.154
(−0.03–0.34)

0.032 3.06 (0.60) 3.14 (0.74) 0.117
(−0.14–0.37)

0.001

 CG 3.27 (0.64) 3.25 (0.62) 0.029
(−0.05–0.11)

Affective commitment
  IGmult 3.77 (0.86) 3.82 (0.82) 0.068

(−0.01–0.14)
3.73 (0.85) 3.77 (0.84) 0.038

(−0.06–0.14)
  IGTTT 3.67 (1.00) 3.72 (0.86) 0.054

(−0.11–0.22)
0.007 3.73 (1.01) 3.79 (0.91) 0.061

(−0.12–0.24)
0.012

  IGcomp 3.39 (0.98) 3.42 (1.01) 0.024
(−0.21–0.26)

0.022 3.46 (1.00) 3.56 (0.94) 0.107
(−0.25–0.47)

0.034

  IGcogn 3.75 (0.82) 3.73 (0.78) −0.032
(−0.21–0.15)

0.050 3.66 (0.85) 3.68 (0.82) 0.015
(−0.27–0.30)

0.012

  IGstress 3.67 (0.94) 3.50 (0.88) 0.183
(−0.04–0.41)

0.125 3.73 (0.86) 3.58 (0.74) 0.183
(−0.17–0.53)

0.110

 CG 3.87 (0.81) 3.79 (0.85) * 0.098
(0.00–0.19)

Coping with stress
Willingness to work to exhaustion
  IGmult 3.93 (2.00) 3.68 (2.06) ** 0.123

(0.03–0.21)
3.84 (2.00) 3.35 (1.92) *** 0.249

(0.13–0.36)
  IGTTT 3.57 (1.80) 3.13 (1.84) * 0.244

(0.02–0.47)
0.060 3.47 (1.81) 3.07 (1.64) 0.230

(−0.04–0.50)
0.009

  IGcomp 4.02 (2.18) 4.17 (1.87) −0.070
(−0.27–0.13)

0.096 4.30 (2.02) 3.97 (1.94) 0.168
(−0.10–0.43)

0.040

  IGcogn 3.17 (1.91) 3.17 (2.04) 0.000
(−0.17–0.17)

0.061 3.06 (1.79) 3.00 (1.78) 0.035
(−0.19–0.26)

0.107

  IGstress 5.10 (2.43) 4.63 (2.31) 0.200
(−0.05–0.45)

0.038 4.93 (2.48) 4.07 (2.48) * 0.344
(0.03–0.66)

0.047

 CG 3.64 (2.13) 3.68 (2.13) −0.019
(−0.11–0.07)

Distancing ability
  IGmult 5.77 (1.81) 6.23 (1.82) *** 0.255

(0.16–0.35)
5.87 (1.72) 6.35 (1.84) *** 0.273

(0.16–0.38)
  IGTTT 6.33 (1.66) 6.91 (1.58) ** 0.354

(0.15–0.56)
0.049 6.30 (1.74) 7.00 (1.62) ** 0.414

(0.13–0.70)
0.070

  IGcomp 5.42 (1.89) 5.35 (1.73) 0.034
(−0.17–0.24)

0.144 5.33 (1.47) 5.47 (1.63) 0.085
(−0.21–0.38)

0.094

  IGcogn 5.90 (1.76) 6.02 (1.81) 0.068
(−0.09–0.22)

0.093 5.91 (1.86) 6.09 (1.94) 0.099
(−0.16–0.36)

0.087

  IGstress 4.80 (2.05) 5.50 (1.96) ** 0.348
(0.12–0.57)

0.046 5.26 (2.16) 5.48 (1.65) 0.112
(−0.23–0.46)

0.080

 CG 5.93 (1.90) 6.07 (1.88) 0.072
(−0.01–0.15)
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Table 4  (continued)

Scale t1
M (SD)

t2
M (SD)

p Cohen’s d
(CI-95%)

Cohen’s q t1
M (SD)

t3
M (SD)

p Cohen’s d
(CI-95%)

Cohen’s q

Resignation tendency
  IGmult 5.09 (1.91) 4.79 (1.76) ** 0.163

(0.07–0.26)
5.12 (1.85) 4.53 (1.85) *** 0.318

(0.19–0.44)
  IGTTT 4.80 (1.76) 4.33 (1.84) * 0.257

(0.00–0.51)
0.047 4.80 (1.95) 3.73 (1.76) ** 0.572

(0.18–0.96)
0.124

  IGcomp 5.44 (2.13) 4.83 (1.74) * 0.304
(0.06–0.55)

0.070 5.57 (1.70) 5.20 (1.79) 0.210
(−0.15–0.57)

0.054

  IGcogn 4.88 (1.99) 4.85 (1.78) 0.013
(−0.19–0.22)

0.075 4.88 (2.11) 4.91 (1.87) 0.015
(−0.18–0.21)

0.166

  IGstress 6.00 (1.65) 5.25 (1.71) ** 0.447
(0.14–0.76)

0.140 5.85 (1.83) 5.07 (1.73) * 0.436
(0.02–0.84)

0.058

 CG 4.62 (1.75) 4.55 (1.69) 0.041
(−0.07–0.15)

Inner calm
  IGmult 4.65 (1.95) 5.19 (1.95) *** 0.275

(0.19–0.36)
4.75 (2.01) 5.28 (2.14) *** 0.254

(0.15–0.36)
  IGTTT 4.43 (2.02) 5.09 (1.92) ** 0.338

(0.14–0.54)
0.031 4.27 (2.00) 5.07 (1.96) ** 0.404

(0.11–0.70)
0.074

  IGcomp 4.52 (2.01) 5.02 (1.95) ** 0.252
(0.09–0.42)

0.011 4.23 (1.96) 4.47 (2.10) 0.114
(−0.07–0.30)

0.070

  IGcogn 4.49 (1.99) 4.80 (1.99) 0.159
(−0.04–0.36)

0.058 4.50 (2.00) 4.66 (2.01) 0.078
(−0.10–0.26)

0.088

  IGstress 3.60 (1.88) 4.03 (2.03) * 0.230
(0.01–0.42)

0.022 3.89 (2.01) 4.67 (1.88) * 0.399
(0.06–0.73)

0.071

 CG 5.23 (1.93) 5.37 (1.89) 0.074
(−0.01–0.16)

Cognitive abilities
Mental speed
  IGmult 2.38 (0.46) 2.56 (0.47) *** 0.386

(0.31–0.46)
2.42 (0.45) 2.65 (0.44) *** 0.508

(0.41–0.61)
  IGTTT 2.27 (0.49) 2.51 (0.49) *** 0.500

(0.34–0.66)
0.056 2.25 (0.54) 2.54 (0.49) *** 0.546

(0.28–0.81)
0.018

  IGcomp 2.40 (0.40) 2.62 (0.36) *** 0.551
(0.37–0.73)

0.080 2.35 (0.39) 2.57 (0.36) *** 0.576
(0.31–0.85)

0.033

  IGcogn 2.39 (0.45) 2.56 (0.47) *** 0.388
(0.24–0.54)

0.001 2.43 (0.45) 2.64 (0.41) *** 0.492
(0.29–0.70)

0.008

  IGstress 2.20 (0.47) 2.43 (0.42) *** 0.502
(0.29–0.72)

0.057 2.20 (0.38) 2.49 (0.36) *** 0.775
(0.44–1.11)

0.127

 CG 2.39 (0.45) 2.43 (0.47) * 0.096
(0.01–0.19)

Concentration
  IGmult 60.54 (14.29) 68.02 (15.36) *** 0.503

(0.38–0.62)
61.42 (14.31) 72.33 (14.26) *** 0.764

(0.60–0.93)
  IGTTT 58.11 (13.96) 67.60 (14.95) *** 0.654

(0.40–0.91)
0.073 57.85 (13.49) 69.62 (12.34) *** 0.906

(0.54–1.27)
0.066

  IGcomp 66.78 (11.24) 70.72 (11.39) ** 0.349
(0.12–0.58)

0.075 64.09 (11.30) 67.74 (11.39) * 0.322
(0.04–0.61)

0.091

  IGcogn 59.70 (13.01) 64.83 (12.28) ** 0.405
(0.15–0.66)

0.048 60.98 (14.00) 66.65 (13.75) *** 0.408
(0.18–0.64)

0.171

  IGstress 58.57 (14.10) 63.06 (14.21) ** 0.317
(0.11–0.52)

0.091 59.32 (15.46) 66.46 (15.71) * 0.457
(0.14–0.78)

0.147

 CG 60.54 (14.29) 68.02 (15.36) *** 0.373
(0.24–0.50)

*p < .05; **p < .01; ***p < .001
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Effects of significant results were small, unless stated 
otherwise.

Subjective health improved significantly t1/t2 both in 
 IGmult and  IGTTT . There was a small long-term effect in 
 IGTTT , but significance was missed; effect size was signifi-
cantly larger than in  IGmult. For all other groups, there were 
no significant differences t1/t2, respectively, t1/t3, for sub-
jective health. In  IGcogn the difference t1/t3 was not signifi-
cant, but there was a small effect significantly larger than 
in  IGmult.

Self-efficacy was significantly higher at t2 and t3 than at 
t1 in  IGmult. For  IGTTT , also significant differences resulted 
t1/t2, respectively, t1/t3 (medium effect). The effect t1/t2 
was comparable for  IGTTT  and  IGmult; the effect t1/t3 was 
significantly larger in  IGTTT . For all other groups, there were 
no significant improvements t1/t2 and t1/t3.

Concerning self-concept of professional competence, 
 IGmult also improved significantly t1/t2 and t1/t3 in expertise 
and t1/t2 in methodological competencies. While affective 
commitment improved descriptively in  IGmult t1/t2, there 
was a significant decrease in CG. For  IGTTT  there were 
significant improvements t1/t2 for expertise and flexibility. 
All effects for  IGTTT  did not differ significantly from  IGmult. 
 IGcomp improved significantly t1/t2 in expertise, methodolog-
ical competencies and flexibility. There were also significant 
long-term effects for the first two variables and a small effect 
for flexibility, but here significance was missed. Effects did 
not differ significantly from  IGmult.

Regarding coping with stress, no significant differences 
resulted within CG t1/t2. But both in  IGmult and  IGTTT , t1/
t2 and t1/t3 were significant for all four variables—distanc-
ing ability, resignation tendency, inner calm and willingness 
to work to exhaustion—except for the latter in  IGTTT  t1/t3. 
There was a small effect, but significance was missed. The 
other effect sizes did not differ significantly from  IGmult, 
except for resignation tendency. In  IGTTT  the decrease in res-
ignation tendency t1/t2 had a medium effect. In  IGcomp there 
were significant improvements t1/t2 for resignation tendency 
and inner calm, but no significant long-term effects. The 
corresponding effect sizes did not differ significantly from 
 IGmult. In  IGstress there were significant differences t1/t2 for 
distancing ability, resignation tendency and inner calm. For 
willingness to work to exhaustion there was a small effect, 
but significance was missed. Except for distancing ability 
there also were significant long-term effects. Effect sizes did 
not differ significantly from  IGmult, except for the reduction 
in resignation tendency t1/t2; the effect size was significantly 
larger in  IGstress than in  IGmult.

For all intervention groups changes in both cognitive vari-
ables t1/t2, respectively, t1/t3, were significant with small to 
large effect sizes. Effect sizes in  IGTTT  did not differ signifi-
cantly from  IGmult. Effect sizes t1/t2 in single-component 
versions also did not differ significantly from  IGmult. But 

for t1/t3, the effect size for mental speed was significantly 
higher in  IGstress than in  IGmult; the effect size for concentra-
tion was significantly higher in  IGmult than in  IGstress and 
 IGcogn. The remaining effects did not differ significantly 
from  IGmult.

Discussion

This study aimed at examining the effects of an intervention 
for adults aged 50+. For five concepts under investigation—
health, self-efficacy, self-concept of professional compe-
tence, coping with stress and cognitive abilities—partici-
pants of the multi-component training showed a significantly 
more favourable development over the time span of training 
than the control group. Short-term and long-term effects 
within the intervention group (research question 1) were 
found for self-efficacy, self-concept of professional compe-
tence, coping with stress and cognitive abilities; short-term 
effects were additionally obtained for subjective health. The 
long-term effects six months after training indicate that par-
ticipants adopted self-reflection and implemented exercises 
and psychologically more adequate behaviour into their 
everyday lives. The psychomotoric exercises can easily be 
integrated into daily routines in varying difficulty, which 
is particularly important regarding cognitive advancements 
(O’Connell and Robertson 2012). Besides, dealing with 
new contents and thus perceiving oneself as a cognitively 
active person might have raised participants’ willingness to 
challenge their cognitive abilities, contributing to cognitive 
long-term effects (Jackson et al. 2012).

The intervention showed to be particularly effective 
regarding cognitive abilities. The fact that the tested tasks 
were not similar to the trained tasks is highly relevant as 
transfer from training to basic cognitive skills is not easily 
obtained (Simons et al. 2016), yet crucial for training ben-
efits in everyday life. Concentration and mental speed are 
basic cognitive abilities relevant for a variety of cognitive 
processes, like higher cognitive functions, which are impor-
tant in private and working life (e.g. problem solving; Vance 
et al. 2010). Training-based improvements in mental speed 
show transfer effects to daily actions and self-rated health in 
higher age (Wolinsky et al. 2010).

Regarding enhanced coping with stress, reduced will-
ingness to work to exhaustion and resignation tendency as 
well as increased distancing ability and inner calm indicate 
health-enhancing behaviour in dealing with professional 
requirements. Distancing ability is highly relevant for suf-
ficient recovery and thus for preventing recurring self-rein-
forcing strain (Hillert et al. 2012). The results coincide with 
findings showing effectiveness of stress management inter-
ventions in occupational settings (Richardson and Rothstein 
2008). Also, self-efficacy was promoted, which is highly 
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relevant in working contexts as it is associated with (a) 
constructive coping and is therefore discussed as protective 
resource regarding job strain, (b) developing healthy behav-
iour and (c) willingness to participate in further education 
and continuously developing professional skills (Schmid and 
Pfetsch 2018; Schwarzer and Hallum 2008).

In the light of changing demands in work contexts, pro-
motion of supra-disciplinary skills like expertise, methodo-
logical competencies and flexibility gains importance. Train-
ing effects imply that independent and efficient handling of 
tasks, creativity in developing solutions as well as adaptabil-
ity and tolerance of ambiguity were promoted (Hossiep and 
Paschen 2003). The effect found regarding affective commit-
ment is mainly due to a decrease in the control group and 
can only partly be attributed to training; other influences, 
like characteristics of work tasks or leadership, are probably 
also important (Westphal and Gmür 2009).

As compared to the control group, training had no sta-
tistical effect on some variables included in the concepts of 
professional competence and coping with stress. However, 
there are plausible reasons for why these variables could 
have been—at the most—indirectly influenced by training: 
Some of the respective abilities were not explicitly trained 
in the interventions (e.g. proactive problem solving, social 
competencies); others are highly dependent on situational 
conditions or the general personal situation (e.g. experiences 
of success at work, life satisfaction, social support). Further-
more, the awareness of vocational competencies (like spe-
cialist skills, handling of work equipment) and social skills 
might have already been higher before training, as their daily 
use is more obvious or as they are often proven by certifi-
cates. Items measuring motivation aim partly at attitudes and 
behaviour contrary to successful stress management, like 
self-imposed excessive aspirations (Kaluza 2018). Subjec-
tive importance of work, professional ambition and striving 
for perfection are problematic, if they exceed a certain level. 
Therefore, relatively low, respectively, medium values might 
be most health-promoting and consistent with the training’s 
objectives.

Single-component trainings showed domain-specific 
effects as expected (research question 3). Additional effects 
were found for competence training regarding coping with 
stress, i.e. resignation tendency and inner calm. This can be 
explained by an increased perception of personal strength 
and resources. Surprisingly, cognitive effects were obtained 
in all single-component trainings. Cognitive abilities might 
have been promoted by the following characteristics, being 
part of all single-component trainings: (a) dealing inten-
sively with new learning contents (Iizuka et al. 2019b), (b) 
psychomotoric exercises (Joubert and Chainay 2018; Oswald 
et al. 2006), (c) communication and social interaction (Iizuka 
et al. 2019b) and (d) metacognitive elements (O’Connell 
and Robertson 2012). Improved stress management is likely 

to contribute to cognitive improvement (Mache and Harth 
2017), possibly by releasing cognitive resources (Hubbard 
and Byler 2016) or by reducing test anxiety and thus enhanc-
ing test performance (Knigge-Illner 2009). Besides, com-
petence training might have strengthened self-confidence 
in cognitive abilities, contributing to challenging and thus 
promoting them (Chasteen et al. 2005; Jackson et al. 2012).

The effects of single-component trainings were overall 
comparable to those of the multi-component training. How-
ever, comparability of multi-component and single-com-
ponent versions regarding cognitive improvements may be 
limited due to possible retest effects. These are likely to be 
more pronounced in the single-component trainings because 
of the shorter interval between tests, possibly resulting in an 
overestimation of cognitive effects (Salthouse 2009). Further 
evaluations within the scope of the project also indicated a 
stronger influence of retest effects in single-component train-
ings (Stahlhofen 2021). To counteract this problem in future 
studies, tests with parallel versions should be administered. 
An alternative explanation for similar cognitive improve-
ments could be that a training of 7 weeks was sufficient to 
evoke equivalent effects to an intervention of 15 weeks.

The results indicate that multi-component training has 
not necessarily larger effects, but a broader impact than 
single-component trainings (research question 4). Particu-
larly, subjective health and self-efficacy were only promoted 
by the multi-component version. Possible explanations are 
the interaction of different training modules enhancing 
additional effects and the prolonged time span of training 
and mentoring. Specific mechanisms underlying these syn-
ergy effects will have to be subject to further research. The 
results conform to findings showing advantages of combined 
trainings for improvement of subjective health ratings and 
of diverse and combined cognitive, metacognitive and psy-
chomotoric exercises for maintaining and promoting abilities 
in mature adults (O’Connell and Robertson 2012; Oswald 
et al. 2006).

The results further show that courses administered by 
trained instructors and the programme’s designers were gen-
erally equally effective, indicating that training effects are 
independent of instructors (research question 2). These find-
ings coincide with research identifying TTT-programmes as 
an effective educational approach (Pearce et al. 2012); they 
contradict views indicating that programmes are less effec-
tive when not administered by the programme’s designers 
(Beelmann and Karing 2014).

Extensive evaluation of training effectiveness using dif-
ferent methodological approaches is a strength of this study. 
Nevertheless, methodological limitations must be consid-
ered. The multi-component training does not only differ 
from the single-component trainings regarding its struc-
ture, but also regarding the total training time. However, 
this problem always emerges when evaluating a holistic 
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training based on a comparison with the effects of its single 
components. If the trainings’ contents are to be comparable, 
a difference in total time is unavoidable. Also, companies 
and participants took part voluntarily, participants were not 
randomly assigned to groups and assessors were not blind 
to participant group allocation due to organizational rea-
sons. It cannot be precluded that participating persons and 
companies systematically differ from those not participating. 
For example, the sample had a rather high educational level 
for this age cohort, reflecting higher willingness to pursue 
education found in adults with higher school qualifications 
(Bundesministerium für Bildung und Forschung 2021). 
Differences between intervention and control groups before 
training indicate self-selection and can be explained by the 
motivation to participate in a training programme. Training 
closed the gap between these groups and, thus, addressed the 
target group. Generalizability of results is limited to well-
educated persons taking part voluntarily in further education 
and completing the programme, reflecting high interest and 
intrinsic motivation. Furthermore, relatively small sample 
sizes of single-component and TTT-trainings must be con-
sidered, because they impede detection of statistically sig-
nificant differences, especially regarding long-term effects. 
Post hoc power analyses indicate that larger samples would 
indeed lead to significance in variables for which small 
effects were found in this study. Further research should 
focus on evaluating interventions with optimised methodi-
cal means to confirm the results. To control for placebo-
effects and effects of receiving special attention by trainers 
on outcome measures, an additional active control group 
receiving a different intervention should be included. In this 
study, unfortunately, none of the participating companies 
agreed to release their employees during work hours for such 
a control group. Besides, it seems worthwhile investigating 
training effectiveness when administered by trainers in busi-
ness practice using the manual without having attended the 
TTT-programme.

This intervention study presents a well-evaluated, field-
proven training programme designed for mature employ-
ees. The training’s high acceptance by the target group, 
providing a low-threshold offer and the evaluation of train-
ings administered by trained instructors are strengths of 
the programme regarding practical implementation. To 
ensure training effectiveness in business practice, psy-
chological background knowledge and ideally practical 
training experience are important as well as knowledge 
about the training, its implementation and usage of manu-
als and training material (Beelmann and Karing 2014). 
Furthermore, a combination with structural organizational 
measures should be standard practice to allow working and 
learning under ageing-appropriate and health-promoting 

conditions and to ensure lasting effects of health promo-
tion programmes (Bieling et al. 2015).

Acknowledgements The authors would like to thank all participants 
and their employers for contributing to the study. Furthermore, they 
would like to thank Prof. em. Dieter Schmidt for his support in design-
ing the psychomotoric training and M. Sc. Hannah Huxholl, M. Sc. 
Julia Reintges and the students, interns and trainers who helped to 
conduct the study. The authors are thankful for the financial support 
granted by the Hans Hermann Voss-Foundation to the corresponding 
author and for helpful comments by four anonymous reviewers on the 
manuscript.

Authors’ contributions All authors contributed to the study’s contents, 
design and implementation. Una Röhr-Sendlmeier and Udo Käser 
designed the study. They discussed and supervised material prepara-
tion, data collection and analyses performed by Lara Görtner, Tanja 
Hüber and Lena Stahlhofen. The first draft of the manuscript was writ-
ten by Tanja Hüber and Lena Stahlhofen finalised a shortened draft. All 
authors commented on previous versions of the manuscript. All authors 
read and approved the final manuscript.

Funding Open Access funding enabled and organized by Projekt 
DEAL. This research was supported by grants to Una Röhr-Sendlmeier 
by the Hans Hermann Voss-Foundation Wipperfürth. The foundation 
did not influence the authors' scientific work in any respect, i.e. neither 
concerning the design of the study, nor the collection, analysis, and 
interpretation of the data, nor the report or the decision to submit the 
results for publication in this journal.

Availability of data and materials Not applicable.

Code availability Not applicable.

Declarations 

Conflicts of interest The authors declare that they have no conflict of 
interest.

Ethical approval All procedures performed in the present study involv-
ing human participants were in accordance with the ethical standards 
of the institutional and national research committee and with the 1964 
Helsinki declaration and its later amendments or comparable ethical 
standards.

Informed consent to participate and for publication Potential partici-
pants were informed that participation would be voluntary. Moreover, 
they were informed that data analysis and reporting would guarantee 
confidentiality, and nobody could identify individual participants from 
the reports. Researchers approached eligible firms and mature employ-
ees, informed them about the study and its scientific purpose includ-
ing publication, and registered their consent before data collection. 
Participants were informed that they could interrupt their participation 
anytime without explanation or consequences for them.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 



1324 European Journal of Ageing (2022) 19:1311–1326

1 3

the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

Aciego R, García L, Betancort M (2012) The benefits of chess for the 
intellectual and social-emotional enrichment in schoolchildren. 
Span J Psychol 15:551–559. https:// doi. org/ 10. 5209/ rev_ SJOP. 
2012. v15. n2. 38866

Arnold R, Pätzold H, Ganz M (2018) Weiterbildung und Beruf [Fur-
ther education and profession]. In: Tippelt R, von Hippel A 
(eds) Handbuch Erwachsenenbildung/Weiterbildung [Handbook 
of adult education/further education], 6th edn. Springer, Wies-
baden, pp 931–945

Bailey H, Dunlosky J, Hertzog C (2010) Metacognitive training 
at home: does it improve older adults’ learning? Gerontology 
56:414–420. https:// doi. org/ 10. 1159/ 00026 6030

Baltes PB, Baltes MM (1990) Psychological perspectives on suc-
cessful aging: the model of selective optimization with com-
pensation. In: Baltes PB, Baltes MM (eds) Successful aging. 
perspectives from the behavioural sciences. Cambridge Uni-
versity Press, New York, pp 1–34

Beelmann A, Karing C (2014) Implementationsfaktoren und 
-prozesse in der Präventionsforschung: Strategien, Probleme, 
Ergebnisse, Perspektiven [Implementation factors and pro-
cesses in prevention research: Strategies, problems, findings, 
prospects]. Psychol Rundsch 65:129–139. https:// doi. org/ 10. 
1026/ 0033- 3042/ a0002 15

Beierlein C, Kovaleva A, Kemper CJ, Rammstedt B (2012) Ein 
Messinstrument zur Erfassung subjektiver Kompetenzerwar-
tung. Allgemeine Selbstwirksamkeit Kurzskala (ASKU) [A 
scale for measuring subjective competence expectations. Gen-
eral self-efficacy short-scale]. GESIS – Leibniz-Institut für 
Sozialwissenschaften, Köln

Beigel D (2015) Bildung kommt ins Gleichgewicht. "Guten Morgen, 
liebes Knie …". Ein Gleichgewichtsprogramm zur Lernunter-
stützung [Education becomes balanced. „Good morning, dear 
knee …“. A balance-program to support learning], 3rd edn. 
Borgmann Media, Dortmund

Bieling G, Stock RM, Dorozalla F (2015) Coping with demographic 
change in job markets: how age diversity management contrib-
utes to organisational performance. Ger J Hum Resour Manag 
29:5–30. https:// doi. org/ 10. 1688/ ZfP- 2015- 01- Bieli ng

Brandtstädter J (2010) Life management in developmental settings of 
modernity: challenges to the adaptive self. In: Silbereisen RK, 
Chen X (eds) Social change and human development: concepts 
and results. Sage, London, pp 50–72

Brünner A (2011) Leitprinzipien und didaktische Handlungsansätze 
in der Erwachsenenbildung. Lernen im Alter. [Guiding princi-
ples and didactic approaches in adult education. Learning in old 
age.] Magazin erwachsenenbildung.at 13:09-1-09-11.

Bundesanstalt für Arbeitsschutz und Arbeitsmedizin (BAuA) (2012) 
Länger geistig fit im Beruf! Abschlussbericht PFIFF 2: Umsetzung 
des Programms PFIFF – Training zur Förderung von Gesundheit 
und geistiger Leistungsfähigkeit bei älteren Arbeitnehmern [Stay-
ing cognitively fit at work! Final report PFIFF 2: Implementation 
of the PFIFF program – Training for the promotion of health and 
cognitive capacity in older employees]. BAuA, Dortmund

Bundesministerium für Bildung und Forschung [Ministry of Edu-
cation and Research] (2021) Weiterbildungsverhalten in 
Deutschland 2020. Ergebnisse des Adult Education Survey 
– AES-Trendbericht. [Further education in Germany 2020. 

Results of the Adult Education Survey – AES-Trend report] 
BMBF, Bonn https:// www. bmbf. de/ Share dDocs/ Publi katio nen/ 
de/ bmbf/1/ 31690_ AES- Trend beric ht_ 2020. pdf?__ blob= publi 
catio nFile &v=4. Accessed 30 Jan 2022

Chasteen AL, Bhattacharyya S, Horhota M, Tam R, Hasher L (2005) 
How feelings of stereotype threat influence older adults’ mem-
ory performance. Exp Aging Res 31:235–260. https:// doi. org/ 
10. 1080/ 03610 73059 09481 77

Cohen J (1988) Statistical power analysis for the behavioral sciences, 
2nd edn. Lawrence Erlbaum Associates, Hillsdale

Croisile B (2011) Unser Gedächtnis. Erinnern und Vergessen [Our 
memory. Remembering and forgetting], 2nd edn. Wissen-
schaftliche Buchgesellschaft, Darmstadt

Chuang S, Graham CM (2020) Contemporary issues and perfor-
mance improvement of mature workers in industry 4.0. Perform 
Improv 59:21–30. https:// doi. org/ 10. 1002/ pfi. 21921

Dickfeld G (2016) Go für Einsteiger [Go for beginners], 2nd edn. 
Brett und Stein, Frankfurt a. M

Digulla J, Ebert A, Fecke A, Timm H (2008) Das go-spiel. Eine 
Einführung in das asiatische Brettspiel. Einführungsbuch des 
Deutschen Go-Bundes e. V. [The Go-Game. An introduction to 
the Asian board game. Introduction of the German Go-Associ-
ation e.V.], 3rd edn. Hebsacker, Hamburg

Dunlap WP, Cortina JM, Vaslow JB, Burke MJ (1996) Meta-analy-
sis of experiments with matched groups or repeated measures 
designs. Psychol Methods 1:170–177. https:// doi. org/ 10. 1037/ 
1082- 989X.1. 2. 170

Felfe J, Franke F (2012) Commitment-Skalen (COMMIT). Fragebo-
gen zur Erfassung von Commitment gegenüber Organisationen, 
Beruf/Tätigkeit, Team, Führungskraft und Beschäftigungsform 
[Commitment-scales (COMMIT). Questionnaire for measuring 
commitment to organisations, professions, teams, executives 
and form of employment]. Hans Huber, Bern

Gajewski PD, Falkenstein M (2011) Neurocognition of aging in 
working environments. Z Arbeitsmarktforsch 44:307–320. 
https:// doi. org/ 10. 1007/ s12651- 011- 0090-6

Gatterer G (1990) Alters-Konzentrations-Test [Age-concentration-
test] (AKT). Hogrefe, Göttingen

German Institute for Adult Education (2016) ProfilPASS. Know your 
strength – Plan your future. Bertelsmann, Bielefeld. https:// 
www. profi lpass. de/ media/ pp_ engli sh. pdf. Accessed 20 May 
2021

Goossens P (2013) Scale for measuring professional expertise. Depart-
ment of Developmental and Educational Psychology, University 
of Bonn

Gross AL, Rebok GW (2011) Memory training and strategy use in 
older adults: results from the ACTIVE study. Psychol Aging 
26:503–517. https:// doi. org/ 10. 1037/ a0022 687

Hertzog C, Dunlosky J (2011) Metacognition in later adulthood: spared 
monitoring can benefit older adults’ self-regulation. Curr Dir Psy-
chol Sci 20:167–173. https:// doi. org/ 10. 1177/ 09637 21411 409026

Hillert A, Lehr D, Koch S, Bracht M, Ueing S, Sosnowsky-Waschek N 
(2012) Lehrergesundheit. AGIL – das Präventionsprogramm für 
Arbeit und Gesundheit im Lehrerberuf [Teacher’s health. AGIL 
– Prevention program for work and health in the teaching profes-
sion]. Schattauer, Stuttgart

Holman D, Johnson S, O’Connor E (2018) Stress management inter-
ventions: improving subjective psychological well-being in the 
workplace. In: Diener E, Oishi S, Tay L (eds) Handbook of well-
being. DEF Publishers, Salt Lake City. https:// nobas cholar. com/ 
chapt ers/ 44/ downl oad. pdf. Accessed 20 May 2021

Hossiep R, Paschen M (2003) Das Bochumer Inventar zur berufsbezo-
genen Persönlichkeitsbeschreibung [Business-focused inventory 
for personality] (BIP), 2nd edn. Hogrefe, Göttingen

Hubbard KK, Blyler D (2016) Improving academic performance 
and working memory in health science graduate students using 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.5209/rev_SJOP.2012.v15.n2.38866
https://doi.org/10.5209/rev_SJOP.2012.v15.n2.38866
https://doi.org/10.1159/000266030
https://doi.org/10.1026/0033-3042/a000215
https://doi.org/10.1026/0033-3042/a000215
https://doi.org/10.1688/ZfP-2015-01-Bieling
https://www.bmbf.de/SharedDocs/Publikationen/de/bmbf/1/31690_AES-Trendbericht_2020.pdf?__blob=publicationFile&v=4
https://www.bmbf.de/SharedDocs/Publikationen/de/bmbf/1/31690_AES-Trendbericht_2020.pdf?__blob=publicationFile&v=4
https://www.bmbf.de/SharedDocs/Publikationen/de/bmbf/1/31690_AES-Trendbericht_2020.pdf?__blob=publicationFile&v=4
https://doi.org/10.1080/03610730590948177
https://doi.org/10.1080/03610730590948177
https://doi.org/10.1002/pfi.21921
https://doi.org/10.1037/1082-989X.1.2.170
https://doi.org/10.1037/1082-989X.1.2.170
https://doi.org/10.1007/s12651-011-0090-6
https://www.profilpass.de/media/pp_english.pdf
https://www.profilpass.de/media/pp_english.pdf
https://doi.org/10.1037/a0022687
https://doi.org/10.1177/0963721411409026
https://nobascholar.com/chapters/44/download.pdf
https://nobascholar.com/chapters/44/download.pdf


1325European Journal of Ageing (2022) 19:1311–1326 

1 3

progressive muscle relaxation training. Am J Occup Ther 
70:7006230010. https:// doi. org/ 10. 5014/ ajot. 2016. 020644

Iizuka A, Suzuki H, Ogawa S, Kobayashi-Cuya KE, Kobayashi M, 
Inagaki H, Sugiyama M, Awata S, Takebayashi T, Fujiwara Y 
(2019a) Does social interaction influence the effect of cognitive 
intervention program? A randomized controlled trial using Go 
game. Int J Geriatr Psychiatry 34:324–332. https:// doi. org/ 10. 
1002/ gps. 5024

Iizuka A, Suzuki H, Ogawa S, Kobayashi-Cuya KE, Kobayashi M, 
Takebayashi T, Fujiwara Y (2019b) Can cognitive leisure activity 
prevent cognitive decline in older adults? A systematic review of 
intervention studies. Geriatr Gerontol Int 19:469–482. https:// doi. 
org/ 10. 1111/ ggi. 13671

Jacobson E (1929) Progressive relaxation: a physiological and clinical 
investigation of muscular states and their significance in psychol-
ogy and medical practice. University of Chicago Press, Chicago

Jackson JJ, Hill PL, Payne BR, Roberts BW, Stine-Morrow EAL (2012) 
Can an old dog learn (and want to experience) new tricks? Cog-
nitive training increases openness to experience in older adults. 
Psychol Aging 27:286–292. https:// doi. org/ 10. 1037/ a0025 918

Joubert C, Chainay H (2018) Aging brain: the effect of combined cog-
nitive and physical training on cognition as compared to cognitive 
and physical training alone: a systematic review. Clin Interv Aging 
13:1267–1301. https:// doi. org/ 10. 2147/ CIA. S1653 99

Kaluza G (2018) Stressbewältigung. Trainingsmanual zur psychologis-
chen Gesundheitsförderung [Stress management. Training manual 
for the promotion of psychological health], 4th edn. Springer, 
Berlin

Käser U, Röhr-Sendlmeier UM (2002) Inzidentelles Lernen in ver-
schiedenen Lebensaltern [Incidental learning in different ages]. 
Psychol Erzieh Unterr 49:225–236

Käser U, Röhr-Sendlmeier UM (2012) Interessen, Geschlecht und inzi-
dentelles Lernen bei Themen aus dem Alltag [Interests, gender 
and incidental learning of everyday life information]. In: Röhr-
Sendlmeier UM (ed) Inzidentelles Lernen. Wie wir beiläufig 
Wissen erwerben [Incidental learning. How we gain knowledge 
incidentally]. Logos, Berlin, pp 195–224

Kelly ME, Loughrey D, Lawlor BA, Robertson IH, Walsh C, Brennan 
S (2014) The impact of cognitive training and mental stimulation 
on cognitive and everyday functioning of healthy older adults: a 
systematic review and meta-analysis. Aging Res Rev 15:28–43. 
https:// doi. org/ 10. 1016/j. arr. 2014. 02. 004

Knigge-Illner H (2009) Prüfungsangst bewältigen. Workshop-Pro-
gramm für Gruppen [Coping with test anxiety. Group intervention 
program]. Psychotherapeut 54:334–345. https:// doi. org/ 10. 1007/ 
s00278- 009- 0695-1

Kramer AF, Colcombe S (2018) Fitness effects on the cognitive func-
tion of older adults: a meta-analytic study—revisited. Perspect 
Psychol Sci 13:213–217. https:// doi. org/ 10. 1177/ 17456 91617 
707316

Lazarus RS, Lazarus BN (1994) Passion and reason. Making sense of 
our emotions. Oxford University Press, New York

Lenhard W, Lenhard A (2016) Calculation of effect sizes. Psychomet-
rica. https:// www. psych ometr ica. de/ effect_ size. html. Accessed 
09 Nov 2021

Mache S, Harth V (2017) Kognitive Leistungsfähigkeit von älteren 
Beschäftigten erhalten und fördern [Maintain and promote cogni-
tive performance of older employees]. Zentralblatt Für Arbeits-
medizin Arbeitsschutz Und Ergonomie 67:286–290. https:// doi. 
org/ 10. 1007/ s40664- 017- 0170-8

O’Connell RG, Robertson IH (2012) Training the brain. Nonpharma-
cological approaches to stimulating cognitive plasticity. In: Posner 
MI (ed) Cognitive neuroscience of attention, 2nd edn. Guilford 
Press, New York, pp 454–474

Oswald WD, Gunzelmann T, Rupprecht R, Hagen B (2006) Differential 
effects of single versus combined cognitive and physical training 

with older adults: the SimA study in a 5-year perspective. Eur J 
Ageing 3:179–192. https:// doi. org/ 10. 1007/ s10433- 006- 0035-z

Oswald WD, Roth E (1987) Der Zahlen-Verbindungs-Test [Number-
connecting-test] (ZVT), 2nd edn. Hogrefe, Göttingen

Ott B, Grotensohn V (2014) Betriebs- und Arbeitspädagogik. Ganz-
heitliches Lernen in der Berufsbildung [In-company and voca-
tional education. Holistic learning in professional education]. 
Schneider Verlag Hohengehren, Baltmannsweiler

Papa A, Follette WC (2015) Dismantling studies of psychotherapy. 
In: The encyclopedia of clinical psychology. Wiley, Hoboken. 
https:// doi. org/ 10. 1002/ 97811 18625 392. wbecp 523

Pearce J, Mann MK, Jones C, van Buschbach S, Olff M, Bisson JI 
(2012) The most effective way of delivering a train-the-train-
ers program: a systematic review. J Contin Educ Health Prof 
32:215–226. https:// doi. org/ 10. 1002/ chp. 21148

Petermann F, Vaitl D (2014) Entspannungsverfahren – eine Einfüh-
rung [Relaxation techniques – an introduction]. In: Petermann 
F, Vaitl D (eds) Entspannungsverfahren. Das Praxishandbuch 
[Relaxation techniques – a practical guide], 5th edn. Beltz, 
Weinheim, pp 17–31

Phillips C (2017) Lifestyle modulators of neuroplasticity: How phys-
ical activity, mental engagement, and diet promote cognitive 
health during aging. Neural Plast 2017:3589271. https:// doi. 
org/ 10. 1155/ 2017/ 35892 71

Poscia A, Moscato U, La Milia DI, Milovanovic S, Stojanovic J, 
Borghini A, Collamati A, Ricciardi W, Magnavita N (2016) 
Workplace health promotion for older workers: a systematic 
literature review. Health Serv Res 16:329. https:// doi. org/ 10. 
1186/ s12913- 016- 1518-z

Predovan D, Julien A, Esmail A, Bherer L (2019) Effects of dancing 
on cognition in healthy older adults: a systematic review. J Cogn 
Enhanc 3:161–167. https:// doi. org/ 10. 1007/ s41465- 018- 0103-2

Rauschenbach C, Krumm S, Thielgen M, Hertel G (2013) Age and 
work-related stress: a review and meta-analysis. J Manag Psych 
28:781–804. https:// doi. org/ 10. 1108/ JMP- 07- 2013- 0251

Rebok GW, Ball K, Guey LT, Jones RN, Kim HY, King JW, Mar-
siske M, Morris JN, Tennstedt SL, Unverzagt FW, Willis SL 
(2014) Ten-year effects of the advanced cognitive training for 
independent and vital elderly cognitive training trial on cogni-
tion and everyday functioning in older adults. J Am Geriatr Soc 
62:16–24. https:// doi. org/ 10. 1111/ jgs. 12607

Richardson KM, Rothstein HR (2008) Effects of occupational stress 
management intervention programs: a meta-analysis. J Occup 
Health Psychol 13:69–93. https:// doi. org/ 10. 1037/ 1076- 8998. 
13.1. 69

Röhr-Sendlmeier UM, Käser U, Hüber T, Görtner L, Stahlhofen L 
(2019) Lernen im Arbeitsalltag – Fit im Beruf. Ein Handbuch 
zur Weiterbildung für Berufstätige 50+ [Learning while work-
ing – Fit for the job. A guide to further education of employees 
50+]. Logos, Berlin

Rosenthal R, Rosnow RL (2009) Artifacts in behavioral research. 
Oxford University Press, New York

Salthouse TA (2009) When does age-related cognitive decline begin? 
Neurobiol Aging 30:507–514. https:// doi. org/ 10. 1016/j. neuro 
biola ging. 2008. 09. 023

Schaarschmidt U, Fischer AW (2008) Arbeitsbezogenes Verhaltens- 
und Erlebensmuster. AVEM (Standardform) und AVEM-44 
(Kurzform) [Work-related patterns of behavior and experience. 
AVEM (standard form) and AVEM-44 (short form)]. Manual. 
Pearson, Frankfurt a. M

Schmid L, Pfetsch J (2018) Berufliche Weiterbildung älterer 
Beschäftigter. Eine Anwendung der Theorie des geplanten Ver-
haltens auf individueller, angebotsbezogener und organisation-
aler Ebene [Professional further education of older employees 
– An application of the theory of planned behavior on indi-
vidual, organizational, and supply-side level]. Zeitschrift Für 

https://doi.org/10.5014/ajot.2016.020644
https://doi.org/10.1002/gps.5024
https://doi.org/10.1002/gps.5024
https://doi.org/10.1111/ggi.13671
https://doi.org/10.1111/ggi.13671
https://doi.org/10.1037/a0025918
https://doi.org/10.2147/CIA.S165399
https://doi.org/10.1016/j.arr.2014.02.004
https://doi.org/10.1007/s00278-009-0695-1
https://doi.org/10.1007/s00278-009-0695-1
https://doi.org/10.1177/1745691617707316
https://doi.org/10.1177/1745691617707316
https://www.psychometrica.de/effect_size.html
https://doi.org/10.1007/s40664-017-0170-8
https://doi.org/10.1007/s40664-017-0170-8
https://doi.org/10.1007/s10433-006-0035-z
https://doi.org/10.1002/9781118625392.wbecp523
https://doi.org/10.1002/chp.21148
https://doi.org/10.1155/2017/3589271
https://doi.org/10.1155/2017/3589271
https://doi.org/10.1186/s12913-016-1518-z
https://doi.org/10.1186/s12913-016-1518-z
https://doi.org/10.1007/s41465-018-0103-2
https://doi.org/10.1108/JMP-07-2013-0251
https://doi.org/10.1111/jgs.12607
https://doi.org/10.1037/1076-8998.13.1.69
https://doi.org/10.1037/1076-8998.13.1.69
https://doi.org/10.1016/j.neurobiolaging.2008.09.023
https://doi.org/10.1016/j.neurobiolaging.2008.09.023


1326 European Journal of Ageing (2022) 19:1311–1326

1 3

Arbeits- Und Organisationspsychologie 62:68–81. https:// doi. 
org/ 10. 1026/ 0932- 4089/ a0002 66

Schmidt D, Scholl C, Battelini S (2013) Ganzheitliches Gehirntrain-
ing (GGT) für Senioren. Lehrgangsmaterialien für den Übung-
sleiter-Lehrgang 2013 [Holistic brain training (GGT) for the 
elderly. Seminar materials for the instructor-seminar 2013]. 
Rheinische Akademie im Förderverein Psychomotorik, Bonn

Schwarzer R, Hallum S (2008) Perceived teacher self-efficacy as a 
predictor of job stress and burnout: mediation analyses. Appl Psy-
chol: Int Rev 57:152–171. https:// doi. org/ 10. 1111/j. 1464- 0597. 
2008. 00359.x

Simons DJ, Boot WR, Charness N, Gathercole SE, Chabris CF, Ham-
brick DZ, Stine-Morrow AL (2016) Do “brain-training” programs 
work? Psychol Sci Public Interest 17:103–186. https:// doi. org/ 10. 
1177/ 15291 00616 661983

Söderbacka T, Nyholm L, Fagerström L (2020). Workplace interven-
tions that support older employees’ health and work ability – a 
scoping review. BMC Health Serv Res 20:472. https:// doi. org/ 10. 
1186/ s12913- 020- 05323-1

Sonnentag S, Frese M (2003) Stress in organizations. In: Borman WC, 
Ilgen DR, Klimoski RJ (eds) Comprehensive handbook of psy-
chology. Wiley, Hoboken, pp 453–491

Sonntag K, Schäfer-Rauser U (1993) Selbsteinschätzung beruflicher 
Kompetenzen bei der Evaluation von Bildungsmaßnahmen [Ques-
tionnaire on self-concept of vocational competencies for evaluat-
ing vocational training programs]. Zeitschrift Für Arbeits- Und 
Organisationspsychologie 37:163–171

Stahlhofen L (2021). Weiterführende Wirksamkeitsevaluation eines 
ganzheitlichen Weiterbildungskonzepts für Berufstätige ab 50 
Jahren. Evaluation eines Train-the-Trainer-Ansatzes und eines 
kognitiven Kurztrainings [Further effectiveness evaluation of a 
holistic educational concept for employees aged 50+. Evaluation 
of a train-the-trainer approach and a cognitive short-training]. 
Logos, Berlin

Staudinger UM, Bowen CE (2011) A systematic approach to aging in 
the work context. Z Arbeitsmarktforsch 44:295–306. https:// doi. 
org/ 10. 1007/ s12651- 011- 0086-2

Techniker Krankenkasse [Technician health insurance] (2016) Ents-
pann dich Deutschland. TK-Stressstudie 2016 [Relax, Germany. 

TK-stress-study 2016]. https:// www. tk. de/ resou rce/ blob/ 20266 30/ 
9154e 4c717 66c41 0dc85 9916a a7982 17/ tk- stres sstud ie- 2016- data. 
pdf. Accessed 12 May 2021

Truxillo DM, Cadiz DM, Hammer LB (2015) Supporting the aging 
workforce: a review and recommendations for workplace interven-
tion research. Annu Rev Organ Psychol Organ Behav 2:351–381. 
https:// doi. org/ 10. 1146/ annur ev- orgps ych- 032414- 111435

Vance DE, Heaton K, Fazeli PL, Ackerman ML (2010) Aging, speed 
of processing training, and everyday functioning: Implications for 
practice and research. Act Adapt Aging 34:276–291. https:// doi. 
org/ 10. 1080/ 01924 788. 2010. 523867

Voelcker-Rehage C, Godde B, Staudinger UM (2010) Physical and 
motor fitness are both related to cognition in old age. Eur J Neu-
rosci 31:167–176. https:// doi. org/ 10. 1111/j. 1460- 9568. 2009. 
07014.x

Voelcker-Rehage C, Godde B, Staudinger UM (2011) Cardiovascular 
and coordination training differentially improve cognitive perfor-
mance and neural processing in older adults. Front Hum Neurosci 
5:26. https:// doi. org/ 10. 3389/ fnhum. 2011. 00026

Westphal A, Gmür M (2009) Organisationales Commitment und seine 
Einflussfaktoren: Eine qualitative Metaanalyse [Organizational 
commitment and its antecedents: a qualitative meta-analysis]. 
Journal Für Betriebswirtschaft 59:201–229. https:// doi. org/ 10. 
1007/ s11301- 009- 0054-x

Wolinsky FD, Mahncke H, Vander Weg MW, Martin R, Unverzagt 
FW, Ball KK et al (2010) Speed of processing training protects 
self-rated health in older adults: enduring effects observed in the 
multi-site ACTIVE randomized controlled trial. Int Psychogeriatr 
22:470–478. https:// doi. org/ 10. 1017/ S1041 61020 99912 81

Wottreng S (1999) Handbuch Handlungskompetenz: Einführung in die 
Selbst-, Sozial- und Methodenkompetenz [Handbook of acting 
competence: introduction to self-, social- and methodological-
competence]. Sauerländer, Aarau

Zacher H (2015) Successful aging at work. Work Aging Retire 1:4–25. 
https:// doi. org/ 10. 1093/ workar/ wau006

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1026/0932-4089/a000266
https://doi.org/10.1026/0932-4089/a000266
https://doi.org/10.1111/j.1464-0597.2008.00359.x
https://doi.org/10.1111/j.1464-0597.2008.00359.x
https://doi.org/10.1177/1529100616661983
https://doi.org/10.1177/1529100616661983
https://doi.org/10.1186/s12913-020-05323-1
https://doi.org/10.1186/s12913-020-05323-1
https://doi.org/10.1007/s12651-011-0086-2
https://doi.org/10.1007/s12651-011-0086-2
https://www.tk.de/resource/blob/2026630/9154e4c71766c410dc859916aa798217/tk-stressstudie-2016-data.pdf
https://www.tk.de/resource/blob/2026630/9154e4c71766c410dc859916aa798217/tk-stressstudie-2016-data.pdf
https://www.tk.de/resource/blob/2026630/9154e4c71766c410dc859916aa798217/tk-stressstudie-2016-data.pdf
https://doi.org/10.1146/annurev-orgpsych-032414-111435
https://doi.org/10.1080/01924788.2010.523867
https://doi.org/10.1080/01924788.2010.523867
https://doi.org/10.1111/j.1460-9568.2009.07014.x
https://doi.org/10.1111/j.1460-9568.2009.07014.x
https://doi.org/10.3389/fnhum.2011.00026
https://doi.org/10.1007/s11301-009-0054-x
https://doi.org/10.1007/s11301-009-0054-x
https://doi.org/10.1017/S1041610209991281
https://doi.org/10.1093/workar/wau006

	Evaluation of a multi-component training programme for employees aged 50+
	Abstract
	Introduction
	Methods
	Study design
	Sample
	Intervention
	Training versions
	Modules
	Outcome measures
	Statistical analysis

	Results
	Acceptance of training
	Training effects

	Discussion
	Acknowledgements 
	References




