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Abstract

Objectives The primary objective of this study was to examine the effects of one-session physical or mindfulness training on
university students’ mood, attention and executive functions in two separate randomized studies.

Methods Study 1 (physical activity intervention) was implemented in a seminar with 63 and Study 2 (mindfulness intervention)
in another seminar with 28 university students. The physical intervention included stretching exercises, balancing tasks, and
medium intensity cardiovascular activities. The mindfulness training included yoga exercises, guided attention, and a body scan.
In the control conditions, students watched a 15-min fitness or yoga video, respectively. Several mood and attention scales, as
well as executive functions were assessed before and after the intervention or control activity. A randomized within-subject cross-
over design was applied in both studies.

Results Repeated-measures analysis of variance revealed that participants in both intervention conditions reported mood to be
more positive, more awake and calmer after the intervention compared to the control conditions. These effects were medium to
large (Study 1: eta® = .08-.30, Study 2: eta® = .15-.30). Attention scores improved more relative to the control condition after the
physical intervention (medium effect size, eta” = .11). Executive function scores improved more relative to the control condition
after the mindfulness intervention (medium effect size, eta® = A7).

Conclusions These results indicate that a short bout (15-min) of physical or mindfulness activity in a university learning setting
positively affected dimensions of mood and cognition known to support academic learning.

Keywords Physical exercise - Mindfulness intervention - University learning - Classroom-based intervention - Mood - Attention -
Executive functions
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Previous research has identified several cognitive and affec-
tive variables associated with successful learning, such as ex-
ecutive functions, attention, and mood (Titz and Karbach
2014; Tyng et al. 2017). However, these individual resources
are limited and influenced by internal and external conditions
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(Allport 1980; Kahneman 1973; Nadler et al. 2010; Reeve
2014). On the cognitive side, the ability to flexibly switch
attention to relevant information and to remain focused on a
task (Driver 2001; Lavie 2005) in the presence of distractors is
constantly challenged in institutional learning settings (Farley
et al. 2013; Lindquist and McLean 2011). On the affective
side, research showed that positive mood is associated with
beneficial learning strategies and facilitates the integration of
new information into existing memory content (Ainley 2006;
Ashby et al. 1999). Yet inter-individual changes in mood are
considerable and students often report being bored in
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institutional learning settings (Pekrun et al. 2010; Sharp et al.
2017; Wilson and Korn 2007). One way to improve these
learning conditions are breaks (Ramstetter et al. 2010), such
as physical activity and mindfulness interventions.

There is growing evidence for positive effects of brief (one
session) bouts of physical exercise on cognitive performance
(Bailey et al. 2014; Brisswalter et al. 2002; Chang et al. 2012;
Lambourne and Tomporowski 2010; Roig et al. 2013;
Tomporowski 2003; Van den Berg et al. 2016; Zinke et al.
2012). Meta-analyses on the effects of acute exercise on cog-
nitive performance, such as information processing, speeded
performance, attention, and executive functions, also indicat-
ed overall positive but small effects (Chang et al. 2012;
Lambourne and Tomporowski 2010). Looking specifically
at attention and executive functions, a recent review on the
effects of short bouts of physical activity based on 12 studies
with children and adolescents (717 years) provided mixed
results, with improvements on measures of attentional control
in lab-based studies but inconclusive results in school-based
studies (Janssen et al. 2014). Moreover, the findings suggested
that the effects may vary as a function of the participant’s age,
exercise type, and duration. Performance benefits after short
physical interventions have also been reported for the three
core domains of executive functioning (working memory,
inhibition, and flexibility; Miyake et al. 2000). For instance,
a recent study showed that a single bout of moderate physical
activity benefited inhibition skills directly after the interven-
tion (compared to a control condition watching a sports video;
Spitzer and Furtner 2016). For shifting, a number of studies
reported positive effects after long- and short-term interven-
tions of physical activity (Barenberg et al. 2011; Berse et al.
2015; S.-R. Chen et al. 2016). For updating, Pontifex et al.
(2009) found improvements immediately after an acute bout
of aerobic exercise. Studies investigating all three executive
core domains simultaneously showed mixed results. Some
report better performance on tasks assessing all three aspects
of executive functions after 30 min of acute moderate exercise
(A.-G. Chen et al. 2014), others report no such improvement
(Jager et al. 2015).

More and more mindfulness-based interventions have been
applied in non-clinical samples in order to improve informa-
tion processing, cognition, or attentional processes (Jha et al.
2007; Napoli et al. 2005; Verhaeghen 2016). Mindfulness-
based interventions usually require repeated mindfulness
practice (Cahn and Polich 2006) and the majority of mindful-
ness studies included multiple sessions over the course of
several weeks (Nyklicek and Kuijpers 2008). Mindfulness-
based stress reduction (MBSR) programs usually last 8 weeks
and combine yoga, perception, and guided attention exercises
(Kabat-Zinn 2003). Research investigating the effects of sin-
gle mindfulness sessions on cognition (e.g., Taraban et al.
2017) is rare compared to single physical activity session
studies on that topic. Additionally, existing single-session

mindfulness studies differ vastly in quality and intervention
durations (Goldberg et al. 2017; van Dam et al. 2018), or focus
on clinical outcomes, such as stress reduction (Rausch et al.
2006) or emotion regulation (Erisman and Roemer 2010;
Fennell et al. 2016). Existing mindfulness studies report im-
proved attentional control skills, with experienced meditators
performing better on attentional tasks than participants with
no meditation experience (e.g., Jha et al. 2007; Moore and
Malinowski 2009; Sauer et al. 2012; Slagter et al. 2007). A
more recent review on evidence for mindfulness meditation-
related benefits on executive functioning included 12 studies
(Gallant 2016). Results of the review suggested consistent
inhibitory improvement, but less consistent findings with re-
spect to updating and shifting. A study by Mrazek et al. (2012)
focusing on attention demonstrated that a single 8-min mind-
fulness intervention with undergraduate students reduced
mind-wandering and improved attention compared to a pas-
sive control and a reading control group. Another study with
32 male students (without meditation experience) revealed
improved memory compared to an active control group after
a 20-min mindfulness intervention (Mohan et al. 2011).
Interestingly, there is also evidence for individual differences
in training outcomes. When participants in a brief 10-min
mindfulness intervention condition were compared to a
podcast-listening group and to a group completing arithmetic
exercises, the results revealed that participants with low mind-
fulness trait (i.e., novices) showed the largest inhibition im-
provements (Watier and Dubois 2016).

Very few studies aimed at improving cognitive outcome
measures have directly compared physical and mindfulness
interventions. Gothe et al. (2013) examined the immediate
effects of a single yoga session and a single aerobic exercise
session on executive functions and working memory in a
repeated-measures within-subjects design. They found that
executive functions improved after yoga exercises (as com-
pared to an active control condition), but not after aerobic
exercises.

In sum, there is evidence for positive effects of single-
session physical exercise or mindfulness interventions on at-
tention and executive functions, but results are heterogeneous
and previous studies differ significantly in terms of design and
methodology. Consequently, the comparability of their results
is limited and there is a need for studies directly comparing the
effects of both types of interventions across the same set of
outcome measures and participants. In addition, most of the
existing studies have assessed cognitive performance in lab-
based settings; therefore, results for classroom-based interven-
tions are still scarce.

Aside from effects on cognitive processes, previous studies
have also examined the impact of physical exercise and mind-
fulness interventions on mood. This is of particular interest for
classroom-based interventions because mood is also associat-
ed with cognition and learning outcomes (Isen 1999; Nadler
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et al. 2010). Individual studies (Hansen et al. 2001; Scully
et al. 1998), as well as reviews and meta-analyses (Penedo
and Dahn 2005; Reed and Ones 2006), indicated that physical
exercise positively affected mood. One meta-analysis showed
that single sessions with acute low-to-moderate exercises of
up to 35 min as well as shorter 15-min bouts of moderate
physical exercise improved mood (Reed and Ones 2006).
This is consistent with a study from Wichers et al. (2012)
showing increased positive affect but no change in negative
affect after increased physical activity in daily life.

Mindfulness meditation has also been shown to improve
mood (Bishop et al. 2004; Luu and Hall 2017). Reviews con-
cluded that mindfulness-based interventions (more than one
session) have moderate beneficial effects on anxiety and mood
symptoms (Hofmann et al. 2010), and emotional reactivity
(Lin et al. 2011) as well as on preventing depressive moods
(Chong et al. 2011; Cramer et al. 2013; Fjorback et al. 2011).
Mindfulness studies have rarely investigated the effects of
single-session mindfulness training in non-clinical settings.
For example, Taraban et al. (2017) investigated mindfulness
effects on attention and mood of university students in a lab-
oratory setting and reported more positive affect, less mind
wandering, and a raised mindfulness state after 12 min of
attention training.

Overall, previous evidence indicated that there are positive
effects of both physical exercise and mindfulness training on
mood. However, existing studies differ vastly in terms of
methodology, samples, intervention content, and the way
mood has been assessed. Moreover, none of them have exam-
ined the effects of short physical and mindfulness interven-
tions on mood in the classroom.

The present study aimed to test whether one brief session of
physical exercise or mindfulness meditation affected cognition
(attention, executive function) and mood in the classroom. By
implementing both interventions in comparable settings (uni-
versity classes) and applying the same set of measures at pretest
and posttest, we increased the comparability of findings. In two
controlled studies, we assessed the effects of a short bout of
physical exercise (Study 1) and mindfulness intervention in
university classes (Study 2) on attention, executive function,
and mood as compared to control condition (watching a video).
Based on previous findings, we expected positive effects of
physical exercise (Ludyga et al. 2016) and mindfulness inter-
vention (Watier & Dubois, 2016) on cognitive abilities and
mood.

Method
Participants

Study 1 (physical activity intervention) included 63 university
students (mean age: 25.85 years, SD = 5.06, 81% female) and
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Study 2 (mindfulness intervention) included 28 university
students (mean age 23.69 years, SD = 3.12, 68% female).
Students were informed about the study by research assis-
tants 4—-6 weeks in advance during an organizational meet-
ing of the course. All participants were students of a major
German university participating in mandatory classes on
educational science. Classes included students from differ-
ent tracks of teacher-training (elementary school to high
school) and with different study majors. Students partici-
pated in full-day classes (6—8 h per day) which were part of
their university education. Study participation was volun-
tary and participants provided written informed consent.
No one dropped out and none of the students participated
in both studies.

Using G*Power (Faul et al. 2007), an a-priori power
analysis with the parameters alpha = .05, power = 0.90,
eta-square = .05, indicated that a sample size of N=52 was
necessary to test the effects of interest. Thus, Study 1 was
well-powered. For Study 2, a post hoc power analysis, with
the parameters alpha level = .05, sample size = 28, and
effect sizes = .15-.30, indicated that the power was suffi-
cient in this study as well (0.85-0.99).

Procedure

A randomized within-subject cross-over design was applied in
both studies (see Fig. 1). On day 1, participants performed a
pretest, the intervention (group A) or the control activity
(group B), and a posttest. On day 2, participants completed
the same assessment with a reversed intervention assignment
(i.e., participants in group A completed the control activity
and participants in group B completed the intervention; see
Fig. 1). This design is particularly useful for interventions with
short-term effects and little carry-over effects, as expected in
the present study. In order to be able to control for carry-over
effects, we performed pretest assessments on each test day.
The two studies included two different samples, and were
implemented in two separate university classes. Assessments
took place on two consecutive days of full-day seminars and
after 120 min of class on each day. At pretest on day 1, par-
ticipants were not aware of the condition they would be
assigned to later. The allocation to intervention or control
condition was quasi-randomized (matched by gender).
Interventions were conducted in separate rooms of the univer-
sity similar in size and interior. On the second day, students
completed the same assessment with a reversed group assign-
ment (see above and Fig. 1) to complete the cross-over design.
The same trained research assistants were in charge of the
assessments on both days of the study. The sessions started
with the pretest (15 min), including the mood questionnaire
followed by the attention test and executive function task.
After the pretest, participants performed the 15-min interven-
tion (physical or mindfulness training) or the control activity
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Fig. 1 Cross-over design applied in Study 1 (physical intervention) and Study 2 (mindfulness intervention)

(video presentation), followed by the posttest (15 min, same
procedure as that used in the pretest). On the second day,
students completed the same assessment with a reversed
group assignment (see above and Fig. 1). Assessments follow-
ed standardized instruction manuals.

Study 1: Physical Exercise The physical exercise condition was
a standardized 15-min physical exercise regimen with a pro-
fessional trainer, providing instructions and serving as a role
model. The intervention included four phases: warm-up,
partner-balance exercises, moderate cardiovascular activation
induced by interval training, and cool-down. The 2-min
warm-up included stretching exercises of arms and upper
body. Afterwards, students engaged in a partner exercise,
training physical balance (4 min), then performed 5 min of
interval training including knee-bends, table-dips, and skip-
ping (5 blocks of training interspersed with 30 s of rest),
followed by two rounds of running on the spot (2 x 20 s with
20 s of rest between rounds). For cool-down, participants
stretched arms and legs and performed breathing exercises.

Study 2: Mindfulness Training The mindfulness condition was
a standardized 15-min intervention instructed by an experi-
enced mindfulness trainer. The first part of the session includ-
ed easy yoga exercises (2 min) and the second part included a
mindfulness meditation and body scan (13 min). The body
scan is a classic mindfulness exercise suitable for novices.
For body scan, students were instructed to focus on their
breath, bodily sensations, and background noises as well as
their own thoughts and mind-wandering. During the mindful-
ness intervention, participants sat on yoga mats or optionally
on chairs. The mindfulness session was instructed by the train-
er serving as a role model. Standardized and timed instructions
of the body scan were pre-taped and played during the mind-
fulness intervention.

Control Condition In both studies, participants in the active
control conditions watched a video for 15 min without further

instructions. In Study 1 (physical exercise), students in the
control condition watched a professional fitness workout with
exercises similar to those performed by the intervention con-
dition. In Study 2 (mindfulness training), students watched a
yoga documentary.

Measures

Mood Multidimensional Mood State Questionnaire
(Mehrdimensionaler Befindlichkeitsfragebogen, MDBF;
Steyer et al. 1994). The MDBF standardized paper-pencil
questionnaire assesses three mood dimensions: good-bad,
awake-tired, and calm-nervous. Participants are asked to rate
their current mood state by 12 items (four for each mood
dimension) on a 5-point scale ranging from 1 (not at all) to
5 (very strongly) (e.g., “At the moment I feel good”). Higher
values represent better, calmer, or more awake moods. The
dependent variables were the raw scores for each subscale.

Attention Frankfurt Attention Inventory-2 (Frankfurter
Aufmerksamkeits-Inventar-2, FAIR-2; Moosbrugger et al.
2011). The FAIR-2 is a visual discrimination task and partic-
ipants are instructed to respond to relevant information while
disregarding irrelevant or distracting information. The 6-min
timed paper-pencil test consists of 640 highly similar stimuli
(four different symbols). Participants are instructed to mark
two target stimuli while ignoring other stimuli. The three de-
pendent variables are the performance score (the number of
completed items corrected for the number of errors), the qual-
ity score (the performance score relative to the total number of
completed items), and the continuity score (performance score
times quality score). Following the test manual, three partici-
pants were excluded from the analyses (two in Study 1 and
one in Study 2) because the ratio of errors to the total number
of items was larger than 5%, indicating that they did not fol-
low the instructions properly (cf. Moosbrugger et al. 2011).
The dependent variables were the raw scores of the perfor-
mance, quality, and continuity score.
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Executive Functions The Trail Making Test B (TMT, Reitan
1992) served to assess shifting as one core component of
executive functioning. In the paper-pencil test, participants
were instructed to draw a line and connect letters and numbers
in alternating sequence (i.e., 1-A-2-B-3-C...). Letters and
numbers were randomly distributed across the test sheet. In
order to minimize retest effects at pretest and posttest, we used
parallel versions of the TMT (cf. Toyokura et al. 2003). The
TMT was timed to 30 s and the dependent variable was the
total number of correctly completed items.

Demographics and Control Variables Before pretest on day 1,
participants provided personal information regarding age,
gender, native language, type of teacher training (elementary
school, secondary school), and study majors. After the phys-
ical intervention (Study 1) and before posttest, participants
answered an additional short questionnaire rating their per-
ceived fitness level, the exercise difficulty, and their motiva-
tion during the intervention on a 5-point scale ranging from 1
for “not at all” to 5 for “very much.” After the mindfulness
intervention posttest in Study 2, participants completed a short
questionnaire rating their expertise in mindfulness, the exer-
cise difficulty, and their motivation during the intervention on
a 5-point scale ranging from 1 for “not at all” to 5 for “very
much”.

Data Analyses

Data analyses were performed using SPSS Statistics 27.0.
Results were considered significant at p < .05. To test for
baseline differences at pretest, we ran univariate analyses of
variance (ANOVA) with the between-subjects factor group
(intervention, control) for age and all dependent variables
(i.e., mood, attention, executive function) on days 1 and 2.
We also tested for session order effects by running repeated-
measures ANOVAs with the between-subjects factors group
(intervention, control) and session order (intervention first,
intervention second) and the within-subjects factor session
(pretest, posttest). To test for intervention-related changes,
we ran repeated-measures of variances (ANOV As) with the
within-subjects factor session (pretest, posttest) and the
between-subjects factor group (intervention, control) for all
dependent variables (i.e., mood, attention, executive func-
tions). We report Cohen’s d to quantify pretest-posttest
differences.

Results
Controlling for Baseline Differences and Order Effects

There were no significant baseline differences between condi-
tions for any of the dependent variables (all p values > .05).
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The ANOVAs ran to control for session order effects did not
yield significant effects for any of the dependent variables
(group x session x session order, all p values > .05). Thus,
all further analyses were collapsed across session order.

Study 1: Physical Exercise

Table 1 presents the means and standard deviations at pre-
test and posttest for all dependent variables, and effect sizes
for pre-post differences (gain) of all dependent variables as
well as ANOVA results for the group x time interaction
effects.

Mood

There was a significant main effect of session for the
awake-tired mood dimension, F(1, 62) = 9.24, p < .003,
indicating that participants felt more awake at posttest.
We also found significant main effects of group for good-
bad, F(1, 62)=26.07, p <.001, and awake-tired, F(1, 62) =
49.09, p < .001, indicating differences between conditions.
Importantly, we found significant interactions between ses-
sion and group for all three mood dimensions (see Table 1).
Post hoc comparisons revealed that participants in the in-
tervention condition reported to feel better and more awake
at posttest (good-bad: p <.001, awake-tired p < .001), while
there were no changes in the control condition (good-bad: p
= .176, awake-tired p = .248). None of the conditions
showed significant pretest-posttest changes on the mood
dimension calm-nervous (intervention condition: p = .116,
control condition: p = .058). Effect sizes (Cohen 1992) for
the interaction effects were medium to large (eta® =
.08-.30).

Attention

We found significant main effects of session for all attention
scores, i.e. increased test scores from pretest to posttest, (per-
formance: F(1, 62) = 733.20, p < .001; quality: F(1, 62) =
28.86, p < .001; continuity: F(1, 62) = 622.20, p < .001) but
no significant main effects of group. Importantly, there were
significant interactions between session and group for atten-
tion performance and attention continuity (see Table 1). Post
hoc comparisons revealed that participants in the intervention
and control condition improved significantly between pre- and
posttest on attention-performance and attention-continuity of
the FAIR test (all p-values: < .001) but the improvement in the
intervention condition was larger (attention-performance gain:
110.52 versus 76.05, attention-continuity gain: 111.99 versus
77.06) (see Table 1). Interaction effects were medium-sized
(eta® = .11).
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Table 1 Study 1 (physical exercise): means (SD) for mood, attention, and executive function as a function of condition (intervention, control) and
session (pretest, posttest); gain scores (posttest-pretest), ANOVA results, and effect sizes

N total = 63 Physical exercise Control condition Group x time
Pretest M (SD)  Posttest M (SD)  Gain d Pretest M (SD)  Posttest M (SD) Gain d F p eta’

Mood

Good-bad 15.92 (2.93) 17.06 (2.46) 1.14 042 15.37(3.06) 14.87 (2.87) -0.50 -0.17 12.420 .001 .17

Awake-tired 12.27 (3.70) 15.02 (2.73) 2.75 0.85 11.30(3.86) 10.79 (3.49) -0.51 -0.14 26479 .000 .30

Calm-nervous  14.56 (3.09) 15.22 (3.12) 0.66 021 14.59 (3.30) 13.94 (3.29) -0.65 -020 5642 .021 .08
Attention

Performance  429.27 (119.84) 539.79(90.37)  110.52 1.04 466.41 (118.54) 542.46 (87.19) 76.05 0.73 7363 .009 .11

Quality 0.95 (0.04) 0.96 (0.03) 0.01 0.28 0.95(0.04) 0.96 (0.03) 0.01 028 <l 376 .01

Continuity 409.82 (123.42) 521.81(95.99) 111.99 1.01 446.24 (122.62) 523.30(92.50) 77.06 0.71  7.458 .008 .11
Shifting

n correct 13.78 (3.86) 16.98 (4.51) 32 0.77 13.59 (4.09) 16.70 (4.94) 3.11 069 <1 900 .00

Means, SD, and analyses are collapsed across day 1 and day 2 (day 1: physical exercise # = 29; control condition: #» = 34); mood: higher values represent
better, calmer, and more awake mood; attention scores: performance = total count of marked signs corrected of errors, quality = performance/total number of
completed items, continuity = performance x quality; gain = performance difference (posttest — pretest); d = within-group effect size (Cohen’s d)

Executive Functions post differences (gains) of all dependent variables, and
ANOVA results for the group x time interaction.

ANOVA results showed a significant main effect of session,

i.e., improvements in performance from pretest to posttest,

F(1, 62) = 59.46, p < .001, but no further effects reached Mood

significance.
We only found a significant main effect of session for calm-
nervous, F(1,27) =9.44, p < .005, indicating that participants

Study 2: Mindfulness Intervention felt calmer at posttest, but no main effect of group on any other
mood dimension. Importantly, there were significant interac-

Table 2 presents the means and standard deviations at pretest ~ tions between session and group for all three mood dimen-

and posttest for all dependent variables, effect sizes for pre-  sions (see Table 2). Post hoc comparisons revealed that all

Table2  Study 2 (mindfulness intervention): means (SD) for mood, attention, and executive function as a function of condition (intervention, control)
and session (pretest, posttest); gain scores (posttest-pretest), ANOVA results, and effect sizes

N total = 28 Mindfulness training Control condition Group x time
Pretest Posttest M (SD)  Gain d Pretest M (SD)  Posttest M (SD) Gain d F p eta’
Mood
Good-bad 15.36 (3.11) 16.57 (2.73) 1.21 041 15.96 (2.25) 15.75 (2.52) -021 -0.09 4580 .042 .15
Awake-tired 10.68 (4.19) 12.54 (3.52) 1.86 048 11.43(3.27) 11.46 (3.53) 0.03  0.01 11.292  .002 .30
Calm-nervous  14.00 (2.96) 16.32 (2.65) 2.32 0.83 14.75(2.59) 14.61 (2.63) -0.14 -0.05 10459 .003 .28
Attention
Performance  469.82 (127.02) 569.68 (88.97) 99.86 091 493.96 (115.44) 558.50(87.58) 6454 0.63 2267 .144 .08
Quality 0.95 (0.04) 0.97 (0.03) 0.02 0.57 0.95(0.04) 0.96 (0.03) 0.01 028 <1 794 .00
Continuity 450.19 (132.09) 552.82(92.58) 102.63 0.90 471.00(117.96) 539.12(92.55) 68.12 0.64 2.180 .151 .08
Shifting
n correct 14.50 (4.58) 18.50 (4.11) 4.00 094 15.21(5.17) 16.89 (4.31) 1.68 036 5346 .029 .17

Means, SD, and analyses are collapsed across day land day 2 (day 1: mindfulness condition n = 15; control condition: n = 13); Mood: higher values
represent better, calmer, and more awake mood; Attention scores: performance = total count of marked signs corrected of errors, quality = performance/
total number of completed items, continuity = performance x quality; gain = performance difference (posttest — pretest); d = within-group effect size
(Cohen’s d)
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mood dimensions in the intervention condition changed sig-
nificantly between pre- and posttest (good-bad: p = .017,
awake-tired: p = .005, calm-nervous: p = .001), with partici-
pants reporting to feel better, more awake, and more calm. No
such changes were present in the control condition (good-bad:
p = .570, awake-tired: p = .949, calm-nervous: p = .731).
Interaction effects were medium to large (eta® = .15-.30).

Attention

We found significant main effects of session, i.c., increased
test scores from pretest to posttest for all three attention scores
(performance: F(1,27)=169.99, p <.001; quality: F(1,27) =
17.66, p < .001; continuity: F(1, 27) = 149.52, p < .001).
Neither significant main effects of group nor significant inter-
action effects were present.

Executive Functions

There was a significant main effect of session, i.e., improve-
ments in performance from pretest to posttest, F(1, 27) =
42.76, p < .001, as well as a significant interaction between
session and group (see Table 2). Post hoc comparisons
showed a significant improvement in the intervention (p =
.000) and control condition (p = .011), but the gains were
larger in the intervention condition (gain: 4.00 versus 1.68).
Interaction effects were medium-sized (eta® = .17).

For all other additional between-subjects factors (gender,
fitness, difficulty of exercises, motivation during exercises),
no significant interaction for all dependent variables was
found in Study 1 or Study 2 (p > .05, respectively).

Discussion

This study tested the effects of brief physical exercise and
mindfulness training interventions on university students’
mood, attention, and executive function in the classroom.
Our results show that a single bout of physical exercise im-
proved mood and attention and a single session of mindful-
ness improved mood and executive function, indicating that
even short physical or mindfulness activities may increase
affective and cognitive processes that have been linked to
positive learning outcomes (Meltzer 2018; Zins and
Goleman 2004).

Effects on Mood

Individuals in both intervention conditions improved more
than those in the control conditions on all mood dimensions.
This overall increase in mood is in line with previous results
showing improved mood after physical activation (Hansen
et al. 2001; Scully et al. 1998; Wichers et al. 2012) and after
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brief bouts of physical exercise (Hogan et al. 2013; Reed and
Ones 2006). Our results are also consistent with previous
mindfulness interventions focusing on mood-related out-
comes such as stress reduction, emotional stability, and mind-
fulness itself (Hill and Updegraff 2012; Zeidan et al. 2010).
Even though there was a general increase in mood in both
studies, the present findings suggest that the interventions
may have differential effects on mood. Participants reported
being more awake after the physical activity and calmer after
the mindfulness activity. However, given that we did not di-
rectly compare the results of studies 1 and 2, this finding needs
further confirmation. Considering that mood has been linked
to learning outcomes in many contexts (Bryan et al. 1996; Isen
1999), positive effects across different mood dimensions
found in the present study indicate that physical and mindful-
ness training may contribute to improving affective conditions
for learning and teaching.

Effects on Attention

After the physical intervention, attention performance and at-
tention continuity improved more than those in the control
condition, while attention quality (accuracy) was not affected.
This points to a quantitative (indicated by increased speed)
rather than a qualitative (indicated by higher accuracy) im-
provement of performance, adding to the mixed outcomes of
previous studies. Our results support findings from reviews
reporting positive effects of short, moderately intense physical
exercises (Chang et al. 2012; Lambourne and Tomporowski
2010). There is also previous evidence showing that physical
activity improved speed but not accuracy in attention tests
(Gallotta et al. 2015; Schmidt et al. 2016). Yet, Budde et al.
(2008) found both improved attentional speed and accuracy
after physical exercise. However, this study examined elite
athletes and findings may not be indicative of our study pop-
ulation of university teacher-students. Moreover, meta-
analytic evidence showed that speed of processing and not
accuracy seems to be responsible for a large proportion of
explained variance of improved attention (McMorris and
Hale 2012). Obviously, our results are inconsistent with pre-
vious studies which found no evidence for improved attention
after 5- or 12-min physical activation in school settings
(Kubesch et al. 2009; Van de Weijer-Bergsma et al. 2014)
or after 5- or 15-min physical exercise, respectively, in a uni-
versity setting (Bailey et al. 2014; Hey et al. 2012).
Inconsistent results might be explained by differences in de-
sign and methodology across studies, such as differences in
levels of physical intensity, duration, and intervention content.
Van den Berg et al. (2016), for instance, implemented exer-
cises with low-to-moderate intensity, and other studies
implementing interventions with at least moderate intensity
levels are in line with our results (e.g., Niemann et al. 2013).
Hence, moderate exercise might be necessary to yield
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improvements in cognitive performance (for a meta-analysis,
see McMorris and Hale 2012). We realize, of course, that we
did not measure the intensity of physical activity (e.g., heart
rate) in the present study, so this assumption clearly needs to
be tested in future research.

In line with other studies, we found no effects of the mind-
fulness intervention on attention (Jensen et al. 2012).
However, the results of our mindfulness intervention are clear-
ly limited because of the small sample size (N = 28). Still, our
study adds new insights because the evidence for the effects of
single-session mindfulness training interventions on attention
is scarce. The few existing study results are heterogeneous
(e.g., Jensen et al. 2012; Taraban et al. 2017) and have not
been implemented in the classroom. We acknowledge further
that we focused on a very specific aspect of attention and
further research may follow up on our findings and adopt a
broader approach by investigating different aspects of atten-
tion, such as selective, divided, sustained, vigilant attention
and mind-wandering. Our results across studies showed that
physical activity but not mindfulness improved selective at-
tention, which may be related to the specificity of the inter-
ventions but needs further investigation.

Effects on Executive Functions

We found no significant effects on executive control follow-
ing physical exercise. This result is not in line with other
studies reporting that even short bouts of physical activation
enhanced executive functions (Tomporowski et al. 2015;
Verburgh et al. 2014). Given that only a part of the 15-min
training involved cardiovascular exercises, the training inten-
sity may not have been high enough to induce effects on
higher-order control functions.

After the mindfulness intervention, however, we found
positive effects on executive control which is not in line with
previous studies involving younger adults (Dunning et al.
2019) but is in line with results found in older adults
(Gallant, 2016). We assume that the presently used TMT has
a good fit with the mindfulness intervention because it taps
several core dimensions of executive control (shifting between
letters and numbers, inhibiting the irrelevant dimension,
updating the letter-number sequence in working memory).
Thus, the mindfulness training might have benefitted perfor-
mance on this task. During the mindfulness intervention, par-
ticipants were asked to focus, to constantly inhibit internal and
external distraction, and to redirect attention (Allen et al.
2012; Baer 2010; Baer and Krietemeyer 2010; Bishop et al.
2004; Lutz et al. 2008), which can be seen as indicators for a
good fit with the tasks on the TMT. The effects of mindfulness
interventions on executive functions, however, are certainly
complex (Gallant, 2016) and might depend on other factors
than those measured in our and other studies (e.g., the group
setting of the testing, motivational aspects).

Underlying Processes

Our study adds to numerous previous studies that have pro-
vided evidence for positive effects of physical exercise, par-
ticularly cardiovascular training, on a wide range of cognitive
abilities (see Colcombe et al. 2004, for a meta-analysis;
Pothier and Bherer 2016, for a review). These positive effects
of cardiovascular fitness on cognitive abilities have been ex-
plained by training-induced changes in the brain. However,
most of the studies adding to this literature focused on long-
term interventions and not on short bouts of physical activity
(e.g., Berkman et al. 2014; Johann et al. 2016). The fact that
our results as well as existing studies on single-session phys-
ical and mindfulness interventions showed positive effects on
both cognition and mood might be explained by overlapping
neural representations of specific cognitive and affective pro-
cesses (Luu & Hall, 2017). However, further research is need-
ed to disentangle the mechanisms involved and to test specific
processes of change (Tang et al. 2015).

Limitations and Future Research Directions

Limitations of the present studies were that sample sizes of
studies 1 and 2 differed, that the sample in Study 2 was rela-
tively small (N = 28), and that the gender distribution was
unequal (Study 1: 81% female; Study 2: 68% female). Our
aim was to ensure a high comparability across studies (only
teacher-students, same course content) and access to this pop-
ulation was limited. Nevertheless, a post hoc statistical power
analysis revealed good statistical power for all dependent var-
iables. Despite the advantages of the cross-over design, par-
ticipants were only blind regarding the study conditions at the
pretest of day 1.

Future studies may consider applying more sensitive mea-
sures to assess executive functioning than the trail-making test,
which does not allow the differentiation between distinct com-
ponents of executive control, such as working memory, shifting,
and inhibition. Computer-based tests can also provide more fine-
grained information on reaction times and accuracy. It should
also be noted that even though the attention measure (FAIR-2)
has shown very good retest reliabilities for such short retest in-
tervals (5 and more minutes), data on the retest reliability for the
executive function measure (trail-making test) and the mood
questionnaire (MDBF) are also very good, but based on much
longer retest intervals (several weeks).

Furthermore, future studies may also adopt a fully randomized
allocation to experimental conditions (without matching for gen-
der) and choose another type of control activity that is more
comparable to the activities in the intervention conditions.
Although watching a video has been used as control activity in
similar studies (e.g., Spitzer & Furtner, 2016) and has methodo-
logical advantages as all participants are having similar informa-
tion input, it may be more appropriate to include control
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conditions that perform some sort of (physical) activity that does
not tap the processes targeted in the intervention activities.

In order to investigate effects of classroom-based interven-
tions, more studies in different class contexts are needed.
Future classroom-based studies may also include assessments
of students’ academic performance rather than just testing cogni-
tive performance. Regarding the assessment of physical and
mindfulness activities, future studies may choose to include more
objective measures, e.g., by using accelerometers (cf. Esteban-
Cornejo et al. 2015). Finally, future studies should also investi-
gate in more detail the dose-response relationship and whether
specific physical activities or mindfulness or a combination yield
larger benefits for specific cognitive abilities (Chang et al. 2012).
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