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ARTICLE

Alternations between physical and cognitive tasks in repetitive work – effect
of cognitive task difficulty on fatigue development in women

Susanna Mixter , Svend Erik Mathiassen and David Hallman

Centre for Musculoskeletal Research, Department of Occupational Health Sciences and Psychology, University of G€avle,
G€avle, Sweden

ABSTRACT
In a context of job rotation, this study determined the extent to which the difficulty of a cogni-
tive task (CT) interspersed between bouts of repetitive, low-intensity work (pipetting) influences
recovery from fatigue. Fifteen participants performed three experimental sessions, each compris-
ing 10 repeats of a 7min þ 3 min combination of pipetting and CT. The CT was easy, moderate
or hard. Surface electromyography (EMG amplitude of the forearm extensor and trapezius
muscles) and self-reports was used to assess fatigability. Perceived fatigue and trapezius EMG
amplitude increased during sessions. CT difficulty influenced fatigue development only little,
besides forearm extensor EMG increasing more in CT3 than in CT1 and CT2. During CT bouts,
fatigability recovered, and to a similar extent irrespective of CT. Thus, CT difficulty influenced
recovery of perceived as well as performance fatigability to a minor extent, and may not be a
critical issue in job rotation comprising alternating physical and cognitive tasks.

Practitioner summary: Alternations between physical and cognitive tasks may be an attractive
option for job rotation. In this study on women, we show that the difficulty of the cognitive
task influences recovery from fatigue only little and we conclude that cognitive difficulty, within
reasonable limits, may be a minor issue in job rotation.

Abbreviations: EMG: Electromyography; CT: Cognitive task; MVC: Maximal Voluntary
Contraction; PPT: Pressure Pain Threshold; PT: Physical task; RMS: Root mean square; RVC:
Reference Voluntary Contraction; RVE: Reference Voluntary Electrical Activation; SOFI: Swedish
Occupational Fatigue Inventory
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Introduction

Researchers and practitioners in ergonomics generally
agree that variation in physical workload is important,
as a prerequisite for the worker to recover from peri-
ods of intense exposure, and thus prevent musculo-
skeletal disorders (Mathiassen 2006). In Sweden, the
work environment act expresses this concern by stat-
ing, in the ordinance on Ergonomics (The Swedish
Work Environment Authority 2012), that the employer
shall ensure that work which is repetitive, closely con-
trolled or restricted does not normally occur, and that
prevention must lead to increased variation, for
instance through job rotation, job enlargement or
breaks. Thus, a strategy for obtaining variation is to
have the worker do tasks with diverse exposures, but
available research does not, so far, allow any explicit
conclusions as to which tasks to combine and in

which temporal patterns to secure an optimal balance
between exposure and recovery (Luger et al. 2014;
Padula et al. 2017; Leider et al. 2015).

Introducing rest breaks is the most commonly
investigated approach of how to achieve variation and
recovery from fatiguing physical tasks (Konz 1998).
Studies investigating the effects of increased rest
allowances or re-organized rest breaks on recovery
from fatigue in real occupational settings show, how-
ever, ambiguous results (Mathiassen 2006; Luger et al.
2014). One reason may be that rest allowances
beyond a certain duration are not feasible since it
would be associated with too large decreases in prod-
uctivity; another explanation may be that rest breaks
do not offer any significant increase in variation in a
job that already comprises tasks with low exposures
(Mathiassen 2006).
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An alternative strategy to increase variation could
be to introduce mentally demanding tasks in periods
between physical work bouts. A questionnaire study
by Jahncke et al. (2017), describing the actual and
desired numbers of alternations between physical and
mental work tasks in selected blue-collar occupations,
concluded that such alternations could be a viable
option for future interventions aiming at increased
variation and better recovery. The workers generally
preferred more alternations between physical and
mental tasks in their work than they had at present,
and in general, they preferred to perform a mental
task after a physical task, and vice versa (Jahncke
et al. 2017).

Thus, a job rotation scheme in a job otherwise
dominated by physically demanding tasks could
include periods of tasks requiring mental activity so as
to obtain sufficient recovery from fatigue caused by
the physical task, exemplified by workers at an assem-
bly plant performing administrative work in between
bouts of assembly (Christmansson, Frid�en, and
Sollerman 1999). Neurophysiological theories and
some empirical evidence even suggest that periods
with mental load interspersed between bouts of a
physical task can lead to better recovery from fatigue
than a passive break (Asmussen and Mazin 1978a,
1978b; Stock, Beck, and DeFreitas 2011). Thus, in a
study conducted by Asmussen and Mazin (1978b), par-
ticipants performed two bouts of repeated elbow or
finger flexor contractions until exhaustion, with an
interspersed break comprising a cognitive arithmetic
task, a diverting physical task, or passive rest. The
authors observed that the amount of work that could
be carried out after an active break was larger than
that after passive rest (Asmussen and Mazin 1978b). A
more recent study by Stock, Beck, and DeFreitas
(2011) reported results in line with this. The partici-
pants got either an active or a passive break in
between two bouts of repeated, maximal isokinetic
knee extensions, and the results showed that initial
peak torque had recovered completely after the break
with a physical or cognitive activity (a mental arith-
metic task) while it had not after the passive break
(Stock, Beck, and DeFreitas 2011). Since local physio-
logic responses did not differ between work with and
without breaks with a cognitive task, Asmussen and
Mazin suggested that the enhanced performance after
a cognitive task compared to that after a passive
break was mainly due to effects in the central nervous
system. This explanation is consistent with later neuro-
imaging studies showing that cognitive activities can
activate the motor and prefrontal cortex in the brain,

i.e. regions also known to be involved in fatigue proc-
esses (Mandrick et al. 2013; Tomporowski 2003; Owen
et al. 2005).

The cited studies by Asmussen and Mazin (1978a,
1978b) and by Stock, Beck, and DeFreitas (2011)
addressed physical tasks that, in different respects,
required the participants to deliver a maximal per-
formance. This may not be particularly relevant in an
occupational context. In order to better approach
occupational relevance, Mathiassen et al. (2014) used
a low-intensity, repetitive physical task involving the
upper extremity reflecting tasks that occur frequently
in, e.g. industrial settings and are suspected to lead to
increased risks for musculoskeletal disorders if per-
formed for prolonged periods of time (Ferguson et al.
2013). Mathiassen et al. (2014) investigated if cognitive
activities during breaks could accelerate recovery from
fatigue. Participants performed six consecutive 10-min
bouts consisting of 7min of a reaching task (moving a
300 g manipulandum between a near and a far loca-
tion with a cycle time of 2 s) followed by 3min of a
memory task with no notable physical load. This
protocol was tested with three different levels of diffi-
culty in the cognitive task. The results suggested that
cognitive task difficulty did not influence the recovery
of muscle activity (EMG), but that cardiovascular
parameters and perceived fatigue were, to some
extent, more favourable with the most difficult cogni-
tive task. The authors concluded that cognitive tasks
in between bouts of repetitive physical work could
accelerate recovery of fatigue to some extent, even
though the effects appeared to be moderate.

The study by Mathiassen et al. is, to our knowledge,
the only so far to address whether the difficulty of a
mental task is important to its effects on recovery
(Mathiassen et al. 2014). Considering that a variety of
mentally demanding tasks may be considered as part
of job rotation, this issue deserves more attention in
an occupational context. However, while the physical
task used in that study was, indeed, submaximal, in
contrast to the tasks studied by Asmussen and Mazin
(1978a, 1978b) and by Stock, Beck, and DeFreitas
(2011), it was still of limited ecologic validity as a
model of low-intensity repetitive work in occupational
life. In addition, previous studies, including that by
Mathiassen et al., were performed using male partici-
pants and thus did not address how women would
respond to alternations. Studies suggest that women
use potentially more harmful motor strategies than
men when performing repetitive, low-intensity phys-
ical tasks (Johansen et al. 2013; Srinivasan et al. 2016),
and so studies specifically on women are motivated.
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The present study on women aimed to determine
the extent to which the difficulty of a cognitive task
interspersed between repeated bouts of a low-inten-
sity repetitive physical work task influences recovery
from fatigue caused by the physical task. In the con-
text of the study, fatigue was defined according to
Enoka and Duchateau (2016) to be a process encom-
passing two attributes, performance fatigability and
perceived fatigability, where the former refers to a
decline in performance over a discrete period of time
while the latter refers to changes in the sensation of
the performer. Both perceived fatigability and per-
formance fatigability may occur from the very start of
physical activity, likely long before any decrement in
external force performance, let alone task failure
(Enoka 2012). Since fatigability includes components
related to both performance and perception, it should
be assessed by methods addressing both of these
attributes. We hypothesise that recovery from fatigue
after the physical task – in terms of performance as
well as perception – will be more pronounced with a
more difficult cognitive task than with a very easy
cognitive task.

Methods

Participants

Fifteen healthy women with mean age 26.5 years (SD
4.7), mean stature 1.67m (SD 0.06), mean body weight
66.4 kg (SD 4.9) and mean BMI 23.7 kg m�2 (SD 1.9)
participated in the study. Participants were recruited
through announcements on the University campus.
Inclusion criteria for participation were; woman, age

20–50 years, right-handed, and some previous experi-
ence of pipetting. Exclusion criteria included preg-
nancy, chronic pain, previous trauma to the neck or
back or chronic illness affecting locomotion or the ner-
vous system. Inclusion and exclusion criteria were
checked during initial telephone contact. Participants
reported to have, on average, 2 weeks (ranging from
1 up to 40 days) of previous pipetting experience, and
a majority (9 out of 15) rated their skills to be medium
on a 3-grade scale: no, medium, excellent skills. All
participants were right-handed, as confirmed by the
Edinburgh Handedness Inventory (Oldfield 1971).
Pipetting proficiency was checked as described below
(‘physical task’). All participants signed informed con-
sent and were informed that they could end their par-
ticipation at any time, without giving any reason. The
study was approved by the Regional Ethical Review
Board in Uppsala, Sweden (2014/002).

Protocol

Participants visited the laboratory for a one-hour train-
ing session (see below) and three experimental ses-
sions, each interspersed by between 3 and 7 days,
which was assumed sufficient to minimise possible
carry-over effects on fatigue.

For a particular participant (with two exceptions),
all three experimental sessions were carried out either
in the morning or in the afternoon, according to her
preference. Each experimental session consisted of a
pre-test battery, a work period comprising 10 consecu-
tive bouts of a 7-minute physical task followed by a
3-minute cognitive task, and a post-test battery
(Figure 1). In total, one experimental session lasted

Figure 1. Experimental session flow-chart, showing set-up, pre-test battery, the 10 work bouts of alternating physical and cogni-
tive tasks (pipetting and n-back) and the post-test battery. Total duration: �4 h.
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approximately four hours. The pipetting task was
equal in all three experimental sessions (‘physical task’
below), while the cognitive task (CT) differed in diffi-
culty (easy (CT1), moderate (CT2), hard (CT3)) between
sessions (‘cognitive task’ below). Participants were
assigned consecutive participant numbers at enroll-
ment, and the order of CT difficulties was balanced
across participants according to these numbers; par-
ticipant 1 would perform the CTs in the order CT1,
CT2, CT3; participant 2 in order CT3, CT1, CT2, partici-
pant 3 in the order CT2, CT3, CT1; etc. Participants
were not informed in advance about the order of the
CT difficulty levels. Participants were instructed to
avoid intense physical activity 24 h prior to each
experiment and to avoid intake of tobacco products
1 h prior to each experimental session.

Physical task (pipetting)

The physical pipetting task consisted of repeatedly
aspiring liquid from a pickup tube (Ø 20mm) and
delivering it to one of four target tubes (Ø 6mm) in
an array of 10� 10 tubes (Figure 2), at a cycle time of
2.8 s paced by a metronome. The pace corresponds to
100MTM (Methods-Time Measurement Manyard,
Stegemerten, and Schwab 1948), thus reflecting a
standard work pace in the industry. Led lamps sig-
nalled where the liquid was to be dispensed, in a
standardised clockwise sequence moving between the
four tubes. The work station and pipetting task have
been used in previous studies of motor variability and
physiological responses in repetitive work (e.g.
Srinivasan et al. 2015a).

The participants were seated in a rigid chair with a
knee angle of 90� and with the table surface height
fixed at elbow height, following procedures described

in Srinivasan et al. 2015a. The chair was fixed in a pos-
ition being determined by the participant’s wrist being
above the pickup tube when her right arm reached
out for that tube. Participants were kept from leaning
forward by strapping their torso to the chair.

Cognitive task (n-back)

As a standardised CT engaging working memory, we
used n-back (Kane et al. 2007). One of seven conso-
nants was presented in black on a white computer
screen for 2 s, followed by a blank screen for 0.5 s,
after which a new consonant was shown. In the ‘easy’
difficulty level (1-back, CT1), the participant was
instructed to press a button when the present conson-
ant was identical to the preceding one. The 1-back
was used as a control condition, engaging the partici-
pant, yet very easy to accomplish. In the moderate (2-
back, CT2) and hard (3-back, CT3) levels, the study par-
ticipant was instructed to press the button if the con-
sonant on the screen matched that presented two or
three steps back, respectively. To avoid biomechanical
strain on the right body side, the participant pressed
the button with her left hand. The performance was
measured by the number of correct positive answers,
false positive answers (i.e. if the button was pressed
when there was, in fact, no match), and
response time.

Training session

To minimise learning effects during the actual experi-
ments, participants performed a one-hour training ses-
sion prior to the three experimental sessions. To
demonstrate sufficient pipetting proficiency, the par-
ticipant had to perform at least 70 cycles of pipetting

Figure 2. The arrangement of pickup and target tubes.

ERGONOMICS 1011



without mistakes (about half of a 7-min work bout), a
criterion also used in previous studies (Srinivasan et al.
2015a). All participants eventually met this require-
ment on skills. Participants also performed a 10-min
practice session at each of the three n-back diffi-
culty levels.

Pre- and post-test battery

The pre-test battery included ratings of perceived
fatigue and pain, a rest period, a 5-min practicing ses-
sion of the cognitive task, Reference Voluntary
Contractions (RVC), Maximal Voluntary Contractions
(MVC), measurements of Pressure Pain Threshold
(PPT), and additional ratings of perceived fatigue and
pain (Figure 1). The post-test battery included meas-
urements of MVC and RVC for the right trapezius and
the forearm extensors, PPT and ratings of perceived
fatigue and pain. Thus, the test battery included meas-
ures of perceived fatigability (ratings of fatigue and
pain, and PPT) as well as performance fatigabil-
ity (MVC).

Ratings

Participants rated fatigue using The Swedish
Occupational Fatigue Inventory (SOFI) (Åhsberg 2000)
and the Borg CR-10 scale (Borg 1998) (cf. Figure 1).
SOFI measures five dimensions of perceived fatigue on
a seven-grade scale from 0 (not at all) to 6 (to a very
high degree), i.e. lack of energy, physical exertion, phys-
ical discomfort, lack of motivation, and sleepiness. We
used a short version of the original SOFI with only
one expression per fatigue dimension, as even applied
by Mathiassen et al (2014). On the Borg CR-10 scale
(Borg 1998), participants rated mental fatigue, fatigue
in the right shoulder, pain in the right shoulder, fatigue
in right lower arm and pain in the right lower arm.
Ratings were expressed verbally and noted by
the examiner.

Maximal voluntary contraction (MVC)

For the right shoulder MVC, the participant, sitting
with straight torso and arms straight alongside the
body, grabbed handles at each side of the chair,
which were connected to chains attached to a dyna-
mometer. She then performed three maximal vertical
shoulder elevations, each lasting five seconds and
interspersed by a 60 s rest break. MVC was measured
only for the right body side.

MVC for the right forearm was measured in a max-
imal handgrip while the participant was seated in a

chair with a handgrip force transducer fixed to the
table on her right side. Participants performed these
handgrips in the same temporal sequence as that
used for the shoulder.

Reference voluntary contraction (RVC)

For the shoulder RVC, the participant was instructed
to hold both arms straight at 90� abduction in the
frontal plane, palms facing down; first two times, 15 s
each with 30 s of rest in between, and then once for a
full minute.

For the forearm extensors, the RVC consisted in
exerting a 15% MVC handgrip, visually guided on a
computer screen, with repetitions as in the shoul-
der procedure.

Pressure pain threshold (PPT)

PPT was measured using an algometer (Somedic
Production AB, Sollentuna, Sweden) by which pressure
was applied to the right trapezius muscle, halfway
between acromion and C7. The pressure was increased
from nil by approximately 50 kPa/s and the subject
was instructed to press a button as soon as the sensa-
tion of pressure turned into pain. PPT was measured
three times, and the mean was calculated for fur-
ther use.

Physiological and psychophysical measurements
during the work period

Ratings

During the last minute of each pipetting work bout,
and after each CT work bout, the participant verbally
rated fatigue in right shoulder, pain in right shoulder,
fatigue in right lower arm, pain in right lower arm and
perceived mental effort, i.e. variables describing per-
ceived fatigability, on the Borg CR-10 scale (Borg 1990,
1998). The CR-10 scale, ranging from 0 (nothing at all)
to 10 (extremely strong, almost max), has good psy-
chometric properties and is commonly used to meas-
ure the intensity of perceived pain, discomfort or
fatigue (e.g. Borg 1990; Mathiassen 1993; Yassierli,
Iridiastadi, and Wojcik 2007). Perceived mental effort
was rated after n-back work bouts only, using the
Borg CR-10 scale. The examiner noted the participant’s
verbal ratings.

Electromyography (EMG)

EMG was recorded continuously throughout the
experiment from the trapezius muscle bilaterally, and
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from the right forearm extensors, in order to assess
the physical workload associated with performing the
pipetting task, as well as any possible change in EMG
amplitude as a measure of performance fatigability
(H€agg, Luttmann, and J€ager 2000). For the trapezius
muscle, a pair of surface self-adhesive electrodes was
placed lateral to the midpoint between vertebrae C7
and acromion with a 20mm inter-electrode distance,
as proposed by Mathiassen, Winkel, and H€agg (1995).
For the forearm extensors, an electrode pair was
placed with a 20mm inter-electrode distance on the
muscle belly, at 1/3 of the distance between the
elbow and the hand (Nordander et al. 2004). Before
application, the skin area was prepared by shaving,
gentle rugging and cleaning with alcohol.

The EMG signal was sampled at 2000Hz using cus-
tomary software (Platon version 8.1), amplified
(Noraxon MyoSystem 1400A), and band-pass filtered
at 10–1000Hz. Post-sampling, the data file was
imported to Spike (Spike 2, Cambridge Electronics
2015) and visually cleaned from obvious artefacts.
Thereafter, the signal was root mean square (RMS)
converted in consecutive 250ms windows. The EMG
RMS value was then normalised by the mean EMG
amplitude during the RVC in the pre-test battery and
expressed in percent of this reference voluntary exer-
tion, i.e. %RVE.

In addition, heart rate and saliva cortisol and alpha-
amylase were monitored during the experiment, but
these data will be reported elsewhere.

Statistical methods

All variables were described in terms of group means
and standard deviations between participants.
Differences in initial baseline values (MVC, RVC, PPT,
ratings with SOFI and Borg CR-10) between experi-
mental days were evaluated using repeated measures
ANOVA with CT (CT1-3) as a within-subject factor.

To determine the effect of CT difficulty on fatigue
development across repeated work bouts of pipetting,
a set of repeated measures analysis of variance
(ANOVA) was carried out. The ANOVA models address-
ing EMG as dependent variables were constructed
using CT (3 levels, CT1–3), timebetween (consecutive
pipetting work bouts; 10 levels) and timewithin (con-
secutive minutes within each pipetting work bout; 7
levels) as within-subject factors, and the order of CT1,
CT2 and CT3 across sessions as a between-subjects
factor. The models also included the interaction effects
CT� timebetween � and timebetween � timewithin. Similar
ANOVA models were constructed for ratings of fatigue

as dependent variables, but without including the
timewithin effect. If the ANOVA models turned out
to be significant for the effect of CT and/or the
interaction effect of CT� timebetween, a set of post-
hoc-tests were carried out to examine individual
effects of the three CT.

To evaluate the recovery of EMG during the CT
between work bouts of pipetting, the EMG amplitude
during the first minute of one pipetting work bout
was subtracted from the value during the last minute
of the preceding work bout. For ratings of perceived
fatigue and pain, the recovery effect was determined
by calculating the difference between ratings during
pipetting and the following n-back work bout. In the
ANOVA-model, CT (three levels), timebetween (9 levels),
and the interaction CT� timebetween were then
entered as within-subject factors.

To determine the effect of CT on pre-to-post test
battery differences in MVC, PPT, ratings of SOFI and
Borg CR-10, a set of repeated measures ANOVA was
carried out with CT (three levels), time (pre vs post, 2
levels), and the interaction CT� time as within sub-
ject factors.

Effect sizes for all variables were expressed as par-
tial eta squared (gp2).

All statistical analyses were performed in SPSS ver-
sion 24.0 (IBM SPSS Statistics for Windows, Version
24.0. Armonk, NY: IBM Corp).

Results

Baseline values and exposure in the initial
work bout

Pre-test battery

Baseline pre-test measurements of MVC and PPT did
not differ between CT1-3 (MVC right shoulder F¼ 0.18,
p¼ .83; right forearm extensors F¼ 0.10, p¼ .38; PPT
right trapezius F¼ 0.01, p¼ .99). Baseline ratings of
perceived fatigue and pain (Table 1) did not differ
between days (fatigue in right shoulder F¼ 0.98
p¼ .39; pain in right shoulder F¼ 0.66, p¼ .53; fatigue
in right lower arm F¼ 1.90, p¼ .17; pain in right lower
arm F¼ 1.85, p¼ .18. SOFI: sleepy F¼ 1.25, p¼ .30;
exhausted F¼ 0.93, p¼ .40; aching F¼ 1.00, p¼ .38;
breathing heavily F¼ 0.00, p¼ 1.00; uninterested
F¼ 0.74, p¼ .49).

Initial work bouts of pipetting and n-back

The mean EMG activity during the first minute of the
first pipetting bout was 47%RVE (SD 19) and 89%RVE
(SD 29) for the right trapezius and the forearm
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extensors, respectively; with no significant differences
between CTs (right trapezius: F¼ 0.10, p¼ 1.00; forearm
extensors: F¼ 1.90, p¼ .17).

Ratings of fatigue and pain during the last minute
of the first pipetting work bout, i.e. just before the first
CT bout, were tested for differences between CT diffi-
culties. The test confirmed that ratings were, at this
point, not related to the upcoming CT; fatigue in right
shoulder F¼ 0.02, p¼ .98; pain in right shoulder
F¼ 0.55, p¼ .59; fatigue in lower arm F¼ 1.17, p¼ .33;
pain in lower arm F¼ 0.93, p¼ .41. Ratings of per-
ceived mental fatigue after the first CT work bout did
not differ among CT1–3 (F¼ 1.88, p¼ .17). Mental
effort was, however, affected by CT difficulty (F¼ 4.39,
p¼ .02), with higher ratings after the initial CT3 bout
than after both CT1 and CT2.

During the first CT work bout, participants scored
on average 14.0 (SD 0.4) correct positive answers (out

of 15 in total) for CT1; 12.8 for CT2 (SD 2.3) and 8.5
for CT3 (SD 2.9). The average number of false positive
answers was 0.0 for CT1 (SD 0.0), 0.6 for CT2 (SD 1.6)
and 2.4 for CT3 (SD 2.1). The average reaction time
was 886ms (SD 126) for CT1, 1048ms (SD 146) for CT2
and 1196ms (SD 157) for CT3. All performance indica-
tors differed significantly between CT1–3 (correct posi-
tive F¼ 28.29, p� .001; false positive F¼ 14.45,
p� .001; reaction time F¼ 57.78, p� .001).

Exposure and response during repeated bouts of
pipetting and n-back

EMG levels in the right trapezius increased within
each work bout of pipetting (Figure 3), while EMG lev-
els in the forearm extensors decreased within work
bouts, with a significant timewithin effect and with a
partial eta squared, gp2, of 0.25 and 0.28, respectively

Table 1. Maximal voluntary contraction (MVC), pressure pain threshold (PPT), and perceived fatigue and pain at baseline (pre-
test) and after the work period (post-test). Six right-most columns: results of ANOVA with main effects of time (pre vs post) and
CT (CT1-CT3), and their interaction (p< .05 marked in bold). Effect sizes are presented as partial eta squared (gp2).

CT difficulty
Pre-test
battery

Post-test
battery

Time
F (p)

Time
gp2

CT
F (p)

CT
gp2

Time� CT
F (p)

Time� CT
gp2

MVC (N)
Right shoulder CT1 404 (86) 340 (102) 0.57 (.46) 0.04 0.33 (.72) 0.05 0.91 (.41) 0.10

CT2 410 (92) 394 (110)
CT3 399 (117) 416 (81)

Right forearm CT1 236 (40) 245 (42) 6.75 (.02) 0.33 0.39 (.68) 0.03 0.71 (.50) 0.05
CT2 242 (23) 248 (30)
CT3 234 (38) 250 (42)

PPT (kPa)
Right trapezius CT1 410 (160) 377 (109) 3.40 (.09) 0.18 0.75 (.48) 0.05 0.76 (.48) 0.08

CT2 413 (145) 369 (104)
CT3 386 (129) 366 (115)

Borg CR-10
Fatigue in right shoulder CT1 0.8 (1.4) 2.6 (1.5) 24.35 (�0.001) 0.64 0.85 (.44) 0.08 2.37 (.11) 0.07

CT2 0.8 (1.3) 2.1 (1.6)
CT3 0.5 (0.7) 2.3 (1.5)

Pain in right shoulder CT1 0.4 (1.0) 1.7 (1.2) 20.02 (�0.001) 0.60 2.80 (.08) 0.13 0.06 (.94) 0.02
CT2 0.2 (0.5) 1.3 (1.4)
CT3 0.4 (0.7) 1.5 (1.5)

Fatigue in lower arm CT1 0.2 (0.4) 1.8 (1.3) 26.82 (�0.001) 0.72 1.71 (.84) �0.01 1.86 (.18) 0.07
CT2 0.2 (0.3) 1.8 (1.5)
CT3 0.4 (0.6) 1.5 (1.1)

Pain in lower arm CT1 0.1 (0.8) 0.8 (0.8) 18.70 (�0.001) 0.58 0.31 (.74) 0.02 1.02 (.35) 0.07
CT2 0.03 (0.1) 0.9 (1.0)
CT3 0.1 (0.4) 0.6 (0.7)

SOFI
Sleepy CT1 2.1 (1.0) 2.7 (1.0) 4.74 (.02) 0.22 1.93 (.17) 0.08 0.42 (.79) 0.04

CT2 1.8 (1.0) 2.3 (1.1)
CT3 1.6 (1.1) 2.5 (1.3)

Exhausted CT1 0.9 (1.1) 2.1 (1.5) 17.19 (�0.001) 0.51 0.94 (.41) 0.04 1.02 (.38) 0.07
CT2 1.3 (1.2) 2.0 (1.3)
CT3 0.8 (0.8) 1.9 (1.3)

Aching CT1 0.3 (0.7) 1.7 (1.2) 22.90 (�0.001) 0.70 1.07 (.34) 0.11 3.4 (.02) 0.13
CT2 0.5 (0.8) 1.3 (1.2)
CT3 0.5 (0.6) 1.9 (1.2)

Breathing heavily CT1 0.1 (0.3) 0.2 (0.5) 0.20 (.81) �0.01 0.48 (.63) 0.02 1.04 (.40) 0.03
CT2 0.1 (0.3) 0.1 (0.5)
CT3 0.1 (0.5) 0.1 (0.3)

Uninterested CT1 0.5 (0.7) 1.0 (1.0) 3.86 (.04) 0.18 0.72 (.50) 0.02 1.12 (.36) 0.07
CT2 0.7 (0.9) 0.8 (0.7)
CT3 0.5 (0.5) 0.8 (0.7)
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(Table 2). Cohen (1988) suggested benchmarks for
classifying a partial eta squared as small, medium and
large, i.e. 0.01, 0.06 and 0.14, respectively. Thus, the
effects of timewithin on both trapezius and forearm
extensor EMG can be considered ‘large’. EMG levels in
the right trapezius increased gradually across the 10
pipetting work bouts (Figure 4), with a significant
main effect of timebetween and a gp2 of 0.21, i.e. a large
effect size (Table 2). For the forearm extensors, the
timebetween effect was not significant (Table 2). CT diffi-
culty did not have any significant main effect on EMG
levels (Figure 4, Table 2). However, a significant

interaction effect CT� timebetween was found for fore-
arm extensor EMG (Table 2); that is, EMG-activity
increased slightly across work bouts during CT3, while
the EMG-activity during CT1 and CT2 decreased
slightly (Figure 4). The effect size for the interaction,
0.12, would be graded as medium according to
Cohen’s benchmarks. Pairwise post-hoc comparisons
revealed a significant CT� timebetween interaction
effect for CT2 and CT3 (F¼ 2.32, p¼ .02).

Ratings of perceived fatigue and pain in both right
shoulder and in lower arm increased throughout the
work period, with a significant timebetween effect and

Figure 3. EMG activity in right forearm extensors and right trapezius during pipetting work bouts. Mean values across all partici-
pants and cognitive task conditions. Full-drawn line, squares: right forearm extensors EMG; dashed line, circles: right trapezius
EMG. SD: pooled estimates of standard deviation between subjects within each measurement occasion. The sequence of pipetting
and n-back bouts is illustrated at the bottom of the figure.

Table 2. Effect of cognitive task difficulty (CT1–CT3) on EMG activity, and perceived fatigue and pain during the work period.
The columns show results of ANOVAs, with main effects Timewithin, Timebetween and CT, and their interactions (p< .05 marked
in bold). Effect sizes are presented as partial eta squared (gp2).

Timewithin
F (p)

Timewithin
gp2

Timebetween
F (p)

Timebetween
gp2

CT
F (p)

CT
gp2

Timebetween
� CT F (p)

Timebetween
� CT gp2

Timebetween
� Timewithin

F (p)

Timebetween
�

Timewithin gp
2

EMG (% RVE)
Right Trapezius 4.55 (�.001) 0.25 3.65 (�.001) 0.21 0.34 (.71) 0.02 1.19 (.27) 0.08 0.82 (.81) 0.08
Right forearm extensors 5.46 (�.001) 0.28 1.91 (.06) 0.12 0.45 (.64) 0.03 1.90 (.017) 0.12 2.5 (�0.001) 0.15

Borg CR-10
Fatigue in right shoulder N/A� N/A 15.86 (�.001) 0.57 1.4 (.271) 0.10 0.82(.67) 0.06 N/A N/A
Pain in right shoulder N/A N/A 14.66 (�.001) 0.55 0.92 (.41) 0.07 1.1 (.36) 0.08 N/A N/A
Fatigue in lowerarm N/A N/A 16.42 (�.001) 0.54 1.41 (.27) 0.11 1.53 (.08) 0.14 N/A N/A
Pain in lower arm N/A N/A 8.46 (�.001) 0.45 2.33 (.12) 0.20 1.24 0.11 N/A N/A

�Ratings of fatigue and pain were not repeated during the physical work bout; hence a Timewithin effect was not applicable (N/A).
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large effect sizes, all exceeding 0.40 (Figure 5, Table
2). Cognitive task difficulty (CT1–3) did not signifi-
cantly influence ratings of fatigue and pain (Table 2).

Differences in performance between the three CTs
persisted throughout the one-hour work period, with

a significant main effect of CT for correct positive as
well as for false positive answers, and large effect
sizes, i.e. 0.70 and 0.49, respectively (Table 3).
Performance changed with time (significant main
effect of time and large effect sizes; i.e. 0.22 and 0.18

Figure 4. EMG activity in right forearm extensors and right trapezius during pipetting. Top half of figure (squares): right forearm
extensor EMG, with each cognitive task protocol (CT1–CT3) illustrated by separate lines. Bottom half of figure (circles): EMG activity
in right trapezius, also with CT1–CT3 illustrated by separate lines. SD: pooled estimates of standard deviation between subjects
within each measurement occasion.

Figure 5. Perceived fatigue and pain in the right shoulder and lower arm during the last minute of each pipetting bout and after
each CT work bout. SD: pooled estimates of standard deviation between subjects within each measurement occasion. The
sequence of pipetting and n-back bouts is illustrated at the bottom of the figure.
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for correct positive and false positive answers), and
the change differed significantly between CT difficul-
ties (significant interaction CT� time, with medium to
large effect sizes; 0.19 and 0.11 for correct and false
positive answers, respectively). Thus, performance
declined slightly with time for CT1 and CT2, while it
tended to improve for CT3.

Recovery immediately after each pipetting
work bout

Recovery in EMG during the CT period between con-
secutive work bouts of pipetting (assessed as %RVE
during the first minute of a work bout subtracted
from the last minute in the preceding one) changed
over time in the forearm extensors (Figure 3; F¼ 4.67,
p� .001), but not in right trapezius (F¼ 0.88, p¼ .54).
Cognitive task difficulty (CT1–3) did not affect recov-
ery; the main effect of CT and the interaction
CT� timebetween were both non-significant (right
trapezius F¼ 1.46, p¼ .25; forearm extensors
F¼ .34, p¼ .71).

Recovery of perceived fatigue and pain after each
pipetting bout (defined as the rating following a CT
work bout subtracted from the rating during the last
minute of the preceding pipetting work bout) did not
change over time (Figure 5). The main effect of CT on
recovery was not significant. However, perceived
fatigue in right shoulder showed a significant
CT� timebetween interaction effect (F¼ 2.56, p� .001);
during CT1, the recovery effect of the CT period
decreased over time, while it increased for CT2
and CT3.

Response after work

All ratings of perceived fatigue (Borg CR10 and SOFI
dimensions, except breathing heavily) were signifi-
cantly higher during the post- than during the pre-
test battery (Table 1). CT difficulty had no significant

effect on differences between pre- and post-test bat-
tery results for any of the measured variables except
the SOFI-dimension aching, which showed a significant
CT� time interaction (Table 1). Pairwise comparisons
revealed that values were significantly lower after CT2
than after CT3 (F¼ 4.85, p¼ .05). MVC increased pre-
to-post in the forearm extensors, while no significant
effect was found for the right shoulder (see Table 1).
Changes in MVC were not significantly influenced by
CT difficulty. PPT did not change pre-to-post, and CT
difficulty showed no significant effect (Table 1).

Discussion

The aim of this experimental study was to determine
the extent to which the difficulty of a cognitive task
interspersed in between bouts of a repetitive physical
task influences recovery from fatigue in women. Based
on previous literature, we hypothesised that recovery
would be accelerated, i.e. fatigue would increase less
over time, with a more difficult cognitive task (CT). In
general, however, CT difficulty did not appear to have
any strong influence on neither perceived fatigability
nor performance fatigability, besides the observation
that forearm extensor EMG amplitude was slightly
lower, and increased more with time during CT3 than
during CT1 and CT2.

Participants in the present study experienced
increasing fatigue and pain in right shoulder and right
forearm across the entire work period. Both objectively
measured performance and perceived effort in the
cognitive task differed significantly between the three
CTs, indicating that participants did not ‘give in’ dur-
ing the harder cognitive task (CT3). While perceived
fatigability increased clearly with time, indicators of
performance fatigability showed ambiguous results.
The right trapezius EMG amplitude increased signifi-
cantly both within and between pipetting work bouts
as a sign of performance fatigability (H€agg, Luttmann,
and J€ager 2000) while MVC, which is a very common

Table 3. Cognitive task performance. Columns show means and standard deviations (between subjects) of correct positive and
false positive answers for each CT difficulty level, and results of ANOVAs with main effects time and CT, and interaction
time� CT. Effect sizes are presented as partial eta squared (partial g2).

Measure CT level Mean (SD)
Time
F (p)

Time
gp2

CT
F (p)

CT
gp2

Time� CT
F (p)

Time� CT
gp2

Correct positive CT1 13.7 (0.3) 4.1 (�.001) 0.22 33.4 (�.001) 0.70 3.3 (�.001) 0.19
CT2 12.5 (1.6)
CT3 9.5 (2.3)

False positive CT1 0.1 (0.2) 3.0 (�.001) 0.18 13.4 (�.001) 0.49 1.7 (.04) 0.11
CT2 0.8 (1.8)
CT3 2.7 (2.6)
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metric of performance fatigability, had not decreased
significantly after the experiment. However, MVC may
not change much after a prolonged, low-force con-
traction, and may, thus, not be a conclusive measure
of performance fatigability in this case (Taylor and
Gandevia 2008). The observed effect sizes accompany-
ing our results of statistical significance would be clas-
sified as medium and large according to Cohen’s
benchmarks for evaluating partial eta squared (Cohen
1988). While this would corroborate that results are,
indeed, of note, we emphasise that estimates of gp2

should be interpreted with caution, in particular in
repeated-measures designs as the present study
(Lakens 2013).

Thus, we managed to create a physical work task
leading to limited performance fatigability, yet definite
perceived fatigability, if only to an extent still allowing
participants to complete the entire work period with
only minor changes in cognitive performance. The
observed increase in trapezius EMG amplitude within
and between the pipetting bouts corresponded to the
development usually interpreted as a sign of perform-
ance fatigability, since it suggests an increased central
drive to the muscle as a response to reduced force-
generating capacity of involved motor units (H€agg,
Luttmann, and J€ager 2000). Forearm extensor EMG, in
contrast, was initially high and decreased thereafter,
especially within work bouts. While we have no obvi-
ous explanation for this, it may be that the partici-
pants adjusted towards a more ‘smooth’ work
technique during the course of the bout, or that they
re-distributed activity to muscles in the lower arm out-
side the reach of our EMG recordings. The apparent
absence of performance fatigability in the lower arm
may be considered a weakness of the pipetting task in
the context of the aim of the present study to deter-
mine the influence of a cognitive task on development
and recovery of fatigue. We recorded surface EMG
from single sites on the upper trapezius and forearm
extensors and could therefore not assess possible
changes in the spatiotemporal distribution of activity,
which could also reflect performance fatigability. Such
changes have been reported both within and between
muscles during sustained activities (Samani et al. 2016;
Falla and Farina 2007). Changes in the EMG frequency
spectrum is often used as a sign of changes in muscle
properties accompanying performance fatigability
(H€agg, Luttmann, and J€ager 2000), but we chose not
to do any spectral analyses, as guided by studies sug-
gesting that frequency data are difficult to interpret,
at least in low-intensity tasks (H€agg 1992;
Mathiassen 1993).

Mathiassen et al. (2014) also found that CT difficulty
had a vague influence on recovery; EMG changes in
the upper trapezius muscle were similar in protocols
with n-back 1, 2, and 3, while recovery of perceived
fatigue 1 h post work was slightly more pronounced
for n-back 3. Also, heart rate and heart rate variability
recovered more with the hardest CT compared to the
very easy CT. In contrast to these ambiguous effects
of a cognitive task on recovery, both Stock, Beck, and
DeFreitas (2011) and Asmussen and Mazin (1978b)
showed a substantial acceleration of recovery when
mental tasks were performed between repeated bouts
of a physical task, compared to inactive rest.
Mathiassen et al. (2014) studied a repetitive physical
task (repeated movements of a 300 g hand-held
manipulandum), which was somewhat more strenuous
than the pipetting task in the present study, as indi-
cated by higher ratings of perceived fatigue. Stock,
Beck, and DeFreitas (2011) and Asmussen and Mazin
(1978b) studied the effects of a mental or diverting
physical task interspersed between a set of repeated
maximal knee extensions (Stock, Beck, and DeFreitas
2011), and between finger flexions performed to
exhaustion (Asmussen and Mazin 1978b). Both periph-
eral mechanisms in the exercising muscles and central
nervous mechanisms at the supraspinal and spinal
level contribute to fatigability (Gandevia 2001; Hunter,
Duchateau, and Enoka 2004). Studies suggest that
even though fatigue mechanisms in the central ner-
vous system, CNS, are likely at play during low-
intensity, submaximal efforts, their contribution is
harder to determine under these conditions than if
the subject performs maximally, due to a more com-
plex motor unit recruitment pattern (Taylor and
Gandevia 2008). Given that the physical tasks used by
Asmussen and Mazin (1978b) and Stock, Beck, and
DeFreitas (2011) were, indeed, maximal, either in
terms of force or endurance, the recovery effect of a
mental task might have been larger than in the pre-
sent study, in that it would elicit a more influential
CNS response. We thus argue that the differences in
physical and psychophysiological responses between
our study and those discussed above are mainly
explained by differences in the intensity of the phys-
ical task, and thus that the results reported by
Asmussen and Mazin (1978b) and Stock, Beck, and
DeFreitas (2011) may not extend to repetitive tasks of
a comparatively low intensity. Moreover, the duration
of the task may have played a role, since the relative
involvement of peripheral and central mechanisms of
fatigue appears to differ between brief and prolonged
submaximal efforts (Taylor and Gandevia 2008).
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In an occupational perspective, strength of using
pipetting as opposed to the tasks used by Asmussen
and Mazin (1978b) and Stock, Beck, and DeFreitas
(2011) is better ecological validity. Pipetting serves as
a valid model of submaximal, repetitive work involving
the upper extremity, such as occurring, e.g. in indus-
trial settings (Ferguson et al. 2013; Bernard 1997;
Madeleine, Voigt, and Mathiassen 2008). Pipetting has
also been used in previous studies of motor variability
during repetitive work (Srinivasan, Samani, et al. 2015;
Sandlund et al. 2017).

We wished to use a cognitive task for which per-
formance was easy to track and the difficulty could be
controlled at clearly differing levels. Since no deterior-
ation in performance occurred across the ten work
bouts for any of the three CT, we suggest that at these
levels of difficulty, a cognitive task in between physical
work bouts can be carried out with maintained prod-
uctivity. Unlike simple span tasks, such as recalling a list
of numbers or letters, the n-back test requires maintain-
ing information while new information is presented in
parallel; thus it reflects both storage and control proc-
esses in the working memory (Baddeley 1986; Bailey,
Dunlosky, and Kane 2008). In working life, cognitive
tasks may vary greatly in difficulty, and they often
engage both storage and processing, such as when
performing administrative work. We, therefore, propose
the n-back task to be more occupationally relevant
than, for instance, a simple span task. The inclusion of
n-back 1 as a very easy cognitive condition, with close
to perfect performance allowed us to control for atten-
tion effects while inducing minimal cognitive load. We,
therefore, regard n-back 1 as a control condition in the
present experimental design, as an attractive alternative
to a simple rest with uncontrolled attention, such as
used by Asmussen and Mazin (1978b) and Stock, Beck,
and DeFreitas (2011).

The temporal patterns of alternations in this study
were designed to allow for a controlled examination
of fatigue and recovery. In occupational life, temporal
patterns may differ from and be less regular than the
7þ 3min alternation we used (Jahncke et al. 2017).
Since the temporal pattern of work with the upper
extremity has a profound effect on physiologic and
cognitive responses (Mathiassen 1993) we recommend
further studies to determine the extent to which the
temporal pattern of alternations influence fatigue and
recovery. Moreover, our experiment was limited to
about 2 h of work, and can therefore only inform
about short-term effects on fatigue and pain.
Inferences regarding the possible effects of alterna-
tions between physical and cognitive tasks continuing

for whole workdays, and across longer time-spans may
be justified only with great caution. In occupational
life, additional factors beyond the mere tasks will influ-
ence fatigue and recovery during a workday, such as
the experience of external stimuli, leadership behav-
iour and perceived control (Bakker and Demerouti
2007). A recent field study describing patterns of alter-
nations between physical and mental tasks in blue-col-
lar occupations reported that workers generally
preferred a mental activity after a physical one, and
that that they, in general, wished for more alternations
than they currently had (Jahncke et al. 2017). This
point to the need for further research into alterna-
tions, using both controlled and observational designs.

The present study was performed on healthy and
relatively young women (mean age 26.5, SD 4.7). It is
likely that the effects of task difficulty on fatigue
depend on various individual factors, and our results
might not be readily generalisable to other popula-
tions. As one example, both cognitive (Deary et al.
2009) and physical (Aoyagi and Shephard 1992;
Yarasheski 2003) performance decrease with age, and
participants of older age than those in the present
study might have reacted differently to both the phys-
ical and the cognitive task. Also, the working memory
capacity of an individual will likely influence the cogni-
tive load associated with n-back (Williams, Suchy, and
Rau 2009), and thus, in theory, the effect that the n-
back task could have on central nervous components
of fatigue. We, therefore, recommend future studies to
address individual factors with a possible influence on
the response to alternations.

As mentioned previously, a major rationale for per-
forming this experimental study was to give support for
recommendations regarding alternating physical and
cognitive tasks in job rotation. Our findings suggest that
cognitive tasks with even high demands can be per-
formed successfully between bouts of physical repetitive
work without compromising recovery from fatigue or
work performance. Thus, with the reservations outlined
above as to the portability of these results into occupa-
tional practice, we propose that a job rotation including
alternations between physical and cognitive tasks
appears feasible and that the difficulty of the cognitive
task may not be a factor of any major concern.

Conclusion and recommendations

Overall, the results from this controlled experiment
showed that both perceived and performance fatig-
ability caused by a repetitive physical task recovered
during interspersed periods comprising a cognitive
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task, but that the difficulty of that task did not have
any major influence on the extent of recovery. Thus,
in designing a job rotation scheme with alternating
mental and physical work tasks, the difficulty level of
the cognitive task appears to be of minor importance.
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