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PREFACE 

This book contains the work of students who performed a master’s degree 
programme in Human Movement Sciences or Sport Sciences. These master’s 
degree programs are provided by the Department of Human Movement Sciences 
which is part of the Medical Faculty of the University of Groningen, The Netherlands. 
They are science-oriented multidisciplinary two-year programs, with a main focus on 
concepts such as behavior and cognition, perception and action, motor control and 
learning, and load and recovery.

The Department of Human Movement Sciences targets to increase our 
understanding of all the aspects involved with human movement and to apply the 
obtained results in the fields of sports, rehabilitation and healthy ageing. The 
students in the master’s degree programs can choose one or more of these areas of 
specialization, which will form the basis of their theses. The specialization ‘Motor 
function and Cognition in Healthy Ageing’ explores how physical activity can prevent 
chronic diseases, preserve cognitive function, and how innovative solutions can 
promote mobility and independence at older ages. The specialization ‘Rehabilitation 
and Functional Recovery’ aims to improve our understanding of impaired movement 
and the mechanisms of mobility restoration and functioning in the rehabilitation 
practice. Students who choose to specialize in the area of ‘Sport, Learning and 
Performance’ can explore the cognitive, psychological and physiological aspects of 
sports behavior. 

The courses and projects of the master’s degree programs let the students acquire 
skills that are essential for an academic career. In the second year of the master’s 
degree programs, students perform a graduation project, conducting research 
related to their area of specialization. To complete this graduation project all students 
need to successfully write a scientific article, give an oral presentation and design 
and present a scientific poster. 

The presentation of a scientific poster belongs to the essential skills for an academic 
career. It provides a visual condensation of the most important aspects of the 
performed study. This book presents all the posters that were created by the master 
students in the academic year of 2018-2019.

With this book we want to provide insight into the subjects and types of studies that 
are performed as graduation projects during the master’s degree programs in 
Human Movement Sciences and Sport Sciences. We hope that this book will help 
future students with their decision-making for future research projects, and creates a 
general interest in the studies performed by Human Movement Scientists and Sport 
Scientists.

Yvo Kamsma 
Curriculum Coordinator
Department of Human Movement Sciences
RUG/UMCG
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Poster abstract 

Introduction: It is unclear how rapidly healthy humans can learn a complex balance 

skill. We examined the effects of a short bout of unstable balance-board training on 

balance skill acquisition, retention, specificity, and transferability and probed the 

underlying neural plasticity using transcranial magnetic stimulation (TMS).  

Methods: Healthy young adults (n=36, age 20.9, 18M) were randomly assigned to 

learn balancing on an unstable board (BAL), cycle while seated (CYC) or sit and rest 

(CON) for 20 minutes. Before, immediately and one week after the exercise session, 

we assessed  performance of the trained and several untrained balance tasks and 

probed potential underlying neural mechanisms by TMS.  

Results: BAL but not CYC or CON improved in the trained balance task by 338.9% 

(±257.2, effect size [ES]: 1.94), 21.5% (±70.3, ES: 0.07), and 25.8% (± 85.3, ES: 

0.05), respectively and BAL 

(256.0% ±165.5) retained the acquired skill after a 1-week-long off-line, no-training 

period. No changes occurred in 12 measures of untrained balance outcomes or in 4 

TMS measures of supra-spinal excitability (all p>0.05). 

Conclusions: A single unstable balance-board training session but not cycling or 

rest improved balance skills by margins observed in long term studies without 

transfer to other balancing skills or related change in neural excitability. Future 

studies will examine in more detail and by additional methods the neuromechanical 

mechanisms and the time course underlying the remarkable level of specificity of 

learning a balance skill. 
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• E-mail: l.b.m.bakker@student.rug.nl •

Introduction Methods

Results

CONCLUSION

Task-specificity and brain adaptations after short-bout balance 
learning in young adults 

References

Lisanne B. M. Bakker
Department of Human Movement Sciences, 

University Medical Center Groningen, University of Groningen, The Netherlands

• Motor skill acquisition is a rapid
process that relies on neural
plasticity1.

• It is unclear how rapidly healthy adults
can learn a complex balance skill and
if learning will be retained2.

• There is much inconsistency
concerning the specificity and
transferability of balance learning3.

Aim: To examine the effects of a short 
bout of unstable balance-board training 
on balance skill acquisition, retention, 
specificity, and transferability and 
investigate the underlying neural 
plasticity by TMS.

Post-test
Day 1 Day 2

RetentionInterventionBaseline

Balance performance:
• Balance Board % in balance
• Balance Beam, distance walked
• COP velocity

Underlying neural mechanisms (TMS):
• MEP
• SICI/LICI
• ICF

Balance training (n=12) Cycling training (n=12) Control group (n=12)
36 participants (age 20.9 ± 1.9 years) randomly assigned to:

1. Substantial increase and retention in task-specific balance

2. No transfer of trained balance skill to untrained balance tasks

A short bout of unstable balance-board training but not cycling or rest improved balance skills by 
margins observed in chronic studies without transfer to other balancing skills or changes in neural 
plasticity. Future studies will examine in more detail and by additional methods the 
neuromechanical mechanisms and the time course underlying the remarkable level of specificity of 
learning a balance skill.

4. No changes in TMS measures of supra-spinal plasticity

3. Small association between balance tasks at baseline

5. No association between improvement in balance skill and
measures of neural plasticity

Outcome measures:

(1 week)

1. Berghuis KMM et al. Age-related changes in corticospinal excitability and intracortical inhibition after upper extremity motor learning: a systematic review and meta-analysis. Neurobiol Aging. 2017;55:61–71
2. Van Dieën JH, van Leeuwen M, Faber GS. Learning to balance on one leg: motor strategy and sensory weighting. J Neurophysiol. 2015;114(5):2967–82.
3. Giboin LS, Gruber M, Kramer A. Task-specificity of balance training. Hum Mov Sci. 2015;44:22–31.

20°
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Abstract 

Background: Eating disorders have a high prevalence in young females and show high 
mortality rates. Difficulties with emotion regulation are associated to these disorders, with 
high levels of anger and aggression suppression playing a key-role. In clinical practice, 
emotional assessment is often performed by subjective measures. These self-report 
measures have received several critiques for this population, because of patients’ personality 
traits and social desirability in answering. Recently, a new objective instrument has been 
developed to use in addition to subjective measures of emotion regulation, called the 
Method of Stamp, Strike, Shout (MSSS). This instrument uses force production as a 
behavioral measure of anger and aggression regulation. This study examines the feasibility 
and first test results of the MSSS in a small clinical sample of patients with eating disorders. 
The aim is to examine the relation between the MSSS and anger coping style of patients in 
comparison to a matched control sample of healthy students. Method: The MSSS consists of 
three subtests, including stamping on a force plate, striking a punching bag instrumented 
with an accelerometer, and shouting into a microphone. Participants were asked to 
increase and decrease their force production, thereby producing a four-step force 
pyramid on each subtest. The method is developed as an addition to self-report measures. 
Anger coping style is assessed using the Self-Expression and Control Scale (SECS). 
When examining the feasibility of the measure in the clinical sample, both patients’ and 
researchers’ measurement experiences were evaluated. Overall, a critical analysis of 
measurement procedures, data analysis and outcome measures is performed to examine 
the feasibility and first associations between test results of the clinical and control 
sample. Results: Seven participants with eating disorders were included and compared 
to a sample of matched controls (n=21). Both patients’ and researchers’ experiences, 
procedures, and data analysis methods were positive or showed possibilities for 
improvements regarding, the feasibility of the measure. First, the anger coping styles of the 
groups were analyzed. As expected, patients scored higher on the SECS internalization of 
anger (AI) and AI was the preferred coping style of 6/7 patients. Visual inspection showed 
lower values of shout subtest for patients compared to controls. Both the MANCOVA and 
regression analysis showed that the shout subtest was most discriminative between groups. 
A significant interaction was found between group and coping style for the shout subtest in 
the repeated measures MANCOVA. With the regression analysis, AI-coping style was 
recognized as a significant negative predictor for the shout sum score. Overall, the stamp 
and strike subtests did not show significant results of either MANCOVA or regression 
analysis. At this time, there is insufficient evidence to relate the shape of the stamp and strike 
force pyramids to either group or anger coping style. Discussion: The measure appears 
feasible in a clinical sample of patients with eating disorders. However, several 
improvements are recommended to fit the clinical sample. Because of the small sample 
size and violated assumptions, no conclusions can be made on the initial analyses with 
the current sample. However, there appears to be a trend of the shout subtest’s ability to 
distinguish between groups or coping style, in line with previous test results in a student 
sample. The anger-performance relation in eating disorder patients is complex and should be 
carefully re-examined in a much larger sample with sufficient power, before conclusions 
can be made.  

Keywords: MSSS, Method of Stamp Strike Shout, psychomotor therapy, force 
production, eating disorders, anger coping, anger internalization.  
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INTRODUCTION Methods

Results

CONCLUSION

Examining the Method of Stamp Strike Shout in eating disorder patients

References

 Eating disorders have a high prevalence in young females. 1

 Anorexia Nervosa has the highest mortality rate of all mental
disorders. 1

 Patients with eating disorders show difficulties with emotion
regulation --- anger and aggression in specific.2,3,4

 Anger presence and pervasiveness should be addressed in
assessment 5,6 and body oriented treatment.7

 Self-report measures are limited by response biases, f.e. social
desirability & lack of body consciousness in ED. 5,6

 The new Method of Stamp Strike Shout (MSSS) uses force production
as behavioral measure of anger and aggression regulation.8

 The MSSS can be used in addition to subjective
measurements. 8

The MSSS measured the increase and decrease of force production in

1) Stamping on a force plate

2) Striking a boxing bag instrumented with accelerometer

3) Shouting into a microphone

A four-step force pyramid of 25 – 50 – 75 – 100 – 75 – 50 - 25% of their
maximum force is produced.

Performance was compared to anger coping style, as measured with the Self-
Expression and Control Scale (SECS).

This study examined the first associations between the test results of a clinical
sample.

Patients (n=7) with eating disorders were compared to matched controls (n=21) and general reference sample
(n=56).

Patients scored higher on the internalization of anger as measured by the SECS
(Patients 30.7 ± 6.0; Matched controls 22.3 ± 4.5).

The results of the stamp, strike and shout subtest can be found in the figures.

• Stamp: both patients and matched controls show similar force productions.

• Strike: patient sample shows a different shape of the force pyramid.

• Shout: appears to be most distinctive between patients and controls.
Patients produce less vocal force.

 Found SECS internalizing anger as significant predictor of the shout sum score.

 Significant interaction between internalizing anger and group (patient/controls) in the shout subtest.

1. Trend of the shout subtest’s ability to distinguish between groups or coping style.
2. In line with previous test results in a student sample.8

3. The anger-performance relation in eating disorder patients is complex and should be carefully re-examined in a much
larger sample with sufficient power, before conclusions can be made.

1. Smink et al. Int J Eat Disord. 2004;47(6). 2. Espeset et al. Eur Eat Disord Rev. 2012:20(6). 3. Krug et al. Psychiatry Res. 2008:161(2). 4. Truglia et al. Psychopathology.

2006:39(2). 5. Ioannou & Fox Clin Psychol Psychother 2009:16(4). 6. Miotto et al. Compr Psychiatry 2008:49(4). 7. Boerhout et al. Eur Eat Disord. Rev. 2017:25(1).

8. Boerhout et al. Plos One. 2018:13(11).
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Submitted to Archives of Physical Medicine and Rehabilitation on 3-5-19 

Assessment of Muscle activation of Caregivers Performing Dependent 

Transfers with a Novel Robotic Assisted Transfer Device Compared to the 

Hoyer Advance  

Objective: Caregivers performing dependent wheelchair transfers are at a high risk 

for low back and shoulder pain. A novel robot assistive transfer device, called 

Strong Arm, was developed to alleviate caregiver strain. The purpose of this study 

was to assess the necessary muscle activity in caregiver while using a Strong Arm 

compared to a clinical standard of care (Hoyer Advance). Design: Cross-sectional 

comparison study. Setting: Laboratory testing in a controlled setting simulating three 

common transfer surfaces. Participants: Twenty caregivers (5 men, 15 women, 33

±15 years old). Main Outcome Measures: transfer completion time in seconds, 

peak percentage surface electromyography (EMG) (%Maximum voluntary 

contraction (MVC)) and integrated EMG (%MVCs) of the left and right erector 

spinae, latissimus dorsi, pectoralis major and anterior deltoid at three different 

transfer situations. Interventions: Novel Robotic Transfer Device. Results: 

Caregivers required significantly less transfer time when transferring from wheelchair 

to surface using the Hoyer Advance (p=.011). However, significant lower EMG values 

using Strong Arm were found in 15/32 (47%) of the measured muscles situations, 

while 4/32 (12.5%) favoured the Hoyer Advance. Overall, caregivers were found 

to have lower EMG activity in the left and right erector spinae, latissimus dorsi 

and pectoralis major using Strong Arm during placement phases and transfers from 

and to the accessible toilet. Conclusion: In general, lower peak and integrated 

muscle activation were found in the back and shoulder muscles in caregivers using 

the Strong Arm. This provides evidence that Strong Arm has the potential to 

reduce risks for low back and shoulder pain in caregivers.  

Key words: Moving and Lifting Patients, Electromyography, Back injuries, Self-

Help Devices, Wheelchairs  12



Department of Human Movement Sciences • P.O. Box 196, 9700 AD Groningen, The Netherlands 
• Corresponging author:  e_blaauw@hotmail.com •

Eline Blaauw BS, Mark Greenhalgh, BS, Garrett G Grindle PhD, Alicia Koontz PhD, RET, Rory A Cooper PhD
Department of Human Movement Sciences, Human Engineering Research Laboratories 

University Medical Center Groningen, University of Groningen, The Netherlands University of Pittsburgh, Pittsburgh, USA

Assessment of Muscle activation of Caregivers Performing Dependent Transfers with a 
Novel Robotic Assisted Transfer Device Compared to the Hoyer Advance

RESULTS

REFERENCES
1. Ribeiro T, Serranheira F, Loureiro H. Work related musculoskeletal disorders in primary health care nurses. Appl. Nurs. Res. 2017;33:72–7. 2. Pompeii LA, Lipscomb HJ, Schoenfisch AL, Dement JM.
Musculoskeletal injuries resulting from patient handling tasks among hospital workers. Am. J. Ind. Med. 2009;52:571–8. 3. Sivaprakasam A, Wang H, Cooper RA, Koontz AM. Innovation in Transfer Assist
Technologies for Persons with Severe Disabilities and Their Caregivers. IEEE Potentials. 2017;36:34–41. 4. Greenhalgh, M., et al. "Assessment of Usability and Task Load Demand Using a Robotic Assisted Transfer
Device Compared to a Hoyer Advance for Dependent Wheelchair Transfers." American journal of physical medicine & rehabilitation (2019).

CONCLUSION
In general, lower peak and integrated muscle activation was found in the back and shoulder muscles when caregivers
conducted transfers using the Strong Arm compared to the Hoyer Advance. Future Research: Modifications to the Strong
Arm based on the study results will be made to further assist the caregivers performing transfers.

METHODS
Design: Cross-sectional comparison study4.

Participants: Twenty caregivers (15 female, 5 male, 33±15-year, experience with transfers 9±12-year)

Main Outcome Measures: Maximum voluntary contraction (MVC), Time, Peak (%MVC) and Integrated
(%MVCs) percentage surface electromyography (EMG) of bilateral Erector Spinae, Latissimus Dorsi,
Pectoralis Major and Anterior Deltoid

Protocol: Caregivers performed 36 transfers (18 with Strong Arm, 18 with the Hoyer Advance) at three
transfer stations with a 75kg rescue dummy

1. Accessible toilet (ST)
2. Rehabilitation Bench (MT)
3. Tub Chair (TB)

Data Analysis: Each transfer split in three
phases (Figure 1)

1. Lift
2. Transport
3. Placement

EMG data was post processed via
custom MATLAB code with 4th order
Butterworth bandpass and lowpass
rectification %MVC and %MVCs.

A 3-Way Repeated Measure ANOVA
with Bonferroni correction and Pairwise
Comparison sub analysis was performed.
Alpha was set at p=.05.

INTRODUCTION
63.1% of caregivers develop low back pain
while 37.8% develop shoulder pain1.

43.4% of all developed musculoskeletal injuries
in caregivers occur due to transfer related
activities, including lifting (27.9%) or
transferring a patient (15.5%) 2.

Mechanical lifts do not completely eliminate
overexertion, awkward biomechanical
positioning, space constraints, and transfer
distance that are required to complete an
assistive transfer3.

The Strong Arm, a portable robotic transfer
device, was designed on the premise of
relieving transfer related ergonomic barriers.
The Strong Arm can be attached to a powered
wheelchair.

PURPOSE
Compare the muscle activation of caregivers
performing dependent transfers using a novel
robotic assistive transfer device (Strong Arm)
and a clinical standard of care (Hoyer
Advance.
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STRONG ARM
• Significant lower EMG values (%MVC and

%MVCs) were found in 15/32 using Strong Arm
• Erector Spinae (6/8)
• Latissimus Dorsi (6/8)
• Pectoralis Major (2/8)
• Anterior Deltoid (1/8)

• Placement showed significantly lower EMG in
16/32 transfer situations using Strong Arm.

• Strong Arm significantly favourable at ST (7/32).
• Notable lower standard deviations using Strong

Arm.

HOYER ADVANCE 
• Significant lower transfer times using Hoyer

Advance (p=.011) 
• MT: p<.001 and p=.015
• TB: p=.009

• Significant lower EMG values (%MVC and
%MVCs) were found in 4/32 using Hoyer
Advance

• Erector Spinae (0/8)
• Latissimus Dorsi (0/8)
• Pectoralis Major (1/8)
• Anterior Deltoid (3/8)

Figure 1: A participant performing a transfer with the Hoyer Advance (a), and Strong 
Arm (b) at two different transfer stations; 1: lift phase, 2-3: transport phase, 4: 
placement phase
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Poster: The relationships between siblings, executive functioning and motor skills 

Author: D.F.A.A. (Dagmar) Derikx, s3509087 

Poster Abstract 
Siblings may have a substantial effect on the development of executive functioning 

(EF) and motor skills of a child, due to the large amount of interactions siblings have 

with the child. Furthermore, some evidence suggests that EF and motor 

performance are related, although the exact nature of this relationship is not clear 

yet. Since both EF and motor skills develop rapidly during the preschool years, it is 

important to identify risk- or enabling factors such as the presence or absence of 

siblings, so that children at risk can be recognized and monitored. Therefore, the 

aims of this study were to investigate the relationships between the presence of 

siblings on the one hand and performance-based EF and motor skills on the other 

hand and to further elucidate the relationship between EF and motor skills. The 

sample consisted of 174 3- to 5-year old children (53.4% boys), who performed the 

Movement Assessment Battery for Children-2 (MABC-2) and five performance-

based EF tasks measuring inhibition and working memory. In addition, information 

regarding ADHD symptomatology, IQ, socioeconomic status and siblings was 

gathered. The hierarchical regression analyses performed, revealed a nearly 

significant relationship between being a middle child and working memory (ß = 0.36, 

p = .054) and between manual dexterity and inhibition (ß = 0.20, p = .074). This 

study shows that at least some domains of EF performance, motor performance 

and the presence of siblings are related. Future studies should further elucidate 

these relationships by including additional sibling variables such as gender, EF 

proficiency, and motor proficiency of the siblings and the quality of the sibling 

relationship. 
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INTRODUCTION METHODS

RESULTS

CONCLUSION

The relationships between siblings, executive functioning and motor skills

REFERENCES

- This study was part of a larger longitudinal study, called the MELLE project.
- Sample: 174 children (53.4% boys) with a mean age of 50.0 months.

- Hierarchical regression analyses were performed to investigate the research questions while
controlling for the confounding variables.

Siblings
- Number of siblings
- Age difference
- Birth order position (youngest,

middle, oldest, twin or only child)

Siblings may have a substantial influence on the development of 3-5 
year old children
- Positively: acting as models and providing a safe environment to

practice1,2

- Negatively: competing for parent’s time and care (dilution of
parental resources theory)1,3

Some evidence suggests that executive functioning (EF) and motor 
performance are related. For example neuro imaging research has 
shown the same brain areas to be activated during both EF and motor 
tasks4. However, the exact nature of this relationship is not clear yet.

Aims
To examine the relationships between the presence of siblings on the 
one hand and performance-based EF and motor performance on the 
other hand and to further elucidate the relationship between 
performance-based EF and motor performance.

Executive functioning
5 tasks measuring:
- Inhibition
- Working memory

Motor skills
Movement Assessment Battery 
for Children-2
- Manual dexterity
- Aiming and catching
- Balance

Confounding variables
Age, gender, ADHD, 
symptomatology, IQ, and 
socio-economic status (SES)

Siblings

Executive functioning Motor skills

Birth order position 
Middle child

Approached significance
(ß = 0.36, p = .054)

No significant 
relationships

Working 
memory

No significant 
relationships

No significant 
relationships

Inhibition Manual 
Dexterity

Approached significance
(ß = 0.20, p = .074)

- Meeting other peers to imitate at
school/day-care diminishes
positive influence of siblings6

- High SES of sample diminishes
negative influence of siblings3

Manual dexterity has a high cognitive 
demand and may thus be related to 
higher cognitive skills such as EF7

Non-linear development in young children, diverting all energy 
toward improving one skill while temporarily ignoring others, 
may prohibit finding cross-sectional relationships8. 

- At least some domains of EF performance, motor performance and siblings are related.
- Future research should further elucidate these relationships by including additional sibling variables such as gender, EF proficiency, and

motor proficiency of the siblings and the quality of the sibling relationship.

(1) Venetsanou & Kambas. Early Child Educ J. 2010;37(4):319-327.    (2) Berger & Nuzzo. Infant Child Dev. 2008;17(6):607-615. (3) Rolan et al. Infant Child Dev. 2018;27(4):e2091 (4)
Diamond. Child Dev. 2000;71(1):44-56.    (5) Bandura. Annu Rev Psychol. 2001;52(1):1-26.    (6) Cordonier & Deschenaux. 16th European Conference on Developmental Psychology.
2014:39-42.     (7) van der Fels et al. J Sci Med Sport. 2015;18(6):697-703.    (8) Ben-Sasson & Gill. Res Dev Disabil. 2014;35(7):1425-1432.

Middle children have more siblings 
close in age. Social learning theory 
states that similarity between 
individuals strengthens imitation5
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Ilse Ganzevoort, S2666065 

Abstract of: The feasibility of a home-based exergame balance 
training and effect on motor performance in early onset ataxia 

A pilot feasibility study 

Abstract 
Children with Early Onset Ataxia (EOA) experience impaired coordination of voluntary 

movements due to damage of the cerebellum and its associated pathways. Although 

interventions using exergames are becoming more prominent to improve balance and 

health outcomes, the effectiveness of home-based exergame interventions is not 

widely reported. The aims of this study were to investigate the feasibility of a home-

based ice-skating exergame training of six weeks in children with EOA and in age-

matched healthy control children and to investigate the effects on motor performance. 

In the current pilot study, five EOA patients and six healthy controls (aged 4-12, mean 

8.1 ± 2.4 years) participated in the study, playing half an hour per day, three times per 

week, for six weeks. Feasibility was evaluated using logbook data from the ice-skating 

exergame, an enjoyment scale taken at three and six weeks and a goal attainment 

score for the EOA participants, who filled in one or more goals prior to the intervention 

that they wanted to achieve by following the ice-skating exergame training. Motor 

performance was measured using the Scale for Assessment and Rating of Ataxia 

(SARA) and Paediatric Balance Scale (PBS) at pre- and post-measurements and 

movement analysis to assess dynamic postural control was measured during game 

play. Results showed that the prescribed intensity of playing the ice-skating exergame 

was not reached, but participants enjoyed the exergame and patients showed 

improvements in daily life, assessed with the goal attainment score. With respect to the 

effect of the exergame on motor performance, clinically relevant improvements in SARA 

and PBS were shown. The results of the movement analysis showed improvements in 

dynamic postural control over time. To conclude, a home-based exergame seems 

feasible in young children since it is fun to do and improvements in daily life and motor 

performance were found. 
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Introduction Methods

Results

Conclusion

The effect of home-based exergame balance training 
on motor performance in Early Onset Ataxia

References

Children with Early Onset Ataxia (EOA)
experience impaired coordination of
voluntary movements due to damage of the
cerebellum and its associated pathways [1].
EOA is progressive and effects of therapy
on reducing ataxic symptoms are limited.
Exergames seem to have beneficial effects
on ataxia and on functional outcomes in
children and adults with ataxia [2-4].
Objective: to evaluate the effects of a home-
based exergame intervention on motor
performance in children with EOA.

[1] Fogel (2012). Journal of Child Neurology 27: 1138-1145; [2] Ilg et al. (2012). Neurology 79: 2056-2060; [3] Schatton et al. (2017).
Parkinsonism & Related Disorders 39: 80-84; [4] Wang et al. (2018). Scientific Reports 8.

In total, five patients (three boys) and six controls (three
boys) followed the ice-skating exergame intervention (age 4-
12, mean 8.1±2.4 years) at home. A minicomputer and Kinect
were connected to their television screen, see Figure 1 for
the set-up. Participants played the game for six weeks, half
an hour per day, for three days per week. Participants were
measured before and after the intervention on the Scale for
Assessment Rating of Ataxia (SARA) and Paediatric Balance
Scale (PBS) at the hospital. These tests were video recorded
and later qualitatively scored by two experienced assessors.
Written consent was obtained from one of the parents for
every participant.

Figure 1. Experimental set-up of the 
ice-skating exergame.

Discussion

PP Group Age SARA SARA gait and posture PBS

M1 M2 d M1 M2 d M1 M2 d
1 EOA 9 11.25 11.00 0.25 5.00 4.00 1.00* 50 47 3*
2 EOA 4 20.00 18.00 2.00* 9.50 8.00 1.50* 19 30 11*
3 EOA 6 12.00 7.00 5.00* 5.00 2.00 3.00* 44 47 3*
4 EOA 8 3.25 2.75 0.50 2.00 1.50 0.50 53 53 0
5 EOA 7 5.50 5.75 -0.25 3.50 3.00 0.50 45 49 4*
6 Control 9 1.50 1.00 0.50 0 0 0 56 56 0
7 Control 12 0 0 0 0 0 0 56 56 0
8 Control 9 0.50 1.00 -0.50 0 0 0 55 56 1
9 Control 7 1.00 1.75 -0.75 0.50 0.50 0 54 55 1
10 Control 5 5.00 2.75 2.25* 1.50 0 1.50* 54 54 0
11 Control 9 0.75 0.50 0.25 0 0 0 56 56 0

Table 1. Motor performance of the SARA, SARA gait & posture subscale and PBS.

Figure 2. Results of SARA, SARA gait & posture and PBS scores.

Results of the SARA scores, SARA gait & posture subscale and PBS are
shown in Table 1 and Figure 2. In Table 1, clinically relevant improvements
are highlighted with a red box. The graphs show the difference between
the two groups and improvements in motor performance. Lower SARA
scores and higher PBS score indicate better motor performance.

The results showed that
respectively, two, three and four
out of five EOA patients had
clinically relevant improvements
on SARA score, SARA gait &
posture sub score and PBS
score after six weeks of playing.
The youngest control showed
clinically relevant improvements
on SARA scores, suggesting an
influence of motor learning on
age. A larger sample size would
increase power to do statistical
analyses to further evaluate
these effects. In addition, a
follow-up measure should
investigate long-term effects.

Abbreviations. PP = Participant; M1 = Pre-test; M2 = Post-test; d = difference between M1 and M2.

Most EOA patients showed clinically relevant improvements on two different motor
performance scales, SARA and PBS. These results indicate that a home-based
exergame training improves motor performance in children with EOA.
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Abstract 
Aim: To explore patient activity on a nephrology ward and investigate the effect of an 

enriched environment on the patients’ (a) physical activity, (b) time spent out of bed 

and in their own room and (c) time spent alone. Background: Physical activity has 

significant physical health benefits and may contribute to prevention of the adverse 

effects of bedrest. Research suggests that hospital patients spend half of their awake 

time in bed. An enriched environment positively affects the activity of patients. 

Method: Behavioural mapping was used to record, activity, social interaction and 

location of independently ambulating patients that stayed at the nephrology 

ward during observation times before (n=15) and after (n=15) environmental 

modifications The modifications consisted of placing exercise bikes and visual art. 

Results: Patients spend most of their time in minimal to low activity (before, 85.33%; 

after, 78.96%), when out of bed, in their own room (before, 31.41%; after, 33.34%), 

and alone (before, 66.79%; after, 62.54%). Contrary to our expectation, this 

environmental modification did not significantly increase the time in physical 

activity. It did not encourage spending time outside the room or bed and did not 

decrease the time spent alone. Conclusions: This study provided a relevant 

description of patient activity on a nephology ward. The lack of significant differences 

in outcomes before and after the redesign tentatively suggests that the 

implemented environmental modifications were not enough to positively persuade 

patients to become more active. Staff support may be instrumental to promote 

physical activity in hospital settings.  
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The influence of an enriched environment on patient activity on a 
nephrology ward 

References

AIM

To explore the patient activity on a nephrology ward and investigate the 

effect of an enriched environment on the patients’ (a) physical activity, 

(b) time in spend out of bed and in their own room and (c) time spend

alone.

• Hospital patients spend half of their awake time in bed 1

• Bed rest may harm patient outcomes 2

• An enriched environment positively influences patient activity in

stroke patients but an enriched environment may also promote

activity in patients with other diseases 3

• Is placing exercise bikes with Virtual Reality screens in the

communal area and visual in the corridors enough environmental

enrichment to positively persuade ambulating nephrology patients in

an acute care setting to become active?

• Behavioural mapping was used to observe patients before and after

environmental design changes (see figure 1)

• Patients were observed between 08.30 a.m. – 1.00 p.m. or between

1.30 p.m. – 6.00 p.m. for six weeks during three weekdays

• Percentages of time spent in level of activity, location and social

interaction were calculated

This study provided a rich and relevant description of patient activity on a nephology ward. The lack of 

significant differences in outcomes before and after the redesign tentatively suggests that the implemented 

environmental modifications were not enough to positively persuade patients to become more active. Staff 

support may be instrumental to promote physical activity in hospital settings.

• 30 patients with nephrology related diseases were included

in the study before (n = 15) and after (n = 15) the

environmental modifications

• Patients spend most of their time in low and minimal activity,

physical activity did not significantly increase over time (p =

0.18) (see figure 2A)

• When patients were out of bed they spent most of their time

in their own room (see figure 2B). Time spent out of bed and

in the patients’ own room was not significantly reduced after

the environmental modification (p = 0.49)

• Patients spend most of their time alone (see figure 2C), this

was not significantly decreased after the environmental

modifications (p = 0.37)

1) Cattanach, N., Sheedy, R., Gill, S., & Hughes, A. (2014). Physical activity levels and patients' expectations of physical activity during acute general medical admission. Internal medicine journal, 44(5), 501-504.

2) Allen, C., Glasziou, P., & Del Mar, C. (1999). Bed rest: a potentially harmful treatment needing more careful evaluation. The Lancet, 354(9186), 1229-1233.

3) Blennerhassett, J. M., Borschmann, K. N., Lipson-Smith, R. A., & Bernhardt, J. (2018). Behavioral Mapping of Patient Activity to Explore the Built Environment During Rehabilitation. HERD: Health Environments Research &

Design Journal, 11(3), 109-123

Figure 1. Environmental modifications
Figure 2. Percentage of time spent in level of activity, location

and social interaction

A

B

C
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Abstract 

Movement variability at the joint level can be twofold. There are variable joint-angle 

combinations that affect the movement outcome (task-relevant variability in joint-

angles) and do not affect the movement outcome (task-irrelevant variability). 

Whereas recent studies tested how these two types of variability relate to motor 

learning, none have manipulated the number of joints involved in movement control. 

Since the number of joints (i.e. the extent of redundancy) should theoretically affect 

joint-angle variability and therefore motor learning, we investigated how constraining 

joint redundancy affects motor learning rates. Therefore, thirteen participants 

performed reaching movements over one experimental session. First, baseline 

variability was obtained. During the training session, participants were perturbed by 

attaching a weight to their forearm to change reaching kinematics. Participants in the 

experimental condition were restricted in wrist movement through a wrist brace, 

participants in the control condition were not. All participants performed 6 blocks of 

30 reaching during training. We compared motor learning rates between the 

experimental and the control group while controlling for baseline variability as well as 

correlated baseline variability with motor learning rates. We hypothesized a positive 

relationship between baseline variability and motor learning rates. Also, we 

hypothesized that participants that could use more joints (control group) would learn 

faster, and that this effect interacted with baseline variability. The results 

disconfirmed all hypothesized effects, possibly because our experimental 

manipulation did not effectively change joint-angle coordinative patterns between 

groups. Future studies should employ different experimental manipulations to 

investigate the relationship between joint redundancy and motor learning. 

Keywords: joint redundancy, exploration, motor learning 
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Results

CONCLUSION
Administering a wrist brace did not effectively change joint-angle coordinative patterns in a reaching task.Whether the number of 

joint-angles relates to motor learning rates should be re-examined using a different experimental manipulation. Furthermore, the use

active markers as well as a non error-based measure of motor learning rates might be more suitable to detect any possible effects. 

Does using more joint-angles make people learn faster?
Effects of constraining redundancy

Two recent studies (Singh et al., 2016 & Cardis et al., 2018) investigated

the relationship between task-relevant and task-irrelevant variability (cf.

Latash, 2007) and motor learning. However, the experimental designs

differed in the number of joint-angles that controlled movement, which

should affect these two types of variability and therefore motor learning.

Aim: To test the effects of restricting joint-angles on motor learning rates

RQ: Is the number of joint-angles related to motor learning rates?

Hypothesis: Being able to use more joint-angles leads to

faster motor learning, i.e. higher motor learning rates.

• Seven male and six female students participated in one experimental session.

• To test motor learning effects, participants performed reaching movements

which were perturbed (Singh, 2016) using a weight brace.

• In the experimental group, we restricted joint-angles of the wrist using a wrist

brace, whereas participants in the control condition were not restricted (Fig 1).

• Motor learning rate was defined as the difference in end-effector error (cf.

Valk et al., 2016) between the beginning and end of the training session.

• Motor learning rates for both groups were compared.

• To test for the effects of our experimental manipulation, we compared end-

effector kinematics (Valk, 2016) and joint-angle ranges between groups.

There were no differences in motor learning rates between groups, F (1,6) = 0.70, p = .43, n2
p = .10, see Figure 2. 

Additional analysis of the differences in end-effector kinematics (peak velocity, deceleration time, acceleration time, movement time, horizontal and vertical 

curvature) between groups showed no differences for any of the measures, all p > .05. Comparing the total range for each joint-angle during training (range 

between maximum flexion and maximum extension) showed no differences between groups, all p > 0.5. 

References
Cardis, M., Casadio, M., & Ranganathan, R. (2017). High variability impairs motor learning regardless of whether it affects task performance. Journal of neurophysiology, 119(1), 39-48; Latash, M. L., 
Scholz, J. P., & Schöner, G. (2007). Toward a new theory of motor synergies. Motor control, 11(3), 276-308; Singh, P., Jana, S., Ghosal, A., & Murthy, A. (2016). Exploration of joint redundancy but 
not task space variability facilitates supervised motor learning. Proceedings of the National Academy of Sciences, 113(50), 14414-14419; Valk, T. A., Mouton, L. J., & Bongers, R. M. (2016). Joint-
angle coordination patterns ensure stabilization of a body-plus-tool system in point-to-point movements with a rod. Frontiers in psychology, 7, [826]. 

Discussion
Contrary to our hypothesis, the number of joint-angles was not related to motor learning rates. Several potential reasons might explain why no effect was 

observed: First, not all participants showed motor learning (i.e. decrements in error), potentially due to a) physical fatigue and or b) the size of our target 

confounding the accuracy of our error measure, which is generally quite low in comparable experiments (Valk et. al., 2016). Comparisons of end-effector 

kinematics between groups (no differences) might indicate that our manipulation did not change joint-coordinative patterns between groups. Comparison of total

range of joint-angles (no differences) confirmed this assumption, indicating that the total range of movement in the joint-angles of the wrist was generally quite

low in our experiment, which might explain no differences. 

Figure 1: Hand of 
one participant in 
the experimental
group as seen from
the top. The wrist
brace is attached to
the wrist, the weight
(grey) is attached to
the forearm
proximally to the
elbow. Rigid body 
markers are 
attached to the
index finger as well 
as on top of the
brace. 

Figure 2: 
Boxplot of motor 
learning rates for
the different 
groups. Note: 
positive values in 
y (y>0) display 
decreases in 
error whereas 
negative values 
in y (y<0) 
display increases 
in error.
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Assessing the quality of upper limb behaviour in activities of daily living using 

wearable sensors 
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Poster abstract 
Background. This study investigates if the quality of upper limb behavior during 

activities of daily living can be evaluated using ambulatory measurement of one 

acceleration signal obtained during daily life. Methods. The signals obtained with 

accelerometer during 6-hour daily life activities in two (free and splinted wrist) 

conditions are analysed using detrended fluctuation analysis (DFA) and various 

entropy measures. Results. DFA was able to distinguish between the wrist 

conditions; entropy measures showed no difference. All analyses showed different 

values compared to previous research. Discussion. Such outcomes could have 

resulted from the structure of the analysed signals – they contained relatively 

many rest periods. Conclusions. With further research, non-linear methods 

could potentially be applied in evaluating upper limb behaviour during daily life, 

however, a lot attention should be drawn to signal collection.  
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Assessing the quality of upper limb behaviour in activities of daily living using wearable 
sensors 

REFERENCES

• In the presence of impairments, UL usage becomes less
proficient, thus affecting quality of movements1

• To evaluate these effects the measurements should be taken
in real-life environment during activities of daily living (ADL)2

• Possibility – analyse UL acceleration signals using non-linear
tools (detrended fluctuation analysis (DFA) and entropy
measures)3,4

Aim: to investigate whether the quality of UL behaviour in ADL 
can be evaluated using ambulatory measurement of one 
acceleration signal obtained during daily life
Research question: are the long-term correlations (indicated 
by DFA) and predictability (revealed through entropy measures) 
of the signal different between acceleration signals obtained 
during splinted and free wrist conditions? 
Hypothesis: DFA analysis will yield a smaller value and entropy 
analyses will give higher score for free wrist signals, showing 
that they are less regular than splinted wrist signals 

• 20 able-bodied people, measured in
two conditions

• To simulate upper limb impairment
(unhealthy conditions), able-bodied
people wore a wrist splint (Fig. 1)5

• An accelerometer was worn for 6
hours during ADL

• Only active parts of the signals were
taken for the analysis
Signals were analysed using
detrended fluctuation analysis,
approximate entropy, sample
entropy and multiscale sample
entropy

• Repeated measures design

Fig. 1. 
Measurement 
set up for 
splinted wrist 
condition

• DFA was able to distinguish between the wrist conditions
(p<0.05).

• The scores for approximate entropy and sample entropy
analyses were not different between the wrist conditions

• In multiscale sample entropy the steepness of the linear
trend fitted through the data (Fig. 2) was not significantly
different between the wrist conditions

Fig. 2 Example plot (r=0.1*std(data), m=15) of Multiscale Sample 
Entropy results with fitted lines

• Way higher H values and lower entropy values
compared to other studies3,6; possibly due to 
inactivity periods

• Therefore signals should be:
o Taken in a controlled environment
o Measured during tasks where the UL is

always moving
o Cut into parts where the minimum

acceleration exceeds a certain threshold

DISCUSSION

Fig. 3 Example plot of Acceleration signal obtained during free wrist (top subplot) and 
splinted wrist (bottom subplot) conditions

DFA showed that splinted wrist signal had higher degree of long-term correlations in 
comparison with the free wrist signal. In addition, careful consideration is needed in terms 
of measuring – the signals should not contain too many rest periods, which make them 
more regular.
1Carrey et al. (2008); 2Chadwell et al. (2018); 3Harbourne (2009); 4Ihlen (2012); 5Mell et al. (2005); 6Rhea (2014) 
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Abstract

Introduction: External forces perturb our motor actions while performing ADL 

leading to injuries and accidents. Motor skill automatization is believed to help us 

cope with these physical perturbations by making us more robust against them. 

In the current study it is investigated how practice conditions, specifically 

experienced task difficulty, influence visuomotor learning and resistance 

against unexpected force perturbations. Methods: Healthy young participants 

(N=20) learned to trace a star as fast and accurate as possible in easy and hard 

conditions determined by the star bandwidth. Before and after practice, 

performance (i.e. movement time, percentage of errors, normalized jerk) was 

measured during the tracing of a neutral star. To assess the robustness of 

performance we simulated a physical perturbation during the neutral star tracing 

task by introducing a sudden force field produced by the joystick participants 

used to perform the task. Results: Task difficulty affected the experienced 

cognitive load during practice as indicated by the NASA-TLX. No significant 

differences in motor acquisition and resistance against the perturbation were 

found between the easy and the hard group. Both groups improved 

performance with and without perturbation over time. Conclusions:  Task 

difficulty during practice did not have a mediating role on motor learning and 

robustness against external force interference. Learning without (or less) errors 

seems equally effective as learning with errors. Both learning with and 

without (or less) error seems equally effective. It seems that the optimal 

challenge framework fails to explain how learning occurs.  The learning 

processes should focus on how much information is processed by the learners 

instead of focusing how much information the task offers. 

Keywords: Motor Learning, Task Automatization, Robustness Against 

Perturbation, Fine Motor-Task  

24



Department of Human Movement Sciences • P.O. Box 196, 9700 AD Groningen, The Netherlands 
• unailatorreerezuma@gmail.com

Unai Latorre Erezuma S3429695
Department of Human Movement Sciences, 

University Medical Center Groningen, University of Groningen, The Netherlands

Purpose

Methods

Results

CONCLUSION

The Effect of Learning at Different Task Difficulties on Resisting a Perturbation

References

• To study the effect of task difficulty on motor task
Automatization and Robustness

• We expect the harder difficulty learning to produce more
resistance against the perturbation3

Baseline
Medium width 

No Perturbed(NP) x 10

Perturbed x 5/20 D
ay

 1 Intervention

Easy or Hard width

NP 4x30

Post-test

Medium width 

NP x 10

Perturbed(P) x 5/20 

D
ay

 2

Retention

Medium width 

No Perturbed x 10

Perturbed x 5/20 

➤Positional Data     Error +Time/loop
➤Velocity Data  Jerk(LDLJ)/Perturbation effect

Optimal Challenge Framework1 Learning Mechanism2

1. No interaction between task difficulty and Robustness against a perturbation
2. The optimal challenge framework partly fails to explain how learning occurs4
3. Future research: from info. the task offers  to how info. much is processed5

1. Guadagnoli MA & Lee TD (2004) J Mot Behaviour 2. Fitss PM & Posner MI(1967). Human Performance. 3. Fitts PM (1954) J Exp Psychol.
4. Bootsma JM et al (2018) Medicine and Science in Sports and Exercise 5. Moscoso del Prado Fermín F (2009).
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Abstract 
Motor adaptation is defined as a change in motor performance following a 

change in task or environmental constraints, where motor performance is often 

described through changes in end-effector kinematics and where the end-goal 

of the adaptation is motor performance of a level similar to before the changes in 

constraints. We argue that, underlying these changes in end-effector kinematics, are 

changes in joint-angle synergies. To understand how changes in end-effector 

kinematics follow from changes in synergies, we employed a visuomotor rotation 

paradigm. To describe changes in end-effector kinematics we used the directional 

error, to assess synergistic organization of joint angles we used the UnControlled 

Manifold analysis and to assess changes in joint angle synergies we compared 

joint angle configurations that were used during visuomotor rotation trials to 

clusters of joint angle configurations that were used during baseline trials, where no 

visuomotor rotation was present. We found that the reduction in directional error 

during learning to adapt to a visuomotor rotation was gradual and that joint 

angles were organized synergistically during all experimental conditions. Joint 

angle configurations that were used during visuomotor rotation trials differed from the 

clusters of joint angle configurations that were used during the baseline, implying 

that new synergies emerged. Furthermore, we found that the gradual change at 

the level of the end-effector kinematics does not map one-to-one to the 

emergence of a new synergy. This suggests that motor adaptation manifests itself 

at joint-angle synergy level in two steps: (1) the change in constraints following 

the introduction of a visuomotor rotation condition lead to the emergence of a new 

synergy and (2) the changed interaction of constraints following the introduction of a 

visuomotor rotation confine the newly emerged synergy to produce the gradual 

change that can be observed at the level of the end-effector. 

Keywords: synergies, dynamical systems, adaptation, kinematics, UCM, visuomotor 

rotation. 
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The Changes at Joint-Angle Synergy Level That Underlie Changes in 

End-Effector Kinematics During Motor Adaptation

References

• Motor adaptation is the process of reducing systematic motor

performance error that follows from changes in task or

environmental constraints1

• Adaptation has previously been described through changes in end-

effector kinematics

• End-effector kinematics are the result of coordination of joint angles

• Joint angles are organized into synergies during reaching

movements2, which were used in this study

• Joint-angle synergies are likely to change following changes in

constraints3

• AIM: To add to the understanding of the phenomenon of motor

adaptation by not just examining motor performance in terms of

end-effector kinematics, but by also focussing on the changes in

joint angle synergies during adaptation

• RQ: How do changes at the level of the end-effector kinematics

during motor adaptation follow from changes at the synergy level?

• 12 able-bodied adults (22+2 yrs) performed a visuomotor

rotation task where they controlled a cursor on a screen by

moving a stylus on a graphics tablet

• During visuomotor rotation trials, a rightwards movement of the

stylus moves the cursor to the upper-right corner of the screen

Analysis

(1) Motor adaptation at end-effector level: exponential

decrease in directional error over repetitions of the

task. Exponential function provided good fit to

directional error averaged over participants (R2 = .88).

(3) Motor adaptation at synergy level: joint angle synergies that were used during

visuomotor rotation trials (yellow-red) differed from the joint angle synergies that

were used during the baseline (95% confidence interval of baseline joint angle

synergies indicated by blue lines). We interpret this finding as the emergence

of a new synergy during learning to adapt to a visuomotor rotation.

(4) Change at joint configuration level could not be described with exponential

function due to poor fit (R2 = .47 for UCM projection lengths and R2 = .17 for

ORT projection lengths). So, the gradual change at the level of end-effector

kinematics does not map one-to-one to the emergence of a new synergy.

(2) VUCM>VORT for all conditions and all phases

of the movements, indicating that joint angles were

organized in synergies.

1: Shmuelof et al., 2012; 2: e.g. Mattos et al., 2011, Valk, Mouton & Bongers (2016); 3: Newell & Vaillancourt (2001); 4: Kay (1988)

Discussion

A new synergy emerged during learning to

adapt to a visuomotor rotation, but the gradual

change at the level of the end-effector

kinematics does not map one-to-one to the

emergence of a new synergy. Rather, the

changed interaction of constraints following the

visuomotor rotation confines the newly emerged

synergy to produce the gradual change that can

be observed at the level of the end-effector.

Kay’s4 two-step framework provides a possible

dynamical systems explanation for our findings:

1. Constraints act on joint angles to coordinate them

into a synergy

2. Constraints confine the synergy to produce the

actual behaviour

This framework allows for different patterns of change at

the end-effector and at the joint-angle synergy level
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Poster abstract Yvet Mooiweer (S2708124) 

Title: The relation between the Preoperative Physical Functioning and the Functional 

Recovery in patients undergoing a liver or pancreatic resection 

Background: The relation between the preoperative physical functioning and clinical 

outcomes after major abdominal surgery is relatively well established. However, 

these clinical outcomes are not a good measure for functional recovery as they are 

influenced by several non-clinical factors. Therefore, the aim of this study was to 

explore the relation between the preoperative physical functioning and the 

postoperative functional recovery.  

Method: Patients who underwent a major curative resection for a liver of pancreatic 

malignancy were included in the study. Preoperative the 6 minute walk test (6MWT) 

and timed up and go test (TUG) were performed to assess the preoperative 

functional status. Postoperative functional recovery was followed from the medical 

records and was defined as the first day patients had been able to tolerate solid 

food, mobilize and had defecation. Length of stay (LoS) was a secondary outcome 

measure. Factors relating significantly on the univariate multiple regression 

analysis were used in the multiple linear regression analysis. 

Results: Thirty-four patients were included in the analyses. The 6MWT and TUG did 

not relate significantly to the functional recovery in the multivariate analysis. Having 

a laparoscopic or robot surgery related on the postoperative functional recovery and 

resulted in a shorter duration to functional recovery. Considering the LoS stay, 

having a laparoscopic or robot surgery and walking a lower percentage of the 

predicted distance on the 6 minute walk test also resulted in a shorter LoS.  

Conclusion: A higher score on the 6MWT and timed up and TUG was not related to a 

better functional recovery. Scores on the TUG were low compared to the previous 

found cut-off point of 20 seconds, and thus the TUG might not be suitable for this 

population. A larger study sample is needed to establish the possibility of the 6MWT 

to predict the functional recovery.  
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CONCLUSION

The relation between the Preoperative Physical Functioning and the Functional 

Recovery in patients undergoing a liver or pancreatic resection

References

Introduction

• Relation between preoperative physical functioning and clinical

outcomes relatively well established

• Little is known about relation between the preoperative physical

functioning and the functional recovery while:

• Bed rest after surgery leads to deterioration of muscle

mass and physical fitness1,2

• Outcome measures are not a good measure of functional

recovery as they are influenced by non-clinical factors3

• Functional recovery is of central importance for the

patients4

• Cardiopulmonary exercise testing golden standard to determine

preoperative physical functioning

• Need for validated field tests tot assess physical

functioning

Results

Aim

• Investigate the relation between the preoperative physical

functioning and the number of days till functional recovery

Methods

• Population (n=33):

• Patients who underwent a curative

resection for a liver of pancreatic

malignancy

• Age > 18, able to walk independent,

understanding of Dutch language

• Assessment preoperative physical functioning

• Six minute walk test (6MWT)

• Timed Up and Go test (TUG)

• Outcome measures:

• Functional recovery (days)

• Able to tolerate solid food,

mobilize and having stool

passage

• Length of Stay (days)

• Statistical analysis

• Linear regression to identify possible

factors relating tot the outcome

measures

• Multiple linear regression

Table 1: Results of the multivariable logistic regression (n=33)

• Surprising is that walking more of the predicted distance leads to a longer hospital stay, this is due

to 2 outliers. A bigger sample size would mediate the effects of individual data points.

• A larger population is needed to find out whether the 6MWT can predict functional recovery.

• The TUG seemed not suitable predicting the functional recovery in this population

Figure 1: Walking the 6 minute walk test

1: Otsuji, H. (2017). World J Surg 41:498–507. 3: Neville, A. (2014). BJS 101: 159–170

2: Kouw, I.W.K. (2018). JAMDA 20: 35-42.    4: Chee, J. (2010). J Am Geriatr Soc. 58(11): 2238-2240

Figure 2: Relation between the % of predicted walked on the 6MWT and the functional recovery and length of stay
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The Effect of Age on the Capability to Resist Physical 
Perturbations whilst performing an Upper-Limb Fine 

Motor Task 

Erik Jan Nab 
28th May 2019 

Abstract. Lowering cognitive demand of a motor task by means of automatizing 
it, can influence the impact of an external interference on the performance of the 
respective motor task. Current research does not give a straight conclusion as to 
whether older adults are still able to successfully learn a new task to the level of 
automatizing it, such that they become more resistant against external interferences. 
In the current study, healthy younger (n=20) and older (n=15) righthanded adults 
learned to perform a tracing task. Before and after learning the task, participants 
were exposed to an external interference in the form of a force field. Older adults 
improved their resistance against the external interference. In addition, older adults 
improved performance at a similar rate as younger adults. However, older adults 
performed worse in terms of movement time and resistance against the external 
interference compared to younger adults. It is suggested that older adults might be 
able to improve their resistance against external interferences to a similar level as 
younger adults, provided they practice for a longer time period than the two-day 
period in the current study.  
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Methods

Results

Conclusion

The Effect of Age on the Ability to Automatize a Fine Motor Task
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d Automatizing motor tasks may

increase resistance against

external interferences2.

Goal: To examine the

hypothesis that older adults are

able to increase resistance

against an external interference

20 younger (age: 22.5 ± 2.48) and 15 older (age: 72.7 ± 7.07) 

righthanded adults   

Task

Unperturbed Trials

Perturbed Trials

Collected Data

Outcome Measures

Positional Data

Velocity Data

Mean Movement Time 

per Trial (MT)

Error Percentage

Log Dimensionless Jerk

(LDLJ)3

Fig. 1 Distribution of 2 outcome variables

of unperturbed trials for pre-, post- and

retention test. Long bars represent mean

values, short bars represent SD

(*indicates significant difference between

means at α = 0.05). A) Learning effect on

Movement Time, B) Learning effect on

LDLJ

A

B

Fig. 2 Distribution of 2 outcome variables

of perturbed trials for pre-, post- and

retention test. Long bars represent mean

values, short bars represent SD

(*indicates significant difference between

means at α = 0.05). A) Learning effect on

Movement Time, B) Learning effect on

LDLJ

A

B

Main Effect of Time:

Mean Movement Time per Trial

(F1.36, 44.9 = 117.6, p<0.001)

Percentage of Error

(F1.44, 47.9 = 6.15, p<0.05)

LDLJ

(F1.09, 36.3 = 5.18, p < 0.05)

Main Effect of Age

Mean Movement Time per Trial

(F1, 33 = 4.45, p<0.05)

No Age × Time Interaction

Effect 

*

*

*
*

*

*

*
*

*
*

*
*

*
*

*
*

Main Effect of Time:

Mean Movement Time per Trial

(F1.36, 44.9 = 117.6, p <0.001)

LDLJ

(F1.09, 36.3 = 5.18, p < 0.05)

Main Effect of Age

Mean Movement Time per Trial

(F1, 33 = 4.45, p < 0.05)

LDLJ

(F1, 33 =4.90, p < 0.05)

No Age × Time Interaction

Effect 

Fitts, P.M., & Posner, M.I. (1967). HUMAN PERFORMANCE; 2. Kal, E. et al. (2018). PLOS ONE; 3. Balasubramanian, S. et al. (2015) J NEUROENG REHABIL;

4. .Cesqui, B et al. (2008) J NEUROENG REHABIL; 5. Berghuis, K. et al. (2019). NEUROIMAGE.

1. Older adults increase resistance

against external interference.

Older adults improved movement

smoothness after learning.

2. Older adults performed worse

compared to younger adults.
3. Older adults improve at a

similar rate as younger adults.

Older adults may become equally resistant

to external interferences as younger adults.

Corresponding to previous research into

motor learning and ageing.4,5
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Abstract 

Background: Individuals post-stroke often have difficulties with walking. Muscle 

weakness is one of the main factors slowing down recovery and results among 

others in decreased leg flexion during the swing phase. The use of a unilaterally 

applied resistance during the swing phase might be a way to improve locomotor 

function. In order for training to be effective it is important that patients are able to 

learn from it. Therefore, adaptation to a unilateral swing resistance during treadmill 

walking was assessed.  

Methods: Fourteen healthy participants walked on a motorized treadmill, with and 

without a unilateral resistance. First, there was a 5 minute baseline phase without 

resistance load, then unilateral resistance was applied for 10 minutes, and after that 

participants walked 5 minutes without resistance load. The unilateral resistance 

was applied using a custom-built pulley system with weight at its end. Position 

data and ground reaction forces were used to make comparisons between 

experimental phases (late baseline, early adaptation, late adaptation, and early 

washout) for peak joint angles and gait phase durations.  

Results: Differences between experimental phase were found for perturbed swing 

times, double support times, and peak knee flexion. The unilateral resistance led to 

increased swing times, and decreased double support times during early 

adaptation compared to late baseline. Furthermore, peak knee flexion angle of 

the perturbed leg decreased when the unilateral resistance was applied. 

However, during adaptation the peak knee flexion angle gradually increased, but 

still less flexion than during late baseline. For both peak angles and gait phase 

durations, there were no aftereffects. 

Conclusions: This was the first study to bilaterally assess the effects of a 

unilateral swing resistance, applied by a pulley system, in all joint angles of the lower 

extremity. No aftereffects were induced by the unilateral resistance. This suggests 

that applying a unilateral resistance may not be useful for clinical gait training. 

However, our results conflicted with previous studies and more research is needed 

to exploit possibilities of applying a unilateral resistance with a pulley system. 
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Results

Conclusion

A study on lower limb kinematics during adaptation to a 
unilateral swing resistance

References

• Participants: 14 healthy participants (4 male, 22.5 ± 2.5
years, 1.75 ± 0.09 meter, 68.1 ± 9.5 kg).

• Protocol: Participants walked on a treadmill in three
consecutive conditions: baseline (5 min), adaptation (10
min), and washout (5 min). Baseline and washout both
consisted of 5 minutes walking without perturbation.

Figure 1: illustration of the experimental setup

• A main goal in the rehabilitation of stroke patients is
improvement in walking.[1]

• Training in a task-specific context is beneficial to facilitate
transfer to daily life activities.[2]

• Applying a unilateral resistance during treadmill walking may
have potential for rehabilitation of stroke patients.

Aim: To examine limb kinematics during adaptation
to a unilateral applied resistance during the swing
phase.

Results gait phase durations
• Perturbed swing time increased when unilateral resistance

was applied.
• The first double support phase decreased when the unilateral

resistance was applied. During the adaptation phase there was
an increase in double support time observed.

• The second double support phase decreased between late
baseline and early adaptation.

Results joint angles
• Lower peak knee flexion during early adaptation

compared to late baseline (fig. 3). An adaptive change
was observed during the adaptation phase, peak knee
flexion increased.

• No differences were found for the hip and ankle of the
perturbed leg. Also, no differences were found for the
unperturbed leg.

Figure 3. Mean and standard error for peak knee flexion for each experimental
phase (late baseline (LB), early adaptation (EA), late adaptation (LA), and early
washout (EW) five steps.

Figure 2. Group averaged mean and standard error for double support and swing times
per experimental phase (late baseline (LB), early adaptation (EA), late adaptation
(LA), and early washout (EW)) five steps.

During adaptation,
gait resistance was
applied using a
custom-built pulley
system (see figure 1).

The unilateral resistance induces initial effects and adaptation, but no aftereffects. More
research is needed to establish if a unilateral resistance applied by a pulley system may be
a useful addition to clinical gait training.

[1] Bohannon, R. W., Morton, M. G., & Wikholm, J. B. (1991). Importance of four variables of walking to patients with stroke. International Journal of Rehabilitation Research, 14(3), 246-250.
[2] Hubbard, I. J., Parsons, M. W., Neilson, C., & Carey, L. M. (2009). Task‐specific training: evidence for and translation to clinical practice. Occupational therapy international, 16(3‐4), 175-189.
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The effect of tyre pressure on the wheelchair 
mobility performance of elite wheelchair tennis 

players 

Running title: Tyre pressure in wheelchair tennis 

Abstract 

The purpose of the current study was to study 1) the effect of tyre 

pressure on the rolling resistance and 2) wheelchair mobility 

performance of elite wheelchair tennis players. Seven highly trained 

wheelchair tennis players, using their own tennis wheelchair and racket, 

completed multiple coast down tests, 10m Sprint tests and Butterfly 

Sprint tests on a hardcourt surface. All tests were conducted at five 

different tyre pressures, ranging from -30% till +10% of the 

recommended pressure. During the whole test protocol three Inertial 

Measurement Units (IMUs) were attached to both wheels and frame of 

the athlete’s wheelchair. The IMUs enabled analyses of decelerations for 

the coast down trials, linear velocity/accelerations for the 10m Sprint and 

rotational velocity/acceleration for the Butterfly Sprint. Coast down 

testing showed a lower rolling resistance with a higher tyre pressure 

(F(4,3) = 44.63, P < 0.001). Rolling resistances ranged from 6.37 (0.74) 

N for the lowest pressure (-30%) level till 5.61 (0.70) N for the highest 

pressure (+10%) level. Post hoc analysis revealed differences among all 

tyre pressure levels, except for -10% vs. -20% of the recommended 

pressure. Yet, no effects of the different tyre pressures were found on 

both the 10m Sprint and the Butterfly Sprint test. It can be concluded 

that there is an influence of tyre pressure on the rolling resistance, but 

an effect on the linear sprinting and turning performances, i.e., 

wheelchair mobility performance, was not found in the current study. 

Keywords: Rolling resistance, sprinting, turning, inertial measurement units, coast down test 
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INTRO
• Wheelchair tennis on Wimbledon

and Rolland Garros
• A lot of research on tyre pressure

with daily life wheelchairs
• Tyre pressure is one of the most

important aspects to monitor

METHODS
1. 7 highly trained participants
2. Coast down test (deceleration)
3. Inertial measurement units (IMUs)

(gyroscope and accelerometer) on
each wheel and frame (figure 1)

4. Five different tyre pressures (-30%
till +10% recommended pressure)

5. 10m Sprint & Butterfly-Sprint test,
(rotational) acceleration/velocity
using IMUs (figure 2)

6. Data analysis MATLAB
7. Repeated measures ANOVA

RESULTS
• Higher pressure à lower rolling

resistance (Figure 3)  (F(4) =
44.63, P < 0.001)

• No differences on 10m Sprint &
Butterfly Sprint test

DISCUSSION
• Players still need to produce

more power with lower pressure
• Longer test duration needed
• Different surfaces and tyres

Figure 2: 10m Sprint (Left), Butterfly-Sprint (Right)

Figure 1: Placement IMUs, wheel (Left), Frame (Right) 

Figure 3: Mean rolling resistance for all participants with the various tyre pressures, 
P = Participant, m = Total weight of wheelchair-user combination
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Abstract MGP Thomas le Rütte 

May 2019 

Is a newly designed push-pull lever propulsion system a feasible 
wheelchair alternative? A pilot study. 

Relevance 

Hand-rim wheelchair (HRW) propulsion is a straining and mechanically inefficient 
mode of transportation, leading to high prevalence of upper limb injury. However, no 
better replacement has been developed for manual wheelchair users. Alternatives 
like handcycles and lever-propelled wheelchairs have been tested and showed to 
perform better or equal in physiological strain and mechanical efficiency.  

Aim 

To evaluate a newly designed push-pull lever propulsion system with a conventional 
handrim wheelchair on propulsion outcomes at low-intensity steady state exercise 
on a motor driven treadmill. Outcomes studied were propulsion pattern for the 
production of forward momentum, mechanical efficiency and peak force application.  

Methods 

Spread over five training sessions, twenty able-bodied participants performed 60 
minutes of training in either a lever wheelchair (n=10) or a HRW (n=10). They 
were tested on gross mechanical efficiency, heart rate and peak forces applied to 
the hand-rim or the lever before and after the training protocol. Repeated 
measures ANOVA were performed, testing group effects, time effects and 
interaction effects. A paired t-test was used to compared pushing and pulling forces 
of lever propulsion. 

Results 

GME and HR were not found to be different between the lever wheelchair and the 
HRW. Peak propulsion force during HRW propulsion was found to be higher than 
both the peak pushing and pulling force in lever propulsion. Forces were found to be 
equally distributed between the pushing and pulling phase of lever propulsion. 

Discussion 

Combined with a more beneficial orientation of the upper limbs in lever propulsion 
compared to HRW propulsion, lower peak forces in lever propulsion seem to be 
promising in reducing prevalence of upper limb injuries. Studying joint loads and 
muscle activity could provide more insight in this matter. 
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Hand-rim wheelchair (HRW) propulsion is a
straining and mechanically inefficient mode of
transportation[1], leading to injuries. Handcycles
and lever-propelled wheelchairs have been tested
and showed to perform better or equal in
physiological strain and mechanical efficiency[2].
Aim: To evaluate a newly developed lever
propulsion wheelchair on mechanical efficiency
and force application.

1. van der Woude, L. H., Botden, E., Vriend, I., & Veeger, H. E. J. (1997). Journal of Rehabilitation Research and Development, 34, 286–294.
2. Flemmer, C. L., & Flemmer, R. C. (2016).. Disability and Rehabilitation: Assistive Technology, 11, 177–187.
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Is a newly designed push-pull lever propulsion system 
a feasible wheelchair alternative? A pilot study.

References

Spread over five training sessions, twenty
able-bodied participants performed 60
minutes of training in either a lever
wheelchair (figure 2) or a HRW. They were
tested on gross mechanical efficiency
(GME), heart rate (HR) and peak forces
applied to the hand-rim or the lever before
and after the training protocol (figure 1).

• No difference between groups for HR and
GME

• Lower peak force during lever propulsion
than during HRW propulsion

• Equal pushing force to pulling force

Combined with a more beneficial orientation of the upper limbs compared
to HRW propulsion, lower peak forces in lever propulsion seem to be
promising in reducing prevalence of upper limb injuries.

Figure 1. protocol

Figure 2. RoChair prototype

Figure 3. Force pattern lever wheelchair
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Abstract 

Cautious gait is a proactive locomotor control strategy, utilized to enhance 

dynamic balance against potential gait disturbances. Little is known about the 

development and utilization of proactive control in anticipation of, and with 

experience of slip perturbations. The purpose of the present study was threefold, 

(i) to assess proactive control in anticipation of a gait perturbations without prior

slip experience, (ii) to assess the development and utilization of proactive control

prior to slip perturbations, that vary in predictability and (iii) to assess proactive

control during a wash-out period, when the perturbation is removed without the

participant’s knowledge. Spatiotemporal step parameters and margins of stability

(AP, ML) of twenty-seven healthy young adults (21.5 ± 2.7 years old) were

measured. The results show that anticipation of a potential gait perturbation

resulted in a generic proactive locomotor strategy. This strategy extinguished

in the continuing absence of a gait perturbation. During repeated slip exposure,

the development of proactive control was characterized by a dynamic process of

adjustments, in which experience with unilaterally induced slips shaped the

proactive control strategy. To effectively mitigate postural instability imposed by

this specific task context, some proactive strategies became more dominant (e.g.

asymmetric gait), whereas others were abandoned (e.g. increased m-l MOS). This

was not different between experimental groups, indicating that the development of

proactive control is not sensitive to the implicit structure in the perturbation

sequence. During unannounced removal of the perturbations, proactive

strategies were initially retained, but eventually extinguished. Overall this study

shows that, anticipatory locomotor behaviour can be adopted without prior

experience, but that perturbation experience is needed to shape the proactive

strategy and gradually tune it to its properties.
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Cautious gait is a proactive locomotor control strategy, employed to enhance

balance against potential gait disturbances. This proactive strategy acts as an

essential first line of defence against balance threats1. The exposure to slip

perturbations in a experimental setting has been shown to improve dynamic

stability and is therefore commonly used as a fall prevention training2,3. Since

cautious gait, might serve as a potential first line of defence against possible

perturbations, the development and utilization of this proactive control strategy

warrants further study. The present study examined proactive control of stability

in the following settings: (i) during perturbation anticipation, without prior slip

experience, (ii) prior to slip-like perturbations, that either vary consistent,

pseudo-or fully random in its intensity and (iii) during unannounced removal of

the perturbations.

(2) Cautious gait strategies are tuned to

perturbation type and side

Exposure to the perturbations resulted in cautious

gait strategy specific for perturbation side and

direction. Spatiotemporal step parameters of the

non-perturbed leg were proactively increased,

causing spatial and temporal asymmetric gait.

Furthermore, (a-p) MOS of the perturbed leg

decreased, to enhance stability against backward

loss of balance. The development of cautious gait

was not affected by the predictability of the slip

duration.

(3) Cautious gait is initially retained during

perturbation absence

The cautious gait strategy adopted during the

perturbation phase, was initially retained during

early wash-out, but extinguished in continuing

absence of a perturbation. The necessity of

walking cautiously might decrease as the fear of

falling, due to prolonged perturbation absence,

attenuates. No significant group differences were

observed during early and late-wash-out.

Overall this study shows that, cautious gait can be adopted during perturbation awareness without prior experience. But this experience is needed to shape the

cautious gait strategy and gradually tune it to the perturbation characteristics. Furthermore, the cautious gait strategy extinguishes in the prolonged absence of

a perturbation, as the fear to fall attenuates.

1: Patla, A. E. (2003). Strategies for dynamic stability during adaptive human locomotion. IEEE Engineering in Medicine and Biology Magazine : The Quarterly Magazine of the Engineering in Medicine & Biology Society, 22(2), 48-52.

2: Bhatt, T., Yang, F., & Pai, Y. C. (2012). Learning to resist gait-slip falls: Long-term retention in community-dwelling older adults. Archives of Physical Medicine and Rehabilitation, 93(4), 557-564. 

3: Pai, Y. C., & Bhatt, T. S. (2007). Repeated-slip training: An emerging paradigm for prevention of slip-related falls among older adults. Physical Therapy, 87(11), 1478-1491. 

Figure 2: Group averaged results of the margin of stability, Shaded areas around the mean represent the standard error. Grey shaded blocks represent the different phases throughout the experiment, late
baseline (LB), early anticipation (EA), late anticipation (LA), early perturbation (EA), late perturbation (LP), early wash-out (EW) and late wash-out (LW).

The development of cautious gait was tested in several different settings:

• Normal walking, (200 steps)

• Anticipation of a perturbation, by telling people they might fall (200 steps)

• Exposure to 50 slip perturbations, belts accelerated at right foot heel strike

• Magnitude was varied, either consistent (CG), pseudo-random (PRG) or random (RG) (figure 1)

• Unannounced slip removal, (300 steps)

Figure 1: perturbation intensities of the different experimental groups

(1) Cautious gait strategy is employed in anticipation of gait perturbation

A cautious gait strategy was adopted in anticipation of a gait perturbation. The presence of, or prior experience with a slip were not prerequisites to

elicit this cautious strategy. Cautious gait was characterized by reduced step lengths and single support times. Furthermore, (a-p) margin of stability

(MOS) decreased and (m-l) MOS increased during early perturbation anticipation. Cautious gait attenuated in the prolonged absence of a perturbation.
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Abstract 

Purpose: The aim of this study was to compare physiological and biomechanical 

aspects of manual wheelchair propulsion in a group of able-bodied persons while 

propelling on a wheelchair ergometer, wheelchair treadmill and overground at 

matched power output.  

Methods: A group of 19 able-bodied participants were included in the study. 

Participants underwent two training sessions before taking part in a measurement 

session that included propelling a wheelchair for 3x4 minutes on each of the 

different modalities. Physiological data and propulsion kinetics were recorded with 

a spirometer and OptiPush measurement wheel, respectively.  

Results: A repeated measures multivariate analysis of variance showed no 

differences in power output or velocity between modalities (p=0.189). Two-way 

mixed, single measures, absolute agreement intra-class correlation (ICC) coefficients 

were calculated to compare the different modalities to one another. Good 

comparability (ICC > 0.85) was only found for comparisons of heart rate, the 

overground vs. ergometer and treadmill vs. ergometer comparisons for contact 

angle, and the overground vs. treadmill comparison for fraction of effective force.  

Conclusion: Comparability was poor to moderate for most physiological and kinetic 

characteristics, with the exception of a few comparisons of heart rate, contact 

angle and fraction of effective force. Possible differences in physiological cost and 

propulsion kinetics exist in able-bodied persons when propelling overground, on a 

treadmill, or on an ergometer.  

Keywords: Propulsion biomechanics, intra-class correlation, physiological cost, gross 

mechanical efficiency.
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Results
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Physiological and kinetic comparison of overground, treadmill, 

and ergometer steady-state wheelchair propulsion

References

Treadmills and ergometers are widely used for

rehabilitation, adapted sports, and research

purposes, because of their various advantages

over overground propulsion.¹

No clear consensus on the concurrent validity

between these modalities and overground

propulsion has yet been reached.²

The aim of this study was to compare physiological

and kinetic characteristics between overground,

treadmill and ergometer propulsion.

It is hypothesized that these characteristics are

similar for all modalities provided that people

deliver the same power output.

Figure 1: The different modalities used in this study. Left = overground, 

centre = treadmill, right = ergometer.  

Participants: A group of nineteen able-bodied participants.

Tests: Two training sessions (10 min/modality) were followed by a

measurement session (3x4 min/modality). Propulsion velocity was 1.11

m/s.

Power output: Conventional standardization methods (coast-down

test, dragtest, pulley) were used to match power output on the treadmill

and ergometer to overground propulsion.

Instrumentation: A spirometer was used to measure physiological

characteristics; an OptiPush measurement wheel was used to collect

propulsion kinetics.

Data analysis: The last minute of each four-minute block was used for

analysis and was averaged for each modality. Intra-class correlation

coefficients were calculated for comparisons between all modalities.

Figure 2: Research design. The order of the modalities during the measurement session was randomized for 

each participant. Participants were allowed four minutes of familiarization before the start of the measurement 

and two or five minutes of rest were implemented after every block of four or ten minutes, respectively.  

¹ van der Woude et al. (2001), ² Chénier et al. (2018)

Variable OG vs. TM OG vs. WE TM vs. WE

Heart rate (bpm)ª .883 .912 .875

Energy expenditure (W) .658 .668 .755

Gross mechanical efficiency (%) .754 .570 .547

Push time (s) .812 .831 .811

Cycle time (s) .847 .798 .706

Contact angle (rad) .823 .868 .852

Peak force (N) .782 .765 .710

Mean force (N) .735 .780 .696

Fraction effective force (%) .904 .709 .640

Power output (W) .316 .614 .492

Table 1: Intra-class correlation (ICC) coefficients for all comparisons of the physiological 

and kinetic characteristics of manual wheelchair propulsion. ICC values lower than 0.7 

were considered as poor, between 0.7 and 0.85 as moderate, and higher than 0.85 as 

good.

ª n = 16 subjects

Bold values indicate good comparability between modalities.

• Power output and velocity did not differ between modalities,

which was confirmed with a repeated measures MANOVA

(p=0.189). The standardization methods worked

accordingly.

• Good comparability was found for only (some) comparisons

of heart rate, contact angle, and fraction of effective force.

The majority of ICC values were in the poor to moderate

range.

• Power output on the ergometer was slightly higher than

overground, which was accompanied by a decreased push

time, cycle time, and contact angle and an increase in peak,

mean and fraction of effective force. Gross mechanical

efficiency was highest on the ergometer as well.

Possible differences exist in physiological cost and propulsion technique when able-bodied 

persons propel a wheelchair overground, on a treadmill, or on an ergometer at similar power 

output and velocity. Future studies should match power output in a group of manual wheelchair 

users and look at physiological, kinetic, and kinematic differences between modalities.  
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Abstract 

Background: Dementia often goes together with mood related symptoms including 

symptoms of depression and anxiety. These symptoms affect patients’ quality of life, 

heightens the caregiver burden and may lead to institutionalization. Physical exercise 

seems to be promising to improve mood since combined aerobic-strength exercise 

appeared beneficial for the mood of older people without dementia. This study 

investigated the effect of an aerobic and strength exercise program on mood in 

patients with dementia. Also, the mediating effect of global cognition in the exercise-

mood relationship were examined.  

Methods: 48 people with dementia (age 81 ± 7 years) visiting day care centers 

participated in a 24-week single blind RCT. The experimental group (N = 27) 

conducted walking and lower body strength exercises, three 30-minute sessions per 

week, 12 weeks with low intensity followed by 12 weeks with high intensity. The 

control group (N = 21) received an attentional program with the same frequency and 

duration. Assessment took place at pretest and after 12 and 24 weeks. Mood was 

assessed with the Rand-36 mental health subscale and global cognition with Mini-

Mental State Examination (MMSE).

Results: Analysis of covariance did not show significant between group effects for 

mood for the total exercise period, low intensity period, and high intensity period. No 

significant correlations were found between changes in mood and changes in 

cognition.  

Conclusion: We could not prove that a 24-weeks combined physical exercise 

program of aerobic and strength exercise has an effect on mood in patients with 

dementia. Finally, we did not find a relation between changes in global cognition and 

changes in mood after physical exercise. We recommend more research toward the 

effect of moderate to high strength exercise compared to treatment as usual control 

group in patients with dementia with the presence of a mood disorder. 
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RESULTS

The effect of physical exercise on mood in patients with dementia 
and mediating effect of cognition 
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• 11% to 90% patients with dementia experience neuropsychological
symptoms (NPS). 1

• Mood related symptoms affects patients’ quality of life, heightens caregiver
burden and may lead to institutionalization. 2,3,4,5

• Pharmacological and non-pharmacological didn’t succeed to improve mood
related symptoms in patients with dementia. 6,7,8

• Physical exercise improves mood of older people without dementia. 9

• Physical exercise appears moderately effective to improve cognition in
patients with dementia. 10

• Different studies observed an association between depression and
decreased mood in older adults with and without dementia. 11,12,13

1. What is the effect of an aerobic and strength
exercise program on mood in patients with
dementia?
We expect a positive of physical exercise on
mood.

2. Is there a mediating effect of global cognition
for the exercise-mood relationship?
We expect a mediating effect of global
cognition.
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• Changes in mood and changes in
global cognition showed no
significant (p>0.05) correlation for
both group during total
intervention, low intensity period
and high intensity period.

RQ1 RQ2

• This study could not prove that 24-weeks combined physical exercise program has an effect on mood in
patients with dementia

• This study could not prove a mediating effect of global cognition in the mood-exercise relationship.
• It is recommended for future reseach to investigate the effect of a strength exercise program compared to a

treatment as usual program in patients with dementia with the presence of a mood disorder.

1. Borsje et al., 2015, Int Psychogeriatr; 2. Steinberg et al., 2008, Int J Geriatr Psychiatry; 3. Jing et al., 2016, Arch Gerontol Geriatri; 4. Toot et al., 2017, Int Psychogeriatr; 5. Etters et al., 2008, J Am Assoc Nurse Pract; 6. Maher et al., 2011, JAMA;
7. Folkert et al., 2017, Arch Gerontol Geriatr Suppl; 8. Kroes et al., 2011, KCE Report Brussel; 9. Schuch et al., 2016, Braz J Psychiatry; 10. Sander et al., 2019, PloS one; 11. Vinkers et al., 2004, BMJ; 12. Rapp et al., 2011, Am J Geriatr Psychiatry;  13.
Babulal et al., 2016, Am J Geriatr Psychiatry.

RESEARCH QUESTIONS

48 participants

ALLOCATION
of participants

ANALYSIS

MOOD GLOBAL 
COGNITION

Rand-36    MMSE
mental health 
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COGNITION
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MOOD GLOBAL 
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/
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Synergies adapt flexibly to deal with a target switch 

Maureen B.G. Wissing 

The current study aims to understand coordination processes underlying adaptive 

behaviour by asking whether, and if so how, a target switch changes the synergy 

in which abundant degrees of freedom (DOF) are coordinated. We assumed that 

DOF are coordinated in a two-step process (Kay, 1988) whereby constraints: 1) 

act upon DOF resulting in the formation of a synergy, and 2) confine the synergy 

resulting in the end-effector movements. A target perturbation affects task 

constraints, therefore we studied whether changed constraints only confined the 

initial formed synergy differently (i.e., step 2) or formed a new synergy (i.e., step 

1). Participants (N=12) performed discrete manual reaching movements toward a 

target (stationary target trials), after movement initiation the target could 

unexpectedly switch to a new location (switch trials). End-effector kinematics and 

joint angles were measured. The Uncontrolled Manifold analysis was used to 

assess co-variation in joint angles. To examine changes in the synergy, clusters of 

joint angle configurations at the beginning and end of switch trials were compared 

to those used in stationary target trials. Lastly, the timing of initial adjusments in 

the end-effector and the synergy following a target switch were compared. 

Results showed end-effector kinematic adjustments in switch trials. Joint angles 

showed primarily co-variation, indicating that DOF were synergistically organized. 

Clusters of joint angle configurations differed between stationary target and switch 

trials at movement termination, implying that the target switch evoked a change in 

the synergy. Finally, we found that in switch trials all participants, exhibited 

some trials where initial end-effector adjustments occurred before the initial 

change in synergy, whereas in other trials this was the other way around. The 

key finding was that a target switch, hence changed constraints, acted in the end 

always upon DOF resulting in the emerge of a new synergy. In about 70% of the 

trials end-effector adjustments followed from this new synergy. However, in 

about 30% of the trials changed constraints confined the initial formed 

synergy differently resulting in adjusted end-effector movements and after that a 

new synergy emerged. Together this implies that a synergy is flexible, and that 

this flexibility allows different routes for adaptive behaviour.   
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Synergies adapt flexibly to deal with a target switch 

Introduction 

Aim: To examine coordinative 
processes underlying 
adaptive behaviour. 
Research Question: 

Whether, and if so how, a 
target switch changes a 
synergy in which abundant 
degrees of freedom (DOF) 
are coordinated.  
Hypotheses:  A target switch, 
hence changed constraints 
could:  
• confine the initial formed
synergy differently,
•could act upon DOF resulting
in the formation of a new
synergy, which is further
confined to produce the
actual movements (Fig 1).

Introduction 

Participants: Twelve adults. 
Task: Discrete manual reaching movements  
toward a target (stationary target trials) which  
after movement initiation could switch to a new 
location (switch trials) (Fig 2).  
Data analysis: 

 
 

Methods 

Results 
3) Changes in the synergy

 

1) 

2) 

3)  

4)  

2) Synergistic organization

1) End-effector kinematics

Figure 1.  Schematic representation of the two-
step constraining process [1] including the 
hypothetical effects of changed constraints 
(green and red arrow(s)). 

Figure 2. Experimental setup. A bird’s eye view
of the start position of a participant, who is 
seated in front of a table with an integrated  
television screen on which the targets (green 
circles) were presented. 

Figure 3. Boxplots of the (A) Movement time (B) Peak velocity (C) Time to peak velocity 
separately for the stationary target (light gray), switch left (gray) and switch right (dark gray) 
condition. The x indicates the mean. Individual data is represented by colored dots positioned 
right of a box. Significant differences were indicated (** p < 0.01, *** p < 0.001).

Figure 5. An example of the projection length of individual trials in the (A) UCM (blue lines) and 
(B) ORT (orange lines) directions of individual switch left trials, as well as the CI’s based on the
stationary target condition (thick black lines) of one participant. The dotted lines represent the
first 10% and last 10% of the movement trajectory.

Figure 4. Boxplots of the mean Vucm (blue) and Vort (orange) over conditions separately for four 
phases of the movement. The x indicates the mean. Individual data is represented by colored 
dots positioned right of a box.

End-effector kinematics. 
Uncontrolled manifold 
method [2,3] to determine 
whether DOF were  
synergistically organized. 
Cluster of joint angle 
configurations method [4] 
to examine changes in  
the synergy. 
Timing of end-effector 
adjustments compared to  
adjustments in clustering  
of joint angle configurations, 
i.e. synergy adjustments.

References To produce adaptive behaviour: 
1) End-effector kinematics were adjusted,
2) DOF were organized in synergies,
3) In the end always a new synergy emerged,
4) End-effector adjustments were variably instantiated by the initial
formed synergy or by a new synergy.
Altogether, this shows that the flexibility of a synergy allows different
routes for adaptive behaviour.

 Conclusion 

[1] Kay, B.A. (1988). The dimensionality of movement
trajectories and DOF problem: A  tutorial. Hum Mov Sci,

13(2), 178-192.
[2] Scholz, J.P., & Schöner, G. (1999). The UCM
concept: identifying control variables for a functional
task. Exp Brain Res, 3, 289-306.
[3] Domkin, D. et al. (2005). Neural correlates of reach
errors. J. Neurosci, 25(43), 9919-9931.
[4] Tuitert, I. et al. (submitted). Do different synergies
emerge in manual reaching and manual lateral
interception? Motor Control.

Figure 6. The 1st moment of end-effector 
changes is plotted against the 1st moment of 
cluster of joint angle changes for switch left 
trials of one representative participant. The 
dashed black line represents the time where 
the adjustments at synergy level are the 
same as that at end-effector level. Below 
the line are the trials in which the 
adjustment took place earlier in the cluster 
of joint angle configurations (red circles), 
whereas above the line the adjustment  
took place first in the end-effector 
(green/red circles). 

4) Timing of initial end-effector and synergy adjustments
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Abstract 

In order to correctly perceive the catchability of a ball, you must not only know if you 

are at the right path to the interception point but you also have to know something 

about your abilities to get there in time. Affordance-based control incorporates 

action boundaries to inform the actor about the catchability of a ball. The aim of the 

current research is to find an optical variable that describes lateral manual ball 

interception, that takes into account the action boundaries of the agent. In the 

experiment, 50 participants had to perform in an interception condition and a 

judgement condition. Virtual balls moving under an angle had to be intercepted with a 

physical slider. The results show that the order of performed conditions may have an 

influence on the ability to correctly perceive the catchability of lateral 

interception. Nulling the angular change is a proven interception strategy in previous 

studies. However, discrepancies in the set-up of the current experiment may cause 

the moment the angle becomes constant and the angular change to become 0 

cm/s to differ in time. In conclusion, the lateral interception set-up offers an 

experiment with the optical angle as the informational variable. However, more 

research is needed to use this set-up, to find the affordance of catchability. 

Keywords: affordance-based control, catchability, lateral interception, 
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Catchability of lateral manual interception
Niek de Boer

Department of Human Movement Sciences, 
University Medical Center Groningen, University of Groningen, The Netherlands

Introduction
In our daily life, we show goal-directed behavior. We 
somehow know to get to the correct position at the correct 
moment in time. Affordance-based control includes the 
action boundaries of an actor to explain both catchable and 
uncatchale balls. .The aim of this study  is first, to examine if 
actors are capable of judging catchability correctly. Second, 
to find an informational variable that can explain the perceived 
catchability of balls in lateral manual interception in a design 
with both catchable and uncatchable balls. 

Department of Human Movement Sciences • 
P.O. Box 196, 9700 AD Groningen, The Netherlands
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Conclusion
In conclusion, the lateral interception set-up offers an experiment with the angle as a single informational variable. However, more research is 
needed to use this set-up to find the affordance for catchability in lateral manual interception.

Figure 4. Left: a ball that was caught. Right: a ball 
that was judged as uncatchable. Position (top), 
angle (middle), angular change (bottom). 

Figure 3. Mean boundary (top) and 
Mean percentage balls caught 
(bottom) per group and condition 
(blue: interception, green: judge).

Figure 2. The set-up of the experiment with the blue 
paddle moving horizontally across the x-axis. The 
ball makes an angle theta with the paddle and a line 
perpendicular to the x-axis. 
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Method
• Task: to intercept and judge virtual balls with a paddle
connected to a physical slider (figure 1 & 2).

• Condition: interception  condition and  judgement  condition.
• Two groups: group I-J  performed in the interception
condition first and in the judgement condition later. Group
J-I  performed in the judgement condition first and in the
interception condition later.

Results
• Group J-I got a lower succes rate for the interceptions in
the judgement condition than in the interception condition
T (23) = 9.01, p = 0.00, figure 3 top).

• Group I-J overestimated their catching capabilities in the
jugdement condition (T (23) = 3.92, p = 0.01, figure  3 bottom).

• Figure 4 (left) shows an successful interception with the
angular change becoming 0.

• Figure 4 (right) shows a participant who judged the ball
as uncatchable. Angular change never reaches 0 and the
angle  becomes 90.
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Subject number: 49
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Figure 1. Set-up of the experiment. Green arrow:  physical 
slider, blue arrow: paddle on screen, red arrow: ball 
moving downwards.

Discussion
The  results of the judgment versus the interception condition 
contradicted each other. The  boundary (figure 3) revealed 
an overestimation of the judging capabilities in group I-J, 
while group J-I was better in intercepting the balls than 
judging them. The boundary (figure 3) is more sensitive to 
outliers. This experiment had many outliers, because most 
participants missed some easier trials and also intercepted 
balls that were supposed to be harder to intercept. The result 
of figure 4 (left) was promising, however not all intercepted 
balls could be explained with nulling the angular change. 
Again, the set-up of this experiment may be of influence. 
Smaller movements in the paddle lead to small angle changes 
but can lead to greater angular change values. 

Interception condition

Judgement condition

Interception condition

Judgement condition

Figure 2. Example of logistic regression. 
X-axis: distance of the trial. Y-axis:
1: intercepted, 0: missed/jugded as
uncatchable. x0: boundary, k: overlap.

Group I-J Group J-I

Group I-J Group J-I
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The development of an in-field Space Reading measure for youth association 

football players. 

Celine Bouwmeester1, Jaime Sampaio2, Koen A. P. M. Lemmink1
1 Universitair Medisch Centrum Groningen (UMCG), Rijksuniversiteit van Groningen

(RUG), Groningen, Nederland 
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Portugal 

Abstract 

The mechanism of perceiving environmental information and identifying possible 

individual and collective solutions to the game problems seem to be a determinant of 

success. The current study aimed to develop an in-field measure of the concept of 

Space Reading (SR), defined as the ability to select the most appropriate 

opportunity for action from the dynamic and interacting environment (i.e. the 

players, the ball and the available space) and identify how this relates to player 

characteristics and environmental manipulations. Thirty male outdoor 

association football players (age:15.4±1.06 years) played three small-sided (5 vs. 5 

SSG), three large-sided (8 vs. 8 LSG) and three regular games (10 vs. 10 RG). The 

Overall Pass Risk (OV PassRisk), Disruption of the Defence (PassDisr) and 

Movement Leadership (ML) were calculated as determinants of SR. Space 

Reading is affected by player experience, player positions and playing formats.  
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Introduction Methods

Results

Conclusion

The development of an in-field Space Reading measure for youth association football players.

References

• Participants: 30 male outfield association football players (mean±SD age:15.4±1.06 years, weight: 61.97±9.54

kg, height: 171.46 ± 8.12 cm, player experience: 5.11±2.72 years)

• Player tracking data: X and Y coordinates of the players were collected with a portable local positioning

measurement system (WIMU PROTM; Real Track Systems SL) during 3 small-sided games (5 vs. 5, SSG), 3

large-sided games (8 vs. 8, LSG) and 3 regular games (10 vs. 10, RG).

• Ball coordinates: X and Y coordinates of the ball were calculated using the method of Folgado et al.

(2019)

• Space Reading consist of

- Overall Pass Risk (OV PassRisk)  = probability the pass can be intercepted within the risk area 2

- Pass Disruption (PassDisr)    = disruption of the defensive organisation during a 3-second window 3

- Movement leadership (ML)  = number of frames where player initiates speed synchronization within 

in-phase synchronization mode

Figure 1. Concept of Space Reading Figure 2. SSG, LSG and RG. X = position camera, 0  = ultra-width antennas

1 Folgado H, Bravo J, Pereira P, Sampaio J. Towards the use of multidimensional performance indicators in football small-sided games: the effects of pitch orientation. (2019).  Journal of Sports Sciences. 37(9):1064-1071. 2 Cakmak, A., Uzun, A., & Delibas, E. (2018). Computational modeling of pass effectiveness 

in soccer. Advances in Complex Systems, 21(3n04), 1850010. doi:10.1142/S0219525918500108. 3 Goes FR, Kempe M, Meerhoff LA, Lemmink KAPM. (2018). Not Every Pass Can Be an Assist: A Data-Driven Model to Measure Pass Effectiveness in Professional Soccer Matches. Big Data.

This experimental study tried to describe the Space Readings skills of youth association football players in relation to player experience, 
player positions and playing positions. Space Reading is defined as three separate entities: OV PassRisk, PassDisr and ML. Space Reading 
is affected by player experience (i.e. PassDisr is higher in more experienced players), player position (i.e. midfielders showed to have higher 
ML) and playing formats (OV PassRisk and ML were lower during SSG compared to LSG and in case of ML also during RG. PassDisr was
higher during RG than SSG and LSG)

Space Reading and Player Experiences

High experienced players scored higher on PassDisr than low experienced players during SSG
(2.36  ± 1.00  vs.  2.08 ± 0.93, P < .05, d = 0.29) and LSG ( 2.51 ± 0.90 vs. 2.09 ± .0.96, P < .01, d = 0.45)

Space Reading and Player Positions 

Midfielders scored higher on ML than in attackers during RG (446.69 ± 95.30 frames vs. 370.54 ±
85.47 frames, P < .01, d = 0.83)

Space Reading and Playing Formats

OV PassRisk was lower during SSG compared to LSG (1.80 ± 1.83 vs. 2.63 ± 2.70, P < .01,d = 0.36) 

PassDisr was higher in RG compared to SSG (2.71 ± 1.16 vs. 2.26 ± .99, P < .01, d = .42) and
LSG (2.71 ± 1.16 vs. 2.35 ± .94, P <.01, d = .34). 

ML was lower during SSG compared to LSG (366.70 ± 89.78 frames vs. 428.89 ± 111.05 frames, P < 
.01, d = .62) and RG  (366.70 ± 89.78 vs. 416.98 ± 98.09, P < .01, d = .53). 

Figure 3: A. OV PassRisk (left), PassDisr (middle) and ML (right) in relation to player experience. B. OV 
PassRisk (left), PassDisr (middle) and ML (right) in relation to player position. C. OV PassRisk (left), 
PassDisr (middle) and ML (right) in relation to high and less experienced players. *  P < .05, ** P < .01

The mechanism of perceiving environmental information and identifying

possible individual and collective solutions to game problems seem to be a

determinant of success in association football. These opportunities for actions

are linked to Space Reading.

Space Reading is defined as the ability to select the most appropriate

opportunity for action from the dynamic and interacting environment (i.e. the

players, the ball and the available space).

Study aim: Develop an in-field measure of Space Reading for youth

association football players and identify how this relates to player

experiences, player positions and playing formats.
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Abstract 

Introduction: Biomechanical load in handball is high due to many 

multidirectional changes. However, training monitoring in general is mostly focused 

on physiological load and not on the biomechanical load. That is why it was 

proposed to differentiate session Rating of Perceived Exertion (sRPE) in a 

respiratory (sRPEres) and muscular (sRPEmus) load. However, current practices 

with differentiated sRPE in team handball for all exercise modes and different 

weekdays are unknown. Therefore, the aim of this study is to describe and compare 

the distribution of  sRPEres and sRPEmus of elite youth handball players with 

inclusion of all types of exercises during in-season microcycles. Methods: 13 

female elite handball players (mean ± SD: age = 18.5 ± 1.2 years) were monitored 

during 12 weeks. After all training sessions sRPEres and sRPEmus were 

registered and multiplied by its duration into sRPEres-TL and sRPEmus-TL. 

Multilevel models were applied to account for within-players and between-

players differences for either sRPEres-TL and sRPEmus-TL. Results: A total of 980 

individual training sessions were collected. Results showed that sRPEmus-TL was 

significantly higher compared to sRPEres-TL in all exercise modes, with largest 

differences for the ball session (p < .05). Furthermore, sRPEmus-TL of Tuesday’s, 

Wednesday’s and Thursday’s ball session was relatively higher compared to sRPEres-

TL, when compared to Monday’s ball session. Conclusion: It can be concluded that 

in handball differences exist between sRPEres-TL and sRPEmus-TL in all 

exercise modes and are most apparent in ball sessions. In practice, differentiated 

sRPE can be used to better understand the biomechanical loads, players 

sustained, rather than mainly the physiological loads.  

Keywords 

Perceived exertion, internal load, training load, team sport 
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The application of differential ratings of perceived exertion to 

training load monitoring in handball
L. Bouwmeester1, M. S. Brink1, M. Willemsen2

1 Center for Human Movement Sciences, University of Groningen,  2 Nederlands Handbal Verbond, Oosterbeek

INTRODUCTION
Nowadays, training monitoring in team sports is mostly

focused on physiological load and not on the

biomechanical load (1). That is why it was proposed to

differentiate session Rating of Perceived Exertion

(sRPE) in a respiratory (sRPEres) and muscular

(sRPEmus) load (2,3).

AIM
To describe and compare the distribution of sRPEres

and sRPEmus during microcycles of elite youth

handball players with inclusion of all types of exercises

METHODS
• 13 female elite handball players (M ± SD = 18.5 ±

1.2 years) of the Dutch Handball Academy

• After all training sessions sRPEres and sRPEmus

was monitored and multiplied by the session’s

duration into sRPEres-TL and sRPEmus-TL

respectively.

• Data was collected during 12 weeks

• Statistical analyses: multilevel modelling with

∆RPE-TL (sRPEmus-TL minus sRPEres-TL)

sRPEres: How hard was your session on your chest?

sRPEmus: How hard was your session on your legs?

Department of Human Movement Sciences • P.O. Box 196, 9700 AD Groningen, The Netherlands 

• l.bouwmeester@student.rug.nl •

Results

CONCLUSION

RESULTS

References

sRPEmus-TL was higher compared to sRPEres-TL in all training sessions for handball

players. Practitioners should therefore include differentiated sRPE, in order to

understand both biomechanical and physiological loads players sustained.

(1) Vanrenterghem et al. (2017) Sport Med, 47(11):2135–42 (3) Los Arcos et al. (2014) Biol Sport, 34(2):149-55

(2) Arcos et al. (2016) Int J Sports Physiol Perform, 11(3):301-4

Figure 1. Team mean sRPEres-

TL and sRPEmus-TL among all

exercise modes. * sRPEmus-TL

was significantly higher than

sRPEres-TL. a ∆RPE-TL was

higher for ball session

compared to strength and

conditioning sessions and

matches (p <.05).

Figure 2. Periodization patterns of

team mean sRPEres-TL and

sRPEmus-TL of ball, strength and

conditioning sessions and matches

among all week days. Ball sessions

performed at the HA only were

analyzed. * sRPEmus-TL was sig-

nificantly higher than sRPEres-TL. b

∆RPE-TL was lower for ball session

on Monday compared to Tuesday,

Wednesday and Thursday (p <.05).

53



The effects of personal protective clothing and equipment bulk and stiffness on 
maneuverability and internal load in confined spaces of military soldiers 

Lukas Dekker 

S2519089 

University of Groningen 

Poster abstract 

Background   Personal protective clothing and equipment (PPCE) can diminish 

soldiers’ mobility, which can potentially lead to performance decreases and higher 

susceptibility to enemy fire (1–7). The effects of PPCE on mobility in confined spaces 

(maneuverability in confined spaces, MCS) are unknown. As confined spaces are 

increasingly occurrent in warfare, knowledge about such effects is relevant for military 

forces (8,9). 

Aim   To investigate the effects of PPCE bulk and stiffness on MCS and internal load 

in military soldiers. 

Methods   Eleven male military soldiers in training (age 17.3 ± 0.9 years; height 183.5 

± 6.2 cm; bodyweight 74.1 ± 6.1 kg) performed MCS tests on a confined space 

obstacle while wearing five different PPCE configurations: a control condition with no 

added bulk or stiffness, moderate-bulk, high-bulk, moderate-stiffness and high-

stiffness. MCS performance (measured as completion time and internal load 

(measured as heart rate and rate of perceived exertion) were compared between the 

different PPCE configurations.  

Results   Completion time was significantly lower for only the high-bulk condition 

(32.2 ± 9.3 sec) compared to the control condition (20.8 ± 5.4 sec). Moderate bulk as 

only lower than the stiffness conditions. High-bulk showed a significantly lower 

internal load than the control condition, but only for rate of perceived exertion data. 

Conclusions   The results of this study showed that added PPCE bulk decreases 

MCS but added stiffness does not. Neither bulk nor stiffness affected the internal 

load.  
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INTRODUCTION Methods

Results

CONCLUSION
Added PPCE bulk decreases MCS but added stiffness does not. 

Neither bulk nor stiffness affect the internal load. 

Soldiers in Combat: Protection or Maneuverability?
The effects of personal protective clothing and equipment bulk and stiffness on maneuverability and internal load in confined

spaces of military soldiers 

References

● Warfare is becoming more urban1

● Urban environments contain confined
spaces (tunnels, silos, ruins, etc.)2

● Personal protective clothing and
equipment (PPCE) decrease soldiers’
overall mobility in the field3-7

● The effects of PPCE properties on
maneuverability in confined spaces (MCS)
is unclear
Aim: To explore the effects of PPCE bulk 
and stiffness on MCS and internal load 
Hypothesis: Decreases in MCS and 
increases in internal load after adding bulk 
and stiffness are expected

● 11 male student soldiers
● Performing MCS tests (fig. 1)
● 5 conditions:

- Control
- Moderate-bulk
- High-bulk (fig. 2)
- Moderate-stiffness
- High-stiffness

● Completion time and internal
load (indicated by heart rate
and rate of perceived exertion
(RPE)) were measured for each
condition
● Repeated measures design

Above: 
Fig. 1 
Obstacle
course for
the MCS 
tests
Left: Fig 2 
Example of 
a test 
condition
(high-bulk)
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Above left: Fig 3 Completion time means and 
standard deviations for each test condition (n = 
11)a. *significantly different from all other conditions,
**significantly different from S1 and S2.
Above middle: Fig 4 Heart rate mean scores and
standard deviations for each test condition (n =
10)a.
Above right: Fig 5 Box plots of the RPE scores for
each test condition (n = 11)a. Horizontal line shows
the median, boxes show interquartile range,
whiskers show minimum (lower) and maximum
(upper). *significantly different from control and
moderate-stiffness. aB1 = moderate-bulk, B2 =
high-bulk, S1 = moderate-stiffness, S2 = high-
stiffness

*

*

**

● Completion time (fig. 3):
- High-bulk significantly higher than control (p < .05)
- Moderate-bulk only higher than moderate and high stiffness (p < .05)

● Heart rate (fig. 4)
- No differences between the conditions

● RPE (fig. 5)
- Only high-bulk significantly lower than control (p < .05)

1Evans (2016); 2Moxley et al. (2004); 3Knapik et al. (2004); 4Holewijn & Lotens (1987); 5Birrell et al. (2007); 6Joseph et al. (2018); 
6Lim et al. (2017); 7Laing Treolar & Billing (2011)

Practical 
Implications

● Soldiers may benefit most from removing bulky pieces of equipment in dire
situations.
● Stiff pieces of equipment have a lower priority of being removed.
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Differences in performance characteristics of top-level youth judokas 

between light and heavy weight categories 

Ingrid M. Engwerda (S3035662) 

Abstract 
Considering the differences in the task between weight categories in judo, 

differences in the importance of performance characteristics are expected. Such 

information is potentially useful to optimize athletes’ development and performance. 

Therefore, it is important to understand the differences in performance characteristics 

between light and heavy weight categories. In the present study, 57 judokas 

(male=32; female=25) aged 16-21, all of whom were part of a talent development 

program of the National Judo Association (Judo Bond Nederland, JBN) were 

measured. Anthropometrics, physiological and psychological  characteristics were 

examined. Multivariate analyses of covariance with age as covariate followed up 

by a discriminant analysis were executed for male and female judokas separately. 

Results showed that heavy weight males outscored their lighter peers on 

anthropometrics and physiological variables. In females, light weight judokas 

outscored their heavier peers on physiological variables, whereas heavy weights 

scored higher on anthropometrics and other physiological variables. The 

discriminant analysis revealed that 87.5% and 84.0% of the original grouped male 

and female judokas were correctly classified. No differences in psychological 

performance characteristics between light and heavy weight categories have been 

found. In conclusion, this study shows differences in anthropometrical and 

physiological profiles, the measures of psychological skills seem equally important, in 

light and heavy weight male and female judokas. Hereupon, talent development can 

be adapted, and performance optimized.  

Keywords: judo, sport performance, adolescence, development, talent. 
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INTRODUCTION

The differences in performance characteristics in top-level youth judokas 
between light and heavy weight categories

CONCLUSION
Top-level youth judokas in light and heavy weight categories score different on anthropometric and
physiological characteristics. There were no differences in psychological characteristics, however compared to
other athletes, these skills can be improved.2 Hereupon, talent development can be adapted, and performance
optimized.

Considering the differences in the task between weight categories in judo, differences in the importance of performance characteristics are
expected. Such information is essential to optimize athletes’ development and performance. The aim of this study was to understand the
differences in performance characteristics in top-level youth judokas between light and heavy weight categories. The expectations are that light
weight judokas score higher on explosive and velocity measures and heavy weights score higher on anthropometrics and maximal strength.1 No
differences in psychological performance characteristics were expected.

REFERENCES 1 Kuvačić, Krstulovic & Caput, 2017, 2 Jonker, Elferink-Gemser, & Visscher, 2010 

METHODS
Participants 57 judokas (♂ 32, ♀ 25), all part of the national talent program of 

the Judo Bond Nederland (JBN), mean age 17.76 ± 1.22
Two groups, light and heavy weight judokas

Measurements Anthropometrics (Body height and arm span)
Physiological characteristics (Explosive jumping power, maximal handgrip
strength, handgrip strength endurance and  power of the upper- and lower 
extremities)
Psychological characteristics (Coping skills and self-regulation of learning)

Statistics 4 MANCOVA’s
(Separated for sex) 2 Discriminant Analyses

Z-scores

RESULTS

♂ Heavy weight outscore their lighter
peers on body height, arm span and
maximal handgrip strength, both left and
right (p <.05).

87.5% were correctly classified

♀ Heavy weight outscore their lighter
peers on body height, arm span and
maximal handgrip strength, both left and
right (p<.05).
♀ Light weight outscore their heavier
peers on jumping ability and peak power
bench press (p<.05).

84.0% correctly classified
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Assessing on-field test performance and training load before and after injury in 
male elite soccer players. 
L. (Laurens) Frik

Background: In professional soccer, there is high risk for recurrent injuries at 

the lower extremity. A reason for this is a lack of on-field performance criteria that 

can support decision-making when players return to competition (RTC). 

Furthermore, the amount of training load that players are exposed to is unknown. 

Therefore, the first aim of current study is to compare on-field sprint, agility and 

endurance performance before a lower extremity injury and at the moment of RTC in 

male elite soccer players. The second aim of the study is to compare training load 

before a lower extremity and at return-to-training (RTT) and RTC. 

Methods: During the season 2018 – 2019 60 players from a U23, U19 and U17 team 

that played at the highest level in the Netherlands were followed in an 

observational longitudinal study. Players with a lower extremity injury with a time-loss 

of 28 days or more were included. At the start of the season the 10-meter and 30-

meter sprint test, Agility T-test, and Interval Shuttle Run Test (ISRT) were 

performed. Players were re-tested in the week before RTC. Both external training load 

and internal training load were captured during training weeks of RTT and RTC and 

were compared with the loads before injury.  

Results: In total 112 injuries were registered during the season 2018-2019. Eight 

injuries lasted longer than 28 days and thereby met the inclusion criteria of the study 

(age: 17.29 ± 1.80 years; height: 180.63 ± 6.29cm; mass: 68.76 ± 7.84kg; time-loss: 

46.50 ± 24.37 days). For the sprint test no significant difference was found. Even 

though completion time was similar before and after injury for the agility test, 

performance appeared to be less during turns compared to before injury (p<.05). For 

the ISRT test no significant difference was found. The results of the external load 

showed that high intensity runs were significantly higher during RTT compared to 

before injury (p<.05). For internal load no difference was found between 

baseline and RTC, furthermore no difference was found for training load between 

RTT and RTC.  

Conclusion: This study showed that agility performance is less after injury 

compared to baseline in elite male soccer players. Furthermore, players covered 

more high intensity runs at RTT compared to before injury. In contrast, players 

performance for sprint, endurance and internal training load is not altered at RTC.   

Keywords: Athletic injuries; Rehabilitation; Return to sport; Decision-making 
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INTRODUCTION METHODS

RESULTS

CONCLUSION

Assessing on-field test performance and training load before and 
after injury in male elite soccer players

REFERENCES 1) Reilly and Williams,2003; 2) Habets et al. 2018; 3) Fanchini et al. 2006; 4) Stewart et al. 2004; 5) Lemmink et al. 2004; 6) Brink et al. 2010; 7) Impellizzeri et al. 2005

In professional soccer, there is a high risk for
recurrent injuries at the lower extremity1. A reason
for this is a lack of on-field performance criteria
that can support decision-making when players
return-to-competition (RTC)2. Furthermore, the
amount of training load that players are exposed to
is unknown3.
Aims: 1) Comparing on-field sprint, agility and
endurance performance before a lower
extremity injury and at RTC.
2) Comparing training load before a lower
extremity injury and at return-to-training
(RTT) and RTC

10-meter and 30-meter sprint test3

Agility T-test4

Interval Shuttle Run test5

External and internal load6,7

Sprint: pre-injury = post-injury
Agility: Max velocity and acceleration turns

Total distance and distance turns 
Endurance: pre-injury = post-injury

External load: High-IR distance runs

Internal load: pre-injury = post-injury

Players agility performance is less after injury. Furthermore, the high-IR is higher
at RTT compared to pre-injury. In contrast, players performance for sprint and
endurance, and the internal training load is not altered after injury.

PRACTICAL 
IMPLICATIONS

Ø Results in line with build-up rehabilitation
Ø Focus during RTC on complexity of agility

Ø Sprint and endurance still important indicators
Ø Training load can give an indication of rehab

60 players from a U23, U19 and
U17 team followed during the
season 2018 – 2019. Players with
a severe lower extremity injury
(>28 days) were included.

L. Frik
Department of Human Movement Sciences, 

University Medical Center Groningen, University of Groningen, The Netherlands

* *
* *

* *
*
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Synchronized velocity of the nearest 
defenders to the ball during pressing 
situations enhances successful ball 
recovery in football 

ABSTRACT 

When a football team does not have ball possession and wants to make a ball 
recovery, they can decide to either defend their goal or approach the ball possessing 
opponent. When trying to gain ball possession, defenders coordinate their behaviour to 
increase the likelihood of regaining possession. Currently, spatiotemporal variables of 
pressing situations have not been addressed in the literature. Positional data (xy- 
coordinates of players and the ball) from eleven teams, containing a total of 453 
situations in 48 German 1st Bundesliga matches from the 2014/15 season were 
annotated by 5 experts (kappa = 0.84). Spatiotemporal variables between defenders 
and the ball were calculated for each situation. Each situation was coded as successful, 
unsuccessful, or neutral ball recovery. Logistic regression analysis indicated that 
velocity synchronization of the nearest two defenders during the first second of a 

pressing situation are related to more successful ball recoveries (χ2 (6) = 14.592, 
p<0.05, R2  = 0.049). Thus, spatiotemporal arrangement and pressing behaviour of 
the defenders with respect to the ball provides crucial information to inform decision 
making in defenders. These results provide insights to improve tactical awareness in 
players, with respect to their behaviour in initiating successful pressing actions. 
Results suggest that the initial velocity of the defender(s) could be a determinant for 
successful pressing. Coaches may use these results to improve tactical behaviour 
during pressing initiation when designing training exercises in representative task 
design. 
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We want the ball back! 
How to use pressing in a football match

Why
Lack of research investigating
defensive pressing using positional
data.1-3

Pressing: clear, intentional high-
intensity movement to recover ball
possession.1,3

Defenders perceive and act to
constraints in a situation.4,5

Aim: To investigate the spatiotemporal variables 
in pressing situations.
Hypotheses: At the start of a successful pressing 
situation, for the two defenders nearest to the
ball:

• Distance is smaller
• Relative velocity is lower
• Running velocity is higher
• Angle defender - ball is higher
• Stronger teams press better

How
Tracking-data (25 Hz) of 48 
Bundesliga matches6

453 pressing situations, 
observed by 5 experts 
(k =0.84)

Combine files [Python] to
measure spatiotemporal
variables during 1st second

3 groups: successful, 
unsuccessful and neutral
recovery.

Statistics: One-Way ANOVA 
and Logistic regression
analysis

What
Distance

Velocity

Angle

One-Way ANOVA
No significant findings.
Binary logistic regression
Successful recovery = 0.143 * velocitydefender1 –

0.163 * velocitydefender2

Correctly classified 58.3% of the cases (vs 50.1%) χ2 (6) =
14.592; p<0.05, R2 = 0.049. Explained 4.9% (Nagelkerke R2) of
the variance in pressing situations.

Practical application
Same running velocity of nearest two
defenders to the ball might enhance chance of 
ball recoveries.
Initial distance to the
ball at the start of the
pressing not so
important?
Stronger teams are not
better in pressing?7

References: 1Gudmundsson & Horton, 2016; 2 Andrienko et al., 2019; 3 Barreira et al.,2014; 4 Newell, 1986; 5 Pruna & Bahdur, 2016; 6 TRACAB, ChyronHego, Sweden; 7 Wunderlich & Memmert, 2018

Take home message:
Defenders match their running velocities in order 
to press together. This likely increase the 
opportunities for ball recoveries.
More research is required to determine the best 
metrics for quantification of pressure.
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ABSTRACT 
The aim of the current study was to investigate the programming practices and 

different types of resistance training in trainers of basketball players across 
adolescence. A questionnaire was distributed nation-wide to trainers of adolescent 
basketball players in the Netherlands, asking them whether they applied resistance 
training with their players and how they used different inter- and intra-session 
variables in program prescription. The responses were stratified by different age 
categories that likely correspond to different maturity status – early-, mid- and late 
adolescence, and adults. Forty-five trainers responded to the questionnaire. Twelve 
(26.7%) of the respondents did not apply any resistance training with their players. In 
the remaining 33 respondents, a significant difference was found between age 
categories in application (Chi2=43.87; df=3; p<0.001) and in intensity of resistance
training (Chi2=14.57; df=6; p=0.024), where resistance training was prescribed more
and at higher intensity to older players. Significant differences were found between 
the reported intra-session variables and recommended intra-session variables in the 
literature. Body mass-based and plyometric training were more popular than other 
types of resistance training. The results suggest an underuse of resistance training in 
Dutch adolescent basketball players. The respondents seem to practice caution when 
prescribing resistance training to adolescent players at the earlier stages of 
adolescence. It is suggested that basketball trainers consider applying organized 
resistance training as an important component in basketball training and to prescribe 
RT programs of low-moderate volume (2–4 sets/exercise, ≤6 repetitions/set) and 
high intensity (≥85% of max capacity) and long resting periods (2-4 minutes per set) 

Keywords Youth; sport; maturation; strength training; performance 
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INTRODUCTION Methods
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CONCLUSION

To resistance train or not: The practices of trainers of Dutch adolescent 
basketball players

References L

• Basketball trainers (n=45) in the Netherlands completed a

questionnaire on Resistance training program prescription for

adolescent athletes – Inter- and intra-session variables

• Questions based on age categories that likely correspond to

maturity status: 10-11, 12-14, 15-18, >18 years.

• Analysis: Chi2 and one-way ANOVA for differences between

age categories; Cohen’s d for effect sizes

• Results discussed in relation to recommendations and findings

in the literature (Lloyd et al., 2014).
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B. Age categories

• The Netherlands has the second tallest population in the world. They have high

aspirations in international sports and high quality talent academies around the

country. But they are far from the top in basketball.

• Basketball requires high levels of strength and power. Resistance training may be

one of the training methods that could help increase performance in adolescent

basketball players for current performance and for the future.

• The extent to which resistance training is applied in adolescent athletes is unclear.

• Aim: To investigate the programming practices and different types of resistance

training in trainers of basketball players across adolescence.

Mohammed Khudair
Department of Human Movement Sciences, 

University Medical Center Groningen, University of Groningen, The Netherlands

Figure 1a. Percentage of respondents who reported applying RT with their players. 1b. Of those, percentage of respondents who
reported applying RT with players in the different age categories.

• Resistance training is not widely applied with Dutch adolescent

basketball players (figure 1a-b).

• Significant differences were found between age categories in the

extent to which resistance training is applied, and in inter-session

variables (frequency, volume and intensity). Whereas, intra-session

variable id not vary significantly.

• Inter- and intra-session variables deviated from what is recommended

in the literature: lower intensity, less sets per exercise, more

repetitions per set and less rest between sets.

• Body-mass based RT and Plyometric training were the most popular

among respondents.

The results of the current study show that RT is not applied by a large portion of the Dutch basketball trainers. 

In order to enhance muscle strength, power and eventually sports performance, trainers are suggested to prescribe

RT programs of low-moderate volume (2–4 sets/exercise, ≤6 repetitions/set) and high intensity (≥85% of max capacity) and

long resting periods (2-4 minutes per set). For adolescent players who are young and inexperienced in RT, trainers 

are suggested to prescribe RT with low volume and low intensity with long resting periods during the sessions in order to 

attend to exercise execution. 

Lloyd, R. S., Faigenbaum, A. D., Stone, M. H., Oliver, J. L., Jeffreys, I., Moody, J. A., . . . Myer, G. D. (2014). Position statement on youth resistance training: The 2014 international consensus. British Journal of Sports Medicine, 48(7), 498-505. 
Lesinski, M., Prieske, O., & Granacher, U. (2016b). Effects and dose-response relationships of resistance training on physical performance in youth athletes: A systematic review and meta-analysis. British Journal of Sports Medicine, 50(13), 781-795.

Table 1. Intra-session variables for RT program prescription (mean ± SD) in Dutch adolescent basketball players, specified per age category and recommendations from
Lloyd et al. (2014). ANOVA shows differences between age categories and One-sample t-test shows differences between reported and recommended intra-session variables.

Recommen-
dation Total sample 10-11 years

(n=7)
12-14 years

(n=11)
15-18 years

(n=16)
>18 years

(n=16)

ANOVA One sample t-test 

F (df) p
t(df) p

Exercises/
session (n) N/A 6.49 (4.09) 3.5 (2.07)b 4.90 (2.69)a 7.00 (4.34) 7.69 (4.74) 1.63 (3, 43) 0.20 N/A N/A

Sets/
exercise (n) 4 3.49 (1.2) 3.14 (1.35) 3.25 (0.71)c 3.62 (1.12)c 3.67 (1.45)a 0.44 (3, 39) 0.73 -2.79 (42) 0.008

Reps/set (n) 7 11.95 (5.1) 12.43 (6.92) 11.60 (6.85)a 12.91 (4.68)d 11.27 (3.24)a 0.24 (3, 39) 0.87 6.36 (42) <0.001

Rest/set (s) 240 64.58 (46.92) 75.00 (60.62) 51.36 (31.63) 65.33 (45.92)a 68.67 (52.76)a 0.43 (3, 44) 0.73 -25.90 (47) <0.001

a1 missing value; b2 missing values; c3 missing values; d5 missing values. N/A=Not available

63



Can the mismatch between coach’ and players’ perception of exertion predict 
well-being and physical complaints in academy soccer teams? 

M. (Mees) van der Linde

Introduction Coaches carefully plan training sessions in order to improve overall 

performance. However, a mismatch can exist between the intended and observed 

exertion of the coach and the perceived exertion of individual players. It is 

unknown if this mismatch influences well-being and physical complaints of the 

players. Therefore, the aim of this study is to examine if the mismatch predicts future 

well-being and physical complaints. Methods In total forty-one players (18,0 ± 1.2 y; 

180.2 ± 6.3 cm; 70.7 ± 6.8 kg) of U23, U19 and U17 youth academy teams 

participated during the pre-season. Before each training session, the coach rated 

the intended exertion (RIE) for each player. After the training session, the coach rated 

the observed exertion (ROE) for each player and the players rated their perceived 

exertion (RPE). Finally, players filled in a weekly questionnaire regarding their 

general well-being and physical complaints (OSTRC). A multilevel model was 

performed to assess if the mismatch between coach’ and players’ perception of 

exertion could predict future well-being and physical complaints. Results In total 

914 individual training sessions were included, which resulted in 220 training weeks 

with the RIE, ROE and RPE, well-being and OSTRC. The mean (± SD) mismatch 

pre-training was 1.1 (± 0.6), 1.3 (± 0.7) and 1.6 (± 1.1) for the U23, U19 and U17 

team respectively. The mismatch post training was 0.9 (± 0.6), 1.2 (± 0.7) and 1.3 (± 

0.9) for the U23, U19 and U17 team respectively. Average well-being (5-25) was 18.7 

(± 2.0) indicating good well-being and average OSTRC score (0-100) was 8.5 (± 

13.0) indicating minimal complaints. Multilevel analyses showed that the null 

model with the grand mean had the greatest predictive value compared to every 

model including the mismatch or team differences. Conclusion Despite the presence 

of a mismatch between coaches’ and players’ exertion, the mismatch does not 

predict future well-being or physical complaints during pre-season in soccer. However, 

combining the mismatch with team differences improves the prediction of physical 

complaints indicating the importance of assessing the mismatch for each team 

individually. 

Keywords: periodization; training load; overuse; injuries; wellness; football 
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Introduction Methods

Results

CONCLUSION

Can the mismatch between coach’ and players’ perception of exertion predict 

well-being and physical complaints in academy soccer teams?

References

• Training with right intensity & at right moment to
improve performance1,2

• Too little and too much training could hinder
performance3

• Coaches are challenged by players with different
physical capacities → mismatch between the
coach’ perception of exertion and the perceived
exertion of individual players.

Aim: the aim of this study is to examine if the
mismatch predicts future well-being and physical
complaints in youth soccer.

• Forty-one players (U23, U19 & U17) during their pre-season
• Coach provided for each player:

• Rating of intended exertion (RIE) pre-training
• Rating of observed exertion (ROE) post training

• Players provided:
• Rating of perceived exertion (RPE) post training
• Weekly five questions concerning general well-being
• Weekly four questions concerning physical complaints

Data analysis: A multilevel model (including week, mismatch and team)
was performed to assess if the mismatch could predict future well-being
and physical complaints.

In total, scores of 914 individual training sessions were included, which resulted in 220 individual training weeks with the RIE,
ROE and RPE, well-being and OSTRC.

Despite the presence of a mismatch between coaches’ and players’ exertion, it does not seem
to predict future well-being or physical complaints during pre-season in academy soccer.
The combination between the mismatch and the teams does predict physical complaints.

Figure 1. A coach is responsible for players with different 
physical capabilities.

Multilevel analysis

Well-being
• The grand mean performed better predictions than any model

with the independent variables (week, mismatch & team)
OSTRC
• Factor ‘team’ predicted sports-related pain;
• The interaction between mismatch and team predicted

all subscales of OSTRC indicating inter-team difference.
Figure 3. Mean and 95% confidence interval for the weekly well-being (top) and
the Oslo sports trauma research centre questionnaire (OSTRC; bottom) for the
U23 (n=138 scores), U19 (n=56 scores) and U17 team (n=26 scores).
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[1] Los Arcos, A., Mendez-Villanueva, A. & Martinez-Santos, R. (2017). Biol Sport, 34(2), 149-155. [2] Reilly, T. (2005). J Sports Sci, 23(6), 561-572.
[3] Anderson, L., Orme, P., Di Michele, R., Close, G. L., Morgans, R., Drust, B. & Morton, J. P. (2016). J Sports Sci, 34(13), 1250-1259.

Week 1 Week 2

Mon Tue Wed Thu Fri Sat/Sun Mon Tue Wed Thu Fri Sat/Sun
U23
U19
U17

RIE/ROE/RPE + Questionnaire RIE/ROE/RPE No training
Figure 2. Overview of the daily data collection during the first two weeks (of total nine weeks) of 
pre-season for all teams. Note that the weekly questionnaire reports back to the previous week.

Table 2. Mean (± SD) for the mismatch pre-training (RIE-RPE) and post training 
(ROE-RPE) for the U23 (n=523 training sessions), the U19 (n=199 training sessions) 
and the U17 (n=192 training sessions) team.

Mismatch pre-training Mismatch post training

Under-23 1.1 ± 0.6 0.9 ± 0.6

Under-19 1.3 ± 0.7 1.2 ± 0.7

Under-17 1.6 ± 1.1 1.3 ± 0.9

Total 1.2 ± 0.7 1.0 ± 0.7
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Loes Mulder, S2688905 

Abstract poster 

A soccer game asks for quick adaptations in a constantly changing environment, 

therefore motor inhibition is of great importance. Motor inhibition is the ability to 

inhibit a motor response when needed. A soccer-specific inhibition test is desirable 

to measure motor inhibition in youth soccer players. This study evaluated the validity 

of a newly developed soccer-specific inhibition test (SSIT). The study included 

eighteen elite youth soccer players (age = 15.9 ± 0.3) and fifteen sub-elite youth 

soccer players (age = 16.3 ± 0.6). All players executed the SSIT and a Stop-Signal 

Task (SST). The outcome variables of both tests were the reaction time (RT) and 

accuracy for go- and stop-trials. The stop-trials are the inhibition components of both 

tests. The concurrent validity was determined by comparing all four outcome 

variables of the SSIT and SST by means of Pearson correlations. The construct 

validity was determined by comparing the outcome variables of the SSIT for elite 

and sub-elite youth soccer players, by performing independent t-tests and 

ANCOVAs, with covariates age and training hours. The concurrent validity showed 

only one significant correlation between the SSIT and SST for the accuracy in go-

trials (r = 0.422; p < .05). The construct validity was strong for the RT and accuracy 

at stop-trials, thus the inhibition components of the SSIT. The elite youth soccer 

players outperformed the sub-elite youth soccer players in the inhibition 

components. In conclusion, the newly developed soccer-specific inhibition test is 

sensitive enough to compare between performance levels for the inhibition 

components.  
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CONCLUSION

The validity of the soccer-specific inhibition test 

References

• 60 trials à 48 go-trials, 12 stop-
trials

• ~ 5 seconds per trials
• Total time test: ~ 8 minutesA soccer game asks for quick adaptations in a

constantly changing environment, therefore motor
inhibition is of great importance. Motor inhibition
is the ability to inhibit a motor response when
needed. A soccer-specific inhibition test is
desirable to measure motor inhibition in youth
soccer players1-3.

Aim
To investigate the concurrent and construct
validity of a newly developed soccer-specific
inhibition test (SSIT).

• Participants: Elite (n=18; age = 15.9 ± 0.3) and sub-elite (n=15; age = 16.3 ± 0.6) youth soccer players.
• Procedure: All participants executed the SSIT and a Stop-Signal Task (SST). The outcome variables of both tests were the

reaction time (RT) for go-trials and stop-trials and the accuracy for go- and stop-trials, the stop-trials were the inhibition
components of the SSIT and SST.

• Analyses: The concurrent validity was determined by comparing the SSIT with the SST, by performing Pearson correlations for
all four outcome variables. The construct validity was determined by comparing elite and sub-elite youth soccer players with an
independent t-test and ANCOVA, with covariates age and training hours4.

Countdown

Go-signal: one of the team members turns 
towards the goal
Stop-signal: one of the defenders comes in 
between you and one of the attackers 

Go-trial: press left or right arrow
Stop-trial: do not press 

Feedback: success or failure 

• Concurrent validity: Only one significant correlation
between the SSIT and SST for the accuracy in go-trials
(r = 0.422; p < .05)

• Construct validity: Elite outperformed sub-elite for the RT
and accuracy at stop-trials, see Figure 2a and 2b. When
correcting for age and training hours the significant
differences disappeared.

Figure 2. Mean RT (a) and accuracy (b) for go- and stop-trials for both elite and sub-elite youth 
soccer players, * indicates a significant difference between the elite and sub-elite youth soccer 
players, significant at p < .05. 

Figure 1. Schematic representation of 1 trail of the SSIT 

1 trial

Concurrent validity: The SSIT is partly comparable to the SST, which can be explained by for example
the differences in go- and stop-signal and the calculation of RTs.
Construct validity: it seems that the SSIT is able to discriminate between performance levels, only for
the inhibition components.

TAKE HOME MESSAGE
The newly developed SSIT is sensitive enough to compare within youth soccer players of
different performance levels for the inhibition components.

1Wang et al., 2013; 2Diamond, 2014; 3Best & Miller, 2010; 4Field, 2014
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Play equipment with a more open function: do 
children perform a wider variety of actions? 

Poster abstract

The concept of ‘open function’ is introduced by Fuchs to refer to play 

equipment that does not suggest a specific type of play behavior. Such 

play equipment is often characterized by its neutral and abstract forms, 

supposed to foster children’s creativity. 

The current study examined whether children perform a wider variety of 

actions on play elements that have an open function. Twenty-two 

children, between 6 to 12 years old, were to play for two minutes on each of 

the seven different play elements in a Parkour playground. These play 

elements were supposed to vary in their degree of open function. Participants 

were asked to mention what action children will mainly perform on each of 

the seven Parkour play elements. Based on the participants’ answers and 

reaction times, we found that the Parkour play elements indeed differ in the 

degree to which they have an open function. However, we found that 

children did not show more variation in their play behavior on play elements 

with a higher degree of open function. However, the test to determine the 

number of different actions appeared not to be valid. Hence, no solid 

conclusions can be drawn. The implications of the findings are explored. 
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Play equipment with a more open function: do 

children perform a wider variety of actions?

References

1Fuchs, R. (2002). Foreword. In L. Lefaivre, & I. de Roode (Eds.), Aldo van 

Eyck: The playgrounds and the city (p. 7). Rotterdam: NAi Publishers. 

Introduction1
Open functions:

> The concept of open function1 refers to play

equipment that does not suggest a specific type of

behavior.

> Play elements with an open function allow children

to discover all of the action possibilities a play

element has to offer.

Aim:

> To determine whether children perform a wider

variety of actions on play equipment with an open

function.

Methods

Determination of open function:

> 26 participants (18-25 years old) mentioned what action, in their

view, children will mainly perform on each of the seven Parkour

play elements and three conventional elements (slide, swing,

seesaw).

> Answers were noted and reaction times determined.

> Students made piles of answers that refer to the same action.

> The more piles, the higher the degree of open function.

> The longer the reaction times, the higher the degree of open

function.

Examining children’s play behavior:

> 22 children (6-12 years old) played for two minutes on each of the

seven different Parkour play elements. Their behaviors were

filmed.

> 20 participants (17-49 years old) watched short video clips (2 sec.)

of individual playing children and were to describe the actions.

> The more action categories the participants made, the more

actions the children had performed.

2

It is expected that children perform more different actions on play equipment with a more open function.Hypothesis

Discussion and conclusion4
> Reaction time suffices as a method to determine degree of open function.

> Method to determine the number of different actions performed by the children was not valid.

> Hence, no conclusion can be drawn regarding the play behavior of the children.

Results3
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A positive and significant Kendall’s τ correlation 

between the reaction times and the number of 

piles was found (τ = 0.774, p = 0.003).
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The development of a physical-technical tennis-specific field test 
(PTTF-test) for the monitoring of tennis performance 

Michel Sebastiaan Smit1 – S2019299
1 
Department of Human Movement Sciences, University Medical Center Groningen, 

University of Groningen, The Netherlands.  

Abstract: 
Standardized test protocols are a valuable tool to capture an individual’s tennis performance, 
to monitor progress over a time frame or to compare an athlete’s performance to another 
athlete. The four components that comprise tennis performance are the technical, tactical, 
physical and psychological component (Kovacs, 2007). The technical component is often 
considered the most determining factor to win points. However the intermittent physical 
component is important for athletes to persevere the demands of matches in high-intensity 
points (Kovacs, 2007; Reid et al., 2014). The monitoring of physical performance in a tennis-
specific setting is therefore indispensable. Several incremental physical test protocols, that 
include the tennis-specific ball hitting, have yet been developed 
(Brechbuhl., 2016). Tough implementations to further increase tennis-specificity are 
available. The implementation of oncoming ball direction randomization secures the need for 
tennis-specific footwork between the strokes. Furthermore, the quality of strokes should 
serve as outcome variables of a tennis-specific protocol as well. Consequently the present 
study has developed the PTTF-test for the monitoring of tennis performance. This test will 
serve specifically to monitor decreasing technical performance under increasing physical 
intensity. Assessment of discriminant validity was included.  

15 male tennis athletes were included within this study and classified as either elite (n=5, age 
13.8±1.0) or sub-elite (n=10, age=14.3±1.0) based on singles ranking per year of birth. 
Participants were fed by a ball machine with randomized oncoming ball direction and were 
instructed to direct their strokes towards targets. Intensity levels of 60 seconds were 
alternated with rest periods of 30 seconds, given the intermittent nature of tennis. The 
intensity of the PTTF-test protocol was incremented per intensity level. Outcome variables of 
the PTTF-test protocol were mean heart rate increase, mean stroke velocity decrease, mean 
stroke accuracy decrease, mean velocity-accuracy-index (VA-index) decrease and mean 
percentage errors (PE) decrease per intensity level and final reached intensity level (PTTF-
level) The outcome variables were checked for differences between elite and sub-elite 
athletes by a multivariate analysis of variance. 

Analysis revealed that elite athletes outscored sub-elite athletes on mean PE decrease per 
intensity level (p<.05) and PTTF-level (p<.05). These results indicate the discriminative value 
of mean PE decrease and PTTF-level for performance. The PTTF-test protocol hereby has 
proven its value for performance monitoring and talent discrimination in tennis for male 
athletes aged 13 to 16 years old. 

[Physique] [Technique] [Protocol] [Incremental] [Intermittent][Racquet sport] 

References: 
Brechbuhl C, Girard O, Millet GP, Schmitt L. On the Use of a Test to Exhaustion Specific to 
Tennis (TEST) with Ball Hitting by Elite Players. PLoS ONE 2016; 11(4). 

Kovacs MS. Tennis physiology: training the competitive athlete. Sports Med 
2007;37(3):189-198. 

Reid M, Duffield R. The development of fatigue during match-play tennis. Br J Sports Med 
2014Apr; 48 Suppl 1:i7-11. 
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MESSAGE 

The development of a physical-technical tennis-specific field test (PTTF-test) for the 

monitoring of tennis performance 

References 

Figure 1. PTTF-protocol set-up 

Figure 2. Elite/Sub-elite differences in outcome variables of the PTTF-test protocol 

Fixed test protocols are a valuable tool to monitor tennis performance. 

The physical component is important to persevere the demands of 
matches as fatigue develops and in points of high intensity1,2,3,4. 
The technical component is the most determining factor to win points. 

Test batteries require the inclusion of the physical and technical 
component in a maximized tennis-specific protocol. 
Tennis-specific modifications to the TEST-protocol5 are available. 

Aim: The development of a physical-technical tennis-specific field test 
for the monitoring and discrimination of tennis performance. 

• Monitoring decreasing technical performance under
increasing physical intensity

• Determine discriminant validity

15 male tennis athletes, aged 13 to 16 years, old were included in this study. These athletes were classified for performance levels 
as either elite (n=5; age 13.8±1.0) or sub-elite (n=10; age 14.3±1.0), based on singles ranking per year of birth (cut-off rank: 3). 

Athletes were fed by a ball machine (Promatch SmartShot Xtra) and instructed to direct strokes crosscourt towards targets (figure 1).  
Intensity levels of 60 seconds were alternated with rest periods of 30 seconds. 
The intensity of the PTTF-test protocol was raised by increasing stroke frequency per intensity level. 
Randomisation of oncoming ball order was implemented to secure the need for tennis-specific footwork. 

Playsight Smartcourt6 was used for registration of raw outcome values for stroke velocity, stroke accuracy, velocity-accuracy-index 
(VA-index)7 and percentage errors (PE).  
Outcome variables of the protocol were mean heart rate increase, mean stroke velocity decrease, mean stroke accuracy decrease, 
mean VA-index decrease and mean PE decrease per intensity level and final reached intensity level (PTTF-level). 

A multivariate analysis of variance was executed to check whether differences for the outcome variables between elite and sub-elite 
athletes exist. 

• Discriminant validity of the PTTF-test protocol is determined by significant differences in PTTF-level
and mean decrease in error percentage between elite and sub-elite athletes.

• The PTTF-test protocol is a valuable tool for performance monitoring and talent discrimination in
tennis for male athletes aged .13 to 16 years old.

• Complete article on the additional assessment of PTTF-test construct validity and feasibility.

1. Kovacs, 2004; 2. Kovacs et al., 2004; 3. Kovacs, 2007; 4. Reid et al., 2014; 5. Brechbuhl et al., 2016; 6. Playsight, 2015; 7. Kolman et al., 2017

The outcome variables, specified per performance 
level, are presented in figure 2. 

• Elite athletes outscored sub-elite athletes on mean
percentage error decrease per level (p<.05).

• Elite athletes reached a higher intensity at the PTTF-
test than their sub-elite counterparts (p<.05).
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Unravelling offensive success in soccer: A dynamical

analysis of passing by time-to-intercept modelling 

Rick C.T. Stoop

Abstract 

Large tracking and event datasets of official matches in soccer provide sport 

scientists, data analysts and researchers with data for advanced spatial-temporal 

tactical analysis. In soccer, passing can be seen as a fundamental performance 

indicator. However, the main focus of previous research in passing was primarily on 

notational or spatial parameters solely, whereas the combination was studied to a 

lesser extent. Therefore, the purpose of this study was to see if forward passing 

options, pass difficulty and pass quality related to team success in soccer. In total, 

this study included 21 official matches of one professional soccer team during an 

entire season of the Dutch Eredivisie. By using a time-to-intercept model forward 

pass options, pass difficulty and pass quality were calculated as independent 

variables, whereas score-box penetrations, goal scoring and winning were included 

as measures of success. The results showed that the proposed model was able to 

predict 71% of all received passes in the dataset with 47% of the passes being 

received in the dominant direction of play. Besides, mean forward options per pass 

was the only variable relating to success, i.e. score-box penetrations (r = .267; p 

= .044), and hinted towards a relation with goal scoring (r = .253; p = .053). An 

additional result was the negative relation between passing difficulty and passing 

quality for losing teams (r = .686; p < .001). Interestingly, this relation was not apparent 

in winning teams (r = .228; p = .320) resulting in a significant difference between 

winning and losing teams (z = -1.82; p = .034). So, it seemed that creating more 

forward passing options can influence success in a team sport like soccer and 

additionally there seemed to be a difference in the trade-off for pass difficulty and 

pass quality. Altogether, this new approach for passing analysis on macro level 

showed a promising trend and application for analyzing success in soccer. 

Additionally, the proposed model could be improved while also extending the analysis 

more on a meso or micro level. Furthermore, focusing on different pitch areas and 

pass sequences preceding (un)successful match events could substantially 

contribute to future research as well.

Keywords: Big data, Decision-making, Ecological approach, Football, Performance 

analysis, Physics based modelling 72



Figure 1. Visualization of a pass event with all players and their movement trajectories

over a 3-second window with all passing options indicated by circles.
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Introduction Results

CONCLUSION

Unravelling offensive success in soccer by analyzing passing options

References

Large datasets of official matches in soccer provide sport
scientists, data analysts and researchers with data for
advanced spatial-temporal tactical analysis1

Passing is a fundamental aspect in soccer, however the
quantification of passing lacks consensus regarding
match successfulness2.
Combining event and tracking data might provide a
solution for this problem3.
The purpose of this study is to see if forward passing
options, pass difficulty and pass quality relate to team
success in official soccer matches.

For the purpose of this study 21 official matches of one
professional soccer team during an entire season of the
Dutch Eredivisie were included.
Based on player’s velocity, acceleration, pass speed, pass
length and pass area a time-to-intercept model was used to
calculate pass options.

Dependent variables

Score-box penetrations
Scoring
Winning

Independent variables

Forward pass options
Pass difficulty
Pass quality

Methods

The model predicted 71% of all received passes
with 47% being in the dominant direction of play.
22% of all options were in the attacking third
Forward pass options positively relate to score-box
penetrations (r = .267; p = .044)
Pass difficulty and pass quality were negatively
related for losing teams (r = .686; p < .001) and
differed from winning teams (r = .228; p = .320) (z
= -1.82; p = .034).

Figure 4. Relation between pass difficulty and pass quality for winning and 

losing teams
* A higher number indicates a lower difficulty.

The proposed model can be used as a building block towards future time-to-intercept
models. Despite the strength, forward pass options might provide as useful parameter to
analyze success in soccer. Lastly, future research could focus on analyzing meso/micro level
of pass characteristics, locations on the pitch or pass sequences before (un)successful events.
1Rein, R., & Memmert, D. (2016); 2Hughes, M, Caudrelier, T., James, N., Redwood-Brown, A., Donnelly, I., Kirkbride, A., & Duschesne, C. (2012); 3Bornn, L., Cervone, 

D., & Fernandez, J. (2018)

Figure 3. Relation between mean options forward and score-box penetrations.

Figure 2. Observed percentage of all forward passing options (N = 54084) and 

where they are located on the pitch.

Rick C.T. Stoop1
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Quantification of pressure on passers in football 
matches to predict pass successfulness 

Kyrill A. Visser 

Abstract 

To study tactics in football with positional tracking data, the outcome of passes can be used to 

evaluate performance behaviour by the attacking and defending team. Previous research has 

shown that player density of the defending team and exerted pressure on passes is higher in the 

defending team’s half. This study aims to assess to what extent pass accuracy is influenced by the 

exerted pressure on the passer and the distance to the opponent’s goal at pass reception/

interception.

120984 passes in 120 matches in the highest Dutch professional football league were 

analysed. To quantify pressure exerted on the passer, an existing pressure model was adapted to 

better catch the influence of the pressing defenders. Using a machine learning technique, 

probabilities of pass successfulness were predicted with the exerted pressure on passers and the 

distance to the opponent’s goal at pass reception. A binary logistic regression was used to create a 

model that classified passes as either successful or intercepted.

The pressure exerted on passers who passed successfully (6.6 ± 16) was lower compared 

to the pressure exerted on passers whose passes were intercepted (12.4 ± 22). When the distance 

between the opponent’s goal and the pass receiver was lower, the probability that the pass would 

be successful was lower. 67% of the passes were classified accurately with a Log Loss of 0.62. 

The distance between the opponent’s goal and the pass receiver was the strongest predictor of 

pass successfulness. Although the recall was 92%, a relatively high amount of passes were 

incorrectly classified as successful.

This study showed that the pressure model is able to quantify pressure in relation to the 

successfulness of attacking plays. Receiving a pass closer to the opponent’s goal and a higher 

exerted pressure on the passer decreases pass accuracy. Using a machine learning technique, 

classification of pass successfulness was reasonable accurate.

Keywords: football, tactical analysis, setting pressure, predicting pass successfulness
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The successfulness of passes can be 

used to evaluate tactical performance 

behaviour by the attacking and defending 

team1. Player density of the defending 

team and exerted pressure on passes are 

higher in the defending team’s half2,3. 

Pressure on the passer and the distance 

between the pass receiver and opponent’s 

goal were expected to influence pass 

outcome. This study aims to test these 

variables as predictors of pass 

successfulness.
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• 120984 passes detected in 120 Eredivisie matches

• Existing pressure model with 2 adaptions3

• Machine learning: a binary logistic regression

Predictors

Dependent variable

𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓 𝑝𝑎𝑠𝑠 𝑠𝑢𝑐𝑐𝑒𝑠𝑠𝑓𝑢𝑙𝑛𝑒𝑠𝑠 = 0.740 − 0.115 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑜𝑛 𝑝𝑎𝑠𝑠𝑒𝑟 + 0.721 [𝑅𝑒𝑐𝑒𝑖𝑣𝑒𝑟 − 𝐺𝑜𝑎𝑙 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒]

Regression equation

Figure 1. Pass accuracy for 10m ranges of 

Receiver-Goal distance.
Figure 2. Pressure on passers and pass receivers for 10 m ranges of 

Receiver-Goal distance.
*a higher value indicates more pressure

• Pressure on unsuccessful passes (12.4 ± 22) was higher compared to successful passes (6.6 ± 16)

• Pressure on pass receivers was 5.3 ± 17

• The model classified 67% of all passes accurately (Log Loss = 0.62)

• Receiver-Goal distance was the strongest predictor

• Receiver-Goal distance and pressure on a passer are reasonably accurate

predictors of pass successfulness

• Future research should evaluate exerted pressure in relation to the

effectiveness of passes
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