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In everyday life, the ability to perform two tasks simultaneously, dual task, is an omnipresent issue. 
There are several factors that can limit an individual’s ability to dual task, such as neurological 
pathologies, or physical disabilities. A reduced ability to perform dual task activities can result in 
decreased gait performance, higher risk of falls, a high probability of reduced participation, as well 
as contributing to a number of deterioration processes in the body. There are numerous situations 
in which dual tasking is used in therapy, however, there is no consensus regarding what kind of 
dual task to train in order to have the most effective outcomes. The aim of this systematic review 
is to investigate the relative effect of motor versus cognitive dual task on brain activity patterns 
and gait performance. Ten studies were identified in a systematic literature review in order to 
provide insight into the current status concerning the topic. The results showed high variations of 
analysed parameters and a very small amount of studies examining motor dual tasks. However, 
results indicated that cognitive dual tasks had a greater impact on brain activity. In regard to gait 
performance, no definite answer was found. Given the importance of dual tasks in everyday life 
and the numerous groups of people experiencing difficulties while dual tasking, the possibilities of 
adapting dual tasks in therapy should be a topic of future research. 
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ABSTRACT 

Autor: Nina-Madeleine Farmer 

Die Effekte von motorischen und kognitiven Sekundäraufgaben auf die Hirnaktivität und 
Gangleistung 

Systematische Übersichtsarbeit 

                                                                                                                Seiten: 31 

Die Fähigkeit, zwei Aufgaben gleichzeitig auszuführen, auch dual tasking genannt, ist im Alltag ein 
allgegenwärtiges Thema. Es gibt verschiedene Faktoren, die die Fähigkeit eines Menschen, dual 
tasks auszuführen, einschränken, wie beispielsweise neurologische Pathologien oder körperliche 
Behinderungen. Die Verminderung dieser Fähigkeit kann zu abnehmender Gangleistung, 
erhöhtem Fallrisiko und einer hohen Wahrscheinlichkeit für reduzierte Partizipation führen, sowie 
folglich zu einer Anzahl an Abnützungserscheinungen des Körpers beitragen. Obwohl es 
zahlreiche Situationen gibt, in denen dual tasking als Intervention in Verwendung kommt, gibt es 
keinen Konsens bezüglich der Frage welche Art von Doppelaufgabe trainiert werden soll, um 
möglichst wirksame Resultate zu erzielen. Das Ziel dieser Arbeit ist es, die relativen Effekte von 
motorischen dual tasks im Vergleich zu kognitiven dual tasks auf die Hirnaktivität und die 
Gangleistung zu untersuchen. Zehn Studien wurden in der systematischen Übersichtsarbeit 
ermittelt, um einen Einblick in den aktuellen Stand der Forschung in diesem Thema zu 
gewährleisten. Die Ergebnisse zeigten eine Vielzahl an verwendeten Analyseparametern und eine 
kleine Anzahl an Studien zur Untersuchung von motorischen dual tasks. Trotzdem zeigte sich eine 
größere Auswirkung von kognitiven dual tasks auf die Hirnaktivität. In Bezug auf die 
Gangleistung konnte keine eindeutige Antwort gefunden werden. Aufgrund der Wichtigkeit von 
dual tasks im Alltag und der Vielzahl an betroffenen Personengruppen, die Schwierigkeiten bei der 
Ausführung jener erleben, sollte die Möglichkeiten der Anpassung von dual tasks auf verschiedene 
Therapieziele und Patientengruppen Thema für zukünftige Forschung sein. 
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Definitions 

Cadence 

In gait analysis, this term is used to describe the number of steps performed in the time frame 
of one minute (Kirtley, 2006). 

Dual Task 

Performance of a primary task (e.g. walking) simultaneously to a secondary cognitive (e.g. 
psychological test) or motor (carrying a glass of water on a tray) task (Hackfort, Schinke, & 
Strauss, 2019). 

Dynamic Stability 

Describes the ability to maintain stability or balance and possible fall prevention (Zalpour, 
2010). 

Electroencephalography (EEG) 

Type of brain imaging system, that displays the electrical brain activity (Klem, Lüders, Jasper, 
& Elger, 1999) 

Event-Related 

Potentials  are electrical responses in the brain structures to stimuli or events in 
form of small voltages (Sur & Sinha, 2009). 

Synchronization  is an amplitude increase in the electrical brain activity as reaction to 
stimuli or events (Klimesch, 2012). 

Desynchronization is an amplitude decrease in the electrical brain activity as reaction to 
stimuli or events (Klimesch, 2012). 

 



 

 

Functional Near-Infrared Spectroscopy (fNIRS) 

Type of brain imagery system that displays the stimulus-related blood flow in the brain 
structures (Ayaz & Dehais, 2019). 

Haemodynamic 

Adjective used in the description for all processes involved in the blood circulation system 
(Cambridge Dictionary, n.d.a) 

Limbic association cortex 

Makes an event important, as it is responsible for the effect of the emotional factor of a 
situation and the memorization of said (Marieb & Hoehn, 2013). 

Motor neurons 

Nerve cells sending signals to the muscle fibres (Lackie & Nation, 2019) 

Neuromuscular 

Term used to describe processes involved in the junction between muscles and their 
connected nerve cells (Cambridge Dictionary, n.d.b) 

Posterior cingulate cortex 

Part of the limbic association cortex (Marieb & Hoehn, 2013). 

Posterior parietal cortex 

Responsible for the combination and association of information from numerous parts of the 
brain, external as well as internal information (e.g. sensory, visual, proprioceptive information) 
(Whitlock, 2017). 

Precuneus 

Brain area that is primary active in processes of self-reflection, environmental perception and 
episodic memory (Zhang & Li, 2012). 

Prefrontal cortex 

Involved in the process of behavioural regulation and attention as well as sorting and selection 
of information (Dunn & Kronenberger, 2013). 

Premotor cortex 

Responsible for movement guidance with planning and initiating processes (Moore, 2018) 

Primary motor cortex 

Highly active when acquiring and performing tasks that involve a high amount of skills 
(Kleim, 2009). 



 

 

Proprioception 

“self-perception”, meaning the perception of body position and movements (Zalpour, 2010) 

Somatosensory association cortex 

Important part of the association cortices, that are responsible in complex processes leading to 
the appropriate identifying and processing of complex stimuli in combination with present 
knowledge to react (Purves, Augustine, & Fitzpatrick, 2001) 

Sensorimotor cortex 

Part of the brain that is especially important for the conceptualisation of objects and actions. 
Furthermore plays a crucial role in learning movements together with the premotor cortex, as 
it shows high activity in mirroring processes meaning that an individual sees a movement and 
mirrors it (Pineda, 2008). 

Single task (ST) walking 

As this paper is focused on the effects of DTs, the term “single task walking” is used to 
compare data collected during dual tasking or DT walking to ST walking, meaning walking 
alone. 
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1 Introduction 

In everyday life, the ability to perform two tasks simultaneously, dual task (DT), is an omnipresent 

issue, beginning with waking up in the morning and walking to the bathroom while thinking about 

the schedule of the day or pushing a shopping cart through the store while mentally checking the 

grocery list (Duncan, Gosling, Panchuk, & Polman, 2019). There are several factors that can limit 

an individual’s ability to DT. For example: neurological pathologies, affecting either the peripheral 

nervous system or the brain, such as stroke (Hermand et al., 2019), or physical disabilities, such as 

missing limbs that are replaced by prosthetics (Shaw et al., 2019). A reduced ability to perform DT 

activities can result in decreased gait performance, higher risk of falls (Meyer & Ayalon, 2006) as 

well as contributing to a number of deterioration processes in the body (Lee, 2007). Furthermore, 

it is very likely, that a reduced ability to DT also decreases participation. There are numerous 

possibilities to train DT in a therapy setting, however there is no consensus on what kind of DT 

to train in order to have the most effective outcomes, or whether there is a difference between the 

effects of different types of DT and whether there are specific DTs to train for specific pathologies. 

In the following section, important theories and technical terms will be introduced and explained, 

leading to the aim and research question. 

1.1 Dual Task 

DT is the process of performing two tasks at the same time. It can be divided into two categories: 

motor DT and cognitive DT. An example for motor dual tasking, also known as performing a 

primary task and a secondary motor task simultaneously, could be walking (primary task) while 

balancing a glass of water on a tray (secondary motor task) or standing on one leg (primary task) 

while catching a ball (secondary motor task). Cognitive dual tasking involves performance of a 

mental task or psychological test while performing the primary task. A cognitive secondary task 

could be counting backwards or solving calculations. It is commonly accepted that, when 

performing a DT, our attention needs to be divided. This can result in a decrease in performance 

quality of one of both tasks (Plummer & Eskes, 2015; Silsupadol, Siu, Shumway-Cook, & 

Woollacott, 2006; Strobach, Wendt, & Janczyk, 2018).  

In the field of physiotherapy, DT is frequently used as an intervention to train gait and balance 

(Elhinidi, Ismaeel, & El-Saeed 2016). An important term in this context is ‘dynamic stability’, which 

is defined as the ability to maintain balance or stability and prevent possible falling while exposed 

to external threats (e.g. secondary tasks). In order to achieve dynamic stability, an individual needs 
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to maintain synergy between proprioception, which is the perception of the body’s position and 

movement (Zalpour, 2010), perception of external stimuli, such as seeing and hearing, muscular 

strength, activity and their coordination (Meyer & Ayalon, 2006). With injuries and degenerative 

processes, the neuromuscular control mechanisms can be disrupted (Meyer & Ayalon, 2006). 

Exercises aimed at using and training dynamic stability under DT conditions are subsequently used 

to treat numerous patient groups including children with neurological deficiencies (e.g. cerebral 

palsy) and orthopaedic issues (e.g. ligament injuries to the knee).  

Specific types of secondary tasks used for gait training during therapy include both cognitive 

and motor tasks. While there is no consensus regarding the most appropriate DT paradigm to use, 

there is some indication that the specific type of DT selected may affect cognitive processes in 

different ways and be more or less effective for individuals with different impairments. For 

example, an individual with cognitive involvement may gain more from gait training using a 

cognitive DT while an individual with a motor impairment may gain more by training with a motor 

DT (Yang, Cheng, Lee, Liu, & Wang, 2019). 

1.2 International Classification of Functioning, Disability and Health 

In order to display the relevance of DTs for clinical practice, the framework established by the 

World Health Organization (WHO) in 2001 will be utilized. The International Classification of 

Functioning, Disability and Health (ICF) can be used to encourage clinicians to evaluate the effects 

of interventions from a holistic perspective, taking into account the physical, psychological and 

social consequences of treatment on an individual’s health and well-being (WHO, 2001). The main 

components of the ICF are the body functions (physiological processes of systems in the body) 

and structures (parts of the body), activities (executive process of tasks or actions), participation 

(an individual’s involvement in his or her own life) and contextual factors (the background factors 

of an individual, such as environmental or personal factors) (WHO, 2001). As an impaired ability 

to DT can influence all aspects of an individual’s life, it is crucial to take all of these factors into 

account in order to ensure a holistic intervention process (de Rooij, van de Port, van der Heijden, 

Meijer, & Visser-Meily, 2019; Horvat, Croce, Tomporowski, & Barna, 2013). In figure 1.2-1, the 

relations and interactions within the described parts of the ICF are displayed. 
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Figure 1.2-1 

Interactions Within the Factors of the ICF 

Note. Display of the areas of the ICF in relation to each other (WHO, 2001, p.17) 

1.3 Processes and Functional Neuroanatomy of Movement 

In order to understand how dual tasking can influence cognitive processes during gait, a short 

overview of the functional anatomy and physiology of movement is presented.  

Movement, both voluntary and involuntary, begins in the brain. External (e.g. seeing a glass of 

water) and internal (e.g. a desire to get a drink) stimuli are processed and signals sent to the skeletal 

muscles via the descending motor pathways (e.g. grabbing the glass of water) as reactions to the 

said stimuli. Different regions of the brain are responsible for different activities/actions. These 

are listed below in accordance with Bertram and Laube's findings (2008): 

• Parietal lobe: sensory-motor coupling, which is the collaboration between the sensory and 

the motor system 

• Frontal lobe: planning, decision making, working memory, motor learning, concentration, 

motivation, wakefulness, speaking motor skills, personality 

• Temporal lobe: hearing, visual processing, sensory speaking skills 

• Occipital lobe: visual processing 

• Cerebellum: balance, refined motor skills, studying, head movements 
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As displayed in figure 1.3-1, specific brain areas for movement that is initiated by a visual 

stimulus (e.g. seeing a glass of water and picking it up) are highlighted. Together with the limbic 

association cortex, the prefrontal cortex in the frontal lobe is responsible for the decision to move. 

Consequently, visual information related to the movement is transmitted from the visual areas via 

the posterior parietal cortex to the premotor areas, ensuring a smooth and precise movement as it 

is crucial for the movement planning process. Information is then transmitted to the primary motor 

cortex leading to further information transmission onto the motor neurons, and finally, to the 

skeletal muscles (Martin, 2003). 

 

Note. Illustration highlighting the main brain areas (Martin, 2003, p. 231) 

 

 

 

Figure 1.3-1 

Brain Areas Involved in Visually Guided Movement. 
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1.4 Brain Imagery 

One relatively recent means by which dual tasking has been investigated is to capture and analyse 

patterns of brain activity. There are a number of different brain imagery systems available, however 

not all can be used while an individual performs dynamic activities. Two common systems that can 

be utilized for this purpose are: functional near-infrared spectroscopy (fNIRS) and 

electroencephalography (EEG). 

EEG is a technique that records the electrical activity in the brain. In order to achieve this, 

electrodes are placed on the scalp that record signals which are transferred to a computer for 

visualisation and analysis. Commonly, the labelled electrodes are applied in form of a cap on the 

specific landmarks on the skull defined by the ten-twenty electrode system of the International 

Federation: Fp (fronto-polar area), F (frontal area), C (central area), P (parietal area), O (occipital 

area) and T (temporal area). Furthermore, the electrodes are numbered, with odd numbers 

representing the left hemisphere and even numbers representing the right hemisphere and z for 

central electrodes (Figure 1.4-1) (Klem et al., 1999). 

Figure 1.4-1 

Placement of Electrodes 

 

Note. This figure demonstrates the placement of electrodes for the EEG according to the ten-twenty 

electrode system of the International Federation from anterior, superior and posterior. (Klem, Lüders, 

Jasper, & Elger, 1999, p. 5). 

 

This basic set-up can also be modified for more electrodes (Klem et al., 1999). When changes of 

the electrical activity occur in an area and a stimulus is processed, certain wave patterns or event-

related potentials occur (Sur & Sinha, 2009). For analysis, the event-related potentials and the 
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frequency of these neural oscillations are measured and interpreted to determine the activity state 

of the brain area of interest. The most important parameters of event-related potentials in the 

present review are the N2 and P3 components, which, according to De Sanctis, Butler, Malcolm 

and Foxe (2014), are often associated with inhibitory control, where N2, appearing 250-350ms after 

the stimulus, is characterized as an early response, that is already automatized in the brain and the 

P3 component, as late controlling response, showing at 400-550ms post-stimulus. Regarding the 

frequency of neural oscillations, electrical brain activity can be divided into five so-called bands: 

delta, theta, alpha, beta and gamma (Schomer, Lopes da Silva, & Niedermeyer, 2018). The alpha 

band with a frequency of 8-13Hz can be seen most frequently when the subject is awake and 

tranquil. Increasing during light sleep, fatigue or concentration, waves above 13Hz can be observed, 

which are also known as beta band. Theta bands can be observed mostly during cognitive tasks, 

sleep, increased concentration and are often activated by emotions which are displayed with a 

frequency between 4Hz and 7Hz. Waves occurring in a frequency lower than 4Hz constitute the 

delta band, observable mainly during the stages of deep sleep (Tatum, 2015). During an increase 

of cognitive task demand, especially tasks related to memory, or the processing of sensory 

information, gamma bands in the frequency of 30-100Hz are oscillating (McDermott et al., 2018). 

When reporting changes in brain activity regarding the frequency bands, different terms can be 

used for either the event-related synchronization, which describes the increase in amplitude, or the 

event-related desynchronization, which is referred to as a decrease in amplitude (Klimesch, 2012). 

Furthermore, decrease or increase in spectral density power can be utilized to describe the 

processes in frequency bands. 

FNIRS measures brain activity by analysing the blood flow and the ratio of oxygenated (oxy-

Hb) and deoxygenated haemoglobin (deoxy-Hb). As oxygen, which is carried in the blood by 

haemoglobin, is one of the most important metabolic resources for neuronal functions, active brain 

areas exhibit higher blood flow and volume. Additionally, with increasing brain activity, more 

oxygen is needed, leaving an increasing number of deoxy-Hb in the concerned brain area (Cohen 

& Sweet, 2011). This haemodynamic process can be detected as the oxy-Hb and deoxy-Hb have 

different absorption spectra and thus reflect different amounts of light and allow an analyzation of 

changes of oxy-Hb and deoxy-Hb ratios and concentrations in order to detect brain activity 

patterns (Ayaz & Dehais, 2019). 

In conclusion, taking the described factors into account, it can be stated that even a little amount 

of physical activity is beneficial for the entire body (Lee, 2007), with walking being the most 

frequently and easiest done in most cases, especially while listening to music, navigating, texting or 
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talking on the phone (Pizzamiglio, Naeem, Abdalla, & Turner, 2017). The ability to DT is an 

important ability needed in everyday life for every patient group, from paediatric to geriatric 

patients. Consequently, it is crucial to understand the mechanisms of dual tasking in general as well 

as the mechanisms of the two different types of DT. Additionally, in order to incorporate DT in 

therapy effectively, it is also important to research, whether there is actually a difference concerning 

the effectiveness of motor DT and cognitive DT and if so, how to properly utilize that knowledge 

for different pathologies. 

In the course of this literature review, the focus will be set on young healthy adults, as it is crucial 

to understand the effects of motor DT and cognitive DT in the healthy population first, in order 

to assess the effectiveness in different pathologies and different age groups. Furthermore, this will 

assure, that confounding factors such as neuropathies or difficulties with balance, do not distort 

the results. 

1.5 Aim 

The aim of this systematic review is to investigate the relative effect of motor versus cognitive DT 

on brain activity patterns and gait performance. It is anticipated that results of the review will 

facilitate the appropriate use of different types of DT according to pathologies and will give 

suggestions and ideas for further research in this context. 

1.6 Research Question 

What is the evidence to support the relative effects of motor versus cognitive DTs on gait 

performance and brain activity in healthy adults under the age of 60 years? 
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2 Method 

A systematic review was conducted in order to address the research question. To capture all 

relevant research, four databases were searched. Procedures used to perform the review conformed 

to the PRISMA guidelines (Moher, Liberati, Tetzlaff, Altman, & The PRISMA Group, 2009). The 

methodology for this systematic review is pictorially represented in figure 2-1 and described in 

more detail below. 

2.1 Search Strategy 

A systematic search was performed to identify appropriate articles to include in this review. The 

databases utilized to identify relevant research were PubMed, Scopus, Web-of-Science and 

CINAHL. These databases cover life, health, and social sciences, as well as topics related to nursing 

and allied health professions. The search terms that were used were synonyms and words related 

to 1) dual task paradigms, 2) gait and 3) fNIRS or EEG. An example of the search strategy used 

for PubMed can be found as appendix 1. 

2.2 Inclusion and Exclusion Criteria 

Studies were included in the review if the target group under investigation included children who 

were capable of walking or adults under the age of 60. Publications were also required to investigate 

walking as the primary task together with a cognitive and/or motor secondary task. Moreover, 

studies were required to have investigated the effects of DT on gait and have included a measure 

of brain activity during the DT gait. Furthermore, as DT walking is a dynamic process in everyday 

life, fNIRS and EEG had to be applied to evaluate the patterns of brain activity, as they can be 

utilized in dynamic experimental environments (Metzger et al., 2017). 

Database 
search 

 

Screening titles 
& abstracts 

 

Content 
analysis 

Quality 
assessment 

Screening 
full texts 

Data 
extraction 

Figure 2-2 

Selection Methodology 
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Case studies, systematic reviews, conference abstracts and articles written in languages other 

than English or German were excluded, as well as studies that included animals or infants. Research 

investigating brain activity under static conditions were excluded, as were studies that only 

examined standing exercises. As balance and gait performance are known to deteriorate with age, 

only healthy participants under the age of 60 years were included. The specific inclusion and 

exclusion criteria are summarized in table 1. 

Table 1 

Inclusion and Exclusion Criteria 

Inclusion criteria Exclusion criteria 
German, English Case studies, systematic reviews, conference 

statements 
Children who could ambulate and healthy adults 
<60 years 

Animals, infants 

fNIRSa, EEGb MRIc, fMRId, or any other type of static brain 
imagery 

Primary task: walking Primary task: static (e.g. standing on one leg, 
postural stability exercises) 

Secondary task: motor and/or cognitive  

Note. afNIRS – functional near-infrared spectroscopy; bEEG – electroencephalography; cMRI – magnetic 
resonance imaging; dfMRI – functional MRI 

2.3 Selection Process 

Titles of all articles identified from the initial search were reviewed by the author and those 

obviously not meeting the inclusion criteria were removed. Abstracts of the remaining articles were 

exported to the online data management software Rayyan (Ouzzani, Hammady, Fedorowicz, & 

Elmagarmid, 2016), duplicates were removed prior to the next stage of the analysis. The author 

and a senior researcher (NR) reviewed all abstracts in Rayyan independently and determined if they 

should remain or be removed. When each reviewer had made a decision on all abstracts, the 

blinding mode within the software was deactivated and results were compared. If there was a 

conflict in the decision, both authors discussed the abstract until they agreed on a result. The full-

text versions of the remaining articles were reviewed to ensure that they met the inclusion criteria. 

2.4 Data Extraction 

An Excel table was constructed to facilitate the data extraction process. Data extracted for analysis 

included the aim of the research, the number and age of participants, types of primary and 

secondary tasks performed, type of brain imagery used and research design. Furthermore, 

parameters of gait and the results were collected in the extraction table. 
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2.5 Quality Appraisal 

A quality assessment was conducted on all articles selected for inclusion. As all studies were 

identified as cross-sectional designs, the Joanna Briggs checklist was utilized to evaluate their quality 

(Moola et al., 2017). The author and a senior researcher (NR) performed the quality assessment of 

eight articles together and two final assessments were performed by the author only. As the number 

of selected articles is relatively small, no articles were excluded on the basis of quality. 

2.6 Calculation of Effect Sizes 

If data was available to calculate the Cohen’s d, which indicates the effect of interventions on 

specific outcomes, Cohen’s d was calculated by using the Psychometrica effect size calculators 

(Lenhard & Lenhard, 2016). The resulting effect sizes were interpreted as d≤0.2 = trivial, d>0.2 = 

small effect, d>0.5 = moderate effect, d>0.8 = large effect and d>1.3 = very large effect (Crutzen, 

2010). 

2.7 Ethical Considerations 

Ethical considerations concerning the investigated field of interest involve primarily the 

participants. The studies’ subjects were participating voluntarily in the investigations. All studies 

adhered the Declaration of Helsinki (World Medical Association, 2013). Specific topics to consider 

in this context are furthermore the safety of the participants, as there were exercises involved 

challenging the balance of the subjects, posing a potential fall risk. All studies were performed in 

an adequately equipped room also taking the target group, young healthy adults, who are expected 

to show a low risk of falling, into account. 
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3 Results 

In the following section, a short summary of the selected studies and their quality assessments will 

be given. Furthermore, a brief description and summary of the articles examining only cognitive 

DTs will be presented, as well as for publications investigating cognitive and motor DTs firstly in 

a table and consequently as a summary in text. The interpretation and meaning of the reported 

results in relation to the research question will be the topic of the discussion. 

3.1 Study Selection 

The search of the electronic databases yielded a total of 3406 articles. After removing duplicates 

and reviewing titles, 3194 articles were removed. Abstracts of the remaining 212 publications were 

then screened in Rayyan (Ouzzani et al., 2016) by the author and a senior researcher (NR), in 

accordance with the process detailed in the methods section. In blind reviewing of abstracts the 

two reviewers were in agreement on 84% (179 articles) of articles and disagreed on 16% (33 

articles). The author and senior researcher (NR) discussed the conflicting results until consensus 

was reached regarding these 33 articles, leaving 25 articles to be included in the full-text eligibility 

assessment. The full texts of these articles were then read, and another 15 articles were excluded, 

leaving ten articles for the final literature review. Seven articles were excluded because gait 

performance was not assessed in the course of the study. Reasons for excluding a further six articles 

were that the participants did not meet the inclusion criteria. One additional article was excluded 

because the investigation’s purpose was to examine the test-retest reliability of EEG within a 

timespan of 2 years (Fig. 3.1-2). 

Table 2 displays a summary of the articles included in the present literature review. All articles 

included healthy adults between the ages of 20 to 44 years. Four articles included walking 

conditions on a treadmill, one investigated gait performance outside in a campus garden and five 

studies were conducted on quiet walkways inside a building. Seven studies investigated cortical 

brain activity using EEG and four used fNIRS. The effects of cognitive DT were examined in 

seven articles, three articles investigated motor and cognitive dual tasking. No studies were included 

that examined only the effects of motor DT. Cognitive DTs utilized in the studies were spatial 

working memory tasks (1), n-back tasks (1), visual Go/NoGo tasks (2), auditory Go/NoGo tasks 

(1), counting forwards/backwards (3), conversing (1), texting (1) and colour-coded predefined 

pathways (1). Motor DT represented in the articles were an obstacle course (1) a task involving 

carrying a water bottle (1) and a task involving holding two rings at distance from each other (1). 



 

12 

 

For the purpose of this literature review, only significant results relevant to the research question 

were reported. 
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Figure 3.1-2 

PRISMA Flow-Chart 
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Table 2 

Summary of the Articles Included in this Systematic Review 

Author & 
year 

Aim Participants; 
Age (years) 

Dual task Cognitive (cc), Motor (md) 

Beurskens 
et al. (2016) 

Assessment of neural activation and behavioural performance during single task 
(STa) and DTb walking in young adults and examination of specific effects of the 
secondary task demands during DTb walking. 

12; 20-28 Walking + cc: auditory Go/NoGo, m 

De Sanctis 
et al. (2014) 

Investigation of effects related to walking on N2 and P3 components in order to 
assess the errors of various inhibitory processes of cognitive-motor interference. 

18; 21,8-36,1 Walking at normal and faster speed on a 
treadmill + cc: visual Go/NoGo 

Kline et al. 
(2014) 

To determine whether the concurrent performance of a working memory task while 
walking at different speeds affects brain activity patterns and gait performance. 

20; 18-39 Walking with different speeds on a treadmill 
+ cc: spatial working memory task 

Lin & Lin 
(2016) 

Examine the effects of DTb on lower-body movements coordination and brain 
activity under various motor-cognitive demands 

24; 20-27 Walking in a hallway + cc: n-back task 

Lu et al. 
(2015) 

Evaluation of the decrease in gait performance due to DTb interference and 
determination of the effects of a secondary motor or cognitive task on brain 
activity, as well as the corporation of cortical activation and gait performance while 
executing a DTb  

17; 23,1± 1,5 Walking + cc: counting backwards, m 

Malcolm et 
al. (2018) 

Assessment of sensory and cognitive loads affecting gait performance and brain 
activity 

16; 25±4,5 Walking on a treadmill + cc: visual 
Go/NoGo 

Meester et 
al. (2014) 

Explore the impact of a secondary cognitive task on brain activity, soleus H-reflex 
and gait performance at different walking speeds 

17; 22-44 Walking on a treadmill at different speeds + 
cc: counting backwards 

Mirelman et 
al. (2014) 

Determination of the dependence of gait on frontal lobe function and evaluate the 
effects of a simple and a more demanding cognitive DTb on gait performance. 

23; 24-38 Walking + cc: counting backwards/forwards 

Oliveira et 
al. (2018) 

To examine if cognitive processes responsible for precise steps while waking 
induces differences in the electrical brain activity. 

10; 30±4 Walking + predetermined step position; step-
position marked by different colour 
combinations 

Pizzamiglio 
et al. (2017) 

Examining brain activity patterns gait performance while walking outside and 
performing a DTb 

14; 26±3 Walking outside + conversing with examiner; 
texting on the phone 

Note. aST – single task; bDT – dual task; cc – secondary cognitive task; dm – secondary motor task
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3.2 Quality Assessments 

The detailed quality assessments were performed using the Joanna Briggs checklist (Moola et al., 

2017). Results can be found in figure 3.2-1. 

Figure 3.2-1 

Results of the Joanna Briggs Checklist 

The measurements of exposure in the studies were generally valid and reliable, except for one 

publication (Pizzamiglio et al., 2017), where this detail remained unclear. In this study, one of the 

selected cognitive DTs was replying to a “neutral” email on the phone, which, concerning the 

neutrality of the content, one could argue cannot be achieved with certainty, as the matter was not 

further discussed. Outcomes were measured in a reliable and valid manner in all of the selected 

publications. 

Inclusion criteria for the study group were poorly reported. Most of the records did not state 

the process of participant recruitment and specific factors for exclusion of participants clearly, the 

most obvious example was that the recruitment process was not clearly described (Beurskens, 

Steinberg, Antoniewicz, Wolff, & Granacher, 2016; Lu, Liu, Yang, Wu, & Wang, 2015; Mirelman 

et al., 2014; Pizzamiglio et al., 2017). 
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A detailed description of participants was another factor that was not available in several 

publications. Oliveira, Arguissain and Andersen (2018) described the participants as healthy, while 

not clearly defining the term ‘healthy’. Meester, Al-Yahya, Dawes, Martin-Fagg and Pinon (2014) 

did not clearly address the neurological status of the participants. Another poorly reported factor 

was the participants’ heights, which should be accounted for when comparing step length and 

number of steps. This variable was not reported in six of the articles (De Sanctis et al., 2014; Kline, 

Poggensee, & Ferris, 2014; Malcolm, Foxe, Butler, Molholm, & De Sanctis, 2018; Mirelman et al., 

2014; Pizzamiglio et al., 2017).  

Another item contributing to poor scoring in the Joanna Briggs checklist (Moola et al., 2017) 

was randomization which was not mentioned in five studies (Beurskens et al., 2016; De Sanctis et 

al., 2014; Malcolm et al., 2018; Meester et al., 2014; Mirelman et al., 2014). 

Concerning the statistical analysis, seven articles did not state clearly if their data was normally 

distributed and did not justify the use of parametric statistical tests (Beurskens et al., 2016; Kline et 

al., 2014; Lu et al., 2015; Malcolm et al., 2018; Meester et al., 2014; Mirelman et al., 2014; Oliveira 

et al., 2018). 

3.3 Types of Cognitive Dual Tasks 

The cognitive tasks that were utilized in the selected studies were very varied. The most frequently 

used tasks were response inhibition tasks, conducted in the form of visual Go/NoGo tasks (De 

Sanctis et al., 2014; Malcolm et al., 2018). Another cognitive task used in publications that only 

investigated the effects of cognitive DT was a working memory task, an edited version of the 

Brooks spatial working memory task (Brooks, 1967) (Kline et al., 2014) or counting forwards and 

backwards tasks (Meester et al., 2014; Mirelman et al., 2014). Pizzamiglio et al. (2017) investigated 

the effects talking or formulating a response to an email on the phone on walking, while participants 

in the article of Oliveira et al. (2018) were walking on a pathway with predefined steps, with 1) 

green marks on the floor and 2) with combinations of green, yellow and red marks on the floor in 

order to ensure a cognitive DT walking condition. 

3.4 Relative Effects of Cognitive Dual Tasks on Brain Activity 

The manner in which studies assessed the EEG data was very varied as well, making it difficult to 

find comparable elements. Three articles focused on the interpretation of alpha, beta, theta and 

gamma bands, with a focus on either brain activity related to the timing of the stimulus (Kline et 
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al., 2014), or on brain activity while DT walking in general (Malcolm et al., 2018; Pizzamiglio et al., 

2017). Another study examined the changes in event-related synchronization and event-related 

desynchronization related to the gait cycle (Oliveira et al., 2018) and one focused on the event-

related potentials N2/P3 of the EEG (De Sanctis et al., 2014). The reported significant results 

regarding the effects of cognitive DT on brain activity are displayed in table 3. 

Table 3 

Summary: Relative Effects of Cognitive Dual Tasks on Brain Activity 

Author & 
year 

Brain 
imagery 

Statistical analysis Results Effect 
size 
(d) 

De Sanctis 
et al. 
(2014) 

EEGa global dissimilarity 
regarding the ERPsb; 
Monte Carlo MANOVA 

P3 distribution while DTc 

primarily focused on anterior area, 
(especially frontocentral scalp area) in 
DTc walking compared to sitting. 

* 

Kline et al. 
(2014) 

EEGa Expected false discovery 
rate (5%) algorithm to 
generate new significant 
p-value 

Alpha: ↑ just before DTc stimulus; ↓ 
shortly following stimulus presentation 
in the left, right and central 
somatosensory association cortex 
Theta: ↓ during stimulus presentation in 
the superior parietal lobule and the 
posterior cingulate cortex (standing and 
all walking speeds) 

* 

Malcolm et 
al. (2018) 

EEGa Two x three-repeated- 
measures ANOVA; 
Post-hoc tests corrected 
for multiple 
comparisons with 
Tukey-Kramer 
procedure(Tukey, 1949); 
Greenhouse- Geisser 
corrections when 
suitable  

Alpha: ↓ spectral power in the occipital 
cortex cluster (F(1,11)=14.15, P=0.003) 
relative ↓ in the precuneus cluster 
(F(1,14)=21.07, P<0.001) during task 
engagement 
Beta: relative ↓ (F(1,14) = 13.16, 
P<0.003) in the precuneus cluster 
during task engagement 
Theta: ↑ spectral power in the 
supplementary motor area 
(F(1,22)=9.41, P=0.006) and in the 
anterior cingulate cortex (F(1,14)=11.61, 
P=0.004) 

 
1.374 
 
1.676 
 
1.325 
 
 
 
 
1.12 
 
1.244 

Meester et 
al. (2014) 

fNIRSd Paired t-test: evaluate the 
difference of Oxy-Hbe 
and Deoxy-Hbf 
concentrations during 
tasking and resting 
blocks; repeated 
measures ANOVA 
models: measurement of 
effects of task and speed 
on brain activity; 
Pearson 
correlationsalpha: 0.05 a 

Oxy-Hbe: ↑ in right prefrontal cortex 
(F=4.632, p=0.049); tendency towards 
the same results in left prefrontal cortex 
(F=3.535, p=0.08) while dual tasking 
Deoxy-Hbf concentration did not show 
any significant changes during dual 
tasking. 
No significant correlation found 
between peripheral and central 
mechanisms. 

 
0.761 
 
0.665 
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Author & 
year 

Brain 
imagery 

Statistical analysis Results Effect 
size 
(d) 

priori; Bonferroni 
adjusted p-values.  

Mirelman 
et al. 
(2014) 

fNIRSd Repeated measures 
ANOVA: assessment of 
differences of Oxy-Hbe 
and gait parameters; 
Post-hoc assessment: 
differences of the tasks 
in Oxy-Hbe and gait 
parameters; Significance 
levels set at 0.05  

Oxy-Hbe: ↑ in walking while counting 
(p=0.028) and additionally ↑ in walking 
while counting backwards in steps of 
seven (p=0,009 compared to STg 
walking); inverse relationship of gait 
variability and oxy-Hbe levels during the 
counting backwards by seven (r=-0.47, 
p=0.011) 

* 

Oliveira et 
al. (2018) 

EEGa point-by-point, one-way 
ANOVA with 
permutation test: 
assessment of effects of 
walking conditions on 
event-related spectral 
perturbations results à 
compared with each 
other across walking 
conditions: ANOVA at 
each time–frequency 
point; post-hoc t-test: 
couples of conditions 
for every time-frequency 
point. 

 

Beta: significant event-related 
synchronisation at the C4 electrode site 
just before the phase of transitioning 
from stance to swing phase. 
Gamma: significant event-related 
desynchronization at the electrode sites 
Cz, C3 and C4 from 0-20% of the gait 
cycle 
Overall event-related synchronization 
just before and after the initial contact 
phase when comparing DTc to STg 
walking 

* 

Pizzamiglio 
et al. 
(2017) 

EEGa Paired sample t-test for 
each electrode; clustered 
t-values à permutation 
test on power spectral 
density for each 
frequency of interest for 
three conditions; 
correction of multiple 
comparisons: Bonferroni 
test (p=0.025/9=0.0028 
for two-tailed test). 
 

Beta: comparing texting while walking to 
talking while walking: significant ↓ in 
power spectral density in the area of the 
frontal premotor and the right 
sensorimotor cluster of the electrode 
(p=0.002); tendency to significant ↑ in 
the right parietal electrode cluster 
(p=0.005) when talking while walking 
compared to STg walking 
Theta: ↑ in power spectral density at the 
electrodes situated in the right parietal 
temporal cluster (p=0.002) and the left 
frontal temporal cluster (p=0.002) in 
talking while walking compared to STg 
walking 

* 

Note. aEEG – electroencephalography; bERPs – event-related potentials; cDT – dual task dfNIRS - functional 
near-infrared spectroscopy; eOxy-Hb – oxygenated haemoglobin; fDeoxy-Hb – deoxygenated haemoglobin; 
gST – single task; * data to calculate effect size not available 

When comparing the neurological activity with respect to alpha bands during ST and DT walking 

in general, Malcolm et al. (2018) discovered a decreased spectral power in alpha in the occipital 

cortex cluster, associating it with increased task load, as well as a relative reduction of power in 
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alpha in the precuneus cluster during task engagement. Kline et al. (2014) observed a significant 

increase of alpha power just before the stimulus, followed by a decrease shortly successive to the 

presentation of the stimulus in the left, right and central somatosensory association cortex. 

Regarding the beta bands, Malcolm et al. (2018) discovered a relative reduction of beta bands in 

the precuneus cluster during task engagement. Additionally, Oliveira et al. (2018) observed an 

event-related synchronisation at the C4 electrode site in the beta band just before transitioning 

from stance to swing phase in the gait cycle. Interestingly, Pizzamiglio et al. (2017) did not report 

any significant results when comparing texting while walking to normal walking, however when 

comparing texting while walking to talking while walking, a significant decrease in power spectral 

density in the beta band in the area of the frontal premotor and the right sensorimotor cluster of 

the electrode was observed, as well as a tendency towards a significant rise in beta power in the 

right parietal electrode cluster when talking while walking compared to ST walking. Malcolm et al. 

(2018) observed the theta band while dual tasking as well, with the results indicating a higher 

spectral power in the theta band in the supplementary motor area and the anterior cingulate cortex. 

Pizzamiglio et al. (2017) made similar discoveries, reporting an increase in power spectral density 

at the electrode sites situated in the right parietal temporal cluster and the left frontal temporal 

cluster when walking while talking compared to walking in a ST condition. Kline et al. (2014) on 

the other hand, discovered a significant decrease regarding the superior parietal lobule and the 

posterior cingulate cortex during the presentation of the DT stimulus while standing as well as at 

all walking speeds that were investigated. When examining the effects of DTs in regard to the 

gamma band, Oliveira et al. (2018) reported a significant event-related desynchronization from 0-

20% of the gait cycle in the electrode sites Cz, C3 and C4. Furthermore, an overall event-related 

synchronization just before and after the initial contact phase was observed when comparing DT 

to ST walking. Regarding the P3 distribution while DT, De Sanctis et al. (2014) discovered that it 

was primarily focused on the anterior area, especially in the frontocentral scalp area in DT walking 

compared to sitting. No other significant results concerning DT walking were reported in this 

publication. 

Regarding studies assessed with fNIRS, Meester et al. (2014) discovered a significant increase in 

Oxy-Hb in the right prefrontal cortex when comparing DT walking to ST walking. The data 

concerning the left prefrontal cortex indicated a tendency towards the same results. However, 

deoxy-Hb concentration did not show any significant changes during DT walking. Meanwhile, 

Mirelman et al. (2014) only reported results concerning the Oxy-Hb, and observed a rise of Oxy-

Hb levels in the prefrontal cortex with increasing task complexity. Consequently, the levels of Oxy-
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Hb were increased in walking while counting compared to ST walking and additionally increased 

in walking while counting backwards in steps of seven. Another discovery worthy of mention is 

the inverse relationship of gait variability and oxy-Hb levels during the second condition of DT 

(counting backwards by seven). 

3.4.1 Relative Effects of Cognitive Dual Tasks on Gait Performance 
The results are summarized in table 4. 

Table 4 

Summary: Relative Effects of Cognitive Dual Tasks on Gait Performance 

Author & 
year 

Statistical analysis Results Effect 
size (d) 

De Sanctis 
et al. (2014) 

Global dissimilarity, Monte 
Carlo MANOVA 

Stride time: ↑ (f(1,16)=9.95,p<0.006) while 
dual tasking 

1.082 

Kline et al. 
(2014) 

two-way repeated measure 
ANOVA: step length + 
variability, step width + 
variability; Bonferroni 
correction post hoc test 
significance level p<0.05  

Step width: ↑ (F=22.62, p<0.001; Bonferroni, 
p<0.05) in DTa compared to STb walking 
Regarding the stages of dual tasking: ↓ step 
length (F=6.53, p=0.02), ↑ step width 
(F=35.41, p<0.001) and step width variability 
(F=16.33, p=0.001) while retrieving the task 
compared to performing the task 

1.543 
 
 
0.829 
1.931 
1.311 

Malcolm et 
al. (2018) 

Two x three repeated-
measures ANOVA. 
(walking speed included as 
covariate) 

Stride time: ↓ while dual tasking (F(1,14)=8.51, 
P=0.01) 
Stride length: ↓ while dual tasking 
(F(1,14)=11.85, P=0.004) 
Step width: ↓ variability while dual tasking 
(F(1,14)=9.53, p=0.008) 

1.065 
 
 
1.257 
 
1.127 

Meester et 
al. (2014) 

Repeated measures 
ANOVA models 

No significant changes regarding step time 
while DTa walking 

* 

Mirelman et 
al. (2014) 

Repeated Measures 
ANOVA  

Gait speed: ↓ (p<0.0001) * 

Oliveira et 
al. (2018) 

(Two-way) repeated 
measures ANOVA, Sidak 
correction, Greenhouse-
Geisser corrections 
 

Gait speed: ↓ in both DTa conditions 
(p<0.0001) 
Stride duration: ↓ in the first and last 20 steps 
in normal walking compared to DTa condition 
1 (first p<0.017, last p<0.023) and DTa 
condition 2 (first p<0.002, last p<0.006) 

* 

Pizzamiglio 
et al. (2017) 

ANOVA with the three 
walking conditions; paired 
sampled t-test with 
Bonferroni correction 

Walking speed: ↓ during DTa walking 
(F=21.660, p=<0.001) 
Stride velocity: ↓ during walking while talking 
(t=4.199, p=0.001) and texting while 
walking(t=6.847, p=0.001) 

 
1.825 

Note. aDT – dual task; b ST – single task * data to calculate effect size not available 

There was a decrease in gait speed discovered during DT walking compared to ST walking 

(Mirelman et al., 2014; Oliveira et al., 2018; Pizzamiglio et al., 2017) in studies that were not 



 

20 

 

conducted utilizing a treadmill for walking. Furthermore, Oliveira et al. (2018) observed shorter 

stride durations during the first and last 20 steps while walking normally when compared to walking 

on predefined, green step markers and compared to predefined steps by combining different 

colours. Additionally, Pizzamiglio et al. (2017) indicated that talking while walking decreased stride 

velocity as well as texting while walking compared to ST walking. Regarding gait performance while 

walking on a treadmill, Malcolm et al. (2018) observed a decreased stride width variability and 

faster, as well as shorter strides. The results of De Sanctis et al. (2014) indicated an increased stride 

time and concluded the stride length had to increase as a consequence of this. However, Kline et 

al. (2014) and Meester et al. (2014) did not report any significant changes regarding step time or 

step length. Kline et al. (2014) reported a significant increase in the step width for all walking 

speeds. Further, regarding the gait parameters in relation to the task stages from receiving the task 

to performing it, there were shorter steps, an increased step width and step width variability 

observable while retrieving the task than while performing the task. 

3.5 Types of Cognitive and Motor Dual Tasks 

To compare the effects of cognitive DTs and motor DTs, Beurskens et al. (2016) utilized an 

auditory Go/NoGo task as response inhibition task and compared it to a motor task which 

comprised of participants holding a stick in each hand with intertwined rings on the end, which 

they were instructed to keep apart and not to let them touch each other. Lin and Lin (2016) 

introduced an app that included the working memory task in the form of an n-back task, while 

further instructing participants to walk on a narrow walkway, wide walkway and a walkway 

containing obstacles. In this context, the walkway equipped with obstacles can be considered as a 

motor DT, as body kinematics have to be activated in order to overcome the hurdles. Another 

combination of cognitive and motor DT was a counting backwards task versus carry a bottle 

containing 600mL of water on a tray on the same pathway (Lu et al., 2015). 

3.5.1 Relative Effects of Motor and Cognitive Dual Tasks on Brain Activity 
A summary of the results of this section is presented in table 5. 
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Table 5 

Summary: Relative Effects of Motor and Cognitive Dual Tasks on Brain Activity 

Author & 
year 

Brain 
imagery 

Statistical 
analysis 

Results Effect 
size (d) 

Beurskens 
et al. 
(2016) 

EEGa ANOVA (for all 
walking 
conditions), 
Bonferroni 
corrected post-hoc 
tests, Cohen’s d 

Alpha: 
Motor DTb – STc walking: ↓ average activity 
in FCz (p<0.05) 
Cognitive DTb – STc walking: ↓ average 
activity in in Cz (p<0.05) 
Beta: 
Cognitive DTb – STc walking: ↓ average 
activity in FCz (p<0.05), Cz (p<0.05) 
Motor DTb – Cognitive DTb walking: ↑ 
average activity in FPz (p<0.05), Fz (p<0.05) 

 
 
1.5 
 
1.4 
 
 
2.5, 1.4 
 
2.0, 1.5 

Lin & Lin 
(2016) 

fNIRSd rANOVA, 
omnibus F test, 
post-hoc Tukey-
Kramer 
adjustment  

cognitive DTb-STc walking: ↑change of Oxy-
Hbe during the countdown just before task 
block started, rise was steeper and higher à 
earlier fall to the Oxy-Hbe plateau. 
Motor DTb-STc walking: wave patterns of 
change in Oxy-Hbe similar though observed 
in wider range for both STc walking 
conditions à with lower increases but more 
decreases on the narrow walkway and 
generally lower waveforms of Oxy-Hbe 
change on the wide walkway 

* 

Lu et al. 
(2015) 

fNIRSd One-sided t test 
against zero, 
repeated one-way 
ANOVA, paired t 
tests 
 

Cognitive DTb-motor DTb walking: stronger 
activation in the prefrontal cortex, premotor 
cortex and the supplementary motor areas; 
strongest activation in left prefrontal cortex. 
Twelve channels: ↑ difference in Hbf 
concentration in the late phases. 
Correlation gait performance-brain activity: 
motor dual tasking: 
early phase: left premotor cortex (four 
channels), right supplementary motor area 
(one channel). late phase: left premotor 
cortex (one channel) 
cognitive DTb walking: late phases: bilateral 
supplementary motor area, in the right (two 
channels) and left promotor cortex (one 
channel) 

* 

Note.  aEEG – electroencephalography; bDT – dual task; cST – single task; dfNIRS – functional near-
infrared spectroscopy; eOxy-Hb – oxygenated Haemoglobin; fHb – Haemoglobin; * data to calculate effect 
size not available 

The EEG assessed study by Beurskens et al. (2016) focused on the alpha and beta frequency bands. 

Concerning the alpha bands, there was a significant decrease of average activity at the electrode site 

of FCz observable when performing a motor DT compared to ST walking as well as at the electrode 

site of Cz when comparing cognitive DT to ST walking. The beta band activity in the central 
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electrodes FCz and Cz was decreased in cognitive DT compared to ST walking, while in the frontal 

electrodes FPz and Fz, the beta band activity significantly increased when comparing motor DT to 

cognitive DT. 

Lin & Lin (2016) investigated the effects of motor and cognitive DT on the frontopolar cortex. 

Concerning the effects of cognitive DTs compared to normal walking, there was an increase in 

change of Oxy-Hb during the countdown just before the task block started and this rise of the 

curve was steeper and higher, subsequently leading to an earlier fall to the Oxy-Hb plateau. During 

the motor DT, the changes in Oxy-Hb were generally observed in a wider range for both ST 

walking conditions (narrow and wide walkway), with lower increases but additional decreases on 

the narrow walkway and generally lower changes in relative Oxy-Hb concentration on the wide 

walkway. However, examining the prefrontal cortex, the premotor cortex and the supplementary 

motor areas, while no significant activation was reported during the motor DT, Lu et al. (2015) 

discovered stronger activation in all three areas during either the early (5 to 20 seconds after the 

beginning of the task), late (21 to 50 seconds after the beginning of the task) or both phases of 

cognitive DT compared to motor DT. The strongest activation in the left prefrontal cortex was 

observed during the cognitive DT. Twelve of fourteen channels detected a higher difference in Hb 

concentration (Oxy-Hb – Deoxy-Hb) in the late phases of cognitive DT compared to motor DT. 

This difference was mostly a greater amplitude than the differences in Hb concentrations in early 

phases of the DTs, suggesting a more potent and more upheld neural activation during cognitive 

DT walking, especially in the prefrontal and the premotor cortex, in comparison to motor DT 

walking. Furthermore, there was a significant correlation detected during motor dual tasking while 

walking between the early-phase activity in the brain and gait performance in the left premotor 

cortex (four channels), as well as in the right supplementary motor area (one channel). The results 

of the late phase of motor dual tasking indicated only a correlation in one channel of the left 

premotor cortex regarding gait performance measures and brain activity. During the late phases of 

cognitive dual tasking, the significant correlation was observed in the bilateral supplementary motor 

area, in the right (two channels) and left promotor cortex (one channel). 

3.5.2 Relative Effects of Motor and Cognitive Dual Tasks on Gait Performance 
The summarized results are depicted in table 6. 
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Table 6 

Summary: Relative Effects of Motor and Cognitive Dual Tasks on Gait Performance 

Author & 
year 

Statistical analysis Results Effect size 
(d) 

Beurskens 
et al. 
(2016) 

(One-way repeated-
measure) ANOVA 
(for all task 
conditions) 

Motor DTa-STb walking: ↓ gait velocity (p<0.01), ↓ 
stride length (p<0.001), ↑ stride time (p<0.05), ↑ 
variability in gait velocity, stride length and stride 
time (p<0.05) 
Motor DTa-cognitive DTa walking: ↓ gait velocity 
(p<0.01), ↓ stride length (p<0.001), ↑ stride time 
(p<0.05) 
Secondary task performance: ↑ reaction time in the 
cognitive (p<0.01), ↑ ring contact time in the motor 
interference task (p<0.01) in DTa compared to STb 
conditions 

2.0 
3.0, 1.6 
 
1.6-2.3 
 
2.2, 1.6 
1.4 
 
2.3 
3.3 

Lin & Lin 
(2016) 

rANOVA, omnibus 
F test, post-hoc 
Tukey-Kramer 
adjustment 

DTa -normal walking: ↓ gait speed (cognitive: 
F(2,288)=140.4, p<0.001; motor: F(2,288)=10.0, 
p<0.001), ↑ stride time (cognitive: F(2,288)=60.4, 
p<0.001; motor: F(2,288)=25.4, p<0.001) ↓ step 
length (cognitive: F(2,288)=158.1, p<0.001; motor: 
F(2,288)5.7, p=0.004), ↑ variability in gait speed 
(cognitive : F(2,288)=4.5, p=0.012; motor: 
F(2,288)=20.1, p<0.001), stride time (cognitive: 
F(2,288)=8.0, p<0.001; motor: F(2,288) = 16.7, p < 
0.001), step length (cognitive: F(2,288)=13.5, 
p<0.001; motor: F(2,288)=77.0, p<0.001) 

 
3.494, 0.933 
2.292 
1.486 
3.708 
0.704 
0.626 
1.322 
0.834, 1.205 
1.083 
2.588 

Lu et al. 
(2015) 

One-way ANOVA, 
paired t-test with 
Bonferroni 
correction for 
multiple testing 
(p<0.016) 
 

Motor DTa-STb walking: ↓speed (p=0.0033), ↓ 
stride length (<0.0001) 
Motor DTa-Cognitive DTa walking: ↑ cadence 
(<0.0001), ↓ stride time (p<0.0001) 
cognitive DTa-STb walking: ↓ speed (p<0.0001), ↓ 
cadence (p<0.0001), ↓ stride length (p<0.0001), ↑ 
stride time (p=0.0040) 

* 

Note. aDT – dual task; bST - single task; * data to calculate effect size not available 

Beurskens et al. (2016) found increased reaction and ring contact time while dual tasking compared 

to performing the secondary tasks alone. They also observed an increase in stride time a decrease 

in gait velocity. Lu et al. (2015) observed decreased gait speed while both (Beurskens et al., 2016; 

Lu et al., 2015) recorded a decreased stride length during the motor DT compared to normal 

walking. When comparing the effects on motor DT compared to cognitive DT, Beurskens et al. 

(2016) observed similar effects: a decrease in gait velocity and stride length, as well as an increased 

stride time. However, Lu et al. (2015) observed a lower stride time and an increase in cadence when 

comparing these two conditions. Beurskens et al. (2016) observed a higher variability in gait 

velocity, stride length and stride time in motor DT compared to normal walking. The same results 

were demonstrated by Lin & Lin (2016) for the comparison of both, cognitive DT and motor DT 
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to normal walking. The comparison between cognitive DT and ST walking indicated lower gait 

speed, decreased stride length and increased stride time in the articles by Lin & Lin (2016) and Lu 

et al. (2015) as well as a decrease in cadence (Lu et al., 2015). 
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4 Discussion 

The aim of the present paper was to investigate and compare the relative effects of motor and 

cognitive dual tasking (DT) on brain activity and gait performance. It was anticipated that the study 

would assist therapists in understanding how specific types of DTs may affect gait differently and 

facilitate selection of the most appropriate dual task interventions to use in therapy. 

4.1 Effects of Motor Versus Cognitive Dual Tasks on Brain Activity 

4.1.1 Electroencephalography 

Investigating the effects of cognitive DT on alpha brain activity, the reviewed literature showed a 

general decrease in the alpha frequency band for both motor and cognitive DT (Beurskens et al., 

2016; Kline et al., 2014; Malcolm et al., 2018). Decreased alpha activity is considered to reflect an 

increase in cognitive load, especially when occurring in the frontal areas of the brain (Beurskens et 

al., 2016; Kline et al., 2014). Results subsequently suggest that both motor and cognitive DTs 

applied during walking increase the cognitive demand associated with the task. It was not possible 

to determine any difference between the types of DT applied. It is also interesting to note that, an 

increase in alpha activity was seen to occur just before the onset of the DT stimulus (Kline et al., 

2014). According to Klimesch (2012), this would suggest increased stimulus inhibition as well as 

sorting and selection just before the task performance. 

When examining beta bands in walking while performing a DT, there were mixed results. On 

the one hand, there was a decrease of beta activity in the precuneus cluster (parietal lobe) during 

DT walking with a visual Go/NoGo task (Malcolm et al., 2018). On the other hand, there was 

tendency towards an increase in the right parietal electrode cluster when talking while walking but 

not in texting while walking compared to ST walking (Pizzamiglio et al., 2017). Additionally, when 

texting while walking, there was a significant decrease in the power spectral density in the frontal 

premotor and the right sensorimotor cluster areas compared to talking while walking (Pizzamiglio 

et al., 2017).These results suggest that the type of DT can affect brain activity patterns and needs 

to be taken into account when introducing appropriate DTs in therapy, which was also 

demonstrated in a review by Hamacher, Herold, Wiegel, Hamacher and Schega (2015), especially 

highlighting the effects of the complexity of the secondary task. Furthermore, when comparing the 

effects of motor DT and cognitive DT, the results of Beurskens et al. (2016) suggest an increased 

effect of motor DT on the frontal cortex. Subsequently with the increased beta activity displaying 

a state of focus and problem-solving as well as possible stress or even anxiety (Kropotov, 2016) in 
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the area of the brain that is considered to play a crucial role in executive functions, especially in the 

planning and decision-making process (Bertram & Laube, 2008).  

The theta bands, which are mostly associated with encoding and maintaining memories (Kline 

et al., 2014), were not examined in comparisons of motor and cognitive DT walking. However, a 

decrease in theta activity was observed when the DT stimulus was applied in one study (Kline et 

al., 2014). Results indicated higher spectral power during DT performance in the supplementary 

motor area and the anterior cingulate cortex (Malcolm et al., 2018), which, as part of the limbic 

association cortex (RajMohan & Mohandas, 2007), is an important factor in decision-making 

processes for executive functions (Martin, 2003). Additionally, Pizzamiglio et al. (2017) 

demonstrated a rise in the power spectrum in the right parietal temporal and left frontal temporal 

cluster of electrodes in the DT condition involving talking while walking compared to the 

investigated ST condition, suggesting higher activity when a cognitive task was applied. This was 

especially the case in the brain regions responsible for the coordination between sensory stimuli 

and motor responses as well as planning and decision-making (Bertram & Laube, 2008) and further 

processing of auditory stimuli, understanding questions and finally speak (Pizzamiglio et al., 2017). 

One of the major benefits of EEG over fNIRS is, that there is no delay between application of 

a stimulus and the measured neurological response. This allows for analysis of brain activity at 

specific instances in the gait cycle. One study included in this review investigated this issue and 

demonstrated event-related synchronization and desynchronization (Oliveira et al., 2018). This 

suggests that the gait cycle is an important factor to be considered when conducting walking 

exercises in DT conditions. 

4.1.2 Functional Near-Infrared Spectroscopy 

On the one hand, results of studies using fNIRS indicate the strongest activation either in the right 

prefrontal cortex with a tendency towards the same results on the left side for cognitive DT walking 

compared to single task (ST) walking (Meester et al., 2014). On the other hand, there was the 

strongest activation detected in the left prefrontal cortex for cognitive DT when comparing it to 

motor DT walking (Lu et al., 2015). Lu et al. (2015) further reported a stronger activation of all 

three examined areas (prefrontal cortex, premotor cortex, supplementary motor areas) in cognitive 

DT compared to motor DT. The results of Mirelman et al., (2014) emphasize the importance of 

task complexity when selecting a cognitive DT as Oxy-Hb levels increase with complexity of the 

task. Additionally, Lin & Lin (2016) further observe a lower impact of motor DT on brain activity, 

than cognitive DT. While Holtzer et al. (2011) report generally higher oxygenation levels in the 
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prefrontal cortex in walking while talking (DT) compared to walking alone (ST), the results 

reported in the present review further suggest, that cognitive DTs generally have a greater effect 

on brain activity than motor DT (Lin & Lin, 2016; Lu et al., 2015). Regarding the role of the 

prefrontal cortex in this context, the prefrontal cortex is mainly involved in processes concerning 

attention (Toichi et al., 2004), meaning that an increase of activity in the prefrontal cortex indicates 

a higher demand for attention. In regard to the reported results, the attentional demands and 

haemodynamic response are increased especially in cognitive DT walking. 

Summarising findings in relation to brain activity, results suggest a higher effect of cognitive DT 

compared to motor DT. However, due to the different types of brain imagery and examination 

parameters, it is very difficult to elaborate the exact effects and define the affected brain areas. 

However, studies utilizing fNIRS indicated a significantly increased attentional demand while 

cognitive compared to motor DT walking. Another important finding is the difference in the 

various types of cognitive DTs as every type affects a different brain area in a different way. This 

can implicate varying effects, that need to be taken into account in therapy when treating individuals 

with different pathologies as it can be adapted in accordance to the pathology. 

4.2 Effects of Motor Versus Cognitive Dual Tasks on Gait Performance 

Examining the effects of dual tasking on gait performance, most studies observed a decreased gait 

speed when not walking on level ground and smaller as well as faster steps, especially when walking 

on a treadmill. When comparing the effects of motor dual tasking to cognitive dual tasking, Lu et 

al., (2015) reported a decrease in gait velocity and stride length , while Beurskens et al., (2016) 

observed an increase of cadence and a decrease in stride time. These results suggest a prioritizing 

of tasks according to attentional reserve, as gait parameters are decreased ensuring higher postural 

control, in order to direct attention to the secondary task (Plummer & Eskes, 2015). 

When comparing the effects of different types of DT on gait performance the present review 

revealed varied results, making it difficult to answer the research question. There were only three 

studies that examined the effects of both, motor and cognitive DT, with one of them only reporting 

results of the DTs in general. Consequently, the research question cannot fully be answered 

concerning the effects of DTs. An important topic to mention in this context is that in the course 

of this review, numerous questions arose concerning the exact definition of motor DT, starting 

with the issue, that there is no consensus in the literature, whether motor DT has to involve 

executive functions of the lower and upper extremities or only one of the two. Balancing a bottle 
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of water on a tray challenges the brain and body in different ways than walking through and obstacle 

course, where more balance regulating processes and muscles of the lower extremity are involved. 

Additionally, conditions of the floor participants are walking on, can be a challenge. For example, 

some studies categorize obstacle courses for example as “road condition” which were categorized 

as motor DT in the present paper. Moreover, Lu et al., (2015) reported significant correlations 

between gait performance and brain activity while dual tasking. Their results indicate a prioritizing 

process in walking while performing and additional task, as the motor DT affected the primary 

motor cortex just as participants start walking while the cognitive secondary task showed higher 

correlations in the later period of gait performance. 

4.3 Limitations 

Limitations related to this study were on the one hand the population under investigation, as 

healthy young adults may not be the most representative group when investigating different types 

of interventions. However, it is crucial to understand the processes during dual tasking in a healthy 

population first, in order to adapt investigation processes for more specified or even not healthy 

populations, as, for example, it is a matter of fact that the physiological EEG looks different in the 

geriatric and paediatric populations (Milnik, 2010). Furthermore, with neurological pathologies and 

degenerative processes in the ageing population, often there are confounding factors that might 

falsify the results when examining the effects of motor and cognitive DTs in general. On the other 

hand, the reliability of the quality assessment is a point of weakness, as it is a very subjective process. 

On a positive note, most of the studies were assessed by both, a senior researcher (NR) and the 

author, reducing the risk of bias for the present review. Given that the author was inexperienced, 

the quality assessment was performed together with the senior researcher (NR), hence the analysis 

of inter-rater reliability cannot be presented. Furthermore, the different types of brain imagery 

complicated the process of comparing the observed and reported effects, consequently, it would 

be important to investigate the mentioned types of brain imagery one by one. Further, some of the 

studies were conducted on treadmill and in normal walking conditions which differentiated the 

results. However, these various conditions reflect therapy conditions as interventions often take 

place in different environments. 

Regarding the quality of the reviewed studies, only one study achieved a full score, the categories 

that were mostly rated negatively concerned the participants and confounding factors. Often, the 

recruitment process was not described in a comprehendible manner and decisive details about the 
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participants were not reported (e.g. height, (neurological) health status). These critical points have 

to be taken into account, when assessing the quality and reliability of the results. 

4.4 Clinical Implications in Regard to the International Classification of Functioning, 

Disability and Health 

The presented results have relevant clinical implications, particularly for physiotherapy. Various 

types of DTs are available to be utilized as interventions but there is a difference in the effects on 

gait performance and on brain activity associated with specific types of DT. 

Impairments in the ability to DT can have a clear influence on the body structure and function. 

This is demonstrated by alterations of attention functions (b140) and gait (b770) that were 

demonstrated in this study. Walking and moving around are key components within the activity 

domain of the ICF (WHO, 2001) and results of this review also demonstrate that DT has an effect 

on walking around obstacles (d503). This review did not examine effects of DT on participation in 

particular, however it is not unreasonable to expect that the attentional demand required to perform 

two activities would influence the extent to which a person can participate in everyday life activities 

and interact with their peers (d7). 

For individuals with a disability it is likely that the effect of dual tasking becomes even greater. 

For example, when a ligament in the knee of an individual is ruptured, the synergy of the structures 

surrounding it (muscles, other ligaments, joint structures) can be disturbed and this might need 

some time and training to adapt. This means that the individual is likely to need to allocate more 

attention to balance, walking and their ability to DT would be compromised. During physical 

therapy, training using motor DTs could be used in order to improve gait performance by adapting 

the structures surrounding and supporting the injured joint (e.g. muscles) and brain structures 

involved to the altered conditions and assuring a stable posture in everyday activities and 

consequently in participation (Meyer & Ayalon, 2006). 

While DT training using motor DTs may be beneficial for patients with orthopaedic conditions, 

training with cognitive DTs may be more relevant for individuals with neurological conditions (e.g. 

cerebral palsy or developmental delay). Individuals with these neurological pathologies often show 

deficits in postural control, making everyday life activities and independence very difficult (Elhinidi 

et al., 2016). As the results indicate increasing brain activity primarily with cognitive task 

complexity, it is crucial to adapt the exercises according to the patients’ capabilities and increasing 

the complexity if necessary. Often, it can be helpful to include specific activities, that the individuals 
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perform on a regular basis but struggle with and train these specifically in different levels of 

difficulties. For example, if grocery shopping is that specific task, which as mentioned before, is 

also a cognitive DT, an intervention in the manner of dual tasking could be to stand upright and 

spell words or remember words. The level of complexity can be increased by different movements 

while spelling the words or use more difficult words. 

In order to ensure a successful intervention in the manner of the holistic framework according 

to the ICF, it is furthermore important to include not only body structures and functions and 

specific activities but also the environmental factors of an individual (WHO, 2001). Especially with 

children, caregivers or parents get a very important role in therapy, as they spend the most amount 

of time with the child. Particularly in these cases, it can be very effective to include caregivers in 

the therapy process by showing exercises that can be performed at home together or by the child. 

In the topic of DTs, this process is very easy to achieve, as there are many possibilities to find the 

appropriate exercises that are easy to perform at home but are still challenging to improve the 

results of intervention. 

4.5 Future Research 

Concerning future research, there are still many questions unanswered. Possible fields of interest 

could be to investigate specific types of motor and cognitive DTs with different levels of 

complexity on the healthy population. Subsequently, these investigations can be performed in 

specific target groups, such as children with pathologies or the ageing population, as DT is a crucial 

topic of therapy for all age groups and populations. 
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5 Conclusion 

The present review provides an insight into the current status of research concerning the 

comparison of the types of dual tasks (DTs) that can be utilized as interventions in therapy. The 

research question can only be answered partly, due to a small number of studies examining the 

effects of motor DTs on gait performance and brain activity, and the numerous parameters utilized 

to analyse brain activity. 

Nevertheless, it can be stated that the results suggest that cognitive DTs while walking have a 

greater impact on brain activity than motor DTs. When examining the effects of DTs on gait 

performance, no definite answer can be given. An additional important finding that needs to be 

mentioned in this context is the influence of the complexity of DT and the specific type of influence 

on different brain areas in different intensities. 

Given the importance of DTs in everyday life and the numerous groups of people experiencing 

difficulties while dual tasking, such as patients suffering from orthopaedic and neurologic 

pathologies, the possibilities of adapting DTs in therapy according to the present pathological 

processes should be a topic of future research as it is not only highly relevant for society in general 

but also for every patient in particular. 
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Appendix 

Appendix 1: example of the search strategy used for PubMed 

Table 7 

 PubMed Search String 

((((((((((((((((((((dual-task[Title/Abstract] OR (dual-task[Title/Abstract] AND 
paradigm[Title/Abstract])) OR (dual[Title/Abstract] AND task[Title/Abstract])) OR 
(("secondary"[Subheading] OR "secondary"[Title/Abstract] OR "neoplasm metastasis"[MeSH Terms] 
OR ("neoplasm"[Title/Abstract] AND "metastasis"[Title/Abstract]) OR "neoplasm 
metastasis"[Title/Abstract]) AND task[Title/Abstract])) OR dual-tasking[Title/Abstract]) OR 
(dual[Title/Abstract] AND tasking[Title/Abstract])) OR (dual[Title/Abstract] AND ("task 
performance and analysis"[MeSH Terms] OR ("task"[Title/Abstract] AND 
"performance"[Title/Abstract] AND "analysis"[Title/Abstract]) OR "task performance and 
analysis"[Title/Abstract] OR ("task"[Title/Abstract] AND "performance"[Title/Abstract]) OR "task 
performance"[Title/Abstract]))) OR (dual-task[Title/Abstract] AND performance[Title/Abstract])) OR 
(dual[Title/Abstract] AND tasks[Title/Abstract])) OR dual-tasks[Title/Abstract]) OR 
(dual[Title/Abstract] AND task[Title/Abstract] AND ("education"[Subheading] OR 
"education"[Title/Abstract] OR "training"[Title/Abstract] OR "education"[MeSH Terms] OR 
"training"[Title/Abstract]))) OR (dual-task[Title/Abstract] AND ("education"[Subheading] OR 
"education"[Title/Abstract] OR "training"[Title/Abstract] OR "education"[MeSH Terms] OR 
"training"[Title/Abstract]))) OR multitasking[Title/Abstract]) OR multi-tasking[Title/Abstract]) OR 
(("multiple chronic conditions"[MeSH Terms] OR ("multiple"[Title/Abstract] AND 
"chronic"[Title/Abstract] AND "conditions"[Title/Abstract]) OR "multiple chronic 
conditions"[Title/Abstract] OR "multi"[Title/Abstract]) AND tasking[Title/Abstract])) OR 
(double[Title/Abstract] AND task[Title/Abstract])) OR (("secondary"[Subheading] OR 
"secondary"[Title/Abstract] OR "neoplasm metastasis"[MeSH Terms] OR ("neoplasm"[Title/Abstract] 
AND "metastasis"[Title/Abstract]) OR "neoplasm metastasis"[Title/Abstract]) AND ("motor 
activity"[MeSH Terms] OR ("motor"[Title/Abstract] AND "activity"[Title/Abstract]) OR "motor 
activity"[Title/Abstract] OR "activity"[Title/Abstract]))) OR (dual[Title/Abstract] AND ("motor 
activity"[MeSH Terms] OR ("motor"[Title/Abstract] AND "activity"[Title/Abstract]) OR "motor 
activity"[Title/Abstract] OR "activity"[Title/Abstract]))) OR (motor[Title/Abstract] AND 
dual[Title/Abstract] AND task[Title/Abstract])) OR (motor[Title/Abstract] AND dual-
task[Title/Abstract])) OR (("Cogn Int Conf Adv Cogn Technol Appl"[Journal] OR 
"cognitive"[Title/Abstract]) AND dual[Title/Abstract] AND task[Title/Abstract])) OR (("Cogn Int 
Conf Adv Cogn Technol Appl"[Journal] OR "cognitive"[Title/Abstract]) AND dual-
task[Title/Abstract]) AND ((((((((((((((((("gait"[MeSH Terms] OR "gait"[Title/Abstract]) OR 
("walking"[MeSH Terms] OR "walking"[Title/Abstract])) OR ("walking"[MeSH Terms] OR 
"walking"[Title/Abstract] OR "walk"[Title/Abstract])) OR (("gait"[MeSH Terms] OR 
"gait"[Title/Abstract]) AND ("posture"[MeSH Terms] OR "posture"[Title/Abstract]))) OR 
("Balance"[Journal] OR "balance"[Title/Abstract])) OR (postural[Title/Abstract] AND 
stability[Title/Abstract])) OR (("gait"[MeSH Terms] OR "gait"[Title/Abstract]) AND 
performance[Title/Abstract])) OR (("walking"[MeSH Terms] OR "walking"[Title/Abstract]) AND 
performance[Title/Abstract])) OR treadmill[Title/Abstract]) OR TUG[Title/Abstract]) OR 
(timed[Title/Abstract] AND up[Title/Abstract] AND go[Title/Abstract])) OR timed-up-and-
go[Title/Abstract]) OR 6MWT[Title/Abstract]) OR (6[Title/Abstract] AND minute[Title/Abstract] 
AND ("walking"[MeSH Terms] OR "walking"[Title/Abstract] OR "walk"[Title/Abstract]))) OR 
10MWT[Title/Abstract]) OR (10[Title/Abstract] AND meter[Title/Abstract] AND ("walking"[MeSH 
Terms] OR "walking"[Title/Abstract] OR "walk"[Title/Abstract]))) OR ("physical functional 
performance"[MeSH Terms] OR ("physical"[Title/Abstract] AND "functional"[Title/Abstract] AND 
"performance"[Title/Abstract]) OR "physical functional performance"[Title/Abstract] OR 
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("physical"[Title/Abstract] AND "performance"[Title/Abstract]) OR "physical 
performance"[Title/Abstract])) OR cadence[Title/Abstract] AND ((((((((fNIRS[Title/Abstract] OR 
functional near infrared spectroscopy[Title/Abstract]) OR NIRS[Title/Abstract]) OR near infrared 
spectroscopy[Title/Abstract]) OR EEG[Title/Abstract]) OR electroencephalogram[Title/Abstract]) 
OR brain activity[Title/Abstract]) OR brain imaging[Title/Abstract]) OR brain images[Title/Abstract]) 
OR cortical blood flow[Title/Abstract] 
 

 

 


