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Reliability of patient reported outcomes 
assessing dual-task difficulties in daily life 
in persons with Multiple Sclerosis: a 
multicenter study in Turkey and Belgium 
 

“What is the reliability of Turkish and Dutch Dual-task impact on daily-living Activities 

questionnaire (DIDA-Q), Dual Tasking Screening List (DTSL) and Dual Task Questionnaire (DTQ) in 

people with Multiple Sclerosis?” 

• An excellent internal consistency was found for the Turkish and Dutch versions of the 

DIDA-Q, DTSL and DTQ.  

• A very high test-retest reliability was found for the Turkish version of the DIDA-Q, 

DTSL and DTQ.  

• For the Dutch version of DIDA-Q, a high test-retest reliability for the balance and 

mobility subscale, while the subscales upper extremity and cognition and the total 

score showed a very high test-retest reliability. An adequate and high test-retest 

reliability was found for the Dutch version of DTSL and DTQ, respectively.  

• For all questionnaires in both languages, no proportional bias was found based on 

Bland-Altman plots. 

• According to the COSMIN guideline, our findings could not reach adequate quality 

due to the small sample size. The ongoing multicenter international study can 

confirm our results regarding reliability and add results regarding validity of DIDA-Q, 

DTSL and DTQ with a larger sample size.  

 

Amber Fostier (1746681) and Carolien Van Goubergen (1745899) 

Prof. Peter Feys and Dra. Zuhal Abasiyanik 
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Context 

This master’s thesis was conducted by Amber Fostier and Carolien Van Goubergen within 

the framework of the two-year master program Rehabilitation Sciences and Physiotherapy 

at the faculty of Rehabilitation Sciences at Hasselt University. This thesis is part of the field 

of neurological rehabilitation. The study of dual tasking in populations such as multiple 

sclerosis is one of the focal points of the Rehabilitation Research Center REVAL. In this 

context, a collaboration between Hasselt University, Belgium (Prof. Peter Feys) and Dokuz 

Eylül University, Izmir, Turkey (Dra. Zuhal Abasiyanik) is currently active. This partnership 

contributed to the selection of Amber Fostier and Carolien Van Goubergen by the 

International Office of Hasselt University for a scientific and clinical internship in Izmir, 

Turkey for the second part of the thesis. 

In the first part of the master's thesis, a review was conducted on the psychometric 

properties of patient-reported questionnaires on dual tasking in daily life through 

systematic literature research. The evaluation of patients’ perceived difficulty with dual 

tasking by valid and reliable tests is necessary. These can contribute to a proficient and 

evidence-based treatment in specific patient populations. For this reason, it is important to 

validate these questionnaires in different languages and to check their reliability. Research 

and experimental work in this field is already being conducted by Dra. Zuhal Abasiyanik. In 

order to check these dual tasking questionnaires in different languages, Dra. Zuhal 

Abasiyanik and her promoter Prof. Peter Feys have set up a multicenter study with different 

countries (Belgium, Turkey, Italy, Chile Israel, and Spain). Persons with Multiple Sclerosis 

(PwMS) will be recruited from the participating rehabilitation-, medical- or university 

centers.  

The second part of our master's thesis is part of this ongoing multicenter study by Dra. Zuhal 

Abasiyanik within the rehabilitation in Multiple Sclerosis network (RIMS) in Europe. As a 

result, the research design was determined before the start of the thesis. The recruitment of 

Belgian Multiple Sclerosis (MS) patients was done independently through flyers and by 

spreading awareness on the Facebook page ‘faculteit revalidatiewetenschappen’. In the MS 

center Melsbroek, support was given for the recruitment of MS patients by Mieke 

D'Hooghe, a neuropsychologist of the center. Testings were administered by 1st and 2nd 
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master students of rehabilitation sciences and physical therapy. A limited number of MS 

patients were evaluated in Rehabilitation Research Center REVAL and building D of Hasselt 

University. These participants were assessed in collaboration with 2nd Master students 

Jessica Thenaers and Anna-Lisa Nulens as well as four 1st Master students. As the Turkish 

MS patients were known by Dra. Zuhal Abasiyanik, she led the recruitment of Turkish MS 

patients with the use of scheduled appointments. Data acquisition of Turkish MS 

participants was accomplished by two 2nd Master students (Amber Fostier and Carolien Van 

Goubergen) during a scientific internship in the period from March 7th until May 6th 2022, 

two days a week. The data processing and the academic writing process were carried out 

independently. Feedback from promotor Prof. Peter Feys and supervisor Zuhal Abasiyanik 

was sought and implemented. 
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1. Abstract 

Background: Based on lab assessments, persons with Multiple Sclerosis (MS) often 

demonstrate difficulties with dual-tasking but the relation with own experiences is 

unknown. Dual-tasking patient reported outcomes (DT PRO) can give valuable information 

on a person’s perceived difficulty with dual-tasking. This can make the treatment more 

patient-specific. 

Objectives: The aim was to investigate the reliability of the Turkish and Dutch versions of 

Daily-life Activities Questionnaire (DIDA-Q), Dual Tasking Screening List (DTSL), and Dual 

Task Questionnaire (DTQ). 

Participants: 36 Turkish and 27 Dutch MS patients were included in this study. Turkish and 

Dutch participants were tested in the MS Outpatient Clinic of Dokuz Eylül University and 

REVAL Faculty of Rehabilitation Sciences at Hasselt University and National MS Center 

Melsbroek, respectively. 

Measurements: Patient characteristics, dual-task performance tasks, patient-reported 

outcomes, and three DT questionnaires were applied. Internal consistency including 

standard error of measurement and smallest detectable change and test-retest reliability of 

DIDA-Q, DTSL and DTQ were investigated. 

Results: Both versions of DIDA-Q, DTSL and DTQ showed excellent internal consistency (CAC 

range 0.91 to 0.96). A very high test-retest reliability was found for all DT PRO in Turkish 

version (ICC range 0.94 to 0.99). For the Dutch-language versions, test-retest reliability was 

high to very high for three subscales and the total score of DIDA-Q (ICC range 0.87 to 0.97), 

as well as adequate for DTSL (ICC 0.75) and high test-retest reliability for DTQ (ICC 0.84). 

Bland-Altman plots and regression analysis for all DT PROs show no proportional bias. 

Discussion and conclusion: Overall, the reliability of the DT PRO was good for both 

languages. These results should be confirmed with a larger sample. Future research based 

on COSMIN guidelines is needed and may provide valuable information on the validity and 

responsiveness of DT PRO. 

Keywords: dual-tasking, Multiple Sclerosis, reliability, questionnaires, patient reported 

outcomes  
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2. Introduction 

Multiple sclerosis (MS) is a disease in which the central nervous system (CNS) is affected by 

the destruction of myelin, which can cause neurological symptoms. These deficits can be 

cognitive (e.g., slower cognitive processing, attention, and episodic memory) (Sumowski et. 

Al., 2018) as well as motor (e.g., loss of muscle strength and balance impairment) (Carling, 

Forsberg & Nilsagård, 2018). 70% of persons with MS (pwMS) have walking difficulty and 

agree this is the most demanding aspect of MS (LaRocca, 2011). pwMS across all levels of 

disability experience a reduced quality in the performance of activities of daily living (Jansa 

et al., 2022).  

Many daily activities include dual-tasks (DT), such as driving while paying attention to traffic, 

walking while talking, and walking while performing household tasks (Carling et al., 2018). 

When a motor and cognitive task are combined, it can lead to difficulties or worsening in 

performance in one or both tasks. This interference can be conceptualized as dual-task 

interference (DTI) (Baddeley, Sala, Gray, Papagno & Spinnler, 1997). The change in DT 

performance compared to single-task performance can be quantified as a percentage and is 

called the dual-task cost (DTC) (Leone, Patti & Feys, 2015). Research shows that DTI is 

present in healthy controls (HC), and to a greater extent in the elderly and those with 

neurological disorders (Hausdorff, Schweiger, Herman, Yogev-Seligmann & Giladi, 2008; 

Camicioli et al., 1997; Penko et al., 2018). 

In general, pwMS experience impairments in their ability to DT (Edwards et al., 2020). These 

patients often experience gait impairment that usually get worse under DT conditions such 

as gait velocity reduction, changes in step length, impairment in cadence, and an increase in 

double support duration (Leone et al., 2015). In addition, Wajda, Sandroff, Pula, Motl and 

Sosnoff (2013) found that DTC of walking velocity and DTC of stride length were low to 

moderately correlated with falls. Falls are a common occurrence in this patient population 

(Finlayson & Peterson, 2010) and are usually present while doing daily tasks due to 

neurological symptoms. In addition, DTC is related to balance and quality of life in pwMS 

(Castelli et al, 2016). These findings highlight the importance of accurate DTI measurement 

in pwMS. 
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Dual tasking is objectively measured in traditional lab-based research by a gait test with an 

added cognitive task (Leone et al., 2015). Research shows opposing results on whether 

pwMS show greater deterioration of cognitive-motor interference (CMI) than healthy 

subjects. Leone et al. (2020) indicates a similar deterioration of CMI regardless of the 

difficulty of the DT. Learmonth, Ensari and Motl (2017) provides evidence for an overall 

minimal difference in CMI between pwMS and HC. These differences can be explained by 

the type of DT, cognitive or motor, used (Postigo-Alonso et al., 2018). Shema-Shiratzky et al. 

(2020) showed similar gait speed during daily life walking and in laboratory dual tasking. As 

daily life activities may be influenced by symptoms of MS and external environmental 

stimuli, it might be useful to investigate the ecological validity of dual task assessment. 

Patient-reported outcomes (PRO), which are accepted questionnaires as reported by the 

patient (Valderas et al, 2008), could assist the clinician in detecting rapid changes in disease 

progression (Brichetto et al, 2020) and obtaining valuable information on patient's 

difficulties in daily living. This can support caregivers in their decision making. It might cause 

an increase in the adherence to treatment leading to a greater opportunity for more 

successful and qualitative treatment (Deshpande, Rajan, Sudeepthi, & Nazir, 2011). 

According to Abasiyanik, Veldkamp, Fostier, Van Goubergen & Feys (in preparation), few 

dual-task PROs are currently known in clinic and research and the use is sparse. The Dual-

Task-Impact on Daily-life Activities Questionnaire (DIDA-Q), developed for pwMS, 

demonstrated good reliability and validity in Italian (Pedulla. et al., 2020). Dual-Task 

Screening-List (DTSL) and Dual-Tasking Questionnaire (DTQ) were developed for Parkinson’s 

Disease (Strouwen et al., 2017) and stroke and traumatic brain injury (Evans et al., 2009), 

respectively. These questionnaires were used as screening (DTSL) and outcome measures 

(DTQ) in pwMS. The latter two DT PRO are available in Dutch and Hebrew, yet no 

psychometric properties have been evaluated. 

Due to these findings, research into the psychometric properties of these DT PROs is 

necessary to ensure accurate measurement of perceived DT difficulties (Yang et al., 2017). 

Therefore, the aims of this study are to investigate internal consistency including Standard 

Error of Measurement (SEM) and Smallest Detectable Change (SDC), test-retest reliability of 

DTQ, DTSL and DIDA-Q and comparing them between the Turkish and Dutch languages.   
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3. Method 

3.1 Participants 

This study is part of a multicenter study including the Italian Multiple Sclerosis Foundation in 

Italy, Hospital Doctor Sótero del Río and Pontificia Universidad Católica de Chile in Chile, the 

Sheba Medical Center, Tel-hashomer in Israel, and Multiple Sclerosis Center of Catalonia in 

Spain. In Turkey, participants were recruited from the MS Outpatient Clinic of the Dokuz 

Eylül University Hospital. In Belgium, participants were recruited from the Faculty of 

Rehabilitation Sciences Hasselt University and National MS Center Melsbroek. All 

participants needed to give their consent to participate in this study through written 

informed consent.  

Inclusion criteria for this study were; (1) age between 18-65 years; (2) confirmed diagnosis 

of Multiple Sclerosis based on McDonald criteria; (3) no occurrence of relapse during the 

past 30 days; and (4) the ability to understand the Dutch or Turkish language. Participants 

were excluded from this study when one or more of the following criteria were present: (1) 

EDSS score of 7 or above which means that there is an inability to walk (2) a cognitive 

impairment leading to the inability to understand the questions in the questionnaires; (3) 

other neurological comorbidities comprising the ability to dual-task.   

3.2 Procedure  

3.2.1 Experimental DT-PRO data of pwMS in Belgium and Turkey   

The experimental outcome measures of this study are three dual-task questionnaires; Dual-

task Impact on Daily-life Activities Questionnaire (DIDA-Q), Dual-task Screening List (DTSL), 

and Dual-Task Questionnaire (DTQ). DTSL and DTQ were already available in the Dutch 

language. The DIDA-Q was translated into Dutch and the DTSL into Turkish by experts 

according to guidelines for forward and backward translations published by Beaton et al. 

(2000). 

Dual-task Impact on Daily-life Activities Questionnaire (DIDA-Q) is a questionnaire 

developed by Pedulla. et al. (2020). The DIDA-Q aims to assess the impact of dual-tasks on 

daily life in pwMS. The original DIDA-Q was established in Italian and contains 19 items. The 

DIDA-Q consists of three subscales, namely balance & mobility with 20 points, cognition 
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with 32 points, and upper-limb tasks with 24 points. There were no Turkish or Dutch 

versions of DIDA-Q available at the time of the study. Translations were done according to 

Beaton et al. (2000) from English into Turkish and Dutch. Pedulla et al. (2020) investigated 

the reliability of the original Italian version of DIDA-Q in pwMS. The internal consistency of 

all subscales was high with Cronbach’s alpha values of 0.93, 0.90, and 0.90, respectively. In 

addition, the test-retest reliability was adequate with Intraclass Correlation Coefficients of 

0.89, 0.76, and 0.81, respectively. 

Dual-task Screening List (DTSL) is a screening list developed by Strouwen et al. (2017) for 

the assessment of the presence of dual-task interference in Parkinson’s patients. It consists 

of 13 questions with three possible responses; yes (having difficulty), no (not having 

difficulty) or not applicable. The DTSL was not yet available in Turkish at the time of the 

study and was therefore translated into Turkish from English. The Dutch version of this 

questionnaire was already available and used in previous studies (Strouwen et al., 2014; 

Veldkamp et al., 2019a). The psychometric properties of this questionnaire have not yet 

been assessed in any language. 

Dual-task Questionnaire (DTQ) is a questionnaire developed by Evans et al. (2009). It 

includes 10 items investigating the patient’s difficulties with dual-tasking in daily life. All 

items are scored on a 5-point scale ranging from 0 (never) to 4 (very often). Originally, the 

DTQ was developed for the assessment of patients with traumatic brain injury and stroke. 

The test-retest correlation was 0.69. No investigation has been done of the psychometric 

properties of DTQ in pwMS. The DTQ had already been translated into Turkish, and the 

validity and reliability were examined in older adults in a recent study by Sertel et al. (2021). 

No study has yet been carried out on these psychometric properties in pwMS. The intra-

rater reliability was high, with values of 0.90 on all 10 items. The intra-class correlation 

coefficient (ICC), so test-retest reliability, was very high (ICC=0.991; r=0.982). The CAC with a 

value of 0.695 indicates an inadequate internal consistency. For the Belgian part of the 

study, the DTQ was available in Dutch.  
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3.2.2 Descriptive outcome measures 

Patient characteristics were collected. This information consisted of age, sex, the type of 

MS, duration of disease, level of education, and EDSS score.  

Single motor task is a test whereby participants are asked to walk as fast as possible for 30 

seconds. The single motor task was administered in a corridor with a length of 15 meters. 

The distance travelled was recorded in the study. 

Dual-task performance test is a combination of the single motor task together with a verbal 

fluency dual-task. Participants had to walk for 30 seconds in a corridor of 15 meters. Using 

word list generation, participants were asked to name as many words as possible that are 

part of the category ‘fruit’ during the 30-second walk. The distance travelled and the 

number of correct answers were recorded. The dual-task cost (DTC) of the walking distance 

was calculated with the formula:  

𝐷𝑇𝐶(%) =
(single task performance − dual task performance)

single task performance
𝑥 100 

Timed 25 Foot Walk Test (T25WT) is a measuring tool to evaluate mobility, leg function, and 

maximal walking speed. The participants were asked to walk as fast as possible for 25 foot 

(7,62 meters). Each participant carried out two consecutive trials. Participants who use a 

walking aid in daily life were permitted to use it during this test. T25WT has high reliability 

(Motl et al., 2017), concurrent validity, and responsiveness in pwMS (Manago, M. & Hebert, 

J., 2013).  

Multiple Sclerosis Walking Scale (MSWS-12) is a 12-item questionnaire investigating the 

impact of MS on the ability to walk in pwMS. This self-reported measuring instrument was 

developed by Hobart et. al. (2001). The original English version has been shown to have an 

excellent test-retest reliability with ICC=0.94 and excellent internal consistency with 

Cronbach’s alpha = 0.94-0.97 (Hobart et al., 2003). The Dutch version of the MSWS-12 was 

shown to have a good quality and reliability (Mokkink, Galindo-Garre & Uitdehaag, 2016). 

The validity and reliability of the Turkish version of the MSWS-12 were confirmed by Dib, 

Tamam, Terzi & Hobart (2014).  
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The Modified Fatigue Impact Scale (MFIS) is a self-reported measuring tool that 

investigates the perceived impact of fatigue as measured in three subscales. The subscales 

are cognitive with 10 items, psychosocial with two items, and physical functioning with nine 

items. Both the Dutch version (Kos et al., 2003) and Turkish version (Armutlu, K., 2007) of 

the MFIS is valid and reliable in pwMS. 

Nine-Hole Peg Test (NHPT) is a measuring tool used for the assessment of manual dexterity. 

It measures the agility in fine motor movements. This measuring instrument consists of nine 

pegs as well as a board with nine holes in it. Firstly, the patient was asked if they were right- 

or lefthanded. The test started with the dominant hand, their writing hand. The board was 

placed with the pegs on dominant side and the holes on the non-dominant side. The patient 

was asked to perform the test twice with the dominant hand and twice with the non-

dominant hand. The time was measured in seconds. The NHPT is the most used outcome 

measure for the assessment of the upper limb activity domain of the International 

Classification of Functioning, Disability and Health in pwMS (Lamers et. al., 2014). 

Symbol Digit Modality Test (SDMT) is a measuring tool that evaluates the information 

processing speed and working memory in the cognitive domain. The test comprises of a row 

of nine symbols and nine numbers ranging from one to nine. Each symbol matches up with 

one number as pairs. At the start of the test, there is a trial in which the patient can practice 

matching 10 numbers with the given row of symbols. After these 10 pairs, the test starts. 

The patient is asked to match as many pairs as possible in 90 seconds. As the loss of fine 

motor movements, decrease in writing ability (Çelik R., 2018) and a high percentage of 

bilateral hand dexterity deficits (Cattaneo et. al., 2017) is present in pwMS, the SDMT was 

performed orally by all participants to avoid possible bias. The number of correct pairs was 

documented. The reliability and validity have been shown in pwMS (Benedict, R. H., 2017).  

The fall history is the amount of falls a person has experienced in the past 6 months. A fall is 

defined as “an unexpected event in which the participants come to rest on the ground, 

floor, or lower level” (Lamb, Jørstad-Stein, Hauer & Becker, 2005). 
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The 7-item Falls Efficacy Scale International (FES-I) is a measuring tool that assesses the 

patients fear of falling. The 7-item FES-I assesses the person’s fear of falling during 

performance of activities of daily living and social activities. It consists of seven items. A high 

score corresponds to a higher fear of falling. 

3.2.3 Protocol 

The protocol of this study consists of three parts; getting permission from the ethical 

committee, translating the questionnaires and collecting data of the participants. The study 

was approved by the Ethical Committee of Hasselt University on 10 January 2022 with code 

B1152021000023 and by the Ethical Committee of Dokuz Eylül University on 19 January 

2022 with code 2022/03-04. These approvals can be found in the appendices.  

PwMS were asked to participate in two sessions. During the first session, demographic and 

disease-related information was collected by means of age, sex, the type of MS, duration of 

disease, fall history, level of education, and EDSS score. In addition, dual-task performance 

assessment (single motor task and dual cognitive-motor task), physical assessments 

(T25WT, 9HPT), cognitive performance assessment (SDMT), patient-reported outcomes for 

fatigue, walking, and fear of falling (MFIS, MSWS, 7-items FES-I, fall history in the past six 

months), and dual-task questionnaires (DTQ, DTSL, DIDA-Q) were performed. If the 9HPT 

and/or SDMT had already been carried out within the last 6 months, this routinely used data 

was collected to avoid practice effect. The second session was conducted within 7-14 days 

and consisted of the assessment of the dual-task questionnaires (DTQ, DTSL, DIDA-Q). The 

duration of the first session was ± 30 minutes and the duration of the second session was ± 

15 minutes. At exactly two weeks, a reminder was sent to the patient to complete the dual-

task questionnaires. 

3.3 Data analysis  

The analysis was performed by using the statistical computer programme Statistical Package 

for the Social Sciences (SPSS) (Version 28.0. Armonk, NY: IBM Corp.). The analysis was done 

of the internal consistency and test-retest reliability. In both analyses, a significance level set 

at p<0.05 was used. 
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Internal consistency can be described as the amount of interaction between items and thus 

the amount to which the (sub)scales measure the identical concept (Terwee et al., 2007). It 

was measured by the calculation of Cronbach’s alpha coefficients (CAC). A high correlation 

between the different items of the dual-task PRO corresponds to a high CAC. The CAC values 

was reported as inadequate, <0.70; adequate 0.70-0.79; and excellent, >0.80 (Andresen, 

2000; Terwee et. al., 2007). 

Test-retest reliability assumes that the actual score measured is the same over a short-term 

interval (Shou, Sellbom & Chen, 2022). It was evaluated for continuous scores by the 

calculation of the Intraclass Correlation Coefficient (ICC). According to Lippincott & Wilkins 

(2005), the ICC values was calculated and reported as very low ≤0.25, low=0.26–0.49, 

moderate=0.50–0.69, high=0.70–0.89, and very high ≥0.90. For the absolute test-retest 

reliability, a 95% confidence interval of the mean difference was used to determine 

systematic bias by means of the Bland-Altman plot. This 95% limits of agreement (LoA) were 

determined as 1.96 X standard deviation (SD) lower and higher than the mean difference. 

When zero was in the confidence interval, no systematic bias had occurred. The 

measurement error was investigated by calculating the Standard Error of Measurement 

(SEM) and Smallest Detectable Change (SDC). The SEM can be calculated by SEM = SD × 

√(1−R) with R reliability coefficient of the test. For the SDS, the next formula was used 

SDS= SEM ×1.96 × √2 with 95% confidence interval.  
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4. Results 

4.1 General results  

A total of 63 participants were included in this study. 27 MS patients in Belgium were 

evaluated, among whom 13 completed a retest. For Turkey, 36 participants were tested, 

and 32 of them completed a retest. The internal consistency of the three included patient-

reported outcomes was carried out on the total population of each country. The test-retest 

analysis was done in the subset of the population that completed a retest in each country. 

For the Turkish data, missing data was reported on the EDSS score for one participant and 

no retest of DT PRO for four participants. For the Belgium data, missing data was reported 

for time since diagnosis, EDSS score, and type of MS each for one participant, SDMT score 

for three participants and retest of DT PRO for 14 participants.  

Normality of the data was checked for the descriptive characteristics of the Belgian and 

Turkish participants. In the case of age, single motor task, dual-task performance test, SDMT 

total score, MSWS total score, MFIS total score and time since diagnosis, data was normally 

distributed in the Dutch and Turkish populations whereby p-values were calculated by 

means of independent sample T-test. As a result, significant differences were noted 

between both populations for age (p < 0.001), single motor task (p = 0.021), dual-task 

performance test (p = 0.002), MSWS-12 (p < 0.001), and time since diagnosis (p < 0.001). For 

EDSS score, T25FW, DTC, FES-I, number of falls, NHPT dominant hand and NHPT non-

dominant hand, data of one or both the Dutch and Turkish populations were not normally 

distributed. Using the Mann-Whitney U Test (i.e. Rank sum test), significant p-values were 

noted for EDSS score (p < 0.001), and T25FW (p < 0.001). Pearson’s Chi squared tests were 

performed for the nominal data; gender, type of MS and fall status. No significant 

differences were found between the countries for these characteristics. 

An overview of the descriptive characteristics can be found in Table 1. A summary of 

internal consistency of DT PRO in total sample, Belgium and Turkey is shown in Table 2. In 

addition, the test-retest reliability, standard error measurement and smallest detectable 

change of DT PRO in total sample, Belgium and Turkey is presented in Table 3. The ICC 

values of each item of each dual tasking patient reported outcome was analysed. This is 

shown in the appendices in Table 4 for DIDA-Q, in Table 5 for DTSL, and in Table 6 for DTQ.    
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Table 1 

Descriptive data of pwMS in total sample, Belgium and Turkey 

 Total (n=63) Belgium (n = 27) Turkey (n = 36) Difference between countries (p-value) 

Age (years) 45,89 ± 12,97 54,96 ± 9,57 39,08 ± 10,90 <0,001* 

EDSS (0-10)  3,53 ± 2,00 4,96 ± 1,53 2,46 ± 1,60 <0,001* 

Time since diagnosis (years)  13,68 ± 9,33 18,58 ± 10,82 10,14 ± 6,12  <0,001* 

Gender, n (%)     0,589 

Female 42 (66,7) 19 (70,4) 23 (63,9)  

Male 21 (33,3) 8 (26,9) 13 (36,1)  

Education level (years) 14,17 ± 2,98 14,44 ± 2,04 13,97 ± 3,54 0,337 

Type of MS, n (%)     0,098 

Relapsing Remitting, n (%) 47 (74,6) 16 (59,3) 31 (86,1)  

Secondary Progressive, n (%)   9 (14,3) 6 (22,2) 3 (8,3)  

Primary Progressive, n (%)   6 (9,5) 4 (14,8) 2 (5,6)  

Walking aid     <0,001* 

Yes, n (%) 20 (31,7) 19 (70,4) 1 (2,8)  

No, n (%) 43 (68,3) 8 (29,6) 35 (97,2)  

Number of falls 3,27 ± 8,63 3,69 ± 10,24 1,75 ± 0,44 0,127 
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Table 1 (continued) 

Descriptive data of pwMS in in total sample, Belgium and Turkey  

 Total (n=63) Belgium (n = 27) Turkey (n = 36) Difference between sample (p-value) 

Fall status    0,037* 

Yes  23 (36,5) 14 (51,9) 9 (25,0)  

No  40 (63,5) 13 (48,1) 27 (75,0)  

NHPT (s)     

Dominant  23,17 ± 6,76 24,80 ± 7,95 21,98 ± 5,56 0,117 

Nondominant  25,85 ± 8,49 27,32 ± 9,56 24,74 ± 7,55 0,261 

T25FW (s)  6,77 ± 3,78 8,53 ± 4,91 5,45 ± 1,81 <0,001* 

SMT (m)   37,68 ± 12,09 33,67 ± 14,47 40,69 ± 9,04 0,021* 

DTPT (m) 33,01 ± 10,66 28,33 ± 11,43 36,51 ± 8,66 0,002* 

DTC (%) 10,89 ± 12,50 11,47 ± 17,87 10,45 ± 6,23 0,637 

FES-I (16-64) 12,84 ± 4,31 13,93 ± 4,62 12,03 ± 3,94 0,093 

MSWS-12 (12-60) 34,43 ± 13,95 41,59 ± 13,97 29,06 ± 11,42 <0,001* 

SDMT (0-110)  49,36 ± 12,54 47,33 ± 13,26 50,74 ± 12,01 0,309 

MFIS total (0-84) 38,14 ± 21,66 42,70 ± 20,99 34,72 ± 21,81 0,149 

Abbreviations: EDSS = Expanded Disability Status Scale; MS = multiple sclerosis; pwMS = people with multiple sclerosis; NHPT = nine-hole peg 

test; T25FW = timed 25-foot walk; SMT = single motor task; DTPT = dual task performance test; FES-I Falls Efficacy Scale International; MSWS-

12 = Twelve Item MS Walking Scale; SDMT = single digit modality test; MFIS = Modified Fatigue Impact Scale; * <0.05 
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Table 2 

Experimental DT-PRO data of pwMS in total sample, Belgium and Turkey 

 Total (n=63) Belgium (n = 27) Turkey (n = 36) Difference between sample (p-value) 

DTQ 15.97 ± 9.85 19.78 ± 10.29 13.11 ± 8.57 0.007* 

DTSL 20.56 ± 4.45 18.37 ± 4.55 22.19 ± 3.64 0.001*  

DIDA-Q total score  23.22 ± 17.44 29.59 ± 17.74 18.44 ± 15.82 0.014*  

DIDA-Q mobility &balance  7.35 ± 5.84 8.74 ± 6.11   6.31 ± 5.49  0.097 

DIDA-Q upper extremity 9.62 ±7.13 12.67 ± 6.84  7.33 ± 6.54  0.002*  

DIDA-Q cognition  6.25 ± 6.17  8.19 ± 7.10   4.81± 4.94  0.082 

Abbreviations: EDSS = Expanded Disability Status Scale; MS = multiple sclerosis; pwMS = people with multiple sclerosis; NHPT = nine-hole peg 

test; T25FW = timed 25-foot walk; SMT = single motor task; DTPT = dual task performance test; FES-I Falls Efficacy Scale International; MSWS-

12 = Twelve Item MS Walking Scale; SDMT = single digit modality test; MFIS = Modified Fatigue Impact Scale; * <0.05 
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Abbreviations: PRO = patient reported outcomes; CAC = Cronbach’s alpha coefficients; DTQ = Dual Task Questionnaire; DTSL = Dual-task 

Screening List; DIDA-Q = Dual-task Impact on Daily-life Activities Questionnaire 

 

 

 

 

 

Table 3 

Internal consistency of dual tasking patient reported outcomes in total sample, Belgium, and Turkey   

Dual tasking PRO Total sample (n=63) Belgium (n=27) Turkey (n = 36) 

CAC CAC CAC 

DTQ 0,96 0,92 0,94 

DTSL 0,91 0,91 0,94 

DIDA-Q total score 0,92 0,95 0,99 

DIDA-Q mobility &balance 0,94 0,92 0,98 

DIDA-Q upper extremity 0,93 0,91 0,98 

DIDA-Q cognition 0,91 0,91 0,93 
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Abbreviations: PRO = patient reported outcomes; ICC = Intraclass Correlation Coefficient; SEM = standard error of measurement; SDC = 

smallest detectable change; DTQ = Dual Task Questionnaire; DTSL = Dual-task Screening List; DIDA-Q = Dual-task Impact on Daily-life Activities 

Questionnaire 

 

Table 4 

Test-retest reliability, standard error of measurement and smallest detectable change of DT PRO in total sample, Belgium, and Turkey 

Dual tasking PRO Total sample (n=45) Belgium (n=13) Turkey (n = 32) 

ICC [95% CI] SEM SDC ICC [95% CI] SEM SDC ICC [95% CI] SEM SDC 

DTQ 0,93 [0.88, 0.96] 1,20 1,70 0,84 [0.50, 0.95] 3,34 4,73 0,95 [0.89, 0.97] 1,85 2,62 

DTSL 0,91 [0.83, 0.95] 0,65 0,92 0,75 [0.20, 0.92] 1,86 2,63 0,94 [0.87, 0.97] 0,90 1,27 

DIDA-Q total score  0,98 [0.97, 0.99] 1,13 1,60 0,96 [0.87, 0.99] 2,75 3,89 0,99 [0.97, 0.99] 1,85 2,61 

DIDA-Q mobility &balance  0,96 [0.92, 0.98] 0,57 0,80 0,87 [0.59, 0.96] 1,71 2,42 0,98 [0.95, 0.99] 0,80 1,13 

DIDA-Q upper extremity 0,97 [0.95, 0.98] 0,59 0,84 0,91 [0.72, 0.97] 1,73 2,45 0,98 [0.97, 0.99] 0,78 1,11 

DIDA-Q cognition  0,95 [0.91, 0.97] 0,64 0,90 0,97 [0.90, 0.99] 1,01 1,43 0,93 [0.86, 0.97] 1,25 1,77 
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4.2 Turkish version of Dual Tasking PROs 

For the patient-reported outcome measure DIDA-Q, a CAC of 0.99 was found for all items. 

The CAC value for the three subscales was 0.98 for mobility & balance, 0.98 for upper 

extremity, and 0.93 for cognition. Thus, the internal consistency for the Turkish version of 

the DIDA-Q for the total scale and the subscales is excellent. Furthermore, the test-retest 

reliability, analysed with ICC, showed a value of 0.99 for the total scale. The ICC was 0.98 for 

the mobility & balance subscale, 0.98 for the upper extremity subscale, and 0.93 for the 

cognition subscale. The ICC values were reported as very high for the three subscales and 

for the total score. In addition, a SEM and SDC of 1.85 and 2.61, respectively, were 

presented. Figure 1 shows the Bland-Altman plot for the DIDA-Q. The 95% limits of 

agreement was ± 7.25%. Based on the regression analysis, there is no proportional bias (p = 

0.622). 

For the DTSL questionnaire, an internal consistency of 0.94 CAC was found for the total 

scale. Thus, the internal consistency for the Turkish version of the DTSL is excellent. The 

test-retest reliability was very high with an ICC value of 0.94. The SEM and SDC values were 

0.90 and 1.27, respectively. Figure 1 shows the Bland-Altman plot for the questionnaire 

mentioned above with a LoA of ±3.34%. Based on the regression analysis, there is no 

proportional bias (p = 0.029). 

For the Turkish version of the DTQ, a CAC value of 0.94 showed excellent internal 

consistency. An ICC value of 0.94 was found, suggesting a very high test-retest reliability. In 

addition, a SEM and SDC with 1.85 and 2.62, respectively, were also found. Figure 1 shows 

the Bland-Altman plot for the DTQ with the 95% limits of agreement of ±7.17%. Based on 

the regression analysis, there is no proportional bias (p = 0.317). 
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4.3 Dutch versions of Dual Tasking PRO 

DIDA-Q showed a CAC of 0.95 for all items. The CAC value of the three subscales were 0.92 

for mobility & balance, 0.91 for upper extremity and 0.91 for cognition. Thus, the internal 

consistency for the Dutch version of DIDA-Q for the total scale and subscales is excellent. 

Furthermore, test-retest reliability, analysed with ICC, showed a value of 0.96 on the total 

scale. The ICC was 0.87 for the subscale mobility & balance, 0.91 for the subscale upper 

extremity, and 0.97 for the subscale cognition. The ICC values were reported to be high for 

the subscale mobility & balance, and very high for the total scale and subscales upper 

extremity and cognition. In addition, a SEM and SDC of 2.75 and 3.89, respectively, were 

also reported. Figure 1 shows the Bland-Altman plot for the DIDA-Q with the 95% limits of 

agreement of ±11.01%. Regression analysis shows no proportional bias (p = 0,984). 

For the DTSL, an internal consistency of 0.91 CAC was determined for the total scale. The 

internal consistency for the Dutch version of DTSL is excellent. The test-retest reliability was 

adequate with an ICC value of 0.75. The SEM and SDC values were 1.86 and 2.63 

respectively. Figure 1 indicate the Bland-Altman plot for the DTSL with a LoA of ±5.74%. 

Based on the regression analysis, there is no proportional bias (p = 1,000). 

The Dutch version of the DTQ shows an excellent internal consistency with a CAC value of 

0.92. An ICC value of 0.84 was found indicating a high test-retest reliability. In addition, a 

SEM and SDC with 3.34 and 4.73, respectively, were also reported. Figure 1 expresses the 

Bland-Altman plot for the DTQ. The 95% limits of agreement was ± 11.64%. Based on the 

regression analysis, there is no proportional bias (p = 0.440). 
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Figure 1  

Bland-Altman plot of Dutch and Turkish versions of DIDA-Q, DTSL and DTQ   

 DIDA-Q DTSL DTQ 

BE 

   

TR 

   

Abbreviations: DIDA-Q = Dual-task Impact on Daily-life Activities Questionnaire; DTSL = Dual-task Screening List; DTQ = Dual Task 

Questionnaire; BE = Belgium; TR = Turkey; LoA = limits of agreement 
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4.4 Dual Tasking PRO in the combined Turkish-Dutch population 

DIDA-Q showed a CAC of 0.92 for all items. The CAC value of the three subscales were 0.94 

for mobility & balance, 0.93 for upper extremity and 0.91 for cognition. Thus, the internal 

consistency for the DIDA-Q for the total scale and subscales is excellent. Furthermore, test-

retest reliability, analysed with ICC, showed a value of 0.98 on the total scale. The ICC was 

0.96 for the subscale mobility & balance, 0.97 for the subscale upper extremity, and 0.95 for 

the subscale cognition. The ICC values were reported to be high for the total scale and all 

subscales. In addition, a SEM and SDC of 1.13 and 1.60, respectively, were also reported. 

Figure 2 reveals the Bland-Altman plot for the questionnaire mentioned above with a LoA of 

±8.34%. The p-value of 0.567 shows that there is no proportional bias. 

For DTSL, an internal consistency of 0.91 CAC was determined for the total scale showing an 

excellent the internal consistency. The test-retest reliability was very high with an ICC value 

of 0.91. The SEM and SDC values were 0.65 and 0.92 respectively. Figure 2 presents the 

Bland-Altman plot for the DTSL with the 95% limits of agreement of ±4.71%. Based on the 

regression analysis, there is no proportional bias (p = 0,768). 

An excellent internal consistency was reported for DTQ with a CAC value of 0.96. An ICC 

value of 0.93 was found indicating a high test-retest reliability. In addition, a SEM and SDC 

with 1.20 and 1.70, respectively, were also reported. Figure 2 shows the Bland-Altman plot 

for the questionnaire mentioned above. The 95% limits of agreement was ± 8.90%. Based on 

the regression analysis, there is no proportional bias (p = 0,497). 
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Figure 2  

Bland-Altman plot of combined Dutch and Turkish versions of DIDA-Q, DTSL and DTQ   

 DIDA-Q DTSL DTQ 

BE-TR 

   

Abbreviations: DIDA-Q = Dual-task Impact on Daily-life Activities Questionnaire; DTSL = Dual-task Screening List; DTQ = Dual Task 

Questionnaire; BE = Belgium; TR = Turkey; LoA = limits of agreement 
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5. Discussion 
5.1. Findings related to the research questions 

This study aimed to assess the test-retest reliability and internal consistency of the Dutch 

and Turkish versions of the DIDA-Q, DTSL, and DTQ in pwMS.  

In this study, both the Turkish and Belgian versions of the DIDA-Q showed excellent internal 

consistency for both total and subscales in an MS population. The results found for internal 

consistency are in line with the results found by Pedulla et al. (2020). When the test-retest 

reliability is compared with previous research of Pedullà et al. (2020), the ICC value of 0.95 

for the total score is similar in total population. Although Pedulla et al. (2020) findings and 

our results demonstrated good reliability, there is some variation, particularly in the 

cognition subscale. Pedulla et al. (2020) indicated a lower ICC value on the cognition 

subscale (ICC = 0.76). However, as an ICC value above 0.70 corresponds to high test-retest 

reliability, our findings are in line with Pedulla et al. (2020) on the subscale cognition. The 

population of the previous study (Pedulla et al., 2020) was similar to the Belgian population 

in this study with the previous study having a mean age of 52.8 ± 11.7 as well as EDSS score 

of 79,6% EDSS score >3.5. This could be an explanation for the similar results found for the 

internal consistency. Despite the Turkish population having a different mean EDSS score and 

average age, similar test-retest reliability results were obtained for the Turkish population 

and the population studied by Pedulla et al. (2020). Overall, our results of test-retest 

reliability and internal consistency of DIDA-Q were confirmed with the large sample size (n = 

230 pwMS) of Pedulla et al. (2020). 

In this study, similar excellent results were found for the internal consistency in the Turkish 

and Belgian population of DTSL. When test-retest reliability was investigated, a very high 

and high test-retest reliability was found for the Turkish and Belgian data, respectively. The 

psychometric properties of the DTSL have not yet been investigated in previous research but 

only used as a screening measure (Strouwen et al. (2017); Veldkamp et al. (2019a). Future 

research with an adequate sample size, 50 or more (Terwee et al., 2007), is needed to 

confirm the results of the internal consistency and test-retest reliability.  

For the DTQ, this study found similar results for internal consistency in the Turkish and 

Belgian populations. When test-retest reliability was examined, very high and high test-
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retest reliability was found for the Turkish and Belgian data, respectively. For the DTQ, no 

rigorous validation was used for psychometric properties in previous research (Evans et al., 

2009). In their study, test-retest reliability was assessed before and after an intervention. 

Since this is not a correct methodology, and suggestive for responsiveness, the results can 

be questioned (Abasiyanik, Veldkamp, Fostier, Van Goubergen & Feys, in preparation). 

Therefore, these results cannot be compared between previous research and our findings. 

Sertel et al. (2021) investigated the test-retest reliability and internal consistency of the 

Turkish version of DTQ. This was done in 118 healthy older adults living in the community 

(mean age 70.57 ± 5.83). Similar very high ICC values were found in both studies confirming 

test-retest reliability in older adults and pwMS. Sertel et al. (2020) found an inadequate CAC 

of 0.695. This is in contrast to the very high Cronbach's alpha coefficient of our Turkish 

pwMS population. The DTQ was used as an outcome measure in previous research in MS, 

ABI or ONI and HC (Butchard-MacDonald et al., 2018; Evans et al., 2009; Raats et al., 2019; 

Veldkamp et al., 2019a; Veldkamp et al., 2019b; Veldkamp et al., 2021).  

It is important to note that each item of the DTSL and DIDA-Q includes the motor task 

'walking' in combination with another task. The DTQ also questions the combination of two 

non-motor tasks. Attention should be paid to this information when deciding to administer 

a DT PRO in a specific patient. In this study, the EDSS scores for the Turkish (2,46 ± 1,60) and 

Belgian (4,96 ± 1,53) participants are rather low. Since an EDSS score of more than 7 is 

related to not being able to walk more than five meters unaided and being wheelchair 

bound, it should be noted that the questionnaires with a motor component including the 

lower extremity can only be used for MS patients with an EDSS score lower than seven. 

In general, the test-retest reliability and internal consistency showed similar findings 

between the Belgian and Turkish populations in our study. These results were obtained 

despite the differences in descriptive characteristics between the two populations. Belgian 

MS participants are significantly older than the Turkish ones, had a significantly higher EDSS 

score, a longer time since diagnosis and made more use of a walking aid. It was also shown 

that Belgian MS participants reported falling more often than Turkish participants, Belgian 

MS patients had a slower T25FW than Turkish MS patients but had a faster single motor task 

and dual-task performance test. In addition, Belgian MS patients had, on average, a higher 
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score on the MSWS-12, which may therefore reflect an increased walking impairment. 

When interpreting the reliability analysis, attention should be paid to these differences in 

descriptive characteristics as in this study the Belgian population showed to have a general 

worse disease severity than the Turkish population. It is expected that a more disabled 

population will show more variability in reporting as they suffer from a wider range of 

symptoms related to MS (Sumowski et. Al., 2018; Carling et al., 2018; Alschuler, Ehde & 

Jensen, 2013; Greeke et al., 2017; José, 2008). In addition, for DTQ, DTSL, DIDA-Q total score 

and DIDA-Q upper extremity significant differences were found between Turkey and 

Belgium. This indicates lower scores for the Belgian population at the first and second test 

moment, which suggests a correlation between test-retest. For the DIDA-Q balance-mobility 

and DIDA-Q cognition no significant differences were found between countries. However, 

the findings of these subscale were close to the significance level. Lastly, this study recruited 

a small sample for each country. Previous research (Terwee et al., 2018) suggested a study 

population of at least 50 participants for an adequate interpretation of reliability. In terms 

of generalizability, the proportions of women-men, age of diagnosis and type of MS largely 

correspond to the general MS population (Ghasemi, Razavi, & Nikzad, 2017).  

5.2. The strengths and limitations of the study 

In terms of strengths, this is the first study to evaluate the psychometric properties of DT 

PRO in Turkish and Dutch in pwMS. New and additional results were found regarding the 

DTQ, DIDA-Q and DTSL. The results of the previous studies largely coincide with our findings. 

The fact that in this study both the Turkish and Dutch versions of the DIDA-Q, DTSL and DTQ 

were investigated, can be seen as a strength. This master's thesis was preceded by a very 

extensive literature study. The fact that this study was conducted specifically in the MS 

population can be seen as a strength as it has been shown that this population often 

experiences difficulties with the performance of dual tasks (Edwards et al., 2020). The 

inclusion of MS patients with different levels of disability can been seen as an added 

strength. The participants' testing sessions took up to 20 minutes. Due to the short test 

duration and the transparent representation of the data collection, this study can very easily 

and accurately be performed again. This flexibility allowed for a greater acquisition of 

participants. In addition, this thesis is also part of a multicenter study involving several 
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research centers around the world. It is coordinated under the supervision of Prof. dr. Peter 

Feys and Dra. Zuhal Abasiyanik.  

In terms of limitations, it was difficult to make a comparison with previous research because 

research on the psychometric properties of PRO on dual tasking in daily life is scarce. Other 

limitations can be noted in the limited recruitment in Belgium and Turkey. We did not reach 

the recommended 50 patients at the time of data analysis (Terwee et al., 2018). Belgium 

provided a small sample. Of these 27 participants, only 13 completed the retest at the time 

of data analysis. This could influence the results of the test-retest reliability. Regarding the 

order of testing, it was reported by some participants that performing the Dual-Task 

Performance Test first might influence the responses to the DT PRO by previous 

experiences. According to our descriptive data, there is no difference between Belgian and 

Turkish participants when reporting the number of falls. However, six months is a long 

period so recall bias can occur. In future studies prospective fall diaries can be used to avoid 

this bias. Lastly, the data collection for this master thesis ended on 15 May 2022. As the 

multicenter study is still ongoing to date, not all participants who completed a first test 

moment had already undergone a second test moment. 

5.3. Recommendations for future studies 

This is the first study to investigate the psychometric properties of DTSL and DTQ in Turkish 

and Dutch in pwMS and to further research the results of reliability on DIDA-Q. For this 

reason, this study can be seen as an added value to the existing scientific literature on dual 

tasking. This study can complement and enlarge previous research. Previous research has 

shown that DT PRO can be used as an outcome measure in different populations such as 

students (Amini et al., 2016), healthy adults (Salthouse & Siedlecki, 2005), adults with MS 

(Butchard-MacDonald et al., 2018; Pedullà et al., 2020; Veldkamp et al., 2019a; Veldkamp et 

al., 2019b; Veldkamp et al., 2021; Raats et al., 2019), adults with acquired brain injury (Cock 

et al., 2013; Evans et. al, 2009), adults with other neurological illness (Evans et al., 2009), 

adults with spinal cord injury (Tun & Wingfield, 1995; Tun et al., 1997) and adults with 

Parkinson's disease (Strouwen et al., 2017). Due to the different characteristics of previously 

mentioned studies, the generalizability is lower. Further research in other populations 

(orthopedic patients, children with neurological disorders, ...), languages and countries, in 
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addition to the countries and languages of the multicenter study, are yet to be investigated 

in accordance with the COSMIN guidelines (Mokkink et al., 2016; Prinsen et al., 2018; 

Terwee et al., 2018). Since this study was limited to examine the aspects of reliability, it is 

recommended that further research takes validity into account. This way, it can be 

determined whether there is any overlap between the DT PRO and an assessment can be 

made of whether the DT PRO measures the construct(s) it means to measure (Mokkink et 

al., 2009). No comparison has yet been made between pwMS and HC. However, this is an 

important component of examining validity and is recommended in future research.  

Also, the COSMIN methodology should be further used for the evaluation of psychometric 

properties (Mokkink et al. (2016), Prinsen et al. (2018) and Terwee et al. (2018)). Future 

research with a bigger sample size, 50 or more, is recommended to complement past and 

current research on the psychometric properties of DT PRO (Terwee et al., 2007). The use of 

DT PRO can be a useful and reliable tool in the assessment of the individual perspective of 

pwMS in the DT performance in daily living. Therefore, it is recommended for new future 

experimental studies to include DT PRO as an outcome measure. 
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6. Conclusion 

This study investigated the reliability of three DT PRO, namely DIDA-Q, DTSL, and DTQ. An 

excellent internal consistency was found for the Turkish and Dutch versions of the DIDA-Q, 

DTSL, and DTQ. A very high test-retest reliability was found for the Turkish version of the 

DIDA-Q, DTSL, and DTQ. For the Dutch version of DIDA-Q, a high test-retest reliability for the 

balance and mobility subscale, while the subscales upper extremity and cognition and the 

total score showed a very high test-retest reliability. Furthermore, adequate and high test-

retest reliability was found for DTSL and DTQ, respectively. For all DT questionnaires in both 

languages, no proportional bias was found based on Bland-Altman plots and the regression 

analysis. Moreover, due to the small sample size, the results should be interpreted with 

caution. Ongoing studies can confirm these results with a larger sample size, according to 

COSMIN guidelines.  
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Appendices 
Dutch and Turkish ICC scores of items of DIDA-Q, DTSL and DTQ

Table 4 

Test-retest reliability of Turkish and Dutch versions of the items of DIDA-Q 

Question 

Please, indicate the difficulty level of the following tasks: 

ICC 

Belgium  Turkey 

1. Walking and carrying a plate filled with food 0,91 0,91 

2. Walking and drinking from a bottle or a can 0,70 0,95 

3. Walking and remembering the name of a restaurant, the title of a book or of a movie 0,87 0,83 

4. Walking and listening to someone who is talking 0,90 0,89 

5. Walking and planning a schedule (e.g., preparing a meal) 0,84 0,86 

6. Walking and closing the zipper of your jacket 0,89 0,93 

7. Talking to someone and walking on curvilinear paths 0,73 0,94 

8. Walking and responding quickly to visual stimuli (e.g., stop at the red light, reading road signs) 0,86 0,86 

9. Talking to someone and maintaining balance on your feet  0,74 0,95 

10. Talking to someone and walking at high speed  0,82 0,93 

11. Talking to someone and performing quick changes of your walking direction  0,71 0,92 

12. Talking to someone and walking at spontaneous speed 0,69 0,93 

13. Walking and paying attention to traffic sounds in the street 0,97 0,82 
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Table 4 (continued) 

Test-retest reliability of Turkish and Dutch version of DIDA-Q 

Question 

Please, indicate the difficulty level of the following tasks: 

ICC 

Belgium Turkey 

14. Walking and getting something out of your pocket  0,79 0,93 

15. Walking and performing mental arithmetic (e.g., calculating the shopping change)  0,68 0,94 

16. Walking and using your phone (e.g., looking for a contact, sending a text message) 0,88 0,97 

17. Going over a step and carrying a bag  0,96 0,93 

18. Walking and articulating a speech  0,72 0,93 

19. Walking and listening to music on the radio 0,76 0,69 

Abbreviations: DIDA-Q = Dual-task Impact on Daily-life Activities Questionnaire; ICC = Intraclass Correlation Coefficient; very low ≤0.25; 

low=0.26–0.49; moderate=0.50–0.69; high=0.70–0.89; very high ≥0.90 
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Table 5 

Test-retest reliability of Turkish and Belgium versions of the items of DTSL 

Question 

Do you experience difficulties with the combination off… 

ICC 

Belgium Turkey 

1. Walking and talking. 0,83 0,70 

2. Walking and phoning. 0,48 0,88 

3. Walking and carrying a bag. 0,71 0,79 

4. Walking and carrying a plate filled with food. 0,48 0,86 

5. Walking and carrying a filled glass.  0,44 0,77 

6. Walking and avoiding obstacles. 0,46 0,61 

7. Walking and getting something out of your pockets (tissue, money, mobile phone). 0,78 0,87 

8. Walking outside and paying attention to traffic. 0,36 0,75 

9. Walking and remembering things (phone number, address). 0,71 0,69 

10. Walking and thinking about something else. 0,70 0,27 

11. Walking and looking for items while shopping. -0,23 0,69 

12. Walking and closing the zipper of your jacket. 0,53 0,76 

13. Walking and finding your way in airport or train station. 0,51 0,45 

Abbreviations: DTSL = Dual-task Screening List; ICC = Intraclass Correlation Coefficient; very low ≤0.25; low=0.26–0.49; moderate=0.50–0.69; 

high=0.70–0.89; very high ≥0.90 
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Table 6 

Test-retest reliability of Turkish and Belgium versions of the items of DTQ 

Question 

Do you have any of these difficulties? 

ICC 

Belgium Turkey 

1. Paying attention to more than one thing at once 0,83 0,76 

2. Needing to stop an activity to talk 0,92 0,87 

3. Being unaware of others speaking to you when doing another activity 0,74 0,88 

4. Following or taking part in a conversation where several people are speaking at once 0,83 0,90 

5. Walking deteriorating when you are talking or listening to someone 0,75 0,93 

6. Busy thinking your own thoughts, so not noticing what is going on around you 0,87 0,57 

7. Spilling a drink when carrying it 0,11 0,96 

8. Spilling a drink when carrying it and talking at the same time 0,53 0,94 

9. Bumping into people or dropping things if doing something else as well 0,57 0,89 

10. Difficulty eating and watching television or listening to the radio at the same time 0,48 0,79 

Abbreviations: DTQ = Dual Task Questionnaire; ICC = Intraclass Correlation Coefficient; very low ≤0.25; low=0.26–0.49; moderate=0.50–0.69; 

high=0.70–0.89; very high ≥0.90 
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Statistical decision tree 

The following statistical analysis trees were used during the analysis of the descriptive data (table 1 and table 2). 

The analysis of reliability is not reflected in these decision trees. A detailed description of this approach can be found in the Method section. 
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Dutch testing documents 
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Turkish testing documents 
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Ethics Committee approval - Belgium 
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Ethics Committee approval - Turkey 
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Inventory  

 
 

INVENTORY FORM SCIENTIFIC INTERNSHIP PART 2 

DATE CONTENT OF THE MEETING SIGNATURES 

 
   5/10/2021 

- Last version of DT project 
- Certain dates for internship in 

Turkey 
- Plan for EC preparation 

Promotor: not present 
Copromotor: Zuhal Abasiyanik 
Student: Amber Fostier 
Student: niet aanwezig 

   
   13/10/2021 

- Completion major parts of the EC 
application 

Promotor: not present 
Copromotor: Zuhal Abasiyanik 
Student: Amber Fostier 
Student: Carolien Van Goubergen 

 
   15/10/2021 

- Expansion of students in this 
master's thesis 

- Discussion of the practical 
elaboration of data collection in 
Belgium and Turkey 

Promotor: Peter Feys 
Copromotor: Zuhal Abasiyanik 
Student: Amber Fostier 
Student: Carolien Van Goubergen 

 
   10/11/2021 

- Discussion on METC application of 
DT PRO Project 

Promotor: not present 
Copromotor: Zuhal Abasiyanik 
Student: Amber Fostier 
Student: Carolien Van Goubergen 

 
   13/12/2021 

- METC revision 
- Revision and correction of 

grammatical errors in the Dutch 
translations  

- The GCP course and certificate  
- Master thesis topics and timeline 

Promotor: Peter Feys 
Copromotor: Zuhal Abasiyanik 
Student: Amber Fostier 
Student: Carolien Van Goubergen 

 
   5/01/2022 

- Latest situation of internship 
(Turkey) 

- Planning of HC recruitment 

Promotor: Peter Feys 
Copromotor: Zuhal Abasiyanik 
Student: Amber Fostier 
Student: Carolien Van Goubergen 

 
   1/02/2022 

- Start-up CMI - PRO tests 
- Introduction of students 1st/2nd 

Master 
- Discussion of 

translation/adaptation of Dutch 
version of DIDA-Q 

Promotor: Peter Feys 
Copromotor: Zuhal Abasiyanik 
Student: Amber Fostier 
Student: Carolien Van Goubergen 

18/5/2022 and 
20/05/2022 

- Advice and feedback on statistical 
analysis 

Promotor: not present 
Copromotor: Zuhal Abasiyanik 
Student: Amber Fostier 
Student: Carolien Van Goubergen 

30/05/2022 - Analysis of feedback on total 
scription/thesis 

Promotor: not present 
Copromotor: Zuhal Abasiyanik 
Student: Amber Fostier 
Student: Carolien Van Goubergen 
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Verklaring op eer – Amber Fostier 
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Verklaring op eer – Carolien Van Goubergen 
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Advice promotor Amber  
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Advice promotor Carolien  
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