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Abstract 
 
Background: The aim was to determine postural balance change caused by no-vision and/or 

compromised somatosensory information in single and dual tasking, and to determine the (change 

in) dual-task costs caused by the reduction of combined sensory input. Methods: Fifteen 

independently living elderly persons (age, 77.5 ± 7 years) were analyzed by means of a force plate. 

variables assessed were maximum displacement and standard deviation amplitude in the medial–

lateral and anterior–posterior direction, average speed of displacement, and the area of the 95th 

percentile ellipse per given time. The dual-task costs were calculated for posture and cognitive 

performance. Results: Fractional analysis of variance showed a significant effect between the 

single- and dual-task situations in medial–lateral (F[1/104] = 18.158, p < 0.001), standard deviation 

medial–lateral (F[1/104] = 19.855, p < 0.001), anterior–posterior (F[1/104] = 15.984, p < 0.001), 

standard deviation anterior–posterior (F[1/104] = 14.415, p < 0.001), average speed of displacement 

(F[1/104] = 10.316, p < 0.001), and area of the 95th percentile ellipse (F[1/104] = 15.939, p < 

0.001). One-way analysis of variance showed significant differences in change scores between 

single and dual tasking  and dual-task costs between the reference situation and the combined “no-

vision–reduced somatosensory” situation. There were no differences between multiple fallers/ non-

fallers or different situations in cognitive performance. Conclusion: The findings refute both the 

theoretical framework of resource-sharing and the adaptive resource-sharing theory, therefore 

seeming to provide support for the theory of an increased processing area. Future study should 

focus on assessing the processing area during a combined reduction of sensory input situation to test 

this assumption.  
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Background 

The accurate processing of sensory information is critical for maintaining balance within the variety 

of environmental conditions encountered in daily life. Many elderly persons have proprioceptive 

deficits in position and motion sensing and these age-related declines may compromise 

sensorimotor tasks such as balance and postural control. These changes in function are most likely 

attributable to degenerative changes in the peripheral nervous system as well as to decreases in 

central processing abilities1. The effects of aging caused by deterioration of the sensory system can 

be tested by artificially reducing sensory input, e.g., somatosensory, vestibular, and/or visual inputs. 

This artificial reduction disturbs postural balance2,3.  

 

Under normal circumstances, dual tasking does not pose a challenge for everyday life functioning4, 

but simultaneously performing two tasks may become a relevant problem in older adults5-7. The 

simultaneous performance of an attention-demanding task and a postural task can result in 

decreased postural control in the elderly5, like for example seen in the “stops walking while talking” 

phenomenon described by Lundin-Olsson et al. 6. In the worst case this decreased postural stability 

can result in a fall8. Since injuries resulting from falls are one of the leading causes of death among 

the elderly population9, it is important to make a comparison between multiple fallers and non-

fallers. 

 
When older adults are tested for dual-task performance while standing on a stable surface, they 

exhibit an increase in postural instability compared with the single-task condition10. Doumas et al. 

suggested that, provided that posture is relatively stable, older adults have the flexibility to allow 

additional instability to release the resources necessary to accommodate the demands of dual-task 

performance10. However, when this dual-task testing is combined with the reduction of sensory 

input, the levels of postural control are similar for single and dual tasking at the cost of cognition10.  

Doumas et al. also showed that the influence of different sensory systems on postural stability, e.g., 

visual or somatosensory, is not comparable. The influence on standing postural balance of a 
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reduction of somatosensory input is apparently larger than the disturbing effect caused by a 

reduction of visual information10. It is unclear, however, what are the effects of combined reduction, 

e.g., reduced vision and somatosensory input, on postural stability. It can be speculated that the 

combined reduction will worsen postural control to further accommodate cognitive task 

performance. It is also possible, however, that in combined reduction of vision and somatosensory 

input, postural control will be prioritized at the cost of cognitive task performance11. 

 

The results of studies investigating posture and memory performance under combined reduction test 

conditions can be interpreted in the context of three main theories that try to explain what happens 

with human balance control when the flow of information to the postural control system is 

manipulated. The first theory, the theoretical framework of resource-sharing12, states that concurrent 

tasks interfere with each other as a result of simultaneous demands on a capacity-limited pool of 

resources. The second theory, the resource-sharing hypothesis11, maintains that various factors play 

a part in observed increases and decreases in sway across experimental conditions. These factors 

can have their origin in either facilitation or stabilization actions or partly in both13. The theory of 

Erickson et al. believes that the brain regions active for dual-task conditions highly overlap with 

regions found to be active for each of the single tasks and that the areas simply increase in 

magnitude with greater processing demands13.  

 

The aim of this study was to determine postural balance changes in the elderly fallers and non-

fallers caused by no-vision, by compromised somatosensory information, and by a combination of 

no-vision and reduced somatosensory information in both single and dual tasking. Furthermore, the 

aim was to determine the dual-task costs for both posture (DTCp) and cognition (DTCc) and the 

DTC change caused by the different test conditions. 
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Methods 

Participants  

This study was conducted at the University Hospital Zurich, Zurich, Switzerland. Participants were 

recruited within the hospital by word of mouth. Fifteen elderly living in the community were 

consecutively recruited at the Department of Rheumatology and the Institute of Physical Medicine. 

The mean age of the participants was 77.5 ± 7 years (range, 63–87 years). The inclusion criteria 

were age older than 60 years. Exclusion criteria were unable to understand (language) the purpose 

of the study, diagnosed as having psychologic or psychiatric problems interfering with the aim of 

the study, have known chronic substance abuse (such as medication or alcohol), and/or being under 

therapy with neuroleptics, sedatives, antiepileptics, and antidepressives. All participants gave their 

written informed consent and were blinded to the purpose of the measurements. The study has been 

approved by the local ethics committee. 

 

Study design 

The design of the study consisted of a 12-month pre-test fall assessment and a force platform 

assessment. This procedure was chosen to rule out possible effects of balance assessment on fall 

behaviour. The participant recorded falls for 1 year with a monthly fall calendar. Thereafter, the 

postural balance of the participant was tested within a single assessment session that lasted 

approximately 40 minutes. The force platform measurements were collected under two task 

conditions: standing quiet (single task) and standing quiet combined with counting backward in 

steps of seven (dual task). Both the single- and dual-task test conditions were performed with and 

without vision (NV), with (FO) and without standing on a foam support surface and with the 

combination of no vision and standing on a foam support surface (FO + NV).  

Before the measurement started, instructions for the cognitive task were given followed by a fully 

performed counting backward task while seated.  
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Between each task, the participants were allowed to sit for a 2-minute break. The order of tasks was 

changed randomly to control for fatigue and learning effects.  

 

Task conditions 

For the single task, standing quiet, the participants were instructed to stand comfortably in a 

preferred stable, double-leg stance position on the force platform with the arms hanging by the sides 

and eyes open while looking straight ahead. Because a change in the base of support (BOS) has a 

substantial effect on postural control5, the outlines of both feet were marked on the platform to 

obtain standardized foot positions across the successive measurements for each individual 

participant. Additionally, the foot positions were marked on the side of the force platform to ensure 

the correct foot position during the foam measurement. Maximal BOS width and hip width were 

measured at the major trochanter femoris with an anthropometric calliper (Lafayette Instrument 

Company, Lafayette, IN).  

Counting backward was previously shown to cause a significant degradation in postural stability in 

healthy adults and healthy elderly14-16 and was chosen for this reason as the attention-demanding 

(cognitive) secondary task. The participant was asked to count backward as fast and accurate as 

possible in 20 seconds17,18. If the counting backward in steps of seven was too difficult, threes or 

ones were used instead. The starting number was selected at random from a range of 80 to 99. The 

counting was controlled continuously for accuracy and every mistake was noted. The cognitive 

performance was defined as the maximal possible correct answers minus the mistakes made. No 

feedback on performance was given during the testing to avoid any extra performance pressure. 

 

Test situations  

With vision, the participants were instructed to view a fixed horizontal grey cross (1 m  0.5 m) in 

the middle of a screen (1.5 m  1.5 m) positioned 2 m in front of the forceplate. The height of the 

gray cross was at 1.5 m. All participants used their own glasses when needed to have optimal 
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individual visual acuity. In the NV situation, vision was occluded with a pair of custom-made 

opaque goggles that prevented the subject from perceiving visual information without blocking the 

light in general. The participants were instructed to keep their eyes open inside the goggles.  

In the reduced limbs somatosensory situation, the participant took a barefooted, double-legged 

stance on a foam layer in the standardized foot position. The foam we used was 10 cm  50 cm  50 

cm (height  length  width) and had a medium density of 45.2 kg/m3. Participants did not have 

direct contact to the forceplate. Every task condition was measured four times in random order. 

 

Measurement system 

An AMTI Accusway System for Balance and Postural Sway Measurement (Advanced Mechanical 

Technology, Inc., Watertown, MA) was used to collect data. The Accusway System consists of a 

portable force platform and SWAYWIN software for data acquisition and analysis. It measures 

ground-reacting force and moments in three orthogonal directions with a sampling frequency of 50 

Hz. These provide the center of pressure coordinates, which allows calculation of the maximum 

displacement in the anterior–posterior and medial–lateral direction (max-AP; max-ML), root mean 

square amplitude in anterior–posterior and medial–lateral directions (RMS-AP; RMS-ML), average 

speed of displacement (V), and the area of the 95th percentile ellipse (AoE). Previous research 

revealed the repeatability of the measurement procedure19. 

 

Falls 

A fall was defined as any event leading to unintentionally coming to the ground or some lower level 

and other than as a consequence of sustaining a violent blow, loss of consciousness, sudden onset of 

paralysis like in stroke, or epileptic seizure20. Neither “coming to rest against a wall or other 

structure” nor “high-trauma falls (e.g., falling from a ladder) and “falling as a consequence of 

sustaining a violent blow” were included as falls in this study21. Two groups were defined after 12 
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months of fall assessment: multiple fallers (two or more) and nonmultiple fallers (no or one-time 

fallers). 

 

Fall risk factors 

The participants were interviewed about medical conditions such as dizziness, low blood pressure, 

visual impairments, muscle weakness, osteoporosis, foot problems, as well as daily alcohol 

consumption (two or more beverages per day). Furthermore, the use of drugs like benzodiazepines, 

psychotropics, class 1a antiarrhythmic medications, digoxin, diuretics, and sedatives and/or the use 

of more than four different medications (multiple medicine use) were noted. Participants were also 

asked whether they felt unsafe while standing and/or walking and about their fear of falling. 

Participants who obtained groceries by foot or participated in any other sports or physical activity 

were not scored as being sedentary in behaviour. These variables were dichotomised as 0 (absent) 

or 1 (present). Table 1 shows all factors and their allocations. 

 
Table 1  
Fall risk factors 

 

 
Fall Risk Factors  
 

All 
 

(n = 15)  

Multipe Fallers 
 

(n = 6) 

Mon-Fallers 
 

   (n = 9)  
Drugs 

Risk factor medications or   more than 
four medications  (multiple medicine 
use) 

 
9  

 
5  

 
4 

Medical conditions  
Dizziness  
Low blood pressure  
Daily alcohol consumption  

 
5 
1 
1 

 
3 
0 
1 

 
2 
1  
0  

Sedentary behavior 
Less active  
Muscle weakness  

 
3  
3  

 
3  
2  

 
0  
1  

Psychologic status 
Fear of falling  
Feeling unsafe standing  
Feeling unsafe walking  

 
2  
3  
1  

 
1  
2  
0 

 
1  
1 
1  

Visual impairments 1  1  0  
Nutritional deficiencies 

Low body mass index less than 18.5    
kg/m2   
Osteoporosis  

 
0  

                 
1  

 
0 

                 
1 

 
0  

                 
0  

Foot pain  0  0  0  
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Statistical analysis 

Descriptive statistics was used to describe the participant’s demographic variables. The four 

measurements of each task were averaged to obtain a reliable measure21, 22. The one-sample 

Kolmogorov-Smirnov test was used to check the normality of the distributions. A linear regression 

model was used to control for confounding factors regarding fallers and included age, body mass 

index, gender and all fall risk factors. After adjusting for potential confounders, a 6 (test situations) 

 2 (multiple fallers/non-fallers) fractional analysis of variance (ANOVA) was conducted. Post hoc 

analyses were conducted when a main effect was found to be significant.  

Change scores between dual and single tasking (Δ) were calculated by subtracting single-task 

results from dual-task results. Dual-task costs (DTC) express the effects of additional costs imposed 

in individual task performance in a dual-task setting10. The DTC were calculated for posture and for 

cognition. The formula used for the DTCp is: [(dual-task – single-task)/single-task]  100. The 

formula used for the DTCc is: [(single-task – dual-task)/single-task]  100. Positive DTCp are 

reflected in an increase in postural instability; positive DTCc are reflected in a decrease in counting 

performance10, 23. 

For change scores (Δ), DTCp and DTCc, differences between the normal situation (no sensory 

suppression) and the other test situations were analyzed with a one-way ANOVA. Additionally, the 

differences between multiple fallers and non-fallers within DTCp and DTCc in all test situations 

were analyzed with a one-way ANOVA. The data were entered, stored, and analysed in SPSS 15.0 

statistical software (SPSS, Inc., Chicago, IL). 

 

Results 

Participants 

All 15 elderly persons who participated in this study completed 12 consecutive monthly fall 

calendars and were able to perform the test conditions. The mean age was 77.5 (standard deviation, 

7) years. The participants’ characteristics are summarized in Table 2. The 12 monthly calendar 
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pages revealed a total of six multiple fallers. In total, 23 falls were recorded. Six falls in six subjects 

resulted in a fall-related injury, five contusions and one sprain. The body mass index was found to 

be a confounder. Counting strategy and sum of counting mistakes made are summarized in Table 2. 

 
Table 2.  
Baseline characteristics of the participants 

SD, standard deviation; BOS, base of support. 

 All Multiple faller Nonmultiple faller 

Female 

Male 

8 

7 

3 

3 

5 

4 

Age (years; SD)  

Age range 

77.5 (7) 

63/87 

83 (6) 

70/95 

77.2 (7) 

63/87 

Weight (kg; SD) 70.9 (16) 66 (11) 74.7 (11) 

Length (cm; SD) 167.3 (9) 163 (8) 169 (8) 

Body mass index (kg/m2; SD)  23.4 (5) 23.5 (5) 25.9 (2) 

Hip width (cm; SD) 

BOS width (cm; SD) 

Ratio hip/BOS  

32.1(5) 

33.4 (3) 

0.97 

32.1(5) 

33.4 (3) 

0.97 

31.1(6) 

34.0 (3) 

0.92 

Mental task  

Serial 7s (average) 

Serial 3s 

 

15 

0 

 

6 

0 

 

9 

0 

Counting mistakes 

Normal (Sum) 

No vision 

Reduced proprioception 

No vision/ reduced 

proprioception 

Average per participant 

 

19 

19 

14 

20 

 

1.2 

 

7 

8 

4 

10 

 

1.2 

 

12 

11 

10 

10 

 

1.2 

 

Main Effects between the Test Situations  

The factorial ANOVA revealed main significant effects between the single- and dual-task situations 

in balance variables: Max-ML (F[1/104] = 18.158, p < 0.001), RMS-ML (F[1/104] = 19.855, p < 
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0.001), Max-AP (F[1/104] = 15.984, p < 0.001), RMS-AP (F[1/104] = 14.415, p < 0.001), V 

(F[1/104] = 10.316, p < 0.001), and AoE (F[1/104] = 15.939, p < 0.001). Bonferroni post hoc 

analysis was used to analyze the differences of the test situations. Significant differences were 

mainly found when the NV test situation was concerned. All results of the post hoc analysis are 

presented in the Additional file 1.  

 

Main effects between multiple fallers and non-fallers  

After adjusting for the confounder body mass index, the differences became significant. Significant 

effects were found in force platform variables: Max-ML (F[1/104] = 8.526, p < 0.004), RMS-ML 

(F[1/104] = 12.191, p < 0.001), Max-AP (F[1/104] = 9.528, p < 0.003), RMS-AP (F[1/104] = 

10.360, p < 0.002), and AoE (F[1/104] = 6.153, p < 0.015). No significant main effect between 

multiple fallers and non-fallers was found in V (F[1/104] = 0.368, p  0.545). All results of the post 

hoc analysis are presented in the Additional file 1.  

 

Changes between test situations 

One-way ANOVA revealed significant differences between the normal situation (no sensory 

suppression) and the combined somatosensory task (NV, standing on foam) for the change scores 

(Δ) and DTCp. Results are presented in Table 3 and Table 4. 

 

Multiple fallers and non fallers 

No significant differences were found between multiple fallers and non-fallers in DTCp. Results are 

presented in Table 5. The DTCc results were (All, multiple fallers, non-fallers) in normal vision 

(6/7/6), no vision (6/3/10), reduced proprioception (4/0/10), no vision + reduced proprioception 

(8/7/9). One-way ANOVA showed no significant differences in DTCc. 
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Table 3.  
Change between single and dual task 
 

Test situations 

 
Normal No vision Reduced proprioception 

No vision + reduced 

proprioception 

 Δ Δ F p Δ F p Δ F p 

Max-ML 

(cm; SD)  

0.25 

(0.2) 

0.05 

(0.2) 
7.507 0.011* 

0.11 

(0.2) 
3.757 0.063 

0.05 

(0.3) 
5.519 0.026* 

RMS-ML 

(cm; SD)  

0.13 

(0.1) 

0.07 

(0.1) 
1.709 0.202 

0.08 

(0.1) 
1.201 0.282 

0.04 

(0.2) 
3.229 0.083 

Max-AP 

(cm; SD) 

0.23 

(0.2) 

0.11 

(0.2) 
2.308 0.140 

0.14 

(0.2) 
1.192 0.284 

–0.03 

(0.2) 
10.245 0.003* 

RMS-AP 

(cm; SD)  

0.14 

(0.2) 

0.06 

(0.2) 
1.383 0.186 

0.09 

(0.1) 
1.245 0.274 

0.01 

(0.2) 
7.182 0.012* 

V 

(cm/s; SD)  

0.35 

(0.3) 

0.22 

(0.3) 
1.761 0.195 

0.26 

(0.3) 
0.891 0.353 

0.12 

(0.3) 
5.680 0.024* 

AoE (cm2; 

SD)  

0.76 

(0.8) 

0.24 

(0.8) 
3.046 0.092 

0.66 

(0.9) 
0.097 0.758 

0.17 

(1.8) 
2.504 0.125 

*Significant (p < 0.05) change between “normal situation“. Δ, Dual task – single task; ML, medial–lateral; 
SD, standard deviation; RMS, root mean square; AP, anterior–posterior; V, average speed of displacement; 
AoE, area of the 95th percentile ellipse. 
 

Table 4.  
The postural control dual-task costs (DTCp) in all test situations 

Test situations 

 
Normal  No vision Reduced proprioception 

No vision + reduced 
proprioception 

 DTC DTC F p DTC F p DTC F p 

Max-ML  67  35  0.933 0.342 23 3.120 0.088 14  4.616 0.040* 

RMS-ML  58  26  1.463 0.237 28  1.713 0.201 12  4.248 0.049* 

Max-AP  46  40  0.001 0.987 27  0.918 0.918 -1  8.049 0.008* 

RMS-AP  49  35  0.064 0.802 26  0.866 0.866 4  4.596 0.041* 

V   45  26  1.268 0.270 31  0.641 0.641 18  2.548 0.122 

AoE  173 112 0.421 0.421 74 2.405 0.132 13 7.462 0.011* 

*Significant (p < 0.05) change between “normal situation.“ 
DTC, dual-task costs;  ML, medial–lateral; SD, standard deviation; RMS, root mean square; AP, anterior–
posterior; V, average speed of displacement; AoE, area of the 95th percentile ellipse. 
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Table 5. 
Postural dual task costs (DTCp) in all test situations partitioned in multiple fallers and non-fallers 

  Max-

ML 

 

RSM-

ML 

 

Max-

AP 

 

RSM-

AP 

 

V 

 

AoE 

 

Multiple Fallers 37 35 40 59 8 104 

Non- Fallers 88 74 49 42 69 179 
DTC 

Normal 
ANOVA ns. ns. ns. ns. ns. ns. 

Multiple Fallers 8 12 45 54 13 121 

Non-Fallers 54 37 45 31 31 106 
DTC  

No vision 
ANOVA ns. ns. ns. ns. ns. ns. 

Multiple Fallers 31 37 23 22 31 83 

Non-Fallers 17 21 31 30 31 68 

DTC  

Reduced 

proprioception ANOVA ns. ns. ns. ns. ns. ns. 

Multiple Fallers 21 16 -2 5 36 12 

Non-Fallers 9 9 0 2 6 12 

DTC  

No vision + 

Reduced 

proprioception 
ANOVA ns. ns. ns. ns. ns. ns. 

ns.= not significant ANOVA; DTC=dual task costs 

 

Discussion 

The first aim of this study was to determine changes in postural balance caused by NV and 

compromised somatosensory information in single and dual tasking in elderly fallers and non-fallers 

caused.. The second aim was to determine the DTCp+c and the changes in DTC caused by the 

combined reduction of vision and somatosensory information. 

 

This study confirms that a reduction of sensory input results in a decrease of postural stability both 

in single and dual tasking. These findings are thus in concordance with the results of an earlier 

study by Doumas et al. 8. This study adds to our knowledge that the combination of reduced visual 

and somatosensory information causes a larger disturbance of postural stability compared with the 

reduction of visual or somatosensory information alone. The combined sensory input reduction 

resulted in a significant decrease in the postural DTCp. In addition, no significant change in 
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cognitive performance is observable in this combined sensory input reduction. This result cannot be 

explained by a ceiling effect. A ceiling effect would occur when the dual task was far too easy and 

therefore would not challenge the postural balance. However, the counting backward task causes 

significant degradation of postural stability in both healthy younger and older adults11-14,22 and  

requires, besides an intact mental arithmetic ability, extensive attention resources16. 

This steady cognitive performance should be interpreted in the context of the previously mentioned 

theories that try to explain what happens with human balance control when the flow of information 

to the postural control system is manipulated.  

 

The theoretical framework of resource-sharing10 states that concurrent tasks interfere with each 

other as a result of simultaneous demands on a capacity-limited pool of resources. Because we 

observed a significant reduction of DTCp and no change of cognitive performance, we conclude 

that there was no competition for resources found in the results of this study, which refutes the 

resource-sharing theory by Woollacott and Shumway-Cook10.  

The adaptive resource-sharing theory subsumes resource competition in a case of a high-precision 

demand of the cognitive task and the demanding postural task. In such situations, the system cannot 

spare capacity for facilitatory actions and is forced to share or prioritize between the two tasks9. In 

our study, we had a comparable situation: a high-precision demand for executing the cognitive task 

“counting backward” 13-15 and a demanding postural task “standing on foam with no vision.” 

However, there was no sharing or prioritizing between the two tasks under the NV and 

compromised somatosensory information condition. Under this condition, there was a significant 

reduced DTCp with a constant dual-task performance and no change in sway between single and 

dual tasking (see Table 2). Therefore, this framework cannot be used to explain our results either.  

The theory of Erickson et al. believes that the brain regions active for dual-task conditions highly 

overlap with regions found to be active for each of the single tasks and that the brain areas simply 

increase in magnitude with greater processing demands11. The combined NV and reduced 
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somatosensory information situation could have led the participants to greater processing area and 

therefore let them to generate more cognitive capacity. This increased cognitive capacity could 

hence be used to compensate for the sensory input reduction and for the cognitive task as well, 

which would explain the reduced DTCp and absolute difference of sway in dual- and single-tasking 

situations.  

 

There was a significant difference between multiple fallers and non-fallers in most force platform 

variables. Nevertheless there was no difference of DTC between multiple fallers and non-fallers 

observable. There was an inconsistency of results between all force platform variables but also 

between all testing situations. One reason for this finding could be the rather small sample size. It 

seems, therefore, advisable that future studies evaluate DTC differences between multiple fallers 

and non-fallers in larger samples in order to substantiate or refute our present findings. 

 

In conclusion, a combined reduction of sensory input (vision and compromised somatosensory) 

results in a decrease of DTCp to maintain postural stability and refutes both the theoretical 

framework of resource-sharing and the adaptive resource-sharing theory. The findings, therefore, 

seem to provide support for the theory of an increased processing area. Future study should focus 

on assessing the processing area during a combined reduction of sensory input situation to test this 

assumption.  
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Additional file 1 
Posthoc analyses between all tests situations 

 ST ST+NV DT DT+NV FO FO+NV FO+DT 

 
All Faller Non-

faller 
All Faller Non-

faller 
All Faller Non-

faller 
All Faller Non-

faller 
All Faller Non-

faller 
All Faller Non-

faller 
All Faller Non-

faller 

Max-ML                      

ST+NV 1.000 1.000 1.000 - - -                

DT 1.000 1.000 1.000 1.000 1.000 1.000 - - -             

DT+NV 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 - - -          

FO 0.008 0.565 0.113 0.223 0.407 0.407 0.258 1.000 0.258 0.476 1.000 1.000 - - -       

FO+NV <0.001 0.030 <0.001 <0.001 0.365 <0.001 <0.001 0.099 <0.001 <0.001 0.191 <0.001 0.227 1.000 0.096 - - -    

FO+DT <0.001 0.009 0.022 0.001 0.129 0.090 0.002 0.032 0.727 0.004 0.064 0.808 1.000 1.000 1.000 1.000 1.000 0.432 - - - 

DT+FO+NV <0.001 1.000 <0.001 <0.001 0.004 <0.001 <0.001 0.001 <0.001 <0.001 0.002 <0.001 0.002 0.268 0.054 1.000 1.000 1.000 0.315 0.258 1.000 

RMS-ML                      

ST+NV 1.000 1.000 1.000 - - -                

DT 1.000 1.000 1.000 1.000 1.000 1.000 - - -             

DT+NV 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 - - -          

FO 0.046 1.000 0.221 0.446 0.407 0.615 0.566 1.000 1.000 0.880 1.000 1.000 - -        

FO+NV <0.001 0.019 <0.001 <0.001 0.122 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.053 1.000 0.023 - - -    

FO+DT <0.001 0.052 0.017 0.004 0.298 0.059 0.005 0.727 0.539 0.009 0.808 0.468 1.000 1.000 1.000 1.000 1.000 0.281 - - - 

DT+FO+NV <0.001 <0.001 <0.001 <0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.093 0.001 1.000 1.000 1.000 0.022 1.000 0.019 

Max-AP                      

ST+NV 1.000 1.000 1.000 - - -                

DT 1.000 1.000 1.000 1.000 1.000 1.000 - - -             

DT+NV 0.303 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 - - -          

FO 0.177 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 - - -       

FO+NV <0.001 0.001 <0.001 <0.001 0.021 <0.001 <0.001 0.012 <0.001 <0.001 0.129 0.003 <0.001 0.403 0.001 - - -    

FO+DT 0.002 0.233 0.054 0.102 1.000 0.447 0.226 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.034 1.000 0.103 - - - 

DT+FO+NV <0.001 0.002 <0.001 <0.001 0.035 <0.001 <0.001 0.021 <0.001 <0.001 0.207 0.003 <0.001 0.622 0.001 1.000 1.000 1.000 0.054 1.000 1.000 
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na= not applicable

Posthoc analyses between all tests situations 
 ST ST+NV DT DT+NV FO FO+NV FO+DT 
 All Faller Non-

faller 
All Faller Non-

faller 
All Faller Non-

faller 
All Faller Non-

faller 
All Faller Non-

faller 
All Faller Non-

faller 
All Faller Non-

faller 
RMS-AP                      

ST+NV 1.000 1.000 1.000                   

DT 1.000 1.000 1.000 1.000 1.000 1.000                

DT+NV 0.911 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000             

FO 0.287 1.000 0.451 1.000 1.000 1.000 1.000 1.000 0.258 1.000 1.000 1.000          

FO+NV <0.001 0.026 <0.001 <0.001 0.452 <0.001 <0.001 0.699 <0.001 <0.001 1.000 <0.001 0.001 1.000        

FO+DT 0.043 0.087 0.057 1.000 0.298 0.059 1.000 0.150 0.727 1.000 0.808 0.468 1.000 1.000 1.000 0.009      

DT+FO+NV <0.001 <0.001 <0.001 <0.001 0.001 <0.001 <0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.822 0.001 1.000 1.000 1.000 0.003 1.000 0.019 

V                      

ST+NV 1.000 na na                   

DT 1.000 na na 1.000 na na                

DT+NV 0.751 na na 1.000 na na 1.000 na na             

FO 0.985 na na 1.000 na na 1.000 na na 1.000 na na          

FO+NV <0.001 na na 0.002 na na <0.001 na na 0.066 na na 0.046 na na       

FO+DT 0.014 na na 0.529 na na 0.401 na na 1.000 na na 1.000 na na 1.000 na na    

DT+FO+NV <0.001 na na <0.001 na na <0.001 na na <0.001 na na <0.001 na na 1.000 na na 0.047 na na 

AoE                      

ST+NV 1.000 1.000 1.000                   

DT 1.000 1.000 1.000 1.000 1.000 1.000                

DT+NV 0.911 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000             

FO 0.287 1.000 0.451 1.000 1.000 1.000 1.000 1.000 0.258 1.000 1.000 1.000          

FO+NV <0.001 0.015 <0.001 <0.001 0.122 <0.001 <0.001 0.211 <0.001 <0.001 1.000 0.001 0.001 1.000 0.001       

FO+DT 0.043 0.099 0.125 1.000 0.311 0.082 1.000 0.102 0.421 1.000 1.000 1.000 1.000 1.000 1.000 0.011      

DT+FO+NV <0.001 <0.001 <0.001 <0.001 0.001 <0.001 <0.001 0.001 <0.001 <0.001 <0.001 <0.001 1.000 1.000 1.000 1.000 1.000 1.000 0.005 1.000 0.056 
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