
ORIGINAL REPORT

J Rehabil Med 2013; 45: 241–247

J Rehabil Med 45© 2013 The Authors. doi: 10.2340/16501977-1106
Journal Compilation © 2013 Foundation of Rehabilitation Information. ISSN 1650-1977

Objective: To investigate the reliability and construct and cri-
terion-related validities of the Timed “Up and Go” Assessment 
of Biomechanical Strategies (TUG-ABS), when used with sub-
jects with hemiparesis due to stroke within clinical settings. 
Design/methods: Construct validity was investigated by the 
following methods: the known groups, convergence, discri-
minant analyses, and the opinions of clinical professionals, 
who used the TUG-ABS with subjects with stroke. The crite-
rion-related validity was investigated by comparing the real-
time and video observation scores. Inter-rater reliability was 
investigated by two independent examiners using both real-
time and video observations. 
Results: The TUG-ABS differentiated people with stroke 
from healthy controls (p < 0.001), was correlated with the 
time spent to perform the TUG (rs = –0.85; p < 0.001), and cor-
rectly classified 98% of the subjects with stroke (p < 0.001). In 
addition, all of the clinicians who used the TUG-ABS in their 
clinical settings, provided positive evaluations. Agreement 
was also observed between real-time and video observations 
(0.27 ≤ kappa ≤ 0.85; p < 0.01). Furthermore, the TUG-ABS 
was reliable for both real-time (0.24 ≤ kappa ≤ 1.00; p < 0.05) 
and video observations (0.15 ≤ kappa ≤ 0.94; p < 0.05). 
Conclusion: The TUG-ABS demonstrated good construct and 
criterion-related validities, as well as reliability, when applied 
in subjects with stroke within clinical settings, which support-
ed the theoretical assumptions employed for its development. 
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INTRODUCTION 

Validity is related to the extent to which an instrument measures 
what it is intended to measure (1, 2). Validation of an instru-

ment is a continuing process and, therefore, is not a property of 
the test or assessment (3). In addition, validity is not inherent 
to an instrument and should be investigated within the context 
of the test’s intended use and specific populations (1). 

Traditionally, 4 kinds of validity are described: face, content, 
criterion-related, and construct (1, 2). All of these types are 
related to the meaning of the test scores and to the inferences, 
which could be elaborated based upon the provided measure-
ments (3). However, among the 4 types, construct validity 
is considered to be the most robust, since it allows for the 
establishment of the degree to which the instrument reflects 
the theoretical components of the construct that it intends to 
measure (1, 2). As stated by Messick (3), the principles of con-
struct validity apply to all assessments, including performance 
assessments. However, for observational performance-based 
tests already developed for people with stroke, there is a lack 
of information regarding their construct validity (4–8). 

Recently, a clinically-oriented tool, the Timed “Up and Go” 
Assessment of Biomechanical Strategies (TUG-ABS) (9), was 
developed to identify the biomechanical strategies adopted by 
people with stroke during the performance of the Timed “Up 
and Go” (TUG) test. The TUG-ABS was developed to more 
comprehensively evaluate functional mobility of subjects with 
stroke, by systematically evaluating changes in biomechani-
cal strategies during the performance of the TUG’s sequential 
activities in clinical practice (9). It was anticipated that this 
information could enhance clinical treatment planning.

The development and validation of the TUG-ABS has been 
recently described (9) and its reliability has been established 
prior to further investigation of other psychometric properties. 
The investigation of reliability in the initial process of instru-
ment development is a robust process to determine which items 
should be retained, revised, or excluded. Further psychometric 
testing can then be conducted on a reliable preliminary version 
(1, 10, 11). However, it is necessary to investigate the reliability 
of the measurements of the TUG-ABS within the context of 
the test’s intended use.

A systematic, clear, and objective process of investigation 
of the concurrent criterion-related validity of the TUG-ABS 
applied to subjects with stroke was carried out and resulted in 
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the establishment of its final version (9). In a previous study 
(9), criterion-related validity was established by video analyses 
to minimize biases (1). However, since the TUG-ABS was 
designed to be used within clinical contexts, it is necessary 
to determine if real-time measurements would also be valid. 

Therefore, the aim of the present study was to investigate 
the construct and criterion-related validities, as well as the 
reliability of the TUG-ABS, when used within clinical settings.

METHODS 
The construct validity of the TUG-ABS was investigated by both tradi-
tional (Study 1) and contemporary methods (Study 2). The traditional 
methods included the investigation of known groups, convergence, 
and discriminant analyses (1). The contemporaneous method followed 
previous definitions and instructions provided by Messick (3) and 
involved the analyses of the opinions of clinical professionals, who 
used the TUG-ABS with their patients with stroke in their clinical 
settings. The criterion-related validity was investigated by comparing 
the real-time and video observation scores (Study 3). The inter-rater 
reliability was investigated by two independent examiners during both 
real-time and video observations (Study 3).

Study 1: Construct validity by traditional methods
Individuals with hemiparesis due to stroke were recruited, following 
the characteristics of the target population for the use of the TUG-ABS: 
individuals from the general community with motor impairments, 
characterized by residual weaknesses and/or increased tonus of the 
paretic lower limb; who had the ability to follow instructions; were 
able to perform the TUG with or without assistive devices; and were 
over 20 years of age. People with receptive aphasia were excluded. To 
determine the presence of residual weaknesses (strength differences 
between the lower limbs greater than 15%) and/or increased tonus 
(modified Ashworth scale scores greater than zero) of the paretic knee 
extensor muscles, a handheld dynamometer (Microfet 2®, Hoggan 
Health Industries Draper, Utah, USA) and the modified Ashworth 
scale were respectively used, following established protocols (12, 13). 

Individuals with stroke were divided into 3 sub-groups based on 
their TUG performance levels (fast, moderate, and slow), which were 
determined considering the reference values of the times, by calculat-
ing the 95% confidence intervals (CIs) of the mean time to complete 
the TUG, previously shown to differentiate between patients with 
stroke with mild, moderate, and severe neurological impairments (14). 

Healthy control individuals, matched by age, gender, and levels 
of physical activity, with no histories of health problems that could 
affect their TUG performances were also recruited. As recommended 
by the Physical Activity Trends/United States (15), the levels of 
physical activity (inactive, insufficient, moderate, and vigorous) were 
determined according to the frequency, duration, and intensity of the 
estimated metabolic expenditures of the exercise usually performed 
by the individuals.

Prior to data collection, eligible participants were informed of the 
objectives of the study and provided consent, which was approved 
by the University Research Ethical Review Board. Demographic and 
clinical data were collected by the same physical therapist (PT). The 
subjects then sat in a chair (depth 45 cm, width 49 cm, arm rest height 
20 cm) (16), whose height was adjusted to 100% of their leg length and 
the back rest adjusted to the trunk position of 90º (7, 17), to perform the 
TUG. They were instructed to sit comfortably with their backs against 
the chair, and on the word “go”, stood up, walked at a self-selected 
comfortable speed over the 3-metre mark, turned around, walked back 
and sat down in the chair, as usually performed in the TUG test (18). 
After a familiarization trial, the TUG was performed. If there was a 
risk of falling, the examiner followed half a step behind the subjects, 
so as not to influence their walking pace (16, 19).

Three video cameras (Sony TRV 950®, Sony HC40® and Sony DCR-
DVD408) were used to record the subjects’ TUG performances. They 
were synchronized and positioned in the frontal plane, and left and right 
sagittal planes. Only 1 TUG performance was recorded for each subject 
and the video was processed and edited with Adobe® After Effects CS3® 
software, which allowed the 3 views to be grouped into the same file 
(20). This meant that all 3 views could be observed simultaneously on 
one screen. To avoid biases related to memory, the subjects’ face was 
pixelated through Adobe® After Effects CS3® (20) and the videos were 
shown randomly for each observation session (1, 10, 11, 21, 22).

An independent examiner, after a period of familiarization with 
the TUG-ABS, randomly observed the videos of individuals with 
and without stroke. Videos were observed at normal speeds, without 
stopping or slowing movements, with as many trials as necessary to 
score all of the items. 

Statistical analyses 
Descriptive statistics were used for characterization purposes. χ2, 
Mann-Whitney U and independent Student t-tests were employed to 
verify whether the healthy and stroke groups were correctly matched 
by age, gender, and levels of physical activity. 

For the known groups’ analyses, the Mann-Whitney U test was 
used to compare the TUG-ABS scores between the healthy and stroke 
groups, whereas independent Student t-tests were employed to compare 
the TUG times. One-way analysis of variance (ANOVAs), followed by 
Bonferroni post-hoc tests, were employed to assess whether the TUG 
times were different between the 3 stroke sub-groups. 

For the convergence analyses, Spearman’s correlation coefficients 
were calculated to determine the associations between the TUG-ABS 
scores and the time spent by people with stroke to perform the TUG. 

For the discriminant analyses, two models were used to investi-
gate whether the TUG-ABS scores could predict group membership 
between the stroke and control groups, as well as stroke sub-group 
membership (slow, moderate, and fast TUG performances) (23). With 
the regression analyses, discriminant functions can be used for descrip-
tive and predictive purposes (1, 24, 25) and, in the present study, the 
latter was the point of interest. 

All of the statistical analyses were performed with SPSS® for Win-
dows (version 13.0), with a significance level of 5%. 

Study 2: Construct validity by contemporary methods 
As stated by Messick (3), “… what needs to be valid is the meaning of 
the interpretation of the score” and “… score validation is an empirical 
evaluation of the meaning and consequences of the measurement”. 
Furthermore, “… in its simplest terms, construct validity is the evi-
dential basis for score interpretation”. Therefore, following previous 
definitions and instructions provided by Messick (3), construct validity 
by contemporary methods was also investigated for the TUG-ABS. 

Clinical PTs from the city of Belo Horizonte, Brazil, involved in 
rehabilitation of people with stroke and who, therefore, could be as-
signed as the target group to use the TUG-ABS (3, 10, 11), were invited 
to participate. They also provided consent, which was approved by 
the University Research Ethical Review Board, and received explana-
tions regarding all of the processes involved in the development of the 
TUG-ABS. In addition, they were instructed to familiarize themselves 
with the TUG-ABS. 

All of the PTs who agreed to participate used the TUG-ABS with 
their patients with stroke who had the same characteristics as the previ-
ously described target population for the TUG-ABS. They were then 
asked to reply to a semi-structured questionnaire, which sought their 
opinions regarding different aspects of construct validity, as suggested 
by Messick (3), that are also related to the clinimetric properties of 
the TUG-ABS (Appendix I). 

Statistical analyses 
From questions A to D of the semi-structured questionnaire, response 
categories equal to 3 or 4 were considered as showing adequate con-
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struct validity evaluation (26). Therefore, the frequencies of responses 
equal to 3 or 4 were obtained and the cumulative percentages were 
calculated. For question E, the frequency of response category equal to 
3 was obtained and the cumulative percentage was also calculated (26). 

Study 3: Criterion-related validity and reliability
Individuals with stroke were recruited from the general community, 
following the characteristics of the previously described target popula-
tion for use of the TUG-ABS. Eligible participants were informed of 
the objectives of the study and were asked to provide consent, which 
was approved by the University Research Ethical Review Board. De-
mographic and clinical data were collected by the same PT. 

The subjects performed the TUG, as previously described, while two 
independent examiners, after a period of familiarization with the TUG-
ABS, observed their performance directly. The examiners selected the 
position that they judged to be the most effective for observation. They 
were instructed to score each TUG-ABS item independently. Subjects 
performed the TUG as many times as necessary for all of the items 
to be scored. All of the procedures regarding the TUG performances 
(explanation, familiarization, “go command”) were performed by a 
third examiner, who also instructed the subjects to try to perform each 
TUG trials in the same way. 

Three video cameras recorded the subjects’ performances. Four 
weeks later, the same examiners, who had previously scored the 
TUG-ABS items, observed the recorded videos of the same trials in a 
random order and, once again, scored the TUG-ABS items indepen-
dently. Stopping or slowing the videos was not allowed. The videos 
were repeated until all items were scored. 

Statistical analyses 
Descriptive statistics were used for characterization purposes. For 
criterion-related validity, unweighted kappa statistics were used to 
verify the levels of absolute agreement for each item score obtained 
by real-time and videos observations by each independent examiner. 
This statistical test addressed the extent to which the raters essentially 
reproduced the same scores and considered all disagreements in ratings 
with equal weighting (22, 27). 

For the reliability analyses, between-rater agreement levels for both 
real-time and video observations were tested by quadratic weighted 
kappa statistics, which are more appropriate to assess levels of agree-
ment on ordinal scales (22).

For all kappa statistics, κ values were interpreted as follows: below 
0 as less than chance, 0.01–0.20 as slight, 0.21–0.40 as fair, 0.41–0.60 
as moderate, 0.61–0.80 as good and above 0.80 as very good levels of 
agreement (28, 29). All analyses were performed with StatsDirect®, 
2.7.2 version for Windows, with a level of significance of 5%. 

RESULTS 

Study 1: Construct validity by traditional methods
Forty-eight individuals with stroke participated, 24 men and 24 
women, with a mean age of 59.3 years (standard deviation (SD) 
15.8 years) (range 23–90 years) and a mean stroke onset of 51.3 
months (SD 49.9 months) (range 1–161 months). In terms of 
physical activity, 25 were inactive, 18 had insufficient levels, 2 
had moderate levels and 3 had vigorous levels. Forty-eight healthy 
control subjects also participated, 24 men and 24 women, with a 
mean age of 59.1 years (SD 15.8 years) (range 23–86 years), 25 
were inactive, 18 had insufficient levels, 2 had moderate levels and 
3 had vigorous levels. The stroke and control groups were similar 
in terms of age, gender, and levels of physical activity (p > 0.05).

The mean TUG times for the healthy and stroke groups 
were, respectively, 9.5 s (SD 2.4 s) and 22.0 s (SD 16.1 s) 

(t = 5.3; p < 0.001). Of the 48 individuals with stroke, 25 were 
classified as fast performers, with a mean TUG time of 12.6 s 
(SD 2.4 s); 14 as intermediate, with a mean time of 21.0 s (SD 
3.9 s); and 9 as slow, with a mean time of 49.7 seconds (SD 
18.3 seconds). ANOVAs revealed significant differences in 
TUG times between the stroke sub-groups (F = 119.5; degrees 
of freedom (df) = 2; p < 0.001) and Bonferroni post-hoc tests 
revealed significant differences between all of the 3 stroke 
sub-groups (0.004 ≤ p ≤ 0.001).

The mean number of video repetitions required to observe and 
score all of the items of the TUG-ABS by video observations was 
3.7 repetitions (SD 1.0) (range 1–7) and 3.6 repetitions (SD 1.2) 
(1–7) on the first and second days of evaluation, respectively. The 
median TUG-ABS score of individuals with stroke was 16 (SD 2) 
and 24 (SD 8) for controls: the stroke group had significantly lower 
values than those of the healthy group (p < 0.001). Significant and 
negative correlations were found between the TUG-ABS scores 
and the time spent to perform the TUG (rs = –0.85; p < 0.001).

A significant discriminant function of the TUG-ABS to 
predict group membership (people with and without stroke) 
with the TUG-ABS scores was found, with a canonical correla-
tion of 0.68 (Wilks λ = 0.54, χ2 = 57.31, p < 0.001). The overall 
accuracy of the classification was 83.3%, indicating an exact 
classification for the majority of the originally grouped cases. 
As can be observed in Table I, 97.9% of the subjects with 
stroke were correctly classified to the originally grouped cases. 

A significant discriminant function of the TUG-ABS to 
predict stroke sub-group membership (slow, moderate, and 
fast TUG performances) was also found, with a canonical 
correlation of 0.86 (Wilks λ = 0.19, χ2 = 63.50, p < 0.001). The 
overall accuracy of the classification was 83.3%, indicating 
that the prediction of group membership regarding the TUG 
performance was correctly classified for the majority of the 
originally grouped cases. As can be observed in Table II, 88% 
of the subjects of the fast sub-group, 78.6% of the moderate 
sub-group and 77.8% of the slow sub-group were correctly 
classified to the originally grouped cases. Fig. 1 illustrates the 

Table I. Results of the discriminant analyses for classifying group 
membership according to the TUG-ABS scores (n = 96) 

Actual group 
Healthy
n (%)

Stroke
n (%)

Healthy (n = 48) 33 (68.8) 15 (31.3)
Stroke (n= 4 8) 1 (2.1) 47 (97.9)

TUG-ABS: Timed “Up and Go” Assessment of Biomechanical Strategies.

Table II. Results of the discriminant analyses for classifying stroke sub-
group membership according to the TUG-ABS scores (n = 48)

Actual group

Stroke– 
Fast
n (%)

Stroke–
Intermediate
n (%)

Stroke–
Slow
n (%)

Stroke-Fast (n = 25) 22 (88) 3 (12) 0
Stroke-Intermediate (n = 14) 1 (7.1) 11 (78.6) 2 (14.3)
Stroke-Slow (n = 9) 0 2 (22.2) 7 (77.8)

TUG-ABS: Timed “Up and Go” Assessment of Biomechanical Strategies.

J Rehabil Med 45
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classifications achieved with the discriminant analyses for a 
better illustration of the predictive value of the TUG-ABS re-
garding subjects with stroke with different TUG performances. 

Study 2: Construct validity by contemporary methods
Fourteen clinical PTs, who had a mean professional career 
experience time of 13.0 years (SD 9.6 years) (range 1.5–27 
years) independently answered the semi-structured question-
naire after using the TUG-ABS with their patients. In total, 
48 patients with stroke were evaluated (minimum of 3 and 
maximum of 4 patients for each PT).

Thirteen PTs (92.9%) evaluated the content representative-
ness/relevance of the set of items of the TUG-ABS as adequate. 
For the other questions, relevance to clinical interpretations, 
which could be made based upon the TUG-ABS scores, the 
applied utility, and the value implications of the TUG-ABS 
score interpretations as the basis for actions, were evaluated as 
adequate by all 14 PTs. Finally, all of them answered that the set 
of information provided by the TUG-ABS for the assessment 
of the biomechanical strategies during the TUG performance 
was also adequate. Therefore, all of the PTs judged that there 
were no construct under-representations, nor the presence of 
construct-irrelevant variance for the TUG-ABS. 

Study 3: Criterion-related validity and reliability
Forty-four individuals with stroke participated, 24 men and 20 
women, with a mean age of 54.7 years (SD 10.8 years) (range 
30–80 years) and a mean stroke onset of 70.1 months (SD 44.5 
months) (range 7–180 months). The PTs observed 2.6 (SD 0.7) 
TUG trials (1–4 repetitions) to verify all the TUG-ABS items 
by real-time observations. On the other hand, they observed 
2.5 (SD 0.8) TUG trials to assess all of the items by video 
observations (1–4 repetitions). 

Table III shows the results of the unweighted kappa statistics 
regarding the absolute agreement for the scores of each TUG-
ABS item obtained with the video and real-time observations 

(criterion-related validity). The examiners demonstrated sig-
nificant and adequate absolute agreement for all items, with 
kappa values ranging from (0.27 ≤ κ ≤ 0.73; p < 0.01) and from 
(0.29 ≤ κ ≤ 0.85; p < 0.005), respectively. 

Table IV provides the results of the weighted kappa statistics 
related to the inter-rater reliability for the individual items 
and the total TUG-ABS scores, obtained with real-time and 
video observations. For real-time observations, inter-rater 
reliability for the individual items and the total scores showed 
significant and adequate values, with kappa values in the range 
0.24 ≤ k ≤ 1.00; p < 0.05 and k = 0.80; p < 0.0001, respectively. 
Similar values were observed for inter-rater reliability for the 
items (0.25 ≤ κ ≤ 0.94; p < 0.05) and the total scores (κ = 0.87; 
p < 0.0001) by video observations.

DISCUSSION

The aim of the present study was to investigate the construct 
and criterion-related validities, as well as the reliability of the 
TUG-ABS within clinical settings. All methods employed to 
investigate the construct validity provided findings that sup-
ported the theoretical assumptions employed for the TUG-ABS 
development. In addition, agreement was observed between 
real-time and video observations, which illustrated the 
criterion-related validity of the TUG-ABS. Finally, adequate 
values of inter-rater reliability were found for all of the items, 
as well as for the total scores during both real-time and video 
observations.

Despite the availability of instruments for observational gait 
analyses of people with stroke, the majority of them are related 
to video-recorded performance analyses in slow motion (5, 6, 

Table III. Results of the absolute agreements according to the unweighted 
kappa statistics regarding the Timed “Up and Go” Assessment of 
Biomechanical Strategies. TUG-ABS) scores from video and real-time 
observations (n = 44)

 Item First examiner Second examiner 

Sit-to-Stand 
A κ = 0.60; p < 0.0001 κ = 0.53; p < 0.0001
B κ = 0.73; p < 0.0001 κ = 0.84; p < 0.0001
C κ = 0.35; p < 0.005 κ = 0.54; p < 0.0001

Gait
A κ = 0.37; p < 0.0001 κ = 0.58; p < 0.0001
B κ = 0.41; p < 0.0005 κ = 0.45; p < 0.0001
C κ = 0.44; p < 0.0001 κ = 0.64; p < 0.0001
D κ = 0.27; p < 0.010 κ = 0.44; p < 0.0001
E κ = 0.34; p < 0.005 κ = 0.35; p < 0.005

Turn
A κ = 0.54; p < 0.0001 κ = 0.59; p < 0.0001
B κ = 0.57; p < 0.0001 κ = 0.69; p < 0.0001
C κ = 0.43; p < 0.0005 κ = 0.46; p < 0.0005
D κ = 0.50; p < 0.0005 κ = 0.29; p < 0.005

Stand-to-Sit
A κ = 0.45; p < 0.0001 κ = 0.39; p < 0.0005
B κ = 0.36; p < 0.0005 κ = 0.67; p < 0.0001
C κ = 0.41; p < 0.001 κ = 0.34 p < 0.0010

Fig. 1. Separation of subjects into 3 subgroups according to their Timed 
“Up and Go” Assessment of Biomechanical Strategies scores (n = 48).
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8, 30). In addition, we are not aware of any instruments that 
clinically assess the biomechanical strategies adopted by people 
with stroke during the performance of other activities evalu-
ated by the TUG, such as the sit-to-stand, 180º-turning, and the 
stand-to sit. All of these factors make comparisons between the 
present results with respect to the current literature difficult. 

Construct validity was not reported for any of the previously 
cited instruments for observational gait analyses of people 
with stroke (5, 6, 8). Constructs are typically multidimensional 
and are not directly observable. Due to these factors, it is not 
easy to determine the construct validity of an instrument (1). 
Despite the difficulty in investigating the construct validity, 
this type of validity can be gathered by a variety of methods 
in an ongoing process that should address both score mean-
ing (traditional methods) and clinical values (contemporary 
methods) in test interpretation and use (1, 3). 

As observed in the present study, the total TUG-ABS scores 
were able to differentiate between people with and without 
stroke, and between people with stroke with different TUG 
times. In addition, the TUG-ABS scores were also able to cor-
rectly predict group membership for the majority of subjects 
with and without stroke and for the stroke subjects with fast, 
intermediate and fast TUG times. Fifteen healthy controls 
(31%) were classified as people with stroke by their scores, 
which indicated 15 false-positive results, whereas only one 
individual with stroke (2%) was classified as healthy, a false-
negative. In terms of the predictive values of a tool, false-
negatives are worse than false-positives, since false-positive 
results do not cause any harm to the subjects. On the other 
hand, false-negatives result in a decrease in patient care, since 
a patient in need of healthcare services will not receive them 

(27). Therefore, all traditional methods applied for the inves-
tigation of the TUG-ABS construct validity showed adequate 
results, which support the theoretical assumptions behind the 
constructs of interest.

Positive results were also observed for the contemporary 
methods applied to investigate the construct validity (3). All 
of the PTs who used the TUG-ABS reached consensus in 
evaluating its construct validity. We are not aware of any study 
that investigated professional opinions regarding score inter-
pretations and clinical values of previously cited observational 
gait tools. It is likely that the absence of construct validity 
investigation for those tools (5, 6, 8) is a justification for the 
fact that 91.8% of the PTs requested a new gait assessment 
tool (30). As pointed out by Toro et al. (30), “the challenge 
for developers of gait assessment tools is to find a balance be-
tween the practicalities of use and scientific merit”. Construct 
validity is an important psychometric property related to the 
scientific merit of an instrument and, therefore, it should be 
further investigated. 

Evidence for the practicalities of use of the TUG-ABS was 
found in the present study since adequate levels of absolute 
agreement between the analyses carried out by the real-time 
and video observations were observed for all the items. We 
are not aware of any study that has investigated the levels of 
absolute agreement between real-time and video observations 
of previously cited observational gait tools for subjects with 
stroke (5, 6, 8). Considering other populations, only one study 
was found that investigated the agreement between real-time 
and video observations using observational gait tools for 
children with disabilities and the levels of agreement were 
adequate for the majority of the items (31). 

The item-by-item analyses showed acceptable values of 
reliability for the TUG-ABS, whether scored from videos or 
in real-time (1, 22, 27). All of the reliability values found for 
the TUG-ABS were similar, or even better, than those found 
for real-time assessments with other observational gait tools 
(31, 32), and for videotaped gait analysis studies (31, 33–35) 
and, in some cases, the videos were slowed or stopped (31, 36). 
These results also emphasize the feasibility of the TUG-ABS. 

The TUG-ABS was developed to supplement the original 
TUG test, a valid, reliable and feasible measurement of basic 
functional mobility (14, 18, 37, 38). Therefore, the first step 
of the validation process could be the correlations between 
the TUB-ABS and the original TUG test, which was presently 
observed. 

The TUG provides a measurement of the time spent by subjects 
to perform the sit-to-stand, gait, 180º-turning, and stand-to-sit in 
sequence, while the TUG-ABS provide a measurement of the 
biomechanical strategies adopted during the performance of the 
TUG. Time, the TUG test outcome, provides a dimension of the 
tasks related to performance (18). However, time alone is insuf-
ficient for diagnoses, guiding interventions, or treatment planning, 
since it does not allow for observation of what is impaired (39). 

Besides supplementing the original TUG test, the TUG-ABS 
provides more detailed information, which could be used to 
guide professionals in their clinical decision-making. Profes-

Table IV. Results of the inter-rater reliability according to the weighted 
kappa statistics  regarding the Timed “Up and Go” Assessment of 
Biomechanical Strategies Scores for the real-time and video observations 
(n = 44) 

Item Real-time Video 

Sit-to-Stand 
A κ = 0.49; p < 0.0001 κ = 0.58; p < 0.0001
B κ = 1.00; p < 0.0001 κ = 0.94; p < 0.0001
C κ = 0.65; p < 0.0001 κ = 0.38; p < 0.0005

Gait
A κ = 0.59; p < 0.0001 κ = 0.72; p < 0.0001
B κ = 0.45; p < 0.001 κ = 0.15; p < 0.050
C κ = 0.61; p < 0.0001 κ = 0.51; p < 0.0005
D κ = 0.24; p < 0.05 κ = 0.38; p < 0.0005
E κ = 0.58; p < 0.0001 κ = 0.27; p < 0.010

Turn
A κ = 0.56; p < 0.0001 κ = 0.42; p < 0.005
B κ = 0.77; p < 0.0001 κ = 0.75; p < 0.0001
C κ = 0.47; p < 0.0005 κ = 0.59; p < 0.0001
D κ = 0.63; p < 0.0001 κ = 0.53; p < 0.0001

Stand-to-Sit
A κ = 0.60; p < 0.0001 κ = 0.49; p < 0.0005
B κ = 0.60; p < 0.0001 κ = 0.54; p < 0.0001
C κ = 0.38; p < 0.0005 κ = 0.25; p < 0.001

Total score κ = 0.80; p < 0.0001 κ = 0.87; p < 0.0001
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sionals who use the TUG-ABS for clinical purposes could 
identify biomechanical strategies during activity performance 
that should be improved with future interventions. This would 
enable better diagnosis related to limitations in activities and 
allow better treatment planning. The identification of these 
biomechanical strategies would also indicate the need for 
more specific evaluations of impairments in body function and 
structure, and, therefore, improve the impairment diagnoses. 
As a standard tool, the TUG-ABS might also facilitate com-
munication between different users and comparisons of data 
across time, studies and healthcare disciplines interested in 
functional performance and biomechanical strategies. 

The present results are applicable to the characteristics of 
the selected subjects, which were determined in order to guar-
antee a wide range and the most evenly spread of variability, 
or heterogeneity, in their TUG performances. Therefore, fu-
ture studies, with larger samples should be conducted for the 
investigation of the generalizability of the TUG-ABS, with 
various populations of subjects with stroke. The validation 
of a newly developed instrument is an on-going process and 
requires numerous research efforts, which must be achieved 
by complementary studies (1, 2, 10). 

In conclusion, the TUG-ABS demonstrated good construct 
and criterion-related validities as well as adequate reliability 
for subjects with stroke within clinical settings, which supports 
the theoretical assumptions employed for its development. 
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APPENDIX I. Semi-structured questionnaire for the investigation of the construct validity  

Number of subjects with stroke, who were evaluated with the Timed “Up and Go” Assessment of 
Biomechanical Strategies (TUG-ABS) _______________________ 

The questions below were formulated based upon the different aspects of construct validity proposed by 
Messick in the following publication: Validation of inferences from person's responses and performances as 
scientific inquiry into score meaning. Am Phsychol. 1995; 50: 741–749. For each of the questions, please 
check the category response that you judge most appropriate:  

 

A. Is the content of the set of items of the TUG-ABS representative/relevant to the domain of interest 
(biomechanical strategies exhibited by individuals with hemiparesis due to stroke during their TUG 
performances)? 

(1) Not representative/relevant 
(2) Somewhat representative/relevant  
(3) Quite representative/relevant  
(4) Highly representative/relevant 
 

B. Is the set of items of the TUG-ABS relevant to the clinical interpretations, which can be made based 
upon these measures? 

(1) Not relevant 
(2) Somewhat relevant  
(3) Quite relevant  
(4) Highly relevant 
 

C. Please, evaluate the value of the use (applied utility) of the TUG-ABS:  

(1) Not valuable 
(2) Somewhat valuable  
(3) Quite valuable  
(4) Highly valuable 
 

D. Please, evaluate the value implications of the TUG-ABS score interpretations as a basis for actions:  

(1) Not relevant 
(2) Somewhat relevant  
(3) Quite relevant  
(4) Highly relevant 
     
 

E. In your opinion, does the TUG-ABS  provides enough information for the assessment of the 
biomechanical strategies during the TUG performance, that is, it is:  

(1) Too narrow and fails to include important dimensions or facets of the construct”  (presence of 
construct underrepresentation) 

(2) Too broad, contains excess of variance associated with other distinct constructs, as well as method 
variance such as response sets or guessing propensities which affects responses in a manner 
irrelevant to the interpreted construct”( presence of construct-irrelevant variance)  

(3) Adequate, since it includes only dimensions or facets which are strictly associated and  affect 
responses in a manner relevant to the interpreted construct 
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