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Abstract
Background  The use of objective measurements is essential to assess disease progression and to evaluate the effectiveness 
of rehabilitation protocols and clinical treatments.
Aim  The purpose of this study was to develop a touch-screen application, that we named 15-White Dots APP-Coo-Test (15-
WDACT), able to carry out quantitative and objective measurements of the rapid and coordinated upper limb movements, 
typically impaired in patients with cerebellar ataxias (CA).
Methods  A total of 87 CA patients and 170 healthy subjects participated in this study. The subject was asked to touch with 
their index finger a white dot, appearing consecutively and randomly on the screen at different positions, for a total of 15 
dots per session. The score is the execution time of a single session.
Results  15-WDACT measurements have highly correlated with the scores obtained with the Scale for the Assessment and 
Rating of Ataxia (SARA), with the Composite Cerebellar Functional Severity (CCFS) and with the measurements obtained 
using two validated evaluating systems, i.e., the Nine Hole Pegboard test (9HPT) and the Click Test. We also observed high 
internal consistency and an excellent intra-rater and test–retest reliability. We found a small Standard Error of Measure-
ment (SEM) and an excellent Minimal Detectable Change (MDC), indicating that even small variations in the 15-WDACT 
measurements are to be associated with real changes in performance.
Conclusions  We have concluded that 15-WDACT is an easy, fast and reliable tool to assess the severity of the upper limb 
ataxia in patients with CA.

Keywords  Cerebellar ataxia · Neurodegenerative diseases · Upper limb movement impairment · Quantitative assessment · 
Touch-screen application · SARA​

Introduction

The key motor symptoms of cerebellar ataxias are limb and 
gait ataxia, along with other symptoms [1]. The neurodegen-
erative CA are progressive disorders in which these symp-
toms get worse over time, with different progression rate 

according to the genotype [2–4]. Several validated clinical 
scales are available to assess the severity and progression 
of ataxia, such as the Scale for the Assessment and Rat-
ing of Ataxia (SARA) [5–9], the International Cooperative 
Ataxia Rating Scale (ICARS) [8, 10, 11], the Spinocere-
bellar Ataxia Functional Index (SCAFI) [12, 13] and the 
Composite Cerebellar Functional Severity (CCFS) [14]. The 
quantitative assessment of upper limb ataxia is different in 
each scale. In SARA it is assessed in ítems 5, 6 and 7 by the 
Finger-to-nose test, Finger-to-finger test and Fast alternat-
ing hands movements, respectively. The SCAFI and CCFS 
scales include the 9-Hole Pegboard Test (9HPT), but with 
different execution rules in each scale [14–16]: in SCAFI, 
the timing of 9HPT begins when the patient touches the first 
peg and ends when the last peg is placed in the container; 
in CCFS, the timing of 9HPT begins when the first peg is 
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placed in a hole and ends when the last peg is placed in the 
last hole. In both scales, the test is not easy to perform for 
patients with an advanced state of the disease (SARA > 30) 
[14, 17, 18]; the patient drops the pegs many times, forcing 
the examiner to stop the timer and ask the former to repeat 
the test again, thus generating fatigue and distress in the 
patient. We aimed to develop an easy-to-perform test that 
could be used also in an advanced state of the disease. The 
15-WDACT is an application developed for touch-screen 
devices (tablet and mobile phone), freely downloadable 
from the web, compatible with Android and Apple operat-
ing systems. The quantitative measurement of each upper 
limb movement is the motion execution time. In this appli-
cation the time is measured by the system and not by the 
examiner, thus no equipment other than a tablet is needed. 
At the end of the test, the application can generate a Report 
in a PDF format containing the execution time of each upper 
limb (dominant and non-dominant hand), an average time, 
the Standard Deviation (SD) and the Coefficient of Vari-
ation (CV) of the executed trials. Finally, the PDF report 
can be downloaded, printed and signed by the examiner to 
be stored. Some examples of 15-WDACT Report and the 
instructions how to generate it are given in Online Resources 
1 and 2.

Materials and methods

Patients and controls

This study was conducted in the Department of Medical 
and Surgical Sciences and Biotechnologies (DSBMC), 
“Sapienza” University of Rome, Polo Pontino, at “Marco 
Pasquali” Institute—ICOT (Latina), from October 2016 
to September 2018. We have recruited eighty-seven ataxic 
patients and one hundred and seventy healthy subjects. Out 
of the eighty-seven patients included, thirty-six had Frie-
dreich’s Ataxia (FRDA), nine had Spinocerebellar Ataxia 
type 1 (SCA1), six had SCA2, three had Myoclonic Epi-
lepsy with Ragged-Red Fibers (MERRF), two had SCA3, 
two had SCA8, one had Autosomal Recessive Spastic Ataxia 
(ARSACS), one had Autosomal Recessive Ataxia type 8 
(SCAR8), one had Multiple System Atrophy—Cerebel-
lar type (MSA-C), and twenty-six had CA with no defined 
genetic analysis. The patients were 36 males and 51 females, 
aged between 22 and 76 years (mean age of 45.6 ± 13). We 
have also included three subjects with positive genetic 
analysis but clinically asymptomatic (two SCA1 and one 
MERRF), considered apart from ataxic and healthy subjects. 
One hundred and seventy healthy subjects were sex and age 
matched (85 males and 85 females, aged between 18 and 
75 years, mean age of 41.36 ± 14.68). To detect any possible 
changes in the 15-WDACT execution time due to gender 

or age, we have considered the results based on male and 
females and based on two groups aged 18–45 and 46–75, 
respectively. To summarize and analyze the obtained data, 
the patients were divided into 18 groups according to the 
severity of the ataxia symptoms as assessed by SARA scale. 
The intra-rater reliability, the internal consistency and the 
accuracy (intra-subject variability) of the measurements 
obtained with the 15-WDACT were estimated via 5 con-
secutive measurements obtained for each hand and carried 
out on 48 patients. A 4-week test–retest was used to estimate 
the reliability over time in twenty-one patients. The time 
period between the first and the second administrations was 
4 weeks, long enough to prevent learning, carry-over effects 
or recall. As 15-WDACT execution time was automatically 
measured by the application and not by the examiner, the 
inter-rater reliability was not estimated.

Clinical evaluation

The disease severity was clinically evaluated by SARA scale 
and CCFS score. The SARA scale consists of eight items, 
the sum of which determines a total score ranging from 0 (no 
ataxia) to 40 (most severe ataxia). The upper limb impair-
ment was evaluated through items 5, 6 and 7 of the SARA 
scale, by the Finger-to-nose test, Finger-to-finger test and 
Fast alternating hand movements test, respectively [5–9]. 
Gait disturbances (item 1, score 0–8), posture disturbance 
(item 2, score 0–6 and item 3, score 0–4), speech disor-
ders (item 4, score 0–6), down limb kinetic function (item 
8, score 0–4) were evaluated too. To determine the CCFS 
score, the results obtained using the 9HPT and Click Test 
were combined according to the formula [14]

where Z peg (execution time of 9HPT with dominant hand) 
and Z click (execution time of Click Test with dominant 
hand) are calculated according to the following formulas, 
if age ≥ 20:

and according to the following, if age < 20:

To perform the 9HPT, the Jamar 9-Hole Peg Test kit was 
used. The patients, who were seated, were asked to hold 
nine dowels (5 mm in diameter and 38 mm long) in the non-
dominant hand and to place them randomly, one by one, with 
the dominant hand in a board with nine holes. Timing began 

CCFS = log10

(

7 +
Z peg

10

)

+
(

4 ×
Z click

10

)

,

Z peg = 9HPT observed time−
(

0.002 × age2 − 0.16 × age + 13.4
)

,

Z click = Click observed time − (0.05 × age + 8),

Zpeg = 9HPT observed time −
(

−0.08 × age2 + 12.62
)

,

Z click = Click observed time −
(

0.03 × age2 − 1.14 × age + 18.89
)

.
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and stopped when the first and last pegs, respectively, were 
placed. To perform the Click Test, the patients were asked 
to press alternatively, using their index finger, the buttons 
placed on two mechanical counters fixed on a wooden board, 
39 cm apart. Timing began when one button was pressed for 
the first time and stopped when both the counters reported 
the number ten. 9HPT and Click Test were executed once 
with the dominant hand.

Functional tests

The upper limb movement impairment was evaluated using 
the 9HPT (SCAFI rules) [12, 13], the Click Test (CCFS 
rules) [14] and the new 15-WDACT. To perform the 9HPT, 
the pegboard (Jamar 9-Hole Peg Test kit) was placed on the 
table facing the patient with the peg container in front of the 
hand that was going to be tested, while the other hand was 
used to stabilize the board. The timing of the 9HPT began 
when the patient touched the first peg and stopped when 
the last peg was removed and hit the container. If a peg was 
dropped during the test, the examiner stopped the timer and 
the patient restarted the test from the beginning. The test 
was performed for each hand. To perform the Click Test, 
a wooden board with two mechanical counters fixed 39 cm 
apart was placed on a table facing the patient. The patient, 
who was seated, was asked to press the buttons placed on the 
two counters ten times alternatively using their index finger. 
Timing began when the button in front of the hand that was 
going to be tested was pressed for the first time and stopped 
when the same button was pressed for the tenth time. Two 
trials of 9HPT and Click Test were performed with the 
dominant hand, followed by two trials of the non-dominant 
hand. For each test an average of the respective four tri-
als was finally considered. The pause in between each trial 
was no longer than 5 min. Time was reported within 0.1 s 
rounded as needed. To execute the 15-WDACT a 10.1-inch-
sized tablet-PC was used. It was placed on a table with the 
touch-screen facing the sitting patient. Patients were asked to 
touch with their index finger 15 white dots (2.5 cm in diam-
eter) appearing consecutively and randomly on the screen at 
different positions, each one showing up after the previous 
one was correctly reached. The patient was not allowed to 
rest their forearm and elbow on the desk during the test. As 
illustrated in Online Resource 3 and shown in the animation 
(Online Resource 4) the test began after the patient pressed 
the start button, while time started to run when the first dot 
appeared on the screen and stopped when the last one was 
successfully reached. The dominant hand was tested first 
for two consecutive trials, followed by two trials of the non-
dominant hand. All trials were separated by a 1-min pause. 
Scores from the two trials for each hand were averaged and 
then converted to the reciprocals of the mean times for each 
hand. Finally, the two reciprocals were averaged and used as Ta
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final score. The final score represents the time needed for the 
task execution, reported to within 0.01 s, rounded as needed.

Statistical analyses

The statistical analysis was performed using the IBM SPSS 
statistics base software Version 22 and Microsoft Excel 
2007. To investigate the correlation between the scores 
obtained with the application and the severity of the ataxic 
symptoms assessed by SARA and CCFS, a linear regression 
modeling was used. The Pearson’s correlation coefficient (R) 
was used to determine the correlation between the 
15-WDACT scores with the 9HPT and Click Test scores, 
evaluated with a 95% confidence interval (CI), while the 
significance with p values (whose minimum levels were set 
at p < 0.01). Pearson’s correlation was used to examine con-
struct validity of the APP scores. Pearson’s correlation 
exceeding 0.75 were considered good–excellent [19]. To 
detect any possible changes in the 15-WDACT execution 
time due to gender or age factor, the Student’s t test for 
paired sample was used [19]. Polynomial regression, a sec-
ond-degree polynomial function, was computed to test the 
influence of aging on the 15-WDACT. To compare the 
results obtained with the 15-WDACT and determine if the 
mean scores obtained in different groups of patients were 
significantly different from each other, we used the one-way 
analysis of variance (ANOVA) and calculated F statistic of 
Fisher–Snedecor (95% CI) [19]. To analyze the APP scores 
accuracy, we calculated the CV according to the formulas 

CV =
SD×100

Mean
 and SD = � =

�

∑

n

i=1(xi−X)
2

n
,where SD is the 

standard deviation, n is the number of the xi elements and X 
is the mean of all elements. The CV is a measure of the vari-
ability of a data set and the closer to 0 the CV is the less 
variable the data are [19]. The internal consistency of the 
measurements obtained with the 15-WDACT was estimated 
by Cronbach’s alpha while the intra-rater reliability and the 
reliability over time (test–retest reliability) were estimated 
by intraclass correlation coefficient (ICC2.1) with absolute 
agreement, single rater/measurement and a 95% CI [20]. 
Good reliability and consistency are indicated by an ICC2.1 
and a Cronbach’s alpha values greater than 0.75. An ICC2.1 
or a Cronbach’s alpha exceeding 0.90 were considered excel-
lent [19]. Estimates of reliability (absolute estimates) were 
also calculated using the standard error of measurement 
(SEM) [21] and the minimal detectable change (MDC) [22]. 
The SEM, that is a measure of variability, indicates the sta-
bility of the score when a measure is repeated. The SEM that 
was used to evaluate consistency of scores from each trial 
for each participant was calculated using the following 
formula:

Smaller SEM numbers indicate a more reliable 
measurement.

The MDCn (n = CI), referred to as the smallest detectable 
difference, is an absolute measure of reliability (measure-
ment error). The MDC95 was calculated, after having set a 
CI = 95%, with the following formula:

SEM = SD ×
√

1 − ICC.

MDC95 = SEM × 1.96 ×
√

2,

Fig. 1   Polynomial regression plot showing the increase of the 15-WDACT measurements due to age in one hundred and seventy healthy sub-
jects. 15-WDACT scores are expressed in seconds and reported on the y-axis, while ages are reported on the x-axis
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where 1.96 is the z score associated with the 95% confidence 
level and √2 is used to account for the underlying extra 
uncertainty during measurement in two time points. MDC 
values are used to assist in interpreting results and determin-
ing whether a change between repeated tests is a random 
variation or a real change (improvement or deterioration) in 
performance [23]. An MDC% < 10% with MDC% calculated 
with the following formula

was considered as excellent [23].
MDC% = MDC∕Mean × 100

Results

Controls

All healthy subjects were tested with both 9HPT and Click 
Test, with data set stratified for age groups and divided for 
sex. Table 1 reports also the mean execution time of the 
15-WDACT, both with the dominant (D.H.) and non-dom-
inant hand (N.D.H.). As reported in Table 1 and shown in 
Fig. 1, the final average of the 15-WDACT scores of the 
control group was 9.36 ± 1.01 (9.34 for the females and 
9.38 for males). The difference in the mean execution 

Fig. 2   Box plot showing progressively higher 15-WDACT scores in 
sixteen groups of patients, stratified by SARA whole scores (upper 
graph), and in ten groups of patients stratified by the sum of SARA 
items 5, 6, 7 (Finger-to-nose test, Finger-to-finger test and Fast 
alternating-movements-hand test). 15-WDACT measurements are 

expressed in seconds and reported on the y-axis, while groups with 
their SARA total score (first group) and the sum of SARA items 5, 
6, 7 (second group) are reported on the x-axis of the upper and lower 
graphs, respectively. R is Pearson’s correlation coefficient
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time of the 15-WDACT based on gender was non-signif-
icant (p > 0.05). The executed T test disclosed that there 
were no differences based on sex (t value t = − 0.26936 
and a p value p = 0.393993), whereas the difference in the 
mean execution time of the 15-WDACT in two groups 
of healthy subject, aged 18–45 and 46–75, respectively, 
was significant (p < 0.001), as confirmed by a T test and 
a t value = − 13.6496 (additional data are given in Online 
Resource 5). As shown in Fig. 1, the 15-WDACT execu-
tion time tended to increase with age in subjects older than 
45 years (threshold value), according to the following sec-
ond-degree polynomial function:

where 9.3642 is the mean value of 15-WDACT obtained 
in control group and 

[(

0.0014 × age2
)

− (0.0633 × age)
]

 
is the increase of the 15-WDACT score based on age at 
examination.

Patients

In the ataxic patients, the 15-WDACT execution time tended 
to increase with the disease severity but changes in the 
score due to age must be distinguished from those caused 
by the worsening of the disease. In subsequent analyses, 

Y = 9.3642 +
[(

0.0014 × age2
)

− (0.0633 × age)
]

,

the 15-WDACT scores were, therefore, adjusted for age > 45 
(threshold value). We calculated the age factor according to 
the following formula:

Age factor was subtracted from the 15-WDACT observed 
time to get the adjusted score. The 87 patients were divided 
into 18 groups according to the severity of the ataxia symp-
toms, as assessed by SARA scale (Table 2). 9HPT measure-
ments were obtained in seventy-four patients while Click Test 
and 15-WDACT were obtained in eighty-one patients. None 
of the six patients with SARA score ranging 36–40 were able 
to complete the 15-WDACT, the 9HPT and the Click Test, 
while seven patients with a SARA score ranging 31–35 were 
not able to conclude the 9HPT. The F value calculated with 
the one-way ANOVA test was F = 25.0958 (additional data are 
given in Online Resource 6). Therefore, as shown in Fig. 2, 
the mean values obtained with the 15-WDACT in the sixteen 
patient groups, stratified according to the whole SARA score, 
were significantly different (p < 0.001), with an increase in 
average execution time as the severity of the ataxic symptoms 
worsened (R = 0.91). The correlation between the 15-WDACT 
measurements and the sum of the scores of items 5, 6, 7 of 
the SARA scale (Fig. 2) was very strong too (R = 0.97). The 
correlation between the measurements obtained with the 

Age factor =
[(

0.0014 × age2
)

− (0.0633 × age)
]

.

Fig. 3   Linear regression plots showing the correlation of the 
15-WDACT measurements with the 9HPT scores of seventy-four 
patients (upper left graph), with the Click Test scores of eighty-one 
patients (upper right graph), and with the SARA (lower left graph) 
and CCFS scores (lower right graph) of eighty-one ataxic patients. 
Measurements obtained with the 15-WDACT (in seconds) are 

reported on the y-axes, while those obtained with the 9HPT and Click 
Test (all expressed in seconds) and with the SARA and the CCFS are 
reported on the x-axis of the upper left, upper right, lower left graph 
and lower right graph, respectively. R is Pearson’s correlation coef-
ficient
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15-WDACT and the scores obtained with the 9HPT and Click 
Test was high (Fig. 3). The performance obtained with the 
15-WDACT by each of the 81 observed patients, showed also 
a strong correlation with the severity of the ataxic symptoms 
assessed by SARA scale and CCFS score (Fig. 3). As reported 
in Table 3, the intra-rater reliability (ICC2.1) was excellent. The 
accuracy (CV) of the measurements was high. Internal consist-
ency of the data obtained using the APP (Cronbach’s alpha) 
was excellent too. As shown in Fig. 4, the intra-subject vari-
ability in the 5 performances obtained with the 15-WDACT by 
each of the 48 observed patients, represented for each patient 
by the gap between each of the five scores, tended to increase 
as the severity of the ataxia worsened [24]. As reported in 
Table 4, the reliability over time (rest–retest reliability) of the 
measurements obtained with the APP, expressed by ICC2.1, 
was excellent. The correlation between the scores obtained 
in two different administrations was very strong (R = 0.98). 
The accuracy of the obtained data was high. As reported in 
Table 3 and in Table 4, the SEM was small and all MDC% 
were between 2.0% and 2.6%, representing an excellent ran-
dom measurement error.

Finally, the measurements obtained in three asymptomatic 
subjects aged 40–49 showed a mean score to perform the 
15-WDACT of 9”23, in accordance with those obtained from 
healthy subjects aged 40–49 (Table 1).

Discussion

The 9HPT is currently the most used method for quantitative 
evaluation of the upper limb movement impairment. The Click 
Test is another method used for the same purpose. However, 
the Click Test and the 9HPT are not easy to use for patients 
with an advanced state of ataxia [14, 17, 18]. In our study, 
patients with a SARA score > 30 have completed the 9HPT 
(CCFS and SCAFI rules) and the Click Test with many diffi-
culties. Patients with a severe ataxic symptomatology dropped 
the pegs many times, forcing the examiner to stop the timer 
and ask them to repeat the test again, thus generating fatigue 
and distress in the patient. Seven patients with SARA scores 
ranging 31–35 have not been able to complete the 9HPT, but 
they have instead executed the 15-WDACT with relative ease. 
Measurements obtained in all patients show a mean perform-
ing time of 72.7 ± 52.9 s to execute the 9HPT, 32.6 ± 20.6 for 
the Click Test and 21.81 ± 9.68 for the 15-WDACT (Table 2). 
As compared with both Click Test and 9HPT, the App-Coo-
Test proved to be faster and easier to perform. As reported in 
the controls, there were no differences based on sex, whereas 
the 15-WDACT execution time tended to increase in subjects 
older than 45 years old. Consequently, all values obtained in 
patients older than 45 years were adjusted automatically by 
the APP which subtracted the “Age Factor” from the observed 
execution time, allowing us to study the rate of progression of Ta
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the 15-WDACT scores independently from the age differences. 
The correlation between the 15-WDACT and the Click Test 
and 9HPT, respectively, was very strong. The ANOVA test 
explained that the 15-WDACT execution time was progres-
sively higher as the severity of the ataxic symptoms increased 
(Fig. 2). The Test–Retest method showed a very high level of 
intra-rater and reliability over time (ICC2.1 = 0.98), while the 
inter-rater reliability was not estimated, as the tally of the test is 
automatic. The accuracy of the measurements, assessed by CV, 
was very high. We found an excellent level of MDCgroup rang-
ing from 0.48 to 0.35, corresponding to an average value of 
MDC% of 2.3%, which indicates that a change greater than just 
2.3% could be viewed, with 95% certainty, as a real change in 
performance [23]. As we found that the intra-subject variabil-
ity in the performances obtained with the 15-WDACT tended 
to increase as the severity of the ataxia worsened (Fig. 4), we 
believe that the MDCidividual could be smaller for low SARA 
scores and tending to increase proportionally to the ataxia 
severity.

Conclusion

SARA and ICARS are semiquantitative scales that rely on 
subjective ratings by clinicians. Therefore, these scales 
yield only partially objective measurements of upper limb 

movement impairment [16, 17]. To develop new and effec-
tive drugs or to test the effectiveness of new rehabilitative 
protocols, it is necessary to develop widely applicable 
methods for the objective evaluation in CA. The scores 
obtained from the 15-WDACT showed a high correlation 
with those obtained from the 9HPT and Click Test; there-
fore, we think that the new touch-screen application may 
be a valid method able to objectively quantify the upper 
limb movement impairment regardless of the disease from 
which the disorder arises. The strong correlation between 
the 15-WDACT measurements and the sum of items 5, 6, 
7 of the SARA, confirm that the APP may be an alterna-
tive method to assess the severity of upper limbs ataxia. 
As the most numerous subgroups of observed patients 
was the one with Friedreich’s ataxia (n = 36), the data 
obtained suggest that the 15-WDAC can be certainly used 
to evaluate the rapid and coordinated upper limb move-
ments, typical impairment in these patients. Furthermore, 
the high correlation between the scores measured with the 
15-WDACT and those obtained both with the whole of 
SARA score and with the CCFS score in a heterogene-
ous group of CA patients, like the one selected in this 
study, seems to confirm that the APP may be an alterna-
tive method to assess the progression of the ataxic disor-
der, independently of the genetic results. The 15-WDACT 
is an easy-to-perform functional test compared to the 

Fig. 4   A dot plot showing an excellent intraclass correlation (ICC2.1) 
calculated via five repeated trials carried out on forty-eight CA 
patients. 15-WDACT scores are expressed in seconds and reported on 
the y-axis, while the five trials performed by each patient are reported 
on the x-axis. From left to right, patients are reported on the x-axis 

based on an increasing value of the SARA. The intra-subject variabil-
ity, graphically represented by the gaps between the five dots (trials) 
for each patient, tends to increase as the severity of ataxia symptoma-
tology worsens
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9HPT, so it seems to be a reliable method to assess ataxic 
patients, especially those with a high severity of the dis-
ease (SARA > 30) who are often excluded from clinical tri-
als, being unable to perform the quantitative measurement 
tests currently used. Regarding a possible scoring affected 
by the involvement of other neurological system like distal 
upper limb weakness, which is present in many patients 
with hereditary ataxias, it would be interesting to admin-
ister the 15-WDACT to patients with a pure ataxia (auto-
somal dominant cerebellar ataxia type III), to determine 
the effect caused by upper limb disability from involve-
ment of other systems. Considering that the autosomal 
dominant cerebellar ataxia (ADCA) of type III as SCA5, 
SCA6 (the most common form of this group with an esti-
mated prevalence of less than 1/100,000), SCA11, SCA26, 
SCA30, and SCA31 (the second most common form that 
is found mainly in Japan) are very rare forms of ataxias 
[25–27], a multicenter study would be necessary for this 
purpose. Moreover, as the 9HPT is used in clinical trials 
that involve patients with different disease, i.e., parkinson-
ism, multiple sclerosis, etc., in the next future it would be 
interesting to administer the 15-WDACT to patients with 
other motor coordination disorders. Finally, like SARA 
scale, that assesses upper and lower limb, we are develop-
ing other APP-Coo-Test functions able to evaluate lower 
limb performance to generate a composite score.
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