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Abstract
Introduction: No standardised method is used to deter-
mine motor function in children in general practice in Den-
mark. Our aim was to evaluate the correlation between a 
parental questionnaire assessing motor function at the age 
of five years and the clinical test Movement Assessment 
Battery for Children (M-ABC), and to assess whether one or 
more questions could be used to screen for motor problems 
at the age of five years. 
Methods: This study was based on a parental question-
naire containing ten questions. The M-ABC was used as the 
gold standard. n = 755 children. The Mann-Whitney rank 
sum test, Pearson’s χ2-test, logistic regression analyses and 
sensitivity and specificity were used to assess the correla-
tion between the questionnaire and the M-ABC test. 
Results: The best screening tool was six questions in com-
bination: sensitivity 39.8%, specificity 87.1%. Asking if a 
health professional ever expressed concern about the 
child’s motor development had a sensitivity of 17.0% and a 
specificity of 93.9%. 
Conclusion: A parental questionnaire used as a screening 
instrument to identify children with motor problems has a 
reasonable specificity, but a low sensitivity. The six ques-
tions can be used to identify children who do not have mo-
tor function difficulties with a relatively high certainty, and 
it can fairly well identify children with motor function pro
blems. 
Funding: This study was primarily supported by the Cent-
ers for Disease Control and Prevention (CDC), Atlanta,  
Georgia, USA. Additional support was obtained from The 
Danish Health and Medicines Authority, the Lundbeck  
Foundation, Ludvig & Daara Elsass Foundation, the Augus
tinus Foundation, and Aase & Ejnar Danielsens Foundation. 
The Danish National Research Foundation has established 
the Danish Epidemiology Science Centre that initiated and 
created the Danish National Birth Cohort. The cohort is  
furthermore a result of a major grant from this Foundation. 
Additional support for the Danish National Birth Cohort is 
obtained from the Pharmacy Foundation, the Egmont  
Foundation, the March of Dimes Birth Defects Foundation, 
the Augustinus Foundation and the Health Foundation.
Trial registration: Approved by the Danish National 
Birth Cohort (DNBC) Board of Directors, the DNBC Steering 
Committee, the Regional Ethics Committee, the Danish  
Data Protection Agency and the CDC Institutional Review 
Board.

Some children have difficulties with everyday activities, 
which make great demands on their motor function abil-
ities. For instance, the children experience difficulties 
when jumping, riding a bike, drawing or throwing and 
catching a ball [1]. Such problems often cannot be ex-
plained by a physical handicap, neurological disease or 
intellectual impairment [2]. Children with minor motor 
function disabilities were first described by Dupre in 
1911 [3]. In 1987, the American Psychiatric Association 
described the first diagnostic criteria for this target 
group in the Diagnostic Manual of Mental Disorders- 
Revised (DSM III-R) using the overall term Developmen-
tal Coordination Disorder (DCD) [4]. 

Motor problems appeared in 6-10% of Norwegian 
7-10-year-old children and in 13.5% of 7-year-old Swed
ish children [5, 6]. In a Danish study assessing motor 
function in children during the first and second years of 
school, 15% of the children performed poorer than ex-
pected for their age, 0.9-1.3% being classified as very 
immature [7]. In accordance with Danish health legisla-
tion, recommendations about preventive measures for 
children and youngsters have been developed [8]. 
Children under school age are offered seven preventive 
health checks by their general practitioner (GP). All 
health checks include an examination and assessment of 
the child’s motor and physical function as well as a gen-
eral health check and vaccinations. At the five-year ex-
amination, the focus is primarily on motor function and 
language [9]. There is no overall account of the number 
of children identified with motor function delays by the 
preventive health-care scheme in Denmark; and no sys-
tematic method is used to determine motor function in 
general practice, although nurses and sometimes doc-
tors see preschool children in the community.

Some studies have shown an association between 
motor function and physical fitness [10]. Children diag-
nosed with DCD are less active and as a result of inactivi-
ty, the risk of developing a lifestyle disease such as type 
2 diabetes and cardiovascular disease is increased [10-
12]. Although physical inactivity is not as eye-catching as 
e.g. overweight, it can pose a greater threat to public 
health than overweight does [10, 13]. 

Two meta-analyses concluded that a significant ef-
fect is achieved when treating children diagnosed with 
DCD; it was emphasised that early identification of DCD 
is necessary with a view to treatment [14, 15]. The aim 
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of the present study was to assess whether one or more 
questions to parents could be used for screening for mo-
tor function problems in children at the age of five 
years.

Methods
Design and population
Participants were recruited from the Danish National 
Birth Cohort (DNBC) to participate in the Lifestyle During 
Pregnancy Study (LDPS) [16, 17]. Briefly, the DNBC con-
sists of 101,042 women and their offspring, recruited 
from 1997 to 2003. A total of 3,478 women who were 
sampled on alcohol drinking patterns during pregnancy 
were invited to participate in the LDPS between 2003 
and 2008. The exclusion criteria were the child´s inability 
to speak Danish, impaired hearing or vision to the extent 
that the test session could not be performed, multiple 
pregnancies, and congenital diseases likely to cause 
mental retardation. 

When the child was between 60 and 64 months old, 
a three-hour assessment of neuropsychological develop-
ment was carried out in one of four test sites in Copen
hagen, Aarhus, Odense and Aalborg. 

Between 2003 and 2006, the tests included the  
clinical motor test Movement Assessment Battery for 
Children (M-ABC). Physiotherapists who were familiar 
with testing children performed the test, and they were 
blinded to alcohol exposure and other prenatal informa-
tion. 

Questionnaire completed by parents
The selected parents were sent an invitation to partici-
pate in the study approximately 8-12 weeks before the 
child turned five. A self-administered questionnaire was 
mailed to participating parents. Subsequently, this was 

to be handed in on the test day. The questionnaire was 
developed within the LDPS project [16]. 

The questionnaire had 158 questions on: A) Family 
and home, B) Development, C) Activity and friends,  
D) Health, E) Strengths and weaknesses, and F) Parents. 
In the present study, we used the ten questions in sec-
tions A) and B) that all concern the child’s motor func-
tion during the first 5 years of life. These were: 1) Has 
the child received support during institutional place-
ment? 2) At which age did the child learn to walk? 3) 
How has the child’s general motor function develop-
ment been? 4) How would you characterise the child’s 
gross motor function? 5) How would you characterise 
the child’s fine motor control? 6) Has a health profes-
sional ever expressed any concern regarding the child’s 
motor development? 7) Is the child able to ride a two-
wheeled bicycle? 8) Is the child able to stand with bare 
feet on one leg without support? 9) Is the child able to 
catch a small ball with both hands? 10) Is the child able 
to throw a small ball towards the ground and catch it 
again with both hands? (Table 1).

Movement Assessment Battery for Children
The M-ABC was used to objectively test the children’s 
motor function. The test examines combined functions at 
activity level (according to the International Classification 
of Function) and is used to identify difficulties and for 
screening, clinical examination, planning and evaluation 
of treatment and research. By considering hand motor 
function, ball skills and static-dynamic balance in four dif-
ferent age groups; 4-6, 7-8, 9-10 and 11-12 years, children 
are given scores for the different tasks. The total score of 
the child’s performance is used to assess the child’s abil
ities in relation to the age norm. The scores are converted 
into a scale score from 0 to 5 points. The higher the score, 

TablE 1

Characteristics and an-
swers on single questions 
from parental question-
naire after coding into 
three groups and preva-
lence ”Normal” and  
”Motor function delay” 
estimated using M-ABC 
test towards each single 
question (N = 755).

Single question, n Prevalence using M-ABC testa, %

Questions from parental questionnaire
normal  
motor function

motor  
function delay

missing/  
don’t knowb

normal  
motor function

motor  
function delay

  1) … received support in institution? 657   90     8 87.02 11.92

  2) … when did child walk? 744     4     7 98.54   0.53

  3) … motor development in general? 721   24   10 95.5   3.18

  4) … gross motor development? 721   25     9 95.5   3.31

  5) … fine motor development? 715   28   12 94.7   3.71

  6) … concern about motor development? 694   56     5 91.92   7.42

  7) … biking without support? 422 316   17 55.89 41.85

  8) … one leg standing, without support? 741     7     7 98.15   0.93

  9) … catch a small ball with two hands? 654   43   58 86.62   5.7

10) … throw small ball and catch again? 517    8 160 68.48 10.33

M-ABC test = Movement Assessment Battery for Children, motor test. 
a) Prevalence on: ”Normal motor function” and ”Motor function delay”, group: ”Missing/don’t know” were left out from this analysis. 
b) Agreed to participate, filled in questionnaire, and completed the M-ABC test, but did not answer question.
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the poorer the child’s performance. In our study, the  
Total Motor Impairment Score was converted into a per-
centile via the norm tables. According to the percentile 
score, the children were divided into three groups: 1) per-
centile ≤ 5: poor motor function, 2) percentile > 5-15: in 
the risk zone of poor motor function and 3) percentile > 
15: age appropriate/normal [18]. A number of qualitative 
descriptions can be given. However, these were not used 
in this study. Furthermore, the instructions for the chil-
dren are not standardised; instead, the project group de-
veloped instructions in cases where this was necessary. 

Standardisation and interrater reliability 
Interrater reliability was evaluated, and the results con-
firmed that there were no statistically significant differ-
ences between the physiotherapists and whether they 
had undertaken fewer or more than 20 tests in the study 
(Pearson’s χ2-test, p = 0.954).

Statistics 
The Mann-Whitney rank sum test and Pearson’s χ2-test 
were used to test the association between the question-
naire results and the M-ABC test. Sensitivity analyses 
were performed applying different values to the cat
egories “Missing/no opinion”. Sensitivity and specificity 
were calculated and the receiver operating characteris-
tic (ROC) area determined. Finally, logistic regression 
analyses between questions one by one and in combin
ation and the total M-ABC score were performed, and 
multivariate analyses adjusted for other questions were 
carried out. Statistical analyses were done in STATA 10. 

Trial registration: Approved by the Danish National Birth 
Cohort (DNBC) Board of Directors, the DNBC Steering 
Committee, the Regional Ethics Committee, the Danish 
Data Protection Agency and the CDC Institutional Re-
view Board.

Results
Of the 1,446 invited to the LDPS during the period when 
motor tests were performed, 816 mothers and children 
agreed to participate, three of whom failed to complete 
the required questionnaire and 58 of whom did not par-
ticipate in the M-ABC test, bringing the total number of 
participants down to n = 755. No substantial or signifi-
cant differences were observed between participants 
and non-participants [19]. The mean age was 5.2 years 
(standard deviation (SD) = 0.07), mean IQ was 106 (SD = 
12.9), and median M-ABC score 7.5 (range 0-38), mean 
8.6 (SD = 6.4). Among the 755 participating children, the 
prevalence of a poor motor function M-ABC total score 
was 12% at the ≤ 5th percentile and 34% at the > 5-15th 
percentile. In bivariate analyses, each of the questions 
from the questionnaire was statistically significantly 
associated with the results from the M-ABC test showing 
prevalence (Table 1) and odds ratio (OR) (Table 2). How-
ever, only three questions remained individually associ-
ated with the M-ABC in adjusted analyses (Table 2).  
Six of the questionnaire questions (2-6 and 9) were col-
lectively the best “joint indicator” of motor function 

TablE 2

 

Crude Adjusted

Questions from parental questionnaire OR (95% CI) p-value OR (95% CI) p-value

1) … received support in institution?   2.31 (1.31-4.06) 0.00 1.55 (0.80-2.97) 0.19

2)… when did child walk?   7.7 (1.07-55.60) 0.04 2.80 (0.23-34.16) 0.41

3) … motor development in general?   8.61 (3.74-19.85) 0.00 1.65 (0.48-5.59) 0.42

4) … gross motor development?   7.94 (3.49-18.03) 0.00 4.11 (1.37-12.32) 0.01

5) … fine motor development?   5.46 (2.46-12.08) 0.00 4.07 (1.66-9.98) 0.02

6) … concern about motor development?   3.13 (1.65-5.94) 0.00 0.96 (0.39-2.39) 0.94

7) … biking without support?   2.59 (1.63-4.10) 0.00 2.06 (1.27-3.36) 0.00

8) … one leg standing, without support? 20.03 (3.82-104.88) 0.00 6.21 (0.79-48.64) 0.08

9) … catch a small ball with two hands?   5.26 (2.70-10.23) 0.00 3.46 (1.44-8.34) 0.00

10) … throw small ball and catch again?   2.60 (1.45-4.65) 0.00 0.93 (0.41-2.08) 0.86

CI = confidence interval;  M-ABC = Movement Assessment Battery for Children;  OR = odds ratio.

Association between total 
score on the M-ABC test 
and single-item questions 
from the parental ques-
tionnaire. Odds ratio for 
total score under the 5th 
percentile from unad-
justed and adjusted logis-
tic regression analyses 
showing crude odds ratios 
and adjusted odds ratios, 
and p-values (N = 755).

Balance is an important 
measure of motor func-
tion.



  4    da n i s h m E d i c a l J O U R NAL   Dan Med J 61/12    December 2014

screening at the age of 5 years. Thus, the sensitivity and 
specificity tests of the “joint indicator” were 39.8% and 
87.1%, respectively, at the 5th percentile (Table 3). The 
ROC area is shown in Figure 1. In addition to this, two 
hypotheses were tested in combination, with questions 
nine and ten from the questionnaire as the parameter 
“ball game”, showing a statistically significant result (Ta-
ble 3). Sensitivity was 27.3% and the specificity 89.7% at 
the 5th percentile. Question six was also significantly as-
sociated with the M-ABC test, the sensitivity being 17% 
and the specificity 93.9% at the 5th percentile (Table 3). 

Discussion
This study showed that among 755 children, the best 
questions for screening motor function at the age of five 
were a “joint indicator”. While “best” usually means 
both a high sensitivity and specificity, both may not be 
high (Table 2). In order to minimise the potential harm 
caused by false positive tests and subsequent costs of 
follow-up test to screen positives, we aimed for a high 
specificity and a reasonable sensitivity.

The study results showed a prevalence of 12% with 
motor delay, identified with the M-ABC test. The propor-
tion is higher than expected from the norm tables. Par
ticipants in the DNBC were somewhat healthier than 
average pregnant women during the enrolment period 
for the DNBC, and hence one might have expected a 
lower rather than a higher prevalence of disorders in the 
children, but most likely the American cut-offs used may 
not apply in a Danish setting. In Australia 2008, Civetta 
et al compared a parent questionnaire with the M-ABC 
test. They stressed the absence of an accepted “gold 

standard” in assessing children with DCD, the lack of reli-
ability and validity of the M-ABC, and concluded that al-
ternative cut-offs for tests have to be investigated.

It is not known whether Danish children with motor 
function difficulties at the age of five or before are dis-
covered by the GP or by other professionals within the 
existing preventive follow-up programme. On the basis 
of the WHO’s programme of principles and Danish 
health legislation from June 2005, it can be assumed 
that the existing preventive health programme meets 
the purpose of the health legislation. Question six in the 
present study suggests that it is debatable whether the 
existing practice in the field is sufficient. Furthermore, it 
indicates that the existing practice to a great extent 
seems to identify children without motor function prob-
lems, but only 17% of those who have motor delay be-
fore or at the age of five. 

The Danish Health and Medicines Authority’s survey 
of the preventive health-care scheme in Denmark from 
2000-2004 showed a rather big difference between the 
number of local health visits in the individual municipal
ities, and only half of these municipalities have specified 
guidelines for the local health service nurses. A third of 
the GPs asked for further training, and it was suggested 
that a questionnaire to be filed in by parents before the 
health visitor checkup be developed [20]. Others called 
for more operational guidelines and the use of tests. The 
parents’ answers were characterised by uncertainty to-
wards the purpose of the health checks. If a method for 
screening that identifies children with motor function 
problems before or at the age of five is to be developed, 
studies must be done on a larger group of children. It is 

TablE 3

Sensitivity and specificity 
to single questions from 
parental questionnaire, 
used as a predictor of mo-
tor function at the age of 
five years (N = 755).

Questions from parental questionnaire p-valuea Sensitivity (95% CI), % Specificity (95% CI), % ROC PPV/NPV

  1) … received support in institution? 0.003 21.6 (13.5-31.6) 89.4 (86.8-91.6) 0.555 21.1/89.6

  2)… when did child walk? 0.017   2.27 (0.27-7.97) 99.7 (98.9-100) 0.51 50/88.5

  3) … motor development in general? 0.00 13.6 (7.25-22.6) 98.2 (96.9-99.1) 0.559 50/89.6

  4) … gross motor development? 0.00 13.6 (7.25-22.6) 98.1 (96.7-99) 0.558 48/89.6

  5) … fine motor development? 0.00 12.5 (6.41-21.3) 97.5 (96-985) 0.55 39.3/89.4

  6) … concern about motor development? 0.00 17 (9.87-26.6) 93.9 (91.8-95.6) 0.554 26.8/89.6

  7) … biking without support? 0.00 62.5 (51.5-72.6) 60.9 (57-64.6) 0.617 17.4/92.5

  8) … one leg standing, without support? 0.00   5.68 (1.87-12.8) 99.7 (98.9-100) 0.527 71.4/88.9

  9) … catch a small ball with two hands? 0.00 18.2 (10.8-27.8) 96 (94.2-97.3) 0.571 37.2/89.9

10) … throw small ball and catch again? 0.001 20.5 (12.6-30.4) 91 (88.6-93.1) 0.557 23.1/89.7

9, 10) ...”ball game” 0.00 27.3 (18.3-37.8) 89.7 (87.1-91.9) 0.585 25.8/90.3

5, 8, 9) ... fine motor, bike + catch ball 0.00 70.5 (59.8-79.7) 57.4 (53.6-61.2) 0.639 17.9/93.6

1-10) All 10 questions 0.00 86.4 (77.4-92.8) 46.9 (43.1-50.8) 0.666 17.7/96.3

2, 3-5, 9 and 10) 0.00 39.8 (29.5-50.8) 85.6 (82.7-88.2) 0.627 26.7/91.5

2, 3-6, 9) ”Joint indicator”b 0.00 39.8 (29.5-50.8) 87.1 (84.3-89.6) 0.634 28.9/91.6

CI = confidence interval;  M-ABC test = Movement Assessment Battery for Children, motor test;  NPV = negative predictive value;  PPV = positive pre-
dictive value;  ROC = receiver operating characteristic. 
a) Pearson’s χ2-test, M-ABC test at 5th percentile as cut-off level, p-value > 0.05. 
b) The 6 questions in combination: walk, motor function + gross-fine motor function + concern + catch ball.
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crucial that the practice in the preventive field is adjusted 
and systematised according to the existing knowledge 
about motor function problems. The current practice for 
follow-up on overweight children may be used as a frame. 

The strengths of our study are the prospective col-
lection of data, the size of the sample and the use of the 
M-ABC test, which is considered the best national and 
international clinical test in the field both with regard to 
clinical practice and research. However, Danish norm  
tables do not exist for the M-ABC or for the second ver-
sion, the M-ABC-2, from 2007.

A limitation is that we do not know if the answers 
parents have given to this questionnaire are in accord-
ance with what is actually identified in practice.

Conclusion
This study showed that the best screening of motor 
function at the age of five was performed with a com
bination of six questions used as a “joint indicator”. The 
six questions can be used to help identify those children 
who do not have any motor function difficulties with a 
rather high certainty, and it fairly well identifies children 
with motor function problems; this may potentially help 
GPs to focus on those children who have actual prob-
lems. If the Danish Health and Medicines Authority were 
to adjust the guidelines and/or wishes to distribute 
questionnaires to parents, supplementary to the GP´s 
preventive health check-up at age five, the “joint indica-
tor” could be taken into consideration. The results of the 
“joint indicator” of the six questions in the study proved 
to give a better result for screening of motor function 

than the single question “Has a health professional ever 
expressed any concern regarding the child’s motor func-
tion development?” Nevertheless, it is uncertain  
whether the outcome of the question reflects the exist-
ing practice in the preventive health checks and the local 
health service in Denmark. The results of this study can 
be taken into consideration when discussing the pos
sibilities of achieving a better practice in the field, in 
which, according to current health legislation, a general 
health improving and disease preventing effort is  
needed in the future.

Correspondence: Kirsten Nordbye-Nielsen, Ortopædkirurgi, Kirurgisk  
Børneafsnit, Aarhus Universitetshospital, Nørrebrogade 44, 8000 Aarhus C, 
Denmark. E-mail: kirstennordbye@clin.au.dk. 

Accepted: 3 October 2014

Conflicts of interest: Disclosure forms provided by the authors are 
available with the full text of this article at www.danmedj.dk.

Literature
1.	 Poulsen AA, Ziviani JM. Can I play too? Physical activity engagement of 

children with developmental coordination disorders. Can J Occup Ther 
2004;71:100-7.

2.	 Losse A, Henderson SE, Elliman D et al. Clumsiness in children – do they 
grow out of it? A 10-year follow-up study. Dev Med Child Neurol 1991; 
33:55-68.

3.	 Pedersen AV. Children with bad motor skills – clumsy children: can we help 
them? Fysioterapeuten 2002;45:10-4.

4.	 American Psychiatric Association. Task Force on DSM-IV. Diagnostic and 
statistical manual of mental disorders: DSM-IV. Washington, DC: American 
Psychiatric Association, 1994.

5.	 Rasmussen NH. Children with developmental coordination disorder. 
Ugeskr Læger 2004;166:2227-30.

6.	 Sigmundsson H, Haga M. Children and motor competence. Tidsskr Nor 
Laegeforen 2000;120:3048-50.

7.	 Madsen M. Børns sundhed ved skolestart 1988/89. Copenhagen: Oxford 
University Press, 1991.

8.	 Danish National Health and Medicines Authority. Vejledning om fore
byggende sundhedsydelser til børn og unge. 2011. Copenhagen: Danish 
National Health and Medicines Authority, 2011.

9.	 Wedderkopp N, Froberg K, Hansen HS et al. Secular trends in physical 
fitness and obesity in Danish 9-year-old girls and boys: Odense School 
Child Study and Danish substudy of the European Youth Heart Study. 
Scand J Med Sci Sports 2004;14:150-5.

10.	 Fox AM, Lent B. Clumsy children. Primer on developmental coordination 
disorder. Can Fam Physician 1996;42:1965-71.

11.	 Pedersen BK, Saltin B. Fysisk aktivitet – håndbog om forebyggelse og 
behandling. Copenhagen: Danish National Health and Medicines Author
ity, 2003.

12.	 Faught BE, Hay JA, Cairney J et al. Increased risk for coronary vascular 
disease in children with developmental coordination disorder. J Adolesc 
Health 2005;37:376-80.

13.	 Pless M, Carlsson M. Effects of motor skill intervention on developmental 
coordination disorder: a meta-analysis. APAQ 2000;17:381-401.

14.	 Mandich AD, Polatajko HJ, Macnab JJ et al. Treatment of children with 
developmental coordination disorder: what is the evidence? Phys Occup 
Ther Pediatr 2001;20:51-68.

15.	 Kesmodel US, Underbjerg M, Kilburn TR et al. Lifestyle during pregnancy: 
neurodevelopmental effects at 5 years of age. Scand J Public Health 
2010;38:200-7.

16.	 Olsen J, Melbye M, Olsen SF et al. The Danish National Birth Cohort – its 
background, structure and aim. Scand J Pub Health 2001;29:300-7.

17.	 Kesmodel US, Bertrand J, Stovring H et al. The effect of different alcohol 
drinking patterns in early to mid pregnancy on the child’s intelligence, 
attention, and executive function. BJOG 2012;119:1180-90.

18.	 Henderson SE, Sugden D. Movement assessment battery for children. In: 
Movement ABC. Manual. Copenhagen: Dansk psykologisk forlag, 1997.

19.	 Danish National Health and Medicines Authority. Evaluering af de 
forebyggende børneundersøgelser i almen praksis. Copenhagen: Danish 
National Health and Medicines Authority and National Danish Institute of 
Public Health, 2007.

20.	 Brixval C, Svendsen M, Holstein B. Årsrapport for børn indskolet i 
skoleårene 2009/10 og 2010/11 fra Databasen Børns Sundhed: motoriske 
vanskeligheder. Copenhagen: National Danish Institute of Public health, 
University of Southern Denmark, 2011.

FigurE 1

ROC curve and area under the ROC curve based on six questions used as 
a “joint indicator” of motor function problems in five-year-old children in 
Denmark. 
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ROC area = 0.6028. 
Questions 2, 3-6, 9) “joint indicator: sensitivity = 39.8% (95% CI: 29.5-
50.8%); specificity = 87.1% (95% CI: 84.3-89.6%).
CI = confidence interval; ROC = receiver operating characteristic.


