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Abstract
Introduction: The Short Form-12 version 2 (SF-12v2) is a shorter version of the Short 

Form-36 version 2 (SF-36v2) for assessing health-related quality of life. As the SF-12v2 
could not be resolved into the physical- and mental-component summary score (PCS and 
MCS, respectively) in the general population of Singapore, this study aims to determine 
and validate the Singapore SF-12 version 2 (SG-12v2). Materials and Methods: The SG-
12v2 was generated using the same methodology as the SF-12v2. Bootstrap analysis was 
used to determine if the SG-12v2 were signifi cantly different from the SF-12v2. Content 
validity was assessed using percentage of variance (R²) of the Singapore version of SF-36v2 
PCS and MCS explained by the SG-12v2 items. Agreement between the SF-36v2 and the 
SG-12v2 was assessed using Bland-Altman diagrams. Criterion validity was demonstrated 
if effect size differences between SF-36v2 and SG-12v2 were small (Cohen’s criteria). 
Known-group validity of SG-12v2 was reported for participants with and without chronic 
diseases. Results: Five items differed between the SG-12v2 and SF-12v2. Bootstrap analysis 
confi rmed that SG-12v2 and SF-12v2 were signifi cantly different. The SG12v2 explained 
94% and 79% of the R² of the SF-36v2 PCS and MCS, respectively. Agreement was good 
and effect size differences were small (<0.3). Participants with chronic diseases reported 
lower SG-12v2 scores compared to participants without chronic diseases. Conclusion: The 
SG-12v2 offers advantage over the SF-12v2 for use in the general population of Singapore. 
The SG-12v2 is a valid measure and will be particularly useful for large population health 
surveys in Singapore. 
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Introduction
The Short Form-36 version 2 (SF-36v2) health-related 

quality of life (HRQoL) survey is a well established 36-
item instrument that had been used in many clinical and 
epidemiologic studies to assess the quality of life of subjects 
all around the world. Even though it consists of only 36 
items which can be completed within 5 to 10 minutes, in 
certain studies, it might be considered too lengthy.1 The 
SF-12 version 2 (SF-12v2) health survey was developed 
in the United States as a shorter alternative to the SF-
36v2.1 It represents a subset of items from the SF-36v2 

that adequately captures the variance in the HRQoL as 
measured by the SF-36v2 and can be used in large scale 
studies where researchers are interested in health states that 
may have different effects on overall physical and mental 
health outcomes. 

With longer life expectancy, HRQoL increasingly 
becomes an important topic of study among researchers 
worldwide. Between 2006 and 2015, 8 studies in Singapore 
were published using the SF-12v2 to measure HRQoL in 
specifi c populations2-9 and we believe that the number of 
studies using the SF-12v2 will continue to increase as the 
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SF-12v2 reduces the burden of completion compared to 
the SF-36v2. However, when we analysed the SF-12v2 in 
the Singapore general population, it was observed that the 
SF-12v2 could not be resolved into the expected physical- 
and mental-component summary score (PCS and MCS 
respectively) unlike the SF-36v2. Thus, the aim of this 
study was to identify the most suitable items to contribute 
to the Singapore SF-12v2 (SG-12v2) and to determine its 
validity and reliability for the multi-ethnic population of 
Singapore. The SG-12v2 should: 1) be representative and 
adequate in explaining the SF-36v2 PCS and MCS scores 
(content validity); 2) give similar PCS and MCS scores as 
the SF-36v2 instrument (criterion validity); and 3) detect 
differences in PCS and MCS between individuals with 
and without chronic medical conditions (i.e. known group 
validity).

Materials and Methods
Study Design and Participants

A total of 10,747 participants from 4 previous cross-
sectional surveys (from 1982 to 1998) were contacted 
between 2004 and 2007. Of these, 7188 participants were 
included in the analysis. The description of the demographics 
can be seen in Table 1. Detailed sample selection methods 
for the original studies have been described elsewhere.10-13 

Briefl y, all studies were a random sample of participants 
from the Singapore population, with disproportionate 
sampling stratifi ed by ethnicity to increase the numbers 
from the minority ethnic groups (Malays and Asian Indians). 
Questionnaires were administered at the subjects’ homes 
and all interviewed participants were invited to attend a 
clinical examination for additional tests and collection of 
biological specimens, shortly after the home visit. Ethics 
approval was obtained from 2 institutional review boards 
before study commencement. Informed consent was 
obtained before conducting the study.  

Data Collection
Data on demographic factors and medical history were 

collected using interviewer-administered questionnaires. 
Ethnic group was self-reported and participants were 
classifi ed as being Chinese, Malay or Asian Indian. Marital 
status was classifi ed as ‘never married’, ‘currently married’ 
or ‘separated/divorced/widowed’. Education level was 
determined through the number of years of schooling and 
was divided into 3 categories: <7 years, 7 to 10 years and 
>10 years. Working status was classifi ed as ‘working’ or 
‘not working’. Participants were categorised as ‘current 
smoker’ or ‘current drinker’ if they answered ‘yes’ to the 
question, ‘Do you smoke now?’ or ‘Have you consumed 
alcohol within the past three (03) months?’, respectively. 

History of chronic diseases was captured through self-report 
data. Participants were asked whether they had ever been 
told that they had hypertension, diabetes mellitus or high 
cholesterol. History of coronary heart disease was defi ned 
as a positive response to any of the 3 questions, ‘Has your 
doctor ever told you that you have blockage of the arteries 
to your heart?’ or ‘Have you had ever had a heart attack?’ 
or ‘Have you ever had angioplasty-ballooning or heart 
bypass operation procedures?’ Participants were also asked 
whether they had ever been told by a physician that they had 
a cerebrovascular accident (stroke). Information on other 
chronic diseases (lung disease, cancer, musculoskeletal 
illness and mental illness) was also captured. For the health 
examination, participants were examined in the morning 
after a 10-hour overnight fast. Details of health examination, 
blood draw, sample preparation and biochemical analyses 
were previously published.14 

Table 1. Characteristics of 7188 Subjects who Completed Either English 
or Chinese SF-36v2 in the Study

English Chinese

n = 6026 n = 1162

Age in years, mean (SD) 48.2 (12.5) 55.4 (11.2)

Sex, no. (%)   

Men 2917 (48.4) 492 (42.3)

Women 3109 (51.6) 670 (57.7)

Race, no. (%)   

Chinese 3704 (61.5) 1162 (100)

Malay 1166 (19.4)  

Indian 1156 (19.2)  

Marital status, no. (%)   

Never married 887 (14.7) 94 (8.1)

Currently married 4656 (77.3) 979 (84.3)

Separated/divorced/widowed 483 (8.0) 89 (7.7)

Years of education, no. (%)   

<7 years 1320 (21.9) 618 (53.2)

7 to 10 years 2165 (35.9) 400 (34.4)

>10 years 2541 (42.2) 144 (12.4)

Employed, no. (%) 4246 (70.5) 641 (55.2)

Housing type, no. (%)   

1 to 3 room fl at 984 (16.3) 283 (24.4)

4 to 5 room fl at 4019 (66.7) 771 (66.4)

Private condo/landed property 1023 (17.0) 108 (9.3)

Smoke, no. (%) 777 (12.9) 139 (12.0)

Drink, no. (%) 1400 (23.2) 226 (19.5)

Presence of disease, no. (%) 3344 (55.5) 746 (64.2)

Family functioning measure, mean (SD) 59.2 (18.2) 56.0 (16.7)
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Short Form-36 Version 2 (SF-36v2)
The Singapore version of the SF-36v2 was available 

in English, Chinese, Malay and Tamil. In this study, we 
analysed the data only for English and Chinese language 
SF-36v2 due to the small number of participants who 
completed the survey in Malay and Tamil. Data was pooled 
for the English and Chinese language surveys because 
it had been shown previously that the 2 languages were 
equivalent in our population.15 

Construction of Singapore 12 Version 2 
Individual items were recoded, summed and transformed 

as recommended in the SF-12v2 user manual.16  In particular, 
the General Health (GH) item needed to be recalibrated to 
satisfy the assumption of a linear relationship between item 
scores and the latent trait defi ned by their scales. Participants 
with missing item scores, sociodemographic and clinical 
data were excluded listwise from the analysis. 

We identifi ed the 12 items that would optimally be 
used as the SG-12v2 questionnaire in 2 steps using the 
methodology described in the SF-12v2 manual:16  First, we 
used forward stepwise regressions of the SF-36v2 items on 
Singapore SF-36v2 PCS and MCS to select items with the 
largest variance explained (R2) on the 2 summary scales. 
By defi nition, 2 items each from physical functioning 
(PF) and mental health (MH) scales were selected and 
1 item each from role-physical (RP), bodily pain (BP), 
social functioning (SF), and role-emotional (RE) scales 
was selected. Second, forward stepwise regressions were 
conducted by adding general health item, ‘In general, would 
you say your health was: (GH1)’ and the items from the fi rst 
forward regression. The combination of items from RP, RE 
and vitality (VT) that explained the greatest variation on the 
Singapore SF-36v2 PCS and MCS scores would determine 
the makeup of the SG-12v2. It is an international quality 
of life assessment (IQOLA) criterion that GH1 be included 
in all country-specifi c questionnaires because of its use 
as a single-item overall health measure in many HRQoL 
instruments.1 We then compared the items selected against 
items selected in various other countries derived from the 
published literature.1,17 

Non-parametric bootstrapping was conducted, after the 
SG12v2 items were identifi ed, to determine if there was a 
real difference between the SG-12v2 and SF-12v2 in their 
ability to explain variation (R2) in PCS and MCS scores. 
Since the SG-12v2 items were selected using the same 
data used to calculate the R2, an over-fi tting factor was 
calculated to adjust the 95% confi dence intervals (CI) of 
the difference in R2 between the SG-12v2 and SF-12v2 
items. The bootstrap and over-fi tting factor procedures are 
described in Appendix 1. Upon adjustment of the 95% CI, 

should the 95% CI contain the value 0, it would mean that 
there was no difference between the 2 sets of instruments 
and that the SF-12v2 might be applicable to the multi-ethnic 
Asian Singapore population.18 

Statistical Analyses 
The bootstrap procedure was conducted using R version 

2.14.2 (R Development Core Team, 2012)19 whilst the rest 
of the data analyses were performed using Stata version 
10 (StataCorp LP).  

Assessment of Content, Criterion and Known-Group 
Validity of the SG12v2

We assessed content validity in 2 ways: First, by the 
percentage of variance (R²) of the SF-36v2 PCS and MCS 
scores explained by the SG-12v2 items. The expected 
standard was ≥0.9;1,16 Second, Pearson correlations between 
the SG-12v2 and the SF-36v2 PCS and MCS are expected 
to achieve ≥0.9.1,16  Bland-Altman plots were used to enable 
us to visually assess the agreement between the SG-12v2 
and the SF-36v2 PCS and MCS values. Criterion validity 
was determined using effect size differences between 
the SF-36v2 and SG-12v2. Effect size difference was 
calculated by dividing the differences in the mean scores 
by the standard deviation (SD) of the SF-36v2 summary 
score.20 The SG-12v2 is considered to give similar results 
as the SF-36v2 if the effect size difference is smaller than 
the minimum important difference (MID; i.e., Cohen’s 
effect size of 0.3-0.5).17,21,22 We extended the evaluation of 
effect size difference to patients with and without a specifi c 
disease to determine how the instrument performed for 
the various groups. This would also provide evidence for 
known-group validity of the SG-12v2, where we expect 
participants without chronic diseases to have higher PCS and 
MCS compared to participants with any chronic diseases.  

Comparison of the Singapore and the United States’ (US) 
Instrument

Items from the 2 instruments were compared to determine 
the differences. Exploratory factor analyses was also 
conducted, for each of the instrument, and compared. The 
8 domains of the SF-36v2 were expected to resolve into 
2 factors, with PF and MH expected to have positive and 
strong association with their respective summary measures 
and negative association with the other summary measure.  

Results
Content, Criterion and Known-Group Validity of SG12v2

The SG-12v2 explained 94% and 79% of the total variance 
of the SF-36v2 PCS and MCS, respectively (Table 2). The 
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Pearson correlations between SG-12v2 and the SF-36v2 
PCS and MCS achieved the expected standard of 0.9 (PCS: 
0.96; MCS: 0.88). In addition, we plotted Bland-Altman 
diagrams to assess the agreement between the SG-12v2 and 
SF-36v2 PCS and MCS (Figs. 1 and 2). The plots showed 
that a majority of the data spread for both PCS and MCS 
was within the 95% confi dence interval (CI) band, indicating 
good agreement between the 2 instruments.  

Effect size difference between the SG-12v2 and the 
SF-36v2 scores were conducted across several chronic 
disease groups in Table 3. The SG-12v2 and SF-36v2 
detected similar signifi cant differences between each 
of the chronic disease group as well as the ‘no chronic 
disease’ group. The largest effect size between the SG-
12v2 and SF-36v2 scoring algorithms was the MCS score 
for subjects reporting psychological diseases, with a value 

Table 2. Items Comparison between the Singapore 12 Version 2 and the SF-12 Version 2

Singapore SF-12v2

Domain 
Item No.

SF-36 Item 
No.  Item Wording Domain Item 

No.
SF-36 Item 

No.  Item Wording

PF3* 3c Lifting/carrying groceries PF2 3b Moderate activities

PF8* 3h Walking several hundred metres PF4 3d Climbing several fl ights

RP2 4b Accomplished less RP2 4b Accomplished less

RP3 4c Limited in kind of work RP3 4c Limited in kind of work

BP2 8 Extent pain interfered with work BP2 8 Extent pain interfered with work

GH1 1 Your health is excellent…poor GH1 1 Your health is excellent…poor

VT4* 9i Feel tired VT2 9e Have a lot of energy

SF1* 6 Extent social activities interfered SF2 10 Frequency social activities interfered

RE2 5b Accomplish less RE2 5b Accomplish less

RE3 5c Didn't do work as carefully RE3 5c Didn't do work as carefully

MH3 9d Felt calm and peaceful MH3 9d Felt calm and peaceful

MH5* 9h Been a happy person MH4 9f Felt downhearted and low

PCS R² MCS R² 

0.938 0.788

MCS: Mental-component summary; PCS: Physical-component summary
*Item differs from the SF-12v2.

Fig. 1. Bland-Altman diagram shows the measure of agreement between 
Singapore SF-12v2 and SF-36v2 physical-component summary (PCS).  Majority 
of the data lies within 95% confi dence band indicating good agreement between 
the 2 instruments. Pitman's test of difference in variance: r = 0.063, indicating 
concordance between the 2 instruments.  

Fig. 2. Bland-Altman diagram shows the measure of agreement between 
Singapore SF-12v2 and SF-36v2 mental-component summary (MCS). Majority 
of the data lies within 95% confi dence band indicating good agreement between 
the 2 instruments. Pitman's test of difference in variance: r = 0.004, indicating 
concordance between the 2 instruments.  
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Table 3. Effect Size Comparison between Singapore SF-12v2 and SF-36v2 Scores across Chronic Disease Groups

 PCS MCS

Mean SD Mean SD

All subjects (n = 7188)

SF-36 50.1 9.8 50.0 10.0

SF-12 50.0 9.9 50.0 10.0

Effect size* 0.01 0.00

No chronic disease (n = 3098)

SF-36 52.2 8.1 50.6 9.6

SF-12 51.9 8.3 50.9 9.4

Effect size* 0.04 0.03

Any chronic disease (n = 4090)

SF-36 48. 5 10.6 49.5 10.2

SF-12 48.6 10.8 49.3 10.4

Effect size* 0.01 0.02

Cardiovascular disease (n = 3276)

SF-36 48.7 10.6 50.0 10.3

SF-12 48.9 10.8 49.8 10.4

Effect size* 0.02 0.02

Stroke (n = 111)

SF-36 40.0 14.0 46.8 13.0

SF-12 40.3 14.3 46.3 11.9

Effect size* 0.02 0.04

Diabetes mellitus (n = 754)

SF-36 46.6 12.4 48.0 11.0

SF-12 46.9 12.8 47.5 11.1

Effect size* 0.02 0.04

Psychological diseases (n = 74)

SF-36 38.1 14.3 42.3 11.7

SF-12 37.0 15.0 43.8 12.2

Effect size* 0.08 0.13

Pulmonary disease (n = 336)

SF-36 46.7 11.8 48.5 10.5

SF-12 47.0 11.9 48.2 10.7

Effect size* 0.03 0.03

Joint disease (n = 1535)

SF-36 45.7 11.5 47.7 9.8

SF-12 45.7 12.0 47.6 9.9

Effect size* 0.01 0.01

MCS: Mental-component summary; PCS: Physical-component summary
*Calculated by taking the difference between the mean SF-36v2 and SF-12v2 and dividing by the standard deviation (SD) of the SF-36v2.

of 0.13, which nonetheless was smaller than the defi nition 
of MID. In terms of known-group validity, as expected, 
subjects who reported as having some form of disease had 
lower PCS and MCS scores as compared to the subjects 
who indicated ‘no chronic disease’. 

Comparison of the Singapore and US Instruments 
The composition of SG-12v2 and SF-12v2 items can be 

found in Table 2. Five items (in asterisk) from the SG-12v2 
differed from the SF-12v2. Results from bootstrap analysis 
confi rmed that the items from SG-12v2 were indeed different 
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Table 4. Factor Score Coeffi cients‡ for the Singapore SF-12v2, the original SF-12v2 and the SF-36v2 PCS and MCS

Scales†

Factor Score Coeffi cients

SF-36v2 SG-12v2 SF-12v2

PCS MCS PCS MCS PCS MCS

Physical functioning 0.251* -0.0618 0.273* -0.121 0.0314 0.250*

RP 0.349* -0.147 0.305* -0.101 0.341* -0.107

BP 0.251* -0.0609 0.245* -0.0258 0.294* -0.0859

GH -0.187 0.464* -0.143 0.528* -0.179 0.471*

Vitality -0.146 0.457* -0.0473 0.413* -0.124 0.451*

Social functioning 0.221* 0.0204 0.215* 0.0316 0.241* 0.0128

RE 0.323* -0.124 0.298* -0.101 0.373* -0.172

Mental health -0.093 0.389* -0.105 0.507* 0.0269 0.260*

BP: Bodily pain; GH: General health; MCS: Mental-component summary; PCS: Physical-component summary; RE: Role-emotional; RP: Role-physical
*Indicate the higher weightage placed on the respective summary score. 
†8 Domains of the SF-36v2. 
‡Obtained from exploratory principal component factor analysis with Varimax rotation and used to compute the Physical- and Mental-component scores.

from the SF-12v2, since the 95% CI did not contain the 
value 0 for both PCS and MCS.  

Table 4 shows the results of the factor weights obtained 
from the exploratory principal component factor analysis for 
the 2 countries. Only the 12 items from Singapore were able 
to converge into the PCS and MCS. When we selected the 
same items as the SF-12v2 and subjected them to exploratory 
principal component factor analysis, 2 factors were derived 
but could not be meaningfully labelled as PCS and MCS 
because both PF and MH load on to the same factor.

Discussion
Our study showed that the 12 items selected to optimally 

represent the PCS and MCS of the SF-36v2 differed by 5 
items from those in the US. This was confi rmed through 
the bootstrap analysis. The SG-12v2 showed good 
content, criterion and known-group validity and attained 
good agreement with the SF-36v2 with no evidence of a 
systematic bias.

In trying to understand why the SF-12v2 could not 
converge into the summary component scores, we replaced 
1 of the 2 original SF-12v2 PF items with items from the 
SF-36v2 PF scale. We found that as long as the following 
items were not simultaneously selected, the modifi ed SF-
12v2 would resolve into PCS and MCS (results available 
on request): ‘Vigorous activities, such as running, lifting 
heavy objects, participating in strenuous sports’ (vigorous 
activities), ‘Moderate activities, such as moving table, 
pushing a vacuum cleaner, bowling, or playing golf’ 
(moderate activities) and ‘Climbing several fl ights of stairs’ 

(climbing stairs). Two possible explanations could help 
explain our fi ndings. First, although these 3 items measure 
physical activities, these activities require a certain level 
of mental toughness. Gerber et al, had previously showed 
a signifi cant association between higher levels of physical 
activities and increased mental toughness scores.23  Second, 
Singaporeans were found to be generally inactive, with 
activity levels below the recommended levels of physical 
activity (Fig. 3).24 Hence, these 3 items might be more 
diffi cult for respondents in the Singapore context. 

In the mental health scale, we found that 1 of the 2 mental 
health items differed between Singapore and the original 
instrument. We suspect that the reason why the item ‘During 
the past 4 weeks, have you felt downhearted and depressed’ 
was not appropriate in determining the mental health 
status of our local population was because Singaporeans, 
being Asians, still hold strongly to their culture and roots 
(depending on their ethnic background). As such, mental 
health issues are regarded as taboo topics for fear of facing 
discriminations by others.25,26 

An important strength of this study lies in the bootstrap 
analyses. To our knowledge, this is the fi rst study to use a 
1000 bootstrap with replacement analysis to measure the 
difference in R² between a localised version of SF-12v2 
and the original instrument. Furthermore, to ensure that the 
data was not over-fi tted, we adjusted the 95% CI with an 
over-fi tting factor. The fact that the results still showed that 
the SG-12v2 and the SF-12v2 were signifi cantly different 
accentuated the need for a local version of the SF-12v2. 
Our fi ndings are important for researchers and clinicians 
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Fig. 3. Graph showing the levels of physical activity engaged by the 7188 
Singaporean respondents. All activities: includes Transportation, Household, 
Leisure and Occupation activities.  Recommended level of Physical Activity 
= 450 METs per week (Source: Haskell WL, Lee IM, Pate RR, Powell KE, 
Blair SN, Franklin BA, et al. Physical activity and public health: updated 
recommendation for adults from the American College of Sports Medicine 
and the American Heart Association. Med Sci Sports Exerc 2007;39:1423-34). 
MET: Metabolic equivalent of task. 

who are interested in studying HRQoL in Singapore and 
around Southeast Asia.

This study is not without limitations. First, we restricted 
the item selection methodology to match what was used to 
develop the original SF-12. An alternative method might 
have been to use item response theory to customise the 
instrument to the population studied.27 Nonetheless, we 
chose to follow the same method as the original SF-12 to 
ensure that we did not deviate too much from the original 
intent of the developers.

Conclusion
In this multi-ethnic Asian population, the SG-12v2 had 

been showed to be as good a measure when compared to 
the SF-36v2. In addition, it is a necessary replacement of 
the SF-12v2 since the SF-12v2 cannot be resolved into PCS 
and MCS. Thus, in local clinical trials and large population-
based studies, should the SF-36v2 be deemed too long an 
instrument to be used, researchers can consider using the 
SG-12v2 as a substitute instrument.
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Appendix 1 

The bootstrap procedure is as follows:

0. Start with K = 1.

1. Generate a bootstrap sample with replacement from observed data.

2. Fit to the bootstrap sample, the Singapore PCS and MCS models using regression coeffi cients that have been optimised from the observed data. Call 
the R2 from these fi ts r2(K)*PCS and r2(K)*MCS.

3. Using the bootstrap sample, refi t the Singapore PCS and MCS models. Call the R2 from these fi ts r2(K)PCS and r2(K)MCS.

4. Fit the models obtained in step 3 onto the observed data. Call the R2 from these fi ts r2(K)PREDPCS and r2(K)PREDMCS.

5. Calculate ∆r2(K)*PCS =  r2(K)*PCS - r2PCS,US and ∆r2(K)*MCS = r2(K)*MCS - r2MCS,US where r2PCS,US and r2MCS,US are r-sq for US models from the observed data.

6. Calculate the over-fi tting factor for PCS as ŋ(K)PCS = r2(K)PCS - r2(K)PREDPCS. Do similarly for MCS model.

7. Redo steps 1 to 7 for K = 2,3…1000.

MCS: Mental-component summary score; PCS: Physical-component summary score; US: United States
Calculate the average over-fi tting factor for PCS model as ŋPCS = ave(ŋ(K)PCS) and calculate the bootstrap estimate of 95% confi dence intervals for ∆r2PCS 
using the percentile method and call the lower and upper bounds as ∆r2,LBPCS and ∆r2,UBPCS. The over-fi tting-corrected 95% confi dence intervals for ∆r2PCS is then 
calculated as (∆r2,LBPCS -ŋPCS; ∆r2,UBPCS -ŋPCS). Procedure for calculating the over-fi tting-corrected confi dence intervals for the MCS model follows similarly.


