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Introduction 
 

he adolescent onset of scoliosis is termed 
adolescent idiopathic scoliosis (AIS) and is 

believed to develop from unknown origin in a 
majority of patients.1–3 An individual with AIS who 
does not receive treatment could result in an 
increased curvature of the spine and pain.4 Ultimately 
AIS can reduce these individuals’ quality of life,5 at a 
period of life with a plethora of emotions and 
moods.6,7 Typically, determination of the condition 
severity through Cobb angle measurements8 serves as 
a reliable outcome measure for both surgical and 
conservative treatments.9-11 

Non-surgical treatments such as spinal orthoses 
are successful at reducing the continuation of 
curves.12 A thoracolumbosacral orthosis (TLSO) 
worn for a majority of the day is a conventional 
treatment to reduce curve progression.13 The 
overarching objective in conservative AIS treatment 
is to reduce the curve progression and prevent 
surgical intervention.14 Although valid and reliable 
outcomes such as the Cobb angle are widely used in 

clinical practice, patient-reported outcomes are still 
warranted and provide a medium for patient 
expression.15 The Scoliosis Research Society 22 
(SRS-22) provides clinicians with a patient-reported 
outcome measure (PROM) which represents health-
related quality of life (HRQoL) from the patients 
perspective.16 The instrument has good validity for 
patients with varying curve magnitudes,17 and 
performed well when evaluated for its sensitivity for 
detecting minimally important changes (MICs).18 

Initially utilized as a patient-related outcome 
(PRO) for surgical intervenetions, the SRS-22 has 
also been utilized to evaluate bracing and exercise in 
AIS patients.19 Originally developed in English, the 
SRS-22 has been translated into Danish, Japanese, 
and French, as well other languages.20-22 The Thai 
SRS-22 has been used to evaluate outcomes related to 
a surgical intervention in this population,23 hereby 
providing clinicians with an instrument for evaluating 
surgery. However, the validity of SRS-22 English 
version in the Function domain was low in internal 
consistency for patients younger than 18 years.24 The 
results with the Spanish and Turkish transcultural 
adaptation studies were also low in internal 
consistency. 24 The revised Scoliosis Research 
Society-22 (SRS-22r) was conducted by Asher MA, 
et al24 to improve the SRS-22 questionnaire regarding 
psychometrics, particularly in the Function domain 
internal consistency for patients younger than 18 
years.24 However, SRS-22r had not been translated to 
Thai language and validated for patients with 
idiopathic scoliosis. Furthermore, the utility of the 
instrument to evaluate conservative treatment options, 
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such as the orthosis, is warranted and has yet to 
occur. Over the past year, the SRS-22r questionnaire 
in particular has gained acceptance and is widely used 
in English-speaking countries. In countries where 
English is not the native language, cross-cultural 
adaptation of the content is required. Thus, the 
objective of this study was to translate the SRS-22r 
questionnaire to Thai and evaluate its ability to 
provide an accurate indication of HRQoL. 
 

Materials and Methods 
 

Participants  
Forty individuals with AIS were recruited and 
participated in the study which was approved by the 
Institutional Review Board of the Faculty of 
Medicine Siriraj Hospital, Mahidol University (Si. 
582/2009). All subjects and parents agreed to 
participate in the study and provided written informed 
consent. Radiographic images were used in 
conjunction with a single physician diagnosis to 
determine the presence and levels of AIS severity. 
Participants ranged in age, with skeletal immaturity, 
10-18 years of age, Cobb angle measurements 
between 20-45˚, and were conservatively treated by 
spinal bracing only. This research excluded all 
patients who were diagnosed with other types of 
scoliosis and treated by surgery. The SRS and Society 
of Scoliosis Orthopedic and Rehabilitation Treatment 
(SOSORT) guidelines were referred to during the 
inclusion criteria determination.25,26 Each participant 
had previously received spinal orthosis treatment with 
a TLSO. The treatment comprised of patients wearing 
the device for the duration of the day with an allotted 
doffing time for bathing and personal hygiene. 
Participants had previously attended the clinic on a 
bimonthly basis for evaluation and device 
modification by the rehabilitation team. 
 

Translation 
The translation process was performed in a manner 
which focused on proper translation and cross-
cultural adaption as encouraged by the World Health 
Organization (WHO).27 Two native Thai speakers 
performed forward translation of the SRS-22r English 
version.24 Both translations were then reviewed by 
translators and discrepancies were evaluated before a 
final instrument was created. This final Thai 
instrument was provided to two independent native 
English speakers who created backwards translations. 
A committee consisting of a physician, an orthotist 
and forward translators reviewed the Thai translation 
of the instrument which resulted in a 22 question 
instrument covering 5 total domains: Functional (5 
items), Pain (5 items), Self-image (5 items), Mental 
health (5 items) and Satisfaction (2 items).  
 

Evaluation 
Correlating domain scores and determination of SRS-
22r predictability were performed by comparing the 
Thai SRS-22r with the Thai Short-Form Survey (SF-

36).28,29 Study participants who returned to the clinic 
after 6-month orthotic treatment were asked to 
completed the first set of questionnaires, both the Thai 
SRS-22r and Thai SF-36. Thereafter, the second 
questionnaire which is Thai SRS-22r was mailed to 
participants who had completed the first set. The 
patients completed the second questionnaire and 
mailed it back to the researchers. The average 
response time between the first and second 
questionnaires was 14 days.34,39 
 

Statistical analysis 
Statistical analysis was performed using SPSS 
Statistics version 18.0 (IBM, Armonk, NY, USA). 
Reliability assessments were performed by calculat-
ing Cronbach’s α, and intraclass correlation coeffi-
cient (ICC) values were determined to evaluate 
internal consistency and test-retest reproducibility of 
the aforementioned instruments. An internal consist-
ency reliability (Cronbach’s α) of 0.90 was defined as 
excellent internal consistency; 0.80-0.89, very satis-
factory; and 0.50-0.79, good.30 Test-retest reliability, 
determined by the ICC, was classified as excellent 
(>0.75) and good (0.40-0.75). Concurrent validity of 
the domains of Thai SRS-22r and Thai SF-36 was 
determined by using Pearson correlation coefficient, 
with a coefficient of ≥0.75 being excellent; 0.50-0.75, 
good; 0.25-0.50, moderate; and <0.25, poor.31 A 
statistically determined difference was defined by a P 
value of less than 0.01. Related domains of both 
instruments were identified and compared using 
Pearson correlation coefficient.29 
 

Results 
 

Forty participants completed the first set of 
instruments and forty first-time instrument 
respondents completed and returned the second 
sampling of the survey with the mean age at time of 
instrument completion being 14.1±2.1 (mean±SD); 
this included 35 females (87.5%) and 5 males (12.5%). 

Table 1  Descriptive statistics of individual domain scores,  
SRS-22r and SF-36. 
 

Domain Mean (SD) Min, Max %Floorc %Ceilingd 
SRS-22ra     
Functional 3.6 (0.6) 2.0, 4.6 2.5% 7.5% 
Pain 4.1 (0.6) 2.8, 5.0 2.5% 10.0% 
Self-image 2.9 (0.6) 1.0, 4.4 2.5% 2.5% 
Mental health 3.5 (0.7) 1.6, 4.6 2.5% 10.0% 
Satisfaction 3.9 (0.7) 1.5, 5.0 7.5% 15.0% 

SF-36b     
Physical functioning 66.4 (21.9) 20,100 2.5% 5.0% 
Role-physical 39.4 (33.9) 0,100 30.0% 10.0% 
Bodily pain 71.6 (20.4) 25,100 2.5% 20.0% 
General health 57.1 (21.5) 5, 90 2.5% 2.5% 
Vitality 56.4 (21.2) 0, 90 2.5% 2.5% 
Social functioning 72.5 (25.8) 0, 100 2.5% 27.5% 
Role-emotional 70.0 (37.6) 0,100 15.0% 52.5% 
Mental health 70.8 (20.7) 4,100 2.5% 2,5% 

aSRS-22r scale: 5 = best, 1 = worst; bSF-36 scale: 100 = best,  
0 = worst; c%Floor effect: percentage of patients reaching the 
lowest score in each individual domain; d%Ceiling effect: 
percentage of patients reaching the highest score in each 
individual domain; n=40. 
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Average brace time worn per day was 15.3±6.5 hours. 
The resulting scores are summarized in Table 1. For 
SRS-22r, all domains, aside from the Satisfaction 
domain, exhibited low levels of floor effect (<7%). 
Low-level floor effect was also observed in the SF-36 
domains except for Role-physical and Role-emotional 
domains (>7%). All domains, with the exception of 
Self-image on the Thai SRS-22r, and four domains on 
the SF-36 (Role-physical, Bodily pain, Social 
functioning, Role-emotional), resulted in a high 
ceiling effect (>7%). Results of internal consistency 
and test-retest reliability of the Thai SRS-22r are 
provided in Table 2. The mean overall Cronbach’s α 
coefficient of the SRS-22r was 0.65. Furthermore, the 
Cronbach’s α coefficient was excellent for the self-
image domain (0.84) and good for three of the 
remaining domains: Functional, 0.77; Pain, 0.64; 
Mental health, 0.72. Test-retest reproducibility 
correlations are provided in Table 2. The mean ICC 
for all domains of the Thai SRS-22r was 0.67, 
demonstrating a very satisfactory to excellent test-
retest reproducibility. Function-activity and Self-
image domains exhibited an excellent ICC of 0.77 
and 0.82, respectively. Concurrent validity of the Thai 
SRS-22r when compared to the Thai SF-36 was good 
in nine domain comparisons (r= 0.50-0.75), moderate 
for 21 comparisons (r=0.25-0.50) with the remainder 
of comparisons having poor correlations (Table 3). 

Discussion 
 

The Scoliosis Research Society 22 (SRS-22) was 
created to provide clinicians a health-related quality 
of life (HRQoL) outcome measure.16 The SRS-22r 
instrument was translated in Thai and evaluated in a 
cohort of conservatively treated AIS patients. Internal 
consistency overall was lower than the English 
version of the SRS-22r, with our Cronbach’s α being 
0.65 and previous authors being 0.82.24 The 
‘Satisfaction with management’ domain had a low 
Cronbach’s α coefficient of 0.28, which might be 
attributable to subtle cultural features of our study 
population. This particular domain showed lower 
internal consistency than that of other instrument 
versions.32–35 Overall, the differences observed in our 
values might be attributed to our choice of treatment 
intervention as opposed to the translation itself. It is 
our belief that the lower values observed might be a 
result of the psychological status or cultural norms of 
Thai adolescents,6 as the bracing procedure can alter 
psychological wellbeing.5 Cosmesis of the brace itself 
might also explain some of the differences in domain 
values in our study. Test-retest reliability was greater 
than 0.75 for Function and Self-image domains, yet 
the ICC of all domains of our instrument was lower 
than the Greek version of the SRS-22r, as shown in 
Table 2.39  

Our study showed a satisfactory concurrent 
validity of our instrument with the Thai SF-36. This 
is an important finding for clinicians with a vested 
interest in measuring HRQoL for AIS patients treated 
conservatively. Moreover, the Mental health domain 
showed excellent correlation with the respective 
domain of the SF-36, similar to previous literature.36 
Satisfaction domain values ranged from 0.05 to 0.19 
were markedly low. Previous scholars have also 
observed a poor correlation amongst the satisfaction 
with management domain of the SRS-22 and 
respective domains of the SF-36.29,37 Still, the SF-36 
instrument has yet to be examined for validity in AIS 
patients. A Rasch analysis could provide a potentially 
more robust and precise assessment of the Thai SRS-
22r.40 Future research should consider the use of this 
probability statistical method for psychometric 
analysis of this important outcome measure.38 The 
refinement of the Thai SRS-22r questionnaire in the 
Satisfaction with management domain are needed.  
  

Conclusion 
 

Bridging the gap between spinal orthosis treatment 
and a proper assessment of quality of life is critical to 
orthotic practice. The Thai SRS-22r questionnaire has 
adequate internal consistency, good to excellent 
reproducibility and validity. The use of this version of 
the instrument opens up an opportunity for local Thai 
clinicians to better evaluate outcomes of spinal 
orthoses. Future research should be directed at 
investigating the use of this instrument for AIS 

Table 2  Internal consistency reliability (Cronbach’s α 
coefficients) and test-retest reliability as determined by the 
Intraclass Correlation Coefficient (ICC). 
 

SRS-22r  
Domain 

Cronbach’s 
α 

Cronbach’s  
α24 

ICC ICC39 

Function/activity 0.77 0.78 0.77 0.78 
Pain 0.64 0.85 0.64 0.81 
Self-image 0.84 0.77 0.82 0.88 
Mental health 0.72 0.82 0.69 0.82 
Satisfaction 0.28 0.89 0.43 0.79 
Mean 0.65 0.82 0.67 0.82 
n=40; corresponding values from Asher et al.24 and 
Potoupnis et al.39 
 

Table 3. Validity of dimensions of the SRS-22r domains and the 
relevant SF-36 domains: Pearson correlation coefficients (r). 
 

SRS-22r domain SF-36 domain Pearson r P value 
 Physical functioning 0.47 0.002 
Function Role physical 0.45 0.003 
 /activity Bodily pain 0.50 0.001 
 General health 

  perceptions 
0.45 0.003 

 Physical functioning 0.47 0.003 
Pain Role physical 0.25 0.126 
 Bodily pain 0.55 < 0.001 

Self-image 
 /appearance 

Physical functioning 0.34 0.030 
General health 0.45 0.004 
Social functioning 0.62 < 0.001 

 Vitality 0.71 < 0.001 
Mental health Social functioning 0.61 < 0.001 
 Mental health 0.77 < 0.001 
 Physical functioning 0.05 0.783 
Satisfaction  Role physical 0.12 0.455 
 with management Bodily pain 0.19 0.230 
 General health 0.10 0.533 
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patients with a variety of conservative bracing 
treatments.  
 

Acknowledgments 
This study was supported by the Siriraj Research 
Development Fund, as managed by Routine to 
Research (R2R) Unit. The authors would like to 
thank Dr. Gary Guerra for his kind assistance and 
expert comments during this study. 
 

Conflict of Interest 
None to declare. 
 

References 
1.  Weiss H-R. Spinal deformities rehabilitation - state 

of the art review. Scoliosis. 2010; 5: 28. 
2.  Altaf F, Gibson A, Dannawi Z, Noordeen H. 

Adolescent idiopathic scoliosis. BMJ. 2013; 346: 
f2508. 

3.  Schlösser TPC, van der Heijden GJMG, Versteeg 
AL, Castelein RM. How ‘idiopathic’ is adolescent 
idiopathic scoliosis? A systematic review on 
associated abnormalities. PLoS One. 2014; 9: 
e97461. 

4.  Danielsson AJ. Natural history of adolescent 
idiopathic scoliosis: A tool for guidance in decision 
of surgery of curves above 50°. J Child Orthop. 
2013; 7: 37-41. 

5.  Rivett L, Rothberg A, Stewart A, Berkowitz R. The 
relationship between quality of life and compliance 
to a brace protocol in adolescents with idiopathic 
scoliosis: A comparative study. BMC Musculo-
skelet Disord. 2009; 10: 5-8. 

6.  Matsunaga S, Hayashi K, Naruo T, Nozoe S, 
Komiya S. Psychologic management of brace 
therapy for patients with idiopathic scoliosis. Spine 
(Phila Pa 1976). 2005; 30: 547-50. 

7.  Freidel K, Petermann F, Reichel D, Steiner A, 
Warschburger P, Weiss HR. Quality of life in 
women with idiopathic scoliosis. Spine (Phila Pa 
1976). 2002; 27: E87-91. 

8.  Brink RC, Wijdicks SPJ, Tromp IN, Schlösser 
TPC, Kruyt MC, Beek FJA, et al. A reliability and 
validity study for different coronal angles using 
ultrasound imaging in adolescent idiopathic 
scoliosis. Spine J. 2018; 18: 979-85. 

9.  Tauchi R, Kawakami N, Castro MA, Ohara T, 
Saito T, Morishita K, et al. Long-term surgical 
outcomes after early definitive spinal fusion for 
early-onset scoliosis with neurofibromatosis type 1 
at mean follow-up of 14 years. J Pediatr Orthop. 
2017; doi: 10.1097/BPO.0000000000001090.  

10.  Babaee T, Kamyab M, Ahmadi A, Sanjari MA, 
Ganjavian MS. Measurement of Milwaukee brace 
pad pressure in adolescent round back deformity 
treatment. Asian Spine J. 2017; 11: 627-33. 

11.  Zhu Z, Xu L, Jiang L, Sun X, Qiao J, Qian BP, et 
al. Is brace treatment appropriate for adolescent 
idiopathic scoliosis patients refusing surgery with 
Cobb angle between 40 and 50 degrees. Clin Spine 
Surg. 2017; 30: 85-9. 

12.  Asher MA, Burton DC. Adolescent idiopathic 

scoliosis: Natural history and long term treatment 
effects. Scoliosis. 2006; 1: 2. 

13.  Katz DE, Richards BS, Browne RH, Herring JA. A 
comparison between the Boston brace and the 
Charleston bending brace in adolescent idiopathic 
scoliosis. Spine (Phila Pa 1976). 1997; 22: 1302-
12. 

14.  Morrissey RT, Weinstein SL. Lovell and Winter’s 
Pediatric orthopaedics. 6th ed. Philadelphia: 
Lippincott Williams & Wilkins; 2005. 

15.  Haher TR, Valdevit A. The use of outcomes 
instruments in the assessment of patients with 
idiopathic scoliosis. Instr Course Lect. 2005; 54: 
543-50. 

16.  Haher TR, Gorup JM, Shin TM, Homel P, Merola 
AA, Grogan DP, et al. Results of the Scoliosis 
Research Society instrument for evaluation of 
surgical outcome in adolescent idiopathic scoliosis: 
A multicenter study of 244 patients. Spine (Phila 
Pa 1976). 1999; 24: 1435-40. 

17.  Berliner JL, Verma K, Lonner BS, Penn PU, 
Bharucha NJ. et al. Discriminative validity of the 
Scoliosis Research Society 22 questionnaire among 
five curve-severity subgroups of adolescents with 
idiopathic scoliosis. Spine J. 2013; 13:127-33. 

18. Monticone M, Ambrosini E, Rocca B, Foti C, 
Ferrante S. Responsiveness and minimal important 
changes of the Scoliosis Research Society-22 
Patient Questionnaire in subjects with mild 
adolescent and moderate adult idiopathic scoliosis 
undergoing multidisciplinary rehabilitation. Spine 
(Phila Pa 1976). 2017; 42: E672-9. 

19.  Negrini S, Donzelli S, Lusini M, Minnella S, Zaina 
F. The effectiveness of combined bracing and 
exercise in adolescent idiopathic scoliosis based on 
SRS and SOSORT criteria: A prospective study. 
BMC Musculoskelet Disord. 2014; 15: 263. 

20.  Simony A, Carreon LY, Andersen MO. Reliability 
and validity testing of a Danish translated version 
of the Scoliosis Research Society Instrument–22 
Revised (SRS-22R). Spine Deform. 2016; 4:16-21. 

21.  Théroux J, Stomski N, Innes S, Ballard A, Khadra 
C, Labelle H, et al. Revisiting the psychometric 
properties of the Scoliosis Research Society-22 
(SRS-22) French version. Scoliosis Spinal Disord. 
2017; 12: 21. 

22.  Hashimoto H, Sase T, Arai Y, Maruyama T, Isobe 
K, Shouno Y. Validation of a Japanese version of 
the Scoliosis Research Society-22 Patient 
Questionnaire among idiopathic scoliosis patients 
in Japan. Spine (Phila Pa 1976). 2007; 32: E141-6. 

23.  Sathira-Angkura V, Pithankuakul K, Sakulpipatana 
S, Piyaskulkaew C, Kunakornsawat S. Validity and 
reliability of an adapted Thai version of Scoliosis 
Research Society-22 questionnaire for adolescent 
idiopathic scoliosis. Spine (Phila Pa 1976). 2012; 
37: 783-7. 

24.  Asher MA, Lai SM, Glattes RC, Burton DC, 
Alanay A, Bago J. Refinement of the SRS-22 
health-related quality of life questionnaire function 
domain. Spine (Phila Pa 1976). 2006; 31: 593-7. 

25.  Korbel K, Kozinoga M, Stoliński Ł, Kotwicki T. 
Scoliosis Research Society (SRS) Criteria and 



 
Translation and test-retest reliability of SRS-22r (Thai) J Physiol Biomed Sci. 2018; 31(2): 51-55 
 

55 

Society of Scoliosis Orthopaedic and Rehabilita-
tion Treatment (SOSORT) 2008 Guidelines in non-
operative treatment of idiopathic scoliosis. Polish 
Orthop Traumatol. 2014; 79: 118-22. 

26.  Richards BS, Bernstein RM, D'Amato CR, 
Thompson GH. Standardization of criteria for 
adolescent idiopathic scoliosis brace studies: SRS 
Committee on Bracing and Nonoperative Manage-
ment. Spine (Phila Pa 1976). 2005; 30: 2068-77. 

27.  World Health Organization [Internet]. Management 
of substance abuse research tools: Process of 
translation and adaptation of instruments. [cited 
2016 Oct 13] Available from: http://www.who.int/ 
substance_abuse/research_tools/translation/en/  

28.  Krittayaphong R, Bhuripanyo K, Raungratanaam-
porn O, Chotinaiwatarakul C, Chaowalit N, Punlee 
K, et al. Reliability of Thai version of SF-36 
questionnaire for the evaluation of quality of life in 
cardiac patients. J Med Assoc Thai. 2000; 83 Suppl 
2: S130-6. 

29.  Lai S-M, Asher M, Burton D. Estimating SRS-22 
quality of life measures with SF-36: application in 
idiopathic scoliosis. Spine (Phila Pa 1976). 
2006;31(4):473-8. 

30.  Glattes RC, Burton DC, Lai SM, Frasier E, Asher 
MA.The reliability and concurrent validity of the 
Scoliosis Research Society-22r patient 
questionnaire compared with the Child Health 
Questionnaire-CF87 patient questionnaire for 
adolescent spinal deformity. Spine (Phila Pa 1976) 
2007; 32: 1778-84. 

31.  Asher M, Min Lai S, Burton D, Manna B. The 
reliability and concurrent validity of the scoliosis 
research society-22 patient questionnaire for 
idiopathic scoliosis. Spine (Phila Pa 1976). 2003; 
28:63-9. 

32. Lonner BS, Auerbach JD, Estreicher M, Milby AH, 
Kean KE, Panagopoulos G, et al. Video-assisted 
anterior thoracoscopic spinal fusion versus 
posterior spinal fusion: A comparative study 
utilizing the SRS-22 outcome instrument. Spine 
(Phila Pa 1976). 2009; 34: 193-8. 

33.  Potoupnis M, Auerbach JD, Estreicher M, Milby 
AH, Kean KE, Panagopoulos G, Chang D. et al. 
Reliability and concurrent validity of the adapted 
Greek version of the Scoliosis Research Society-
22r Questionnaire. A cross-sectional study 
performed on conservatively treated patients. 
Hippokratia. 2012; 16: 225-9. 

34.  Cheung KMC, Senkoylu A, Alanay A, Genc Y, 
Lau S, Luk KD. Reliability and concurrent validity 
of the adapted Chinese version of Scoliosis 
Research Society-22 (SRS-22) questionnaire. Spine 
(Phila Pa 1976). 2007; 32: 1141-5. 

35.  Climent JM, Bago J, Ey A, Perez-Grueso FJ, 
Izquierdo E.Validity of the Spanish version of the 
Scoliosis Research Society-22 (SRS-22) Patient 
Questionnaire. Spine (Phila Pa 1976). 2005; 30: 
705-9. 

36.  Asher M a, Min Lai S, Burton DC. Further 
development and validation of the Scoliosis 
Research Society (SRS) outcomes instrument. 
Spine (Phila Pa 1976). 2000; 25: 2381-6. 

37.  Qiu G, Qiu Y, Zhu Z, Liu Z, Song Y, Hai Y, et al. 
Re-evaluation of reliability and validity of 
simplified Chinese version of SRS-22 patient 
questionnaire: a multicenter study of 333 cases. 
Spine (Phila Pa 1976). 2011; 36: E545-50. 

38.  Jarl G, Heinemann AW, Lindner HY, Norling 
Hermansson LM. Cross-cultural validity and 
differential item functioning of the orthotics and 
prosthetics users’ survey with swedish and united 
states users of lower-limb prosthesis. Arch Phys 
Med Rehabil. 2015; 96: 1615-26. 

39.  Potoupnis M, Papavasiliou K, Kenanidis E, Pellios 
S, Kapetanou A, Sayegh F, et al. Reliability and 
concurrent validity of the adapted Greek version of 
the Scoliosis Research Society-22r Questionnaire. 
A cross-sectional study performed on conservative-
ly treated patients. Hippokratia. 2012; 16: 225-9. 

40.  Boone WJ. Rasch analysis for instrument develop-
ment: Why, when, and how?. CBE Life Sci Educ. 
2016; 15: rm4. doi: 10.1187/cbe.16-04-0148 

 
 
 
 
 
 
 
 


