
R E V I E W

Application of Rasch Analysis for Development 
and Psychometric Properties of Adolescents’ 
Quality of Life Instruments: A Systematic Review

This article was published in the following Dove Press journal: 
Adolescent Health, Medicine and Therapeutics

Sahar Dabaghi 1 

Fatemeh Esmaielzadeh 1 

Camelia Rohani 2,3

1Student Research Committee, School of 
Nursing & Midwifery, Shahid Beheshti 
University of Medical Sciences, Tehran, 
Iran; 2Community Health Nursing 
Department, School of Nursing & 
Midwifery, Shahid Beheshti University of 
Medical Sciences, Tehran, Iran; 3Ersta 
Sköndal Bräcke University College, 
Campus Ersta, Stockholm SE-100 61, 
Sweden 

Background: Due to the importance of assessing quality of life (QoL) in healthy and ill 
adolescents, the evaluation of psychometric properties of these questionnaires is important.
Objective: To investigate the application of Rasch analysis in psychometric assessment 
studies on adolescents’ QoL instruments, and to evaluate the quality of reporting Rasch 
parameters in these studies.
Methods: This systematic review was conducted by searching for papers in electronic 
databases PubMed, Web of Science, EMBASE, Cochrane Library and Scopus until 
December 2018.
Results: After screening 122 papers, 31 remained in the study. Around 68% of the studies 
used the Rasch analysis for instrument testing and 32% for the development of new 
instruments. In 77.4% of studies, both classical and Rasch methods were used parallel to 
data analysis. In 32.2% of studies, healthy adolescents were the main target group. The most 
commonly used instrument in Rasch studies was, KIDSCREEN, administered in different 
countries. Six Rasch parameters were reported with a higher percentage in the studies. Major 
reported parameters of Rasch analysis were application of the software program (96.7%), test 
of item fit to the Rasch model (93.5%), unidimensionality (80.6%), type of the identified 
mathematical Rasch model (74.1%), threshold (58%) and differential item functioning 
(54.8%). Based on the psychometric evaluation of the QoL instruments, 71% of studies 
showed acceptable results.
Conclusion: The application of the Rasch model for psychometric assessment of adoles
cents’ QoL questionnaires has increased in recent decades. But, there is still no strong and 
commonly used critical appraisal tool or guideline for the evaluation of these papers.
Keywords: adolescence, instrument, psychometric, quality of life, Rasch analysis, 
systematic review

Introduction
One of the concerns of healthcare providers is adolescents and children’s quality of 
life (QoL).1 Adolescence, is a transitional phase between the childhood and adult
hood period. The World Health Organization (WHO) defines it as a life period 
between ages 10 to 19.2 This range is overlapping with the definition of the WHO 
for young people between 10 to 24.2 Substance abuse, injuries, obesity, chronic 
diseases, mental health problems, sexual and reproductive health disorders are 
important issues during the adolescence period.3,4 To assess physical, social and 
mental health as well as evaluating population-based intervention programs, 
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outcome variables like QoL and health-related quality of 
life (HRQoL) are measured among adolescents and 
children.5 Thus, the assessment of QoL among adolescents 
and children is important to identify individuals with poor 
QoL condition and to plan intervention strategies.6 One 
important part of an individual’s general well-being is 
defined as QoL.7 As described by the WHO, QoL is an 
individuals’ understanding of their situations in life within 
the context of the culture and value systems in which they 
live, in relation to their goals, expectations, standards, and 
attitudes.8 However, HRQoL contains at least physical, 
psychological and social functioning aspects in the context 
of a disease.9 Despite various definitions for QoL and 
HRQoL, the researchers agree on three important features, 
consisting of multidimensionality, subjectivity, and dyna
micity of these concepts.10

Since, the 1970s, after efforts to improve QoL, the 
number of instruments has increased exponentially, some 
of which are made for adolescents.11 In clinical and non- 
clinical settings, the use of QoL measurement tools can 
provide valuable information for the best possible indivi
dual care and evaluation of interventions.12 Considering 
the importance of measuring the QoL of adolescents, it is 
valuable to use valid and reliable questionnaires. The 
necessity and importance of providing sufficient informa
tion about validity and reliability of the questionnaires 
have been mentioned in previous studies.13,14 Thus, eva
luation of the psychometric properties of these question
naires is essential.15 To this end, various tools have been 
designed and are available as generic and specific-disease 
tools to measure QoL.16

Although, evaluation of psychometric properties of 
instruments is mostly done by Classical Test Theory 
(CTT) methods, researchers’ attention has increased 
towards application of more complicated models. Also, 
numerous researchers have recommended, that new the
ories should replace the classical theories in various dis
ciplines. The Rasch model is one of the most practical and 
common approaches used for this purpose.17 The Rasch 
analysis, based on the Item Response Theory (IRT), is 
used for evaluation of the psychometric properties of mea
surement tools, and is more complex than the classical 
methods. Relevant findings show that this complexity is 
superior to the classical methods because more accurate 
results are obtained. There are some problems regarding 
the use of classical methods in which raw scores, linear 
combinations of these scores and responses that have 
ordinal scale, essentially are considered as interval-scale 

data. Modern analysis offers solutions to these problems. 
Rasch analysis is a statistical technique that can be used to 
convert ordinal data into interval data in questions with 
two or more options to answer.18

QoL Questionnaires with several subscales can be 
evaluated by Rasch models.19 In these models, it is 
assumed that, all the questions and materials of a test 
measuring a construct constitute a sort of ordered relation
ship. The second assumption in these models is that 
a correct answer to one question does not influence the 
other questions.17

Evidence shows that the number of QoL instruments is 
increasing, some of them specific for adolescents. Due to 
the importance of assessing QoL in healthy and ill adoles
cents, the evaluation of psychometric properties of these 
instruments is important.17 Thus, a systematic review was 
conducted on studies that investigated psychometric prop
erties of adolescents’ QoL Instruments by Rasch analysis. 
The following research questions were also put forth in 
this review:

How is the application of Rasch analysis in psycho
metric assessment studies on adolescents’ QoL 
Instruments?

How is the quality of reporting Rasch parameters in 
selected studies?

Methods
The present study was carried out based on the Preferred 
Reporting Items for Systematic Reviews and Meta- 
Analyses (PRISMA) 2009. PRISMA Statement is 
a critical appraisal tool and helps authors improve the 
reporting of systematic review and meta-analysis studies’ 
results.20 Selected studies included all papers reporting psy
chometric properties of QoL instruments in adolescents by 
the Rasch method. A systematic search was done by two 
authors independently using five electronic databases; 
PubMed, Web of Science, EMBASE, Cochrane Library 
and Scopus, with no time limit until December 2018 
(Table 1). A number of key terms with the assistance of 
Boolean expressions (AND, OR, NOT) were assessed in the 
title and abstract of the identified papers. Key terms 
included “Quality of Life” OR “Life Quality” OR “Health- 
Related” OR “Health-Related Quality Of Life” OR 
“HRQOL” AND “Rasch analysis” OR “Rasch analyses“ 
OR “Rasch measurement” OR “Rasch measurement 
model” OR “Rasch model” OR “Rasch modeling” OR 
“Rasch rating scale analysis” OR “Rasch rating scale 
model” AND “Adolescent” OR “Teenager” OR “Teen” 
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OR “Stripling”. The inclusion criteria for study selection 
were all papers published in a scientific journal in the 
English language, they used Rasch analysis to evaluate 
psychometric properties of adolescents̕ QoL instruments, 
and there was access to the full text of the paper. 
Exclusion criteria included non-English language papers, 
adult target population, and review papers. After removing 
duplicates in the first screening phase, two authors indepen
dently reviewed titles and abstracts of the studies. Papers 
containing the full text, were included in the review and 
were screened separately by two authors. In cases of dis
agreement between the two authors, the papers were 
reviewed by the third author. Two tables were designed in 
the research team to collect the data from different papers. 
The following data were extracted from all studies: author’s 
name, year of publication, country, aim of the study, study 
type, measurement instrument, item numbers, rating scales, 
measurement construct, sample and age, data collection 

procedure, study results, type of software, type of Rasch 
parameters, validity (Classical and Rasch methods), relia
bility (Classical and Rasch methods), and mixed results of 
both Rasch and Classical methods. Three authors individu
ally evaluated the Rasch parameters using a Quality 
Identifiers (QI) checklist. All processes of studies’ selection 
and data extraction were discussed within the research team. 
The QI checklist which was introduced by Tennant and 
Conaghan with 10 items, was used to evaluate quality of 
the reporting of Rasch parameters.21,22 The criteria for this 
10-item checklist are: (1) Stating the name of the software 
for Rasch analysis, (2) Reporting mathematical derivation 
of the Rasch model, (3) Evaluation of the threshold order
ing, (4) Test of item fit to the Rasch model, (5) Test of 
person fit, (6) Testing for differential item functioning 
(DIF), (7) Reliability, (8) Response dependency, (9) 
Unidimensionality, and (10) Transformation table.21 Here 
there is a short explanation for each item.

Table 1 Search Syntax in Different Databases

Database Search Syntax Number of 
Outputs

PubMed (“Quality of life”[tiab] OR “Life Quality”[tiab] OR “Health-Related Quality Of Life”[tiab] OR “Health Related 

Quality Of Life”[tiab] OR HRQOL[tiab]) AND (“Rasch analysis”[tiab] OR “Rasch analyses”[tiab] OR “Rasch 

measurement”[tiab] OR “Rasch measurement model”[tiab] OR “Rasch model”[tiab] OR “Rasch 
modeling”[tiab] OR “Rasch modelling”[tiab] OR “Rasch rating scale analysis”[tiab] OR “Rasch rating scale 

model”[tiab] AND Adolescent[tiab] OR Teenager[tiab] OR Teen[tiab] OR Stripling[tiab])

33

Embase (“Quality of life”:ab,ti OR “Life Quality”:ab,ti OR “Health-Related Quality Of Life”:ab,ti OR “Health Related 

Quality Of Life”:ab,ti OR HRQOL:ab,ti) AND (“Rasch analysis”:ab,ti OR “Rasch analyses”:ab,ti OR “Rasch 

measurement”:ab,ti OR “Rasch measurement model”:ab,ti OR “Rasch model”:ab,ti OR “Rasch modeling”:ab,ti 
OR “Rasch modelling”:ab,ti OR “Rasch rating scale analysis”:ab,ti OR “Rasch rating scale model”:ab,ti) AND 

(Adolescent:ab,ti OR Teenager:ab,ti OR Teen:ab,ti OR Stripling:ab,ti)

14

Web of 

Science

(TS=(Quality of life) OR TS=(Life Quality) OR TS=(Health-Related Quality Of Life) OR TS=(Health Related 

Quality Of Life) OR TS=(HRQOL)) AND (TS=(Rasch analysis) OR TS=(Rasch analyses) OR TS=(Rasch 
measurement) OR TS=(Rasch measurement model) OR TS=(Rasch model) OR TS=(Rasch modeling) OR TS= 

(Rasch modelling) OR TS=(Rasch rating scale analysis) OR TS=(Rasch rating scale model)) AND (TS= 

(Adolescent) OR TS=(Teenager) OR TS=(Teen) OR TS=(Stripling))

50

Cochrane 

Library

((“Quality of life”):ti,ab,kw OR (“Life Quality”):ti,ab,kw OR (“Health-Related Quality Of Life”):ti,ab,kw OR 

(“Health Related Quality Of Life”):ti,ab,kw OR (“HRQOL”):ti,ab,kw) AND ((“Rasch analysis”):ti,ab,kw OR 
(“Rasch analyses”):ti,ab,kw OR (“Rasch measurement”):ti,ab,kw OR (“Rasch measurement model”):ti,ab,kw OR 

(“Rasch model”):ti,ab,kw OR (“Rasch modeling”):ti,ab,kw OR (“Rasch modelling”):ti,ab,kw OR (“Rasch rating 

scale analysis”):ti,ab,kw OR (“Rasch rating scale model”):ti,ab,kw) AND ((“Adolescent”):ti,ab,kw OR 
(“Teenager”):ti,ab,kw OR (“Teen”):ti,ab,kw OR (“Stripling”):ti,ab,kw)

3

SCOPUS TITLE-ABS(“Quality of life”) OR TITLE-ABS(“Life Quality”) OR TITLE-ABS(“Health-Related Quality Of Life”) 
OR TITLE-ABS(“Health Related Quality Of Life”) OR TITLE-ABS (HRQOL) AND TITLE-ABS (“Rasch analysis”) 

OR TITLE-ABS (“Rasch analyses”) OR TITLE-ABS (“Rasch measurement”) OR TITLE-ABS(“Rasch measurement 

model”) OR TITLE-ABS(“Rasch model”) OR TITLE-ABS(“Rasch modeling”) OR TITLE-ABS(“Rasch modelling”) 
OR TITLE-ABS(“Rasch rating scale analysis”) OR TITLE-ABS(“Rasch rating scale model”) AND TITLE-ABS 

(Adolescent) OR TITLE-ABS(Teenager) OR TITLE-ABS(Teen) OR TITLE-ABS(Stripling)

22
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Stating the Name of the Software for 
Rasch Analysis
There are several software programs to analyze the data 
using the Rasch method, but the main software programs 
which are used in the studies are WINSTEPS, RUMM, 
ConQuest and WINMIRA. Each of these software pro
grams report the findings in a slightly different process. 
But, the main hypothesis in all of them is testing and 
matching observed response pattern in the data with theo
retical pattern expected by the model.21–24

Reporting Mathematical Derivation of the 
Rasch Model
The first step in Rasch analysis is determining and select
ing the mathematical derivation of the Rasch model. If the 
Likert scale items have two response options the chosen 
model is a dichotomous model. If the items have three or 
more levels of response options (Polytomous model), the 
Rasch model will be slightly different and is commonly 
referred to as the Andrich Rating Scale Model (RSM) or 
Masters Partial Credit Model (PCM). The two models 
differs in the way of behaving with thresholds (probabil
istic midpoint between two adjacent categories). In the 
RSM, any category on the response scale is modeled to 
be “equal” throughout all items. In other words, the gap 
between thresholds is considered equal across items. In 
fact, the threshold is a metric distance between items and 
should be the same across the items of a scale. Studies 
should explain the type of the model which was used and 
the reason for this selection.21–24

Evaluation of the Threshold Ordering
This evaluation applies to polytomous items using the 
PCM and the RSM models. It is important to identify the 
classification structure of response levels to the items and 
to ensure that answers to the items are consistent with the 
metric estimate of the underlying construct. This means 
that the transition from one response level to the next 
should increase the hidden property of the measure. 
When this does not happen, disordered thresholds have 
occurred. Disorder at threshold means collapse of response 
options (response categories) over one another, followed 
by disorder at response levels due to relevance, redun
dancy, or misallocation of the items in the instrument. In 
the “Rasch-Andrich thresholds” or “step calibrations”, dis
ordering appears when some categories do not match to 
intervals on the latent variable. Andrich disputes that there 

is a requirement at the level of the item for the categories 
to be ordered. The latent response processes must there
fore be dependent so that an outcome of being successful 
on the second latent process and failing the first latent 
process cannot occur. Therefore, a threshold cannot be 
passed unless all prior thresholds have been passed. 
Andrich imposes this order requirement through what he 
calls a Guttman structure.25,26 Studies should identify 
threshold as well as measures to eliminate the 
disorder.21–24

Test of Item Fit to the Rasch Model
There may be a difference between observed and expected 
responses in each study, so model testing can give the 
researcher more information. There are different fit statistics 
in different software programs. Although they cannot be 
compared to each other, there are standardized values for 
all individuals and they can subsequently be comparable. 
For example, WINSTEPS software outputs include infit, 
outfit, and ZSTD (standardized fit statistics). In the 
RUMM 2020 software, outputs are Chi-square statistic and 
residual statistic (standardized sum of all differences 
between observed and expected values aggregated across 
all persons) which are very similar to outfit and ZSTD in 
WINSTEPS software. Infit is the difference between 
observed and expected responses for those items with diffi
culty levels close to the individual’s ability. The outfit deals 
with the differences between all items (regardless of diffi
culty of the item and based on one’s ability). Thus, infit 
gives more weight to the responses for items close to one’s 
ability. Chi-square test shows the difference between 
expected and observed values of measured properties 
between groups, indicating different levels of ability. If its 
value is less than 0.05, then it is considered as a misfit. 
Another output of the RUMM 2020 is item-trait interaction 
Chi-square, representing the variance of measured property. 
If Chi-square becomes significant, hierarchical ordering of 
response levels varies across attributes.21–24

Test of Person Fit
Answers with unusual patterns can influence fit item 
levels. These incorrect responses can be triggered by unre
gistered diseases such as cognitive deficits in the respon
dent. Thus, deleting such responders can lead to improved 
internal construct validity of the tool. Such response pat
terns must be identified by high positive residuals. So, 
person fit is important and should be reported.21–24
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Testing for DIF (Differential Item 
Functioning)
DIF or item bias can influence the fit model. This happens 
when different groups with different demographic charac
teristics in a sample (eg, youth, the elderly, women, and 
men) respond differently to the same item while equal 
levels of response are measured for a latent variable. The 
goal is not to disregard age group differences, but to have 
access to the same levels of a trait regardless of the age 
variable. There may be a difference in different demo
graphic settings, but an important point is that, DIF should 
be evaluated at least in different age and sex groups in 
each study.21–24

Reliability
There are different outputs for reliability in different soft
ware programs. For example, the output of the 
WINSTEPS software is reported as “person reliability” 
and “person separation”. “Person reliability” indicates to 
how well the instrument constantly reproduces 
a participant’s score. A “person reliability” coefficient of 
0.70 shows an acceptable level, 0.80 a good level, and 
0.90 an excellent level. While a “person separation” indi
cates how well the instrument differentiates persons into 
separate ability groups. It means “reproducibility of rela
tive measure location, therefore, the greater the person 
separation statistic, the more distinct strata are disclosed 
(not less than 2). In RUMM 2030, this is provided by the 
“Person Separation Index” (PSI). The PSI is equivalent to 
Cronbach’s alpha, though it uses person estimates in logit 
instead of raw scores. Similar to Cronbach’s alpha, a value 
close to 1 indicates high internal consistency and a value 
less than 0.70 indicates model misfit.21–24

Response Dependency
Response dependency arises when the responses to some 
items are correlated, that is, answering one item determines 
the answer to another. Dependent items can be determined 
by calculating a residual correlation matrix, which should 
not actually show a significant correlation.21–24

Unidimensionality
According to the Rasch model, it is assumed that, all items 
collectively represent a unidimensional tool and measure 
one trait. There are several methods used for the measure
ment of unidimensionality that vary depending on the 
software which is used in data analysis, but Rasch 

Principal Component Analysis (PCA) for residuals or 
PCAR is the common indicator for the analysis of resi
duals. In WINSTEPS software, the first remaining contrast 
is an important indicator and usually should not be higher 
than two (eigenvalue of <2). However, if the first contrast 
has an eigenvalue value >2, it indicates that another 
dimension may be exist. It specifies that the dimension 
has at least three items.27 Another way to measure it using 
RUMM software is reporting a series of independent 
t-tests guided by pairs of person measures fitted from 
two subsets of positive and negative loading items on the 
first component of the residuals. Person estimates derived 
from the positive set of items are compared against those 
derived from the negative set. A series of unique t-tests are 
performed to compare the probabilities for each individual. 
Percentage of these tests outside the range of −1.96 to 
+1.96 should not exceed 5%. The differences in estimates 
derived from the two sets of the items are normally 
distributed.21–24

Transformation Table
When the Rasch model is used for psychometric study of 
an instrument, the options of instrument items can be 
converted to an interval scale. In this case, 
a transformation table for this change must be reported 
in the study. Equal interval scaling is important in clinical 
trials for accurately reporting the change in scores and 
reporting responsiveness, such as minimal important dif
ferences and effect size.21–24

Results
From a total of 122 papers which were found until 
December 2018, 31 papers were finally included in this 
study. The process of the study selection is shown in 
Figure 1 (the PRISMA 2009 diagram). The general char
acteristics of the selected studies are shown in Table 2.

In response to the first research question “How is the 
application of Rasch analysis in psychometric assessment 
studies on adolescents’ QoL Instruments?” the following 
results were obtained.

Characteristics of Studies
67.7% of the studies (n = 21) used the Rasch analysis for 
instrument testing and 32.3% (n = 10) for the development 
of new instruments. In 77.4% of studies (n = 24), both 
Classical and Rasch methods were used parallel to data 
analysis. Mean age of adolescents in selected studies was 
equal to 12 years old (range: 6–22 years). The most 
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commonly used instrument in Rasch studies was 
KIDSCREEN, administered in different countries. An 
important point is that, the majority of QoL of instruments, 
such as KIDSCREEN (KIDSCREEN Health-Related 
Quality of Life Questionnaire), DCGM-37 (DISABKIDS 
Chronic Generic Module), PedsQL (Pediatric Quality of 
Life Inventory), CFQ (Cystic Fibrosis Questionnaire) 
cover a wide range of ages, including childhood and 
adolescence, making it impossible to separate study results 
on adolescents from children. Various tools have been 
used, and the main target group for evaluating validity 
and reliability of the QoL tools was healthy adolescents 
(n = 78,149) in 32.2% of studies.24,28–36 Regarding target 
groups of patients, 9.4% of studies were related to adoles
cents with Cerebral Palsy (CP), accounting for the highest 
number of patients.37–39 Other disorders studied, including 
kyphosis, skin diseases, diabetes, cancer, glaucoma, blad
der dysfunction, visual impairment, Life-Threatening 
Conditions (LTC), Duchenne muscular dystrophy, cystic 

fibrosis, mental health, idiopathic scoliosis, spine defor
mity, mental health, underweight, obesity and overweight 
have also been the focus of interest. Also, 22.6% of the 
studies (n = 7) were cross-cultural surveys, with the high
est share among European countries (Table 2).

Adolescents’ QoL Instruments
Twenty types of QoL instruments were evaluated by the 
Rasch method. Among various QoL instruments, there 
were 18 specific tools for adolescents and children; 
ISYQOL (Italian Spine Youth Quality of Life), WAItE 
(Weight-specific Adolescent Instrument for Economic eva
luation), Skindex-Teen (skin disease scale), VSP-A (Vécu et 
Santé Percue de l’Adolescent), KIDSCREEN, T-QoL 
(Teenagers’ Quality of Life), DISABKIDS (Disability 
Kids), PedsQL (Pediatric Quality of Life Inventory), 
DCGM-37 DISABKIDS (Chronic Generic Module), 
CHAQ (The Childhood Health Assessment Questionnaire), 
Sizing Me Up (a self-reported weight-related QoL 

Figure 1 PRISMA diagram for the selection of studies. 
Notes: Adapted from Moher D, Liberati A, Tetzlaff J, Altman DG. The PRISMA GROUP. Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA 
Statement. PLoS Med. 2009; 6 (7): 1000097. doi: 10. 1371/journal. pmed 1000097.20
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instrument), KIDS-CAT (computerized adaptive test), 
HRQOL tool for YASCC (Young Adult Survivors of 
Childhood Cancer), PODCI (Pediatric Outcomes Data 
Collection Instrument), CVAQC (Cardiff Visual Ability 
Questionnaire for Children), PinQ (Pediatric QoL), ESM 
(Experience Sampling) a diary method, SRS-7 (Scoliosis 
Research Society), and CFQ (Cystic Fibrosis 
Questionnaire). The most commonly used tool was 
KIDSCREEN, administered in 11 studies (35.5%) in differ
ent countries, examining its psychometric 
properties.29–31,33,36,39–41 This questionnaire was designed 
in the KIDSCREEN project in 10 dimensions with 52 ques
tions and is suitable for measuring QoL of children and 
adolescents at 8–18 years of age. It has 10 dimensions, 
including physical well-being, psychological well-being, 
emotions and moods, social support and peer, parent’s rela
tionships, self-perception, autonomy, school environment, 
social acceptance, and financial resources, measuring QoL 
across a 5-point Likert scale. The highest score for each item 
is 4 and the lowest score is 0.29,30,41 In the present review, 
studies used the short (10, 19, 27 items) and long versions (52 
items) of the questionnaire.29,31,33–36,39–42 It was used as 
a self-report questionnaire in most studies, while telephone- 
interview,41,43 proxy interview,33,34,37–39,43 and face-to face 
interview versions33,44 have also been reported.

Several types of Likert-scales were used in various 
studies, but 5-point Likert-scales were mostly used. 
Based on the psychometric assessment of the instruments, 
9 studies (29%) reported unsatisfactory psychometrics 
results. The rest of studies reported satisfactory psycho
metrics results (n = 22, 71%) (Table 2). Furthermore, some 
short forms of the instruments, such as SRS-7, 
KIDSCREEN-23, and CHAQ-28 showed good psycho
metric results.

Rasch Parameters
In response to the second research question “How is the 
quality of reporting Rasch parameters in selected studies?” 
the following results were obtained:

Tables 2 and 3 represent the detailed results for psycho
metric assessment of the studies. Rasch parameters using the 
QI checklist are shown in Table 3. The results show that most 
studies (n = 30, 96.7%) reported the name of the software 
program for Rasch analysis; WINSTEPS (n = 23, 74.2%), 
RUMM (n = 3, 9.7%), and WINMIRA (n = 3, 9.7%), 
respectively. One study (3.2%) used two software programs; 
WINMIRA and MULTIRA.29 Two studies (6.4%) used other 
software programs; DIGRAM and FACETS.48,57 Also, 15 

studies (48.4%) applied PCM29,31,33–36,38,39,41,45–50 and 6 
studies (19.4%) applied RSM as a mathematical Rasch 
model.24,28,40,51–53 One study (3.2%) used both models.42 

In 8 studies (25.8%), no mathematical Rasch model was 
mentioned.30,32,37,43,44,54–57 As threshold is important for 
instruments with polytomous item responses, it was observed 
in 58.1% of the studies (n = 18). It was not mentioned in 
several studies (n=13, 41.9%).28,30,31,38,42–44,52,55 In studies 
with disordered threshold, poor items were treated by item 
deletion45,46,54 or category rescoring.33,40,41,47,51,53,56

Among current studies, most of them (n = 29, 93.5%) 
reported infit and or outfit mean square for item fit, and 
a few reported another statistic test (Q-index) (n = 2, 
6.4%). Out of these, 2 studies (6.4%) did not address 
item fit. Only 8 studies (25.8%) reported person fit. 17 
studies (54.8%) reported DIF, but 14 studies (45.1%) did 
not mention it. Based on the reliability results, PSI (n = 10, 
32.2%), item separation ratio (n = 6, 19.3%), and 
Cronbach’s alpha by RUMM (n = 1, 3.2%) were reported 
in studies. In 3 studies (9.6%), indicators of reliability 
were not reported. Except for 6 studies (19.3%), the rest 
of the studies reported unidimensionality (n = 25, 80.6%). 
In none of the studies was a transformation table drawn 
(Table 3). According to the QI checklist, around 71% of 
the studies (n = 22) reported between 4 to 7 Rasch para
meters (Table 4). Rasch parameters, including application 
of the software program (n = 30, 96.7%), test of item fit to 
the Rasch model (n = 29, 93.5%), unidimensionality (n = 
25, 80.6%), type of the identified mathematical Rasch 
model (n = 23, 74.1%) and threshold (n = 18, 58%) were 
reported with a higher percentage, respectively. Reliability 
was reported in most studies using two different 
approaches; Rasch (n = 12, 38.7%) and classical methods 
(n = 16, 51.6%). Reliability was not reported in only three 
studies (9.6%).

Discussion
The present study was conducted aimed at providing 
a systematic review of the application of Rasch analysis 
in psychometric assessment studies on adolescents’ QoL 
instruments. Overall results showed that, most of the 
selected studies used the Rasch method for instrument 
testing and fewer for instrument development. Results of 
this study showed that in the last decade, the number of 
these studies has increased. The diversity of QoL instru
ments using Rasch analysis is high, and KIDSCREEN has 
been mostly used in those studies, as it is applicable to 
a wide range of healthy and ill adolescents and children 
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(10–18 years of age). This suggests that there is a place for 
further development and exploration of other QoL instru
ments in the future. Furthermore, most QoL instruments 
involve a wide range of ages, so they cover two stages of 
life, childhood and adolescence, such as KIDSCREEN, 
PedsQL, CFQ. In some of these instruments, it is not 
possible to distinguish adolescence from the childhood 
period, which may reduce their efficiency. In the present 
study, 12 types of instruments involved a wide range of 
ages, including childhood and adolescence (ISYQOL, 

KIDSCREEN, DCGM, PedsQL, CFQ, CHAQ, Sizing 
Me Up, KIDCAT, HRQOL, PODCI, CVAQC, and PinQ).

Evidence shows that there are a limited number of 
critical appraisal tools and available guidelines for writing 
papers in the field of Rasch21,22 and this can probably have 
an influence on the reporting of Rasch studies. The results 
of our study indicate that authors have reported a various 
number of Rasch parameters in their studies. Some para
meters, such as application of the software program and 
test of item fit to the Rasch model were reported in more 
than 93% of studies. The type of identified mathematical 
Rasch model was described in more than 74% of studies, 
and unidimensionality, threshold and DIF were reported in 
around 80%, 58% and 54% of studies, respectively. But, 
parameters, such as response dependency, were reported 
less (around 16%), and the transformation table had not 
been reported in the selected studies. This is not 
a surprising result, so the results of an earlier systematic 
review in the field of rheumatology showed that the appli
cation of the transformation table was limited. From 1991 
to 2012 in two periods, it was reported as static with 
a proportion of 11.4% and 12.2%, respectively.21 As the 
transformation table is a report about converting ordinal 
scales to the interval for the estimation of responsiveness 
and clinical changes in outcome variables, this limit can 
influence the application of Rasch transformed interval 
measurement in clinical practice. But, according to the 
study design and type of the QoL instrument, there is 
a possibility that it has not been in the objective of those 
studies. However, this can be an area for further develop
ment and evaluation of outcome measures in clinical prac
tice in future Rasch QoL studies.

Furthermore, it should be noted that, the QI checklist 
was used in the present study as a critical appraisal tool to 
evaluate the quality of reporting of Rasch parameters in 
those studies,21 but the number of critical appraisal tools 
for Rasch papers is scarce. Following an extensive search 
by authors, only the QI checklist and the Rasch Box with 4 
items at three levels in the COSMIN (Consensus-based 
Standards for selection of health status Measurement 
Instruments) were found.59 Although, there is a guide with 
five headings, 22 items and a number of useful references 
for writing Rasch papers in the Journal of Applied 
Measurement,58 it has been presented as a general guide 
and not in the format of a critical appraisal tool. In this 
study, the QI checklist was applied for assessment of the 
Rasch parameters in the studies, because of the variety of 
items and ease of use. QI checklist seems to be a good tool 

Table 4 Evaluation of the Quality of Reporting Rasch Parameters 
by the QI Checklist in Studies (n = 31)

Rasch Parameters Number of 
Studies (n)

Percentage 
(%)

1 Software Programa 30 96.7
WINSTEPS 23 74.2

WINMIRA 3 9.7

RUMM 2030 3 9.7
Others 2 6.4

Not reportedb 1 3.2

2 Mathematical derivation of 

Rasch model

22 70.1

Partial Credit Model (PCM) 15 48.4

Rating Scale Model (RSM) 6 19.4

Both Methods 1 3.2
Not reported 9 29.0

3 Threshold (for Polytomous 
Item Response)

18 58.1

4 Test of Item Fit 29 93.5

5 Test of Person Fit 8 25.8

6 DIFc 17 54.8

7 Reliability 12 38.7
PSId 10 32.2

Item Separation Ratio 6 19.3

Two methods (PSI, Item 
Separation Ratio)

4 12.9

Cronbach’s alphae 1 3.2

Not reported 3 9.6

8 Response Dependency 5 16.1

9 Unidimensionality 25 80.6

10 Transformation Table 0 0.0

Notes: aBIGSTEPS was classified in the category of the WINSTEPS, so it is a free 
DOS precursor to WINSTEPS; One study applied two software programs, 
WINMIRA and MULTIRA, this study was classified by the name of the first soft
ware; bOne study reported the name of the software elsewhere, therefore it was 
classified in the category of “not reported”; cDIF, Differential Item Functioning; dPSI, 
Person Separation Index; eBefore RUMM 2030, reliability was reported by 
Cronbach alpha coefficient.
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for criticizing Rasch analysis studies, but it is not widely 
used, so its validity and reliability has not been entirely 
confirmed. One of the criticisms of this 10-item checklist is 
an unclear response level for items, and another one is 
about the method of scoring. However, it seems that there 
is a requirement for more rigorous critical appraisal tools 
and guidelines to evaluate the quality of Rasch papers and 
Rasch parameters. Evidence shows that, few studies have 
used the QI checklist, and it is recommended to conduct 
further research on this tool and to identify the strengths and 
weaknesses of it. Therefore, application of the Rasch model 
in adolescents’ QoL studies needs a criterion for using 
necessary parameters, as available evidence indicates that, 
some papers have only reported several parameters in ado
lescents’ QoL instruments.

Limitations
There were some limitations in this study. The current 
systematic review was limited to English language papers, 
thus information in other languages was not reported in 
this study. Furthermore, Gray literature, consisting of dis
sertations and congress abstracts, was not included in the 
study. Also, we assessed only the presence of Rasch para
meters according to the QI checklist without evaluating the 
quality of parameters’ analysis.

Conclusions
Application of the Rasch model for psychometric assess
ment of adolescents’ QoL instruments has increased in 
recent decades. There were 20 types of adolescents’ QoL 
instruments which were evaluated by the Rasch models. 
The most commonly used instrument was, KIDSCREEN, 
administered in different countries. Six Rasch parameters 
were reported with a higher percentage in the studies, 
including application of the software program (96.7%), 
test of item fit to the Rasch model (93.5%), unidimen
sionality (80.6%), type of the identified mathematical 
Rasch model (74.1%), threshold (58%) and DIF 
(54.8%). Our results indicate that although Rasch analy
sis is a robust method in adolescents’ QoL studies due to 
documented instruments’ measurement functioning, no 
access to the strong critical appraisal tools may influence 
the high power application of it.
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