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Abstract 
There is an urgent need for generalized training in cardiopulmonary resuscitation (CPR) techniques, starting with secondary 
education. Validated instruments for assessing the efficacy of such interventions are not yet available. This study aimed to validate 
an evaluation questionnaire of a CPR training program for high school students, to analyze the levels of readability, difficulty, 
reliability, and content validity, as well as the fit the purpose for which they were designed, the trait they are intended to measure. An 
instrumental study was conducted in 2 phases. In the first phase, an inter-judge validation was carried out with 11 experts in CPR 
accredited instructors of basic and advanced CPR by the American Heart Association. In the second phase, the psychometric 
properties were evaluated from the perspective of Item Response Theory. During May of the 2017/18 and 2018/19 academic 
years, 259 4th-year secondary school students from a high school in the southeastern area of the island of Gran Canaria (mean 
age: 15.78 years; 50.60% male) were surveyed anonymously using the questionnaire to be validated. The questionnaire was 
easily readable (74.12 Flesch-Szigriszt Index); the difficulty level (Easy/Very Easy) in the context of this secondary school level 
of education and the ability level of the respondents overlapped sufficiently and there was no gender bias. The questionnaire 
was able to discriminate between respondents of slightly more than 7 levels of expertise, from low knowledge of CPR to high 
knowledge of CPR (Separation Index 7.53). The model fit was excellent (infit = 1/outfit = 1.01). The content validity index was 
adequate. The separation index and reliability exceeded what was considered adequate for guaranteed use. The level of difficulty 
of the items and the level of ability of the respondents is in line with the educational level of the students. The questionnaire did not 
produce a gender bias in response probability. The questionnaire is easily understandable and can discriminate between different 
levels of ability without differential gender bias, and its reliability is outstanding, as it exceeds the minimum criteria.

Abbreviations: CPR = cardiopulmonary resuscitation, INFIT = information-weighted fit statistic, IRT = item response 
theory, MNSQ = mean square infit statistic, OHCA = out of-hospital cardiac, OUTFIT = outlier-sensitive fit statistic, PROCES = 
cardiopulmonary resuscitation program oriented to compulsory secondary schools [Programa de Reanimació Cardiopulmonar 
Orientat a Centres d’Ensenyament Secuandari], RMSE = root mean squared error, ZSTD = mean square fit statistic t standardized.

Keywords: assessment, item response theory, psychometrics, questionnaire, scholar cardiopulmonary resuscitation

1. Introduction
Out of-hospital cardiac arrest (OHCA) is a significant public 
health problem worldwide.[1,2] Globally, it is estimated that, 
on average, <10% of all patients with OHCA will survive.[2] 
obtained survival rates to hospital admission of 22.0% and 
survival rates to hospital discharge of 8.8%.[2] The critical 
determinant of survival is the timely performance of bystander 

cardiopulmonary resuscitation (CPR) before the arrival of the 
emergency service.[3,4] Most people who experience an OHCA 
event do not get this procedure.[5]

The greatest challenge for successful out of-hospital resusci-
tation is CPR education.[1,5,6] The consensus conference of the 
International Liaison Committee on Resuscitation and differ-
ent experiences, recommended further development of educa-
tion and training programs for the population.[7,8] Specifically, 
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it is vital to teaching these techniques from an early age, in 
primary and especially in high school, according to Pekins et 
al and Cheng et al[8,9] In a study by Jones et al,[10] only 13 to 
14-year-olds performed chest compression as well as adults in 
other reported studies. No year 5 pupil (age 9–10) was able to 
compress the manikin chest to the I dth recommended in guide-
lines, and only 19% of pupils in year 7 (age 11–12) achieved 
adequate compression depth.[10] The data support that nurses 
have the potential and training to implement both these types 
of educational and cardiovascular disease prevention inter-
ventions,[11] in addition to their high efficacy in carrying them 
out.[12,13] Many CPR training programs have been implemented 
in Spanish schools.[14] These are: cardiopulmonary resuscitation 
program oriented to compulsory secondary schools [Programa 
de Reanimació Cardiopulmonar Orientat a Centres d’Ensen-
yament Secuandari] “(PROCES)” in Cataluña, “RCP na Aula” 
in Galicia, “Alertante” in Madrid and “Plan Salva Vidas” in 
Andalucía.[15–18]

To evaluate the efficiency of any educational intervention, 
valid and reliable measuring instruments are required. However, 
the questionnaires used for performance evaluation in CPR 
programs have not been validated.[13,15–22] We believe that the 
PROCES[15] questionnaire meets all the requirements for assess-
ing the knowledge acquired by high school students in CPR 
techniques. We aim to validate using the item response theory 
(IRT), the levels of readability, difficulty, trustworthiness, and 
content validity, as well as the fit of the model.

2. Objective

	 (1)	 To validate an evaluation questionnaire of a CPR training 
program for high school students.

	 (2)	 To analyze the levels of readability, difficulty, reliability, 
and content validity.

	 (3)	 To analyze whether the questionnaire items fit the pur-
pose for which they were designed and the trait they are 
intended to measure.

3. Methods

3.1. Design

An instrumental study[23,24] was developed in 2 phases. In the 
first phase, an inter-judge validation was carried out with 11 
experts in the CPR, American Heart Association accredited 
instructors of basic and advanced cardiopulmonary resuscita-
tion, who work in hospital emergency departments and pre-
hospital emergency care with extensive experience in cardiac 
emergency care and CPR education and training. In the second 
phase, the psychometric properties were evaluated from the per-
spective of Item Response Theory (Fig. 1).

Item Response Theory, within Psychometrics, attempts to 
measure latent traits in item characteristics using mathemat-
ical models, offering insight into the relationship between an 
individual’s trait level (e.g., level of difficulty and ability to 
perform a procedure) and item characteristics. Relationship 
between an individual’s trait level (e.g., level of difficulty 
and ability to perform a procedure) and item characteristics. 
This theory depends on 2 important assumptions, namely the 
unidimensionality and the local independence of the items. 
With the first assumption, items only specifically measure a 
single latent trait, whereas, with the second assumption, it is 
assumed that a subject’s responses to any pair of items in the 
test are unrelated when the same trait level is considered, that 
is, when an ability is held constant. On the other hand, one 
of the salient features of this theory concerning classical test 
theory is that the characteristic parameters of the items and 
the test do not depend on the sample and its characteristics, as 

is the case with TCT. This provides an advantage that makes 
it advisable for test validation and test construction because 
the item parameters are assumed invariant in the population 
of individuals. This theory generates both unidimensional 

Figure 1.  Phases of instrumental study development.

Table 1

Rasch model parameters and their interpretation.

Parameter Acceptable range* 

INFIT
OUTFIT
MNSQ values 

(mean square 
fit statistic)†

An MNSQ close to 1 indicates that the model fits the data 
well and that the observed responses fit the model’s 
expectations.

MNSQ < 1: suggests that the model fits better than expected 
(higher precision of the estimate).

MNSQ > 1: The model fits worse than expected, indicating a 
discrepancy between the observed responses and those 
expected by the model.

INFIT
OUTFIT
ZSTD values 

(mean square 
fit statistic t 
standardized)†

ZSTD close to 0: indicates a good fit of the model, which 
implies that the observed responses and the expected 
responses according to the model are in agreement.

ZSTD less than −2 or >2: may indicate poor model fit.

P, SD
(Population 

standard 
deviation)

P, SD values can vary depending on the characteristic being 
measured and the demographics of the population. Tests 
that measure specialized knowledge in a homogeneous 
population may have lower P, and SD values (which is our 
case).

S, SD
(Sample standard 

deviation)

One way to assess the adequacy of S, SD values is to 
compare them to the Population Standard Deviation (P, 
SD). If the value of S, SD is similar to or close to P, SD, it 
may indicate that the selected sample is representative 
of the population and that the variability measured in the 
sample is similar to the variability in the general population.

RMSE
(Root mean 

squared error)

In general, lower values of true RMSE and model RMSE indi-
cate better accuracy and fit of the model to the observed 
data. A low RMSE means that the observed scores and the 
actual or expected scores are very similar, implying that 
the model has a good ability to predict the scores.

INFIT = information-weighted fit statistic, MNSQ = mean square infit statistic, OUTFIT = 
outlier-sensitive fit statistic, RMSE = root mean squared error, ZSTD = mean square fit statistic t 
standardized.
* It is important to note that the interpretation of these values should be done in conjunction 
with the other adjustment indicators and considering the specific context of the test and the 
measurement objectives. There is no single, absolute threshold for determining which values are 
appropriate. A common way to evaluate these values is to compare them with those found in other 
similar studies carried out in the same population or similar populations, but in the systematic 
review, we did not find any.
† For both parameters, a value of MNSQ (mean square infit statistic) = 1, indicates a perfect fit, 
whereas values between 0.8 and 1.3 are considered adequate. As for the standardized fit statistics 
ZSTD (Mean Square Fit Statistic t standardized) values, a good fit is between −2 and + 2.
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and multidimensional models, with different response for-
mats, dichotomous or polynomial. In IRT, the score of the 
aptitude, either trait, ability, or competence level is considered 
independent of the item so the subject’s response to the item 
will depend only on that level. In this sense, the trait would 
be the independent variable, and the response, the dependent 
variable.[25–27]

4. Participants
The main inclusion criterion was to select all students in the 4th 
year of Compulsory Secondary Education from a high school 
in the southeastern area of the island of Gran Canaria (Spain). 
(ESO) between 15 and 18 years of age were surveyed anony-
mously using the questionnaire to be validated. They formed 
a nonrandom, voluntary, and convenient sample. Data were 
collected during the 18/19 and 19/20 school years before the 
start of confinement in March 2020. According to Nunnally[28] 
formula for the calculation of sample size in item response the-
ory, for a confidence level of 95% and a margin of error of 5%, 
the sample should be at least 245 persons, and this requirement 
was met.

5. Procedure
We performed the process after obtaining permission from the 
authors. The eleven experts evaluated the wording and represen-
tativeness of the questionnaire items and suggested additions, 
modifications, or deletions to the questionnaire. The experts 
determined the content validity of the items, which was under-
stood as the degree to which they adequately represented the 
construct to be measured. According to Tristan model, they 
were asked to classify items as essential, useful, or unnecessary. 
A value ≥ 0.58 was established as the cutoff point for main-
taining the item, as proposed by Tristán-López, as the minimum 
value to be obtained when assessing content validity[29] After 
these calculations, we analyze the legibility and readability of 
the last version.[30,31] Finally, the questionnaire was administered 
to a nonrandom sample of Spanish-speaking high school stu-
dents before and after a CPR training program. For this study, 
only the responses to the posttest were used, since this is the 
point at which knowledge may have been acquired and, there-
fore, can be evaluated. The PROCES questionnaire has been val-
idated using IRT (Rasch analysis).[32]

6. Instruments
The PROCES program questionnaire has 20 multiple-choice 
questions with only 1 correct answer out of the 4 options. The 
questionnaire comprises 2 sections, notions of physiopathology 
and CPR practice, each of which is 10 questions long.[15]

Based on the experts recommendations, we add 4 items 
that account for another 3 steps to the steps to take in cardiac 
arrest: ensuring the scene is safe, moving the victim to the safety 
position, and using a defibrillator (items 17, 18,19, and 20). 
Additionally, question 14 was modified from the original to 
match the updated guidelines.[8,9] The final questionnaire to be 
validated consisted of 24 questions.

7. Data analysis
We analyze the readability of the last version of the question-
naire through the Web Legible.es application and INFLESZ 
software.[30,31]For Rasch analysis, we used the Winsteps pro-
gram 4.1.0.[32,33] We carried out an analysis considering the 
correctness and accuracy of the answers to the questions. 
Compared to classical test theory, IRTs are less depen-
dent on the sample and items used, and normality is not 
mandatory.[25–27,34]

The main parameters to obtain through Winsteps are Table 1:
Information-weighted fit statistic (INFIT) and outlier-sensi-

tive fit statistic (OUTFIT): These are 2 types of statistics used 
to assess the fit of the data to the IRT models. Both statistics 
are based on the comparison of the observed responses and 
the expected responses according to the model. The INFIT 
and OUTFIT measure the discrepancy between observed and 
expected responses relative to the expected accuracy of the 
model. They are used to detect unusual or anomalous response 
patterns that could indicate poor model fit.

Mean square fit statistic (MNSQ): It is a statistic used to 
assess the fit of the model in the IRT. Calculates the discrep-
ancy between the observed and expected responses based on the 
model and averages them across all test items. An MNSQ value 
close to 1 indicates a good fit of the model, while values greater 
or <1 indicate a poor fit.

ZSTD (Mean Square Fit Statistic t Standardized): It is a stan-
dardized version of the MNSQ statistic. It is calculated by divid-
ing the MNSQ by its standard error and provides a measure 
of relative fit that can be compared between different tests or 
groups.

Population Standard Deviation: P refers to the population 
standard deviation, which is a measure of the dispersion of 
scores in an entire population. It represents the variability of the 
characteristic measured by the items in the general population.

Sample Standard Deviation: S refers to the sample standard 
deviation, which measures the dispersion of scores in a popu-
lation sample. It represents the variability of the characteristic 
measured by the items in the selected population sample.

Root mean squared error (RMSE): It measures the average 
difference between the observed values and the estimated values 
in a model. In the context of IRT, the RMSE is used to assess the 
accuracy of the model in estimating the abilities of individuals. 
A lower RMSE value indicates better model accuracy.[34–36]

The Wright measure map was used to interpret the estimated 
measures in the distribution of the items and respondents, and 
the Mantel–Haenszel test was used to rule out differential bias 
by gender. The significance level was set up as P < .05. The 
Wright–Person Measure Map is a visual representation used in 
IRT. This map shows the relationship between individual skill 
levels and item difficulty on a common scale (DIGIT units). It 
allows to identify the location of the individuals concerning the 
items and vice versa, which helps to understand the suitability 
of the items to measure different levels of ability. On the right of 

Table 2

Readability indices.

Index Value Difficulty 

Readability 80.27 Easy
Perspicuity 75.48 Easy
Legibility (Flesch-Szigriszt Index) 74.12 Pretty easy
Grade level 1.6  
Estimated time of reading 4.2 min  

Table 3

Standardized residual variance in eigenvalues and variance 
explained.

 Eigenvalue Observed Expected 

Total raw variance in observations. 28.11 100.0% 100.0%
Raw variance explained by measurements 8.11 28.9% 28.5%
Raw variance explained by persons 2.53 9.0% 8.9%
Raw variance explained by the items 5.58 19.9% 19.6%
Unexplained raw variance (total) 20.00 71.1% 71.5%
Unexplained variance in the 1st contrast 1.95 6.9% 9.8%
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the map, the difficulty of the items is represented, where the eas-
iest items are located at the bottom and the most difficult items 
at the top. The ability of individuals is represented on the left of 
the map, where individuals with lower skill levels are on the bot-
tom, and individuals with higher skill levels are on the top.[35,36]

8. Human subjects approval statement
The Board of the Secondary School where the study was car-
ried out, as well as the Ethics and Research Committees of 
the reference hospitals in the area, approved the study Ethics 
Committee Hospital Universitario Dr. Negrín (CEImHUGC 
DrNegrin:2019-168-1). The participants signed an informed 
consent form through their legal guardians, who were duly 
informed through the communication channels of the educa-
tional center.

9. Results

9.1. Participants

Finally, the participants were 259 students. The mean age was 
15.78 years (SD = 0.86), and 50.6% were male. Only 1 student 
did not complete the questionnaire because he was absent from 
one of the data collection interventions.

10. Content validity
In line with the cutoff point for content validity (value ≥ 0.58), 4 
original items (4, 5,10, and 11) were removed. Finally, the ques-
tionnaire contained 20 items (see Supplemental Digital Content, 
http://links.lww.com/MD/J413, which contains the final vali-
dated items). The total content validity index was 0.83, which 
was considered appropriate.[29]

11. Legibility
As the readability parameters indicate, the final version of the 
20 items (Table 2) shows that the text is fully comprehensible 
for the target population.[30,31]

12. Validation based on item response theory
We verified that the polarity items (biserial correlations) were 
positive (from.16 to.50), but 2 items (1 and 17) were slightly 
below the desirable level ≥ .20.[36] Since the data fit the model 
(Table 3), showing the success of the Rasch estimate, no item 
was removed from the analysis.[35] In Table 3 shows that the 
eigenvalue of the first contrast (1.95) was < 3, and the per-
centage of unexplained variance (6.9%) was almost 3 times 

lower (2.88) than the explained variance of the items (19.9%). 
As for the explained variance versus the unexplained variance, 
unidimensionality is accepted if the Rasch measurement shows 
a percentage variance of ≥ 20%; henceforth, with 28.9%, we 
have an appropriately explained total variance. All criteria are 
fulfilled, so we accept unidimensionality.[25,34,35] We accept local 
independence as all the residual correlations, apart from 3, 
were negative (between -.16 and -.28), and the positive ones 
(.22,.24, and.36) were < .50, which is acceptable in the general 
framework.

After verifying the unidimensionality and the local inde-
pendence, we evaluated the model fit through the INFIT 
(Information-Weighted Fit Statistic) and OUTFIT (Outlier-
Sensitive Fit Statistic) values (Table 4). Both (see Table 4) the 
overall INFIT (MNSQ = 1.00. ZSTD = −.1) and OUFIT (MNSQ 
= 1.01. ZSTD = −.1) values were good. Only item 14 showed 
INFIT and OUTFIT ZSTD values outside the acceptable range 
(INFIT = 2.5; OUTFIT = −2.3), but not MNSQ parameters 
(INFIT = .89; OUTFIT = .87). No decision needs to be made on 
this, as there is no correspondence of an MNSQ > 1.50.[35]

The separation and reliability indexes are appropriate 
(Table 4), with a value of 7.53 and.98, respectively. Both indi-
ces indicate that the items comprise a well-defined variable and 
that the reliability of the location of the items on the scale 
is good. Specifically, the Separation Index tells us that the 
questionnaire is capable of perfectly discriminating between 
more than 7 levels of knowledge. Table 4 also shows that the 
Population Standard Deviation (55.5) and S, S D (56.9) values 
are very similar, which indicates that the selected sample is rep-
resentative of the population and that the variability measured 
in the sample is similar to the variability in the population in 
general. In turn, the RMSE values, both those referring to the 
actual values (.21) and the values predicted by the model (.20), 
are low and similar, which implies that the model has a good 
capacity to predict the scores.

When the data are complete, it is expected to approach 1 for 
people and 1 for items, as is the case here. We found a Pearson 
raw score-to-measure correlation = 1.00 and the item raw 
score-to-measure correlation = −.99, which aligns with what is 
desirable.

The Wright map (Fig.  2) shows the distribution of the 
respondents and items measured in DIGITS. The item diffi-
culty level (−2.55 to 2.14 digits) on the left side of the graph 
and the respondents’ ability level (−1.74 to 2.17) almost over-
lapped, with the average of the latter being slightly higher (.00 
vs .21).

Finally, we checked the differential item functioning 
according to sex. In Figure 3, each point represents an item. 
Graphically, we generally did not observe sex differences 
except in items 16 and 20. Women have a higher performance 
in item 17 compared to men, quite the opposite of what 

Table 4

Reliability, separation and INFIT OUFIT adjustment of the items to the model.

     INFIT OUTFIT

 Total score Count Measure STANDARD ERROR
MODEL

MNSQ ZSTD MNSQ ZSTD 

Media 138.90 259 .00 .15 1.00 −.1 1.01 −.1
P.SD 55.50 .0 1.18 .02 .06 1.1 .09 1.0
S.SD 56.90 .0 1.21 .03 .06 1.1 .09 1.1
MAX. 239 259 2.14 .24 1.11 1.9 1.17 1.5
MIN. 40 259 −2.55 .13 .89 −2.5 .87 −2.3
REAL
RMSE

.16 TRUE SD 1.17 SEPARATION 7.53 RELIABILITY .98  

RMSE MODEL .15 TRUE SD 1.17 SEPARATION 7.63 RELIABILITY .98  

INFIT = information-weighted fit statistic, MNSQ = mean square fit statistic, OUTFIT = outlier-sensitive fit statistic, P SD = population standard desviation (When the sample is the whole population), RMSE 
= Root mean squared error, SD = standard desviation, S SD = sample standard desviation (When sample represents population), ZSTD = mean square fit statistic t standardized.
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happens with item 20. Figure  3 shows the almost complete 
overlap of both distributions of difficulty according to gen-
der. Focusing on the significance of the differences, with the 
Mantel–Haenszel test statistic, no significant differences by 
gender were associated with any items (the probability ranged 
from .0717–.9881).[32]

13. Discussion
The questionnaires used to evaluate performance in the CPR 
programs analyzed have not been validated, as mentioned 
above, which is the reason for this instrumental study.[13,15–22]

This study aimed to validate the PROCES questionnaire 
for the evaluation of CPR training programs for high school 
students, as it is the first to measure, in a structured manner 
and adjusted to the academic level of the students, the degree 
of knowledge acquired after the development of an educational 
intervention in CPR, since it fulfills all the requirements for 
evaluating the knowledge acquired by high school students in 
CPR techniques, As we have already indicated, it meets all the 
requirements for evaluating the knowledge acquired by high 

school students in CPR techniques, offering a real vision of the 
competence acquired in this area according to the academic lev-
els so that its use should be emphasized due to its adaptability, 
as we have been able to confirm in our experience. The read-
ability of the questionnaire is suitable for the level of potential 
users; therefore, the results are not biased by the greater or lesser 
command of the language of those evaluated, guaranteeing that 
the questionnaire only measures CPR knowledge.[26,27] In addi-
tion, the content validity index is appropriate, so the question-
naire measures what it purports to measure.[25]

PROCES was specially designed to be incorporated into the 
curricular material of children between 14 and 16 years of age 
in their educational centers so that pedagogical aspects were 
identified as a key factor for the success of the program. The 
formal structure of PROCES is based on universally accepted 
criteria in basic CPR following international guidelines (AHA)[9] 
and is pedagogically adapted to the target population for which 
the program is intended.[14]

In the preliminary aspects of IRT, the total explained vari-
ance was less than desired (≥40%),[28] but acceptable (28.9%). 
It should be noted that the explained variance depends on the 
scattering of people and items. For people with a wide range 
of abilities or items with a wide range of difficulties, this could 
indicate that the instrument is inappropriate. However, if the 
participants have a limited range of abilities (skills acquired 
after a brief workshop on CPR), and the items have a limited 
range of difficulty (valuing a small set of actions, with a small 
variability of difficulty, that constitutes CPR), the best sample 
may produce a modest, explained variance.[28] In addition, the 
items meet the requirement of creating a linear relationship con-
cerning the latent variable, although 2 items (1 and 17) have 
somewhat low correlations (<.20); the questionnaire sufficiently 
meets the mandatory of unidimensionality and complies with 
the local independence requirement.[32]

According to the questionnaire’s general INFIT and OUTFIT 
values, the model´s fit was almost perfect. Only item 14 has a 
lower ZSTD value. This suggested a possible random selection 
of responses. Rather than eliminating it, we studied their con-
tent and congruence with the item’s construct and improves 
wording.

Wright’s map indicates that there is an adequate fit between 
the difficulty of the items and the ability levels of the respon-
dents, such that it is possible to correctly discriminate between 
the different levels without underestimating or overestimating 
anyone.

Figure 2.  Wright Measure-Person map.

Figure 3.  Cross plot of item difficulty measures by gender.
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The advantages of using this questionnaire, in terms of its 
characteristics, are that it is easily understandable; the set of 
items is adjusted to the population examined, there being no 
items associated with total failure, it can discriminate differ-
ent levels of ability in the respondents and its reliability is 
outstanding since it far exceeds the minimum necessary cri-
teria.[21,33] Consequently, the questionnaire is valid and reli-
able and can be used for the purposes intended by Spanish 
speakers.

As a limitation, we could improve some of the worst-fitting 
items (items 1, 14, and 17) in future developments. We should 
also point out as a limitation the fact that the sample was not 
random.

14. Conclusion
The questionnaire is easily understandable and can discrim-
inate between different ability levels without differential 
gender bias. It is reliable and outstanding, as it exceeds the 
minimum criteria. The readability of the questionnaire is suit-
able for the level of potential users. The version presented is 
valid and reliable and can be used for the designed purpose 
with guarantees.
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