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The purpose of this study was to determine whether scores on the Statistical Anxiety 
Scale (SAS) manifest in the same way for students in online and traditional statistics 
courses. Tests of measurement invariance indicated that invariance of the two-factor 
model of the SAS held at every level. Therefore, we compared the statistical anxiety of 
online and traditional students. Results indicated that online and traditional statistics 
students reported comparable levels of anxiety with slightly less anxiety in terms of seeking 
help for traditional students. We concluded that online instruction is a viable form of 
statistics education at least for undergraduate students enrolled in the social sciences.
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Participation in online education has grown rapidly over the past 15  years and is expected 
to continue growing (Allen and Seaman, 2010). In fact, the New  York Times declared the 
year 2012 as the “year of the MOOC” (massive open online courses, Pappano, 2012). In Fall 
2015, 29.8% of the students were enrolled online in postsecondary institutions (NCES, 2015). 
The online learning consortium report further shows how in addition to education, professional 
development, and other related sources of knowledge have moved digitally (OLC Report, 2018). 
Indeed, online courses seem to offer distinct advantages, with being a more convenient and 
cost-effective alternative to traditional, face-to-face instruction. Researchers have worked to 
keep pace with the growth in online learning, comparing learning outcomes for students 
enrolled in online courses with those of students enrolled in traditional courses.

Although several meta-analyses have shown that there was no statistically significant difference 
between instruction employing technology and traditional instruction (Cavanaugh et  al., 2004; 
Zhao et  al., 2005; Jahng et  al., 2007), other meta-analyses have found a statistically significant 
difference between online and traditional instruction (Shachar and Neumann, 2003; Allen and 
Seaman, 2004; Bernard et  al., 2004; Sitzmann et  al., 2006; Williams, 2006). In fact, students 
with low GPAs tend to withdraw more from an online course than from a traditional course 
and online students tend to persist less in their programs to attain a degree (Jaggars et  al., 
2013). Jaggars (2014) also reported that students reported having to “teach themselves” in an 
online class. With respect to performance although there was a statistically significant relationship 
between course format (online vs. traditional) and failure in the course for English and Math 
courses, this was not the case for Economics and Humanities courses (Griffiths et  al., 2014). 
Thus, it seems that there is a difference in the relationship between student performance and 
course format by subject matter.

Given the prevalence of anxiety in statistics courses that are perceived to be  challenging, 
several researchers have compared performance outcomes for students enrolled in online and 
traditional statistics courses. Some authors have reported no difference between the two class 
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formats (McLaren, 2004; Dotterweich and Rochelle, 2012), 
while one study found a difference favoring traditional instruction 
(Scherrer, 2011). McLaren (2004) found no statistically significant 
difference in the grades earned by online and traditional statistics 
students who completed their course; however, the researcher 
did find that online students demonstrated a greater tendency 
to drop the course or “vanish,” failing to take part in assignments 
and exams despite remaining on the roster. Similarly, Dotterweich 
and Rochelle (2012) found that students enrolled in online, 
traditional, and televised instruction statistics courses earned 
similar grades; however, when the researchers isolated students 
who were repeating the course, they found statistically significant 
differences in performance favoring traditional students. By 
contrast, Scherrer (2011) found that when GPA, class format, 
and student major were included in a regression equation, 
class format was a statistically significant predictor of final 
grades, with traditional students outperforming online students.

Despite a growing body of literature comparing the 
performance of online and traditional statistics students, there 
remains a dearth of research comparing the statistical anxiety 
of online and traditional statistics students. Statistical anxiety 
is defined as “feelings of anxiety encountered when taking a 
statistics course or doing statistical analysis; that is, gathering, 
processing and interpreting data” (Cruise et  al., 1985, p.  92). 
Statistical anxiety is a well-documented reality for statistics 
students (Onwuegbuzie et  al., 2010; Chew and Dillon, 2014), 
and high statistical anxiety has consistently been associated 
with lower performance outcomes (Bell, 2001, 2003; 
Onwuegbuzie, 2004; Galli et  al., 2008; Macher et  al., 2012). 
In light of the mixed findings regarding the performance of 
traditional and online statistics students, as well as the 
documented relationship between statistics anxiety and statistics 
performance, it may be  useful to examine the relationship 
between statistics anxiety and class format.

DeVaney (2010) administered a statistical anxiety pretest 
and posttest to traditional and online graduate students, reporting 
that online students had higher anxiety at the beginning of 
the course, but there was no difference in student anxiety at 
the end of the course. However, DeVaney’s research operated 
on the assumption that measurement instrument operationalized 
statistical anxiety in the same way for online and traditional 
students. Given that previous research has identified situational 
antecedents to statistical anxiety (Onwuegbuzie and Wilson, 
2003), it would seem that the distinct environments of traditional 
and online students may lead to distinct operationalization of 
the construct. Thus, a test of measurement invariance is a 
necessary foundation for future research before comparisons 
across traditional and online student groups can be conducted.

Measurement invariance tests the equivalence of constructs 
across groups along four prescribed levels (see Mellenbergh, 
1989; Meredith, 1993; Vandenberg and Lance, 2000). A configural 
invariance model is used to test if the factor structure is defined 
identically across groups. Once this is established, a metric or 
factorial invariance model tests the equivalence of factor loadings 
across groups in addition to identical factor structure. Upon 
establishing metric invariance, a scalar invariance model is 
used to test if the factor structure, loadings, and item intercepts 

are identical across groups. Finally, an error variance invariance 
model is used to test if the factor structure, loadings, item 
intercepts, and item error variances are identical across groups. 
Factor means and variances may be  compared only when all 
these levels of invariance are established. Lack of measurement 
invariance indicates that group-specific attributes unrelated to 
the latent constructs contaminate the way a person belonging 
to a group responds to an item (Meredith, 1993; Little, 1997). 
In other words, a lack of measurement invariance means that 
given the same factor score, individuals from different groups 
will have respond differently to a given item. Thus comparisons 
of factor scores, means, and variances in such a situation 
are invalid.

MEASURING STATISTICAL ANXIETY

In a review of literature on statistical anxiety, Chew and Dillon 
(2014) identified six extant scales, but the authors only 
recommended use of the Statistics Anxiety Rating Scale, or 
STARS (Cruise et  al., 1985), and its abbreviated alternative, 
the Statistical Anxiety Scale, or SAS (Vigil-Colet et  al., 2008). 
The STARS is the most widely used and well-known scale 
(Chew and Dillon, 2014). However, Vigil-Colet et  al. (2008) 
criticized the STARS for its length and some of its content, 
which prompted their development of the SAS. The SAS has 
24 items and is comprised of three subscales derived from 
the STARS anxiety subscales: Examination Anxiety (eight items), 
Interpretation Anxiety (eight items), and Asking for Help 
Anxiety (eight items). Examination Anxiety refers to anxiety 
experienced while taking a statistics test. Interpretation Anxiety 
refers to anxiety experienced while attempting to derive meaning 
from statistical formulas and output. Asking for Help Anxiety 
refers to anxiety experienced while requesting help of a peer, 
a tutor, or a professor. Each item of the SAS details a specific 
task, prompting respondents to indicate the level of anxiety 
associated with the task on a 5-point Likert-type scale ranging 
between no anxiety and very much anxiety.

Vigil-Colet et  al. (2008) administered a Spanish version of 
the SAS to a sample of undergraduate students (n  =  159) 
enrolled in statistics courses in Spain. An Exploratory Factor 
Analysis (EFA) verified the intended three-factor structure, 
with each item loading on its intended subscale. Shortly after 
the development and validation of the Spanish version of the 
SAS, Chiesi et  al. (2011) administered an Italian version of 
the SAS to a sample of students (n  =  512). A confirmatory 
factor analysis (CFA) confirmed the previously validated three-
factor model, with the addition of correlated errors between 
two similarly phrased items on the Asking for Help subscale. 
Chiesi et  al. (2011) also conducted measurement invariance 
tests across samples of Italian and Spanish students and reported 
that strict invariance of the modified three-factor model was 
tenable across both samples.

Following the validation of the three-factor Spanish SAS 
(Vigil-Colet et  al., 2008) as well as the Italian SAS (Chiesi 
et  al., 2011), O’Bryant (2017) investigated the factor structure 
of the English version of the SAS. After pilot-testing, she 
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modified the items thus: Many revisions involved changing 
one word such as replacing doing to completing in items such 
as doing a final exam in a statistics course to completing a 
final exam in a statistics course. Other examples of changes 
included changing the word tutor to teacher to reflect the 
teaching system and terminology in the United States. O’Bryant 
administered the English version of the SAS to a sample of 
undergraduate students (n  =  323) majoring in the humanities 
and enrolled in statistics courses throughout the United States. 
A CFA of the previously validated three-factor model indicated 
poor model fit ( cSB

2   =  153.46, df  =  71.12, p  <  0.001, 
RMSEA  =  0.106, CFI  =  0.838, SRMR  =  0.073). Examination 
of residual correlations revealed that the residuals of the seven 
items on the Interpretation subscale were highly correlated 
with those of the items within the subscale, as well as with 
items on the other two subscales. Thus, O’Bryant (2017) 
eliminated the Interpretation subscale from the model. 
Eliminating the interpretation factor was not only warranted 
according to factor analytic output, but also seemed conceptually 
justifiable, given that taking an exam and asking for help are 
discrete tasks while interpreting numbers is not.

Further examination of residual correlations revealed that 
one item on the Examination Anxiety subscale and one item 
on the Asking for Help subscale could be  eliminated due to 
redundancy with other items. Finally, the residuals for four 
items (items 1, 4, 13, and 20) on the Examination Anxiety 
scale were allowed to correlate, given the similarity in their 
wording. The resulting model had two factors, Examination 
Anxiety and Asking for Help Anxiety, with seven items loading 
on each factor and correlated errors for four items on the 
Examination Anxiety factor. This modified two-factor  
model fit the data well ( cSB

2   =  49.37, df  =  38.13, p  =  0.105, 
RMSEA = 0.076, CFI = 0.959, SRMR = 0.035) and was retained. 
We  extend O’Bryant (2017) validation study to validating the 
factors across the online and traditional samples using 
measurement invariance.

The purpose of the present study is to determine whether 
scores on O’Bryant (2017) modified two-factor model of statistical 
anxiety are operationalized in the same way for traditional 
and online statistics students. If measurement invariance is 
established, an additional purpose of the present study is to 
compare the latent scores on the Exam Anxiety subscale and 
the Asking for Help Anxiety subscale for online and 
traditional students.

MATERIALS AND METHODS

Institutional Review Board of the University of North Texas 
approved the study. A two-stage sampling procedure was used. 
First, simple random sampling without replacement was used 
to randomly select institutions with social science programs to 
participate in the study. Second, network sampling was used to 
ask instructors of statistics for social science courses to pass 
along the research opportunity to their students. The goal was 
to recruit participants similar to those used in previous validation 
studies (Vigil-Colet et  al., 2008; Chiesi et  al., 2011) for  

comparison purposes. Data were collected online using qualtrics. 
Informed consent was obtained from participants who were 
all 18  years of age or above by asking them to click on a 
page that explained the study, the duration of the survey, and 
letting them know of the anonymity that would be maintained 
with the data. If they agreed to participate they could continue 
answering the questions by clicking on an appropriate button, 
else they could exit the survey. Participants were undergraduate 
students (n  =  323) who were majoring in the social sciences 
and were enrolled in a statistics course. However, data screening 
revealed that 21 respondents took an online-traditional hybrid 
course, and seven respondents did not indicate their class 
format. Because we were only interested in online and traditional 
groups students, and the hybrid group was too small for 
analysis, these cases were dropped from the dataset, leaving 
295 cases with online (n  =  52) and traditional (n  =  243) 
students. Respondents in the final dataset were predominantly 
female (75%), predominantly white (59%), and predominantly 
freshman (38%), with ages ranging from 18 to 63  years 
(M  =  20.64, SD  =  5.37).

RESULTS

Screening
The data were screened for outliers, assumptions of normality, 
and missing values prior to analysis. There were no outliers 
identified. Examination of frequency data on each item revealed 
severely peaked distributions, indicating that scores on the 
5-point Likert-type scale were ordinal; thus, all subsequent 
analyses utilized non-parametric tests. Frequency data for missing 
values revealed a somewhat consistent distribution of missing 
data, with 0.3–4.7% missing per variable. Given the small 
percentage missing per variable and the spread of missingness 
across variables, data were assumed to be  missing completely 
at random (MCAR) and were estimated via Mplus’ default 
estimation for ordinal outcomes with covariates, making use 
of all available data to estimate missing values.

Reliability
Internal consistency of the modified two-factor SAS was measured 
with Cronbach’s α for each class format. The α coefficients 
for the online class format were as follows: Total  =  0.903, 
Exam Anxiety Subscale  =  0.903, and Asking for Help Anxiety 
Subscale  =  0.880. The α coefficients for the traditional class 
format were as follows: Total  =  0.914, Exam Anxiety 
Subscale = 0.886, and Asking for Help Anxiety Subscale = 0.922. 
The entirety of the modified two-factor SAS and its subscales 
were deemed to have high internal consistent for each class 
format (Nunnally, 1978; Nunnally and Bernstein, 1994). 
McDonald’s (1999) omega was computed to be  0.94 for the 
online class format and 0.84 for traditional class format.

Invariance Testing
We used Mplus version 7.6 with means and variance adjusted 
weighted least squares (WLSMV) estimation to test the 
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measurement invariance of the SAS for online and traditional 
statistics students. WLSMV is a robust weighted least squares 
estimator that has been recommended for ordinal level data 
with a sample size greater than 200 (Muthén et  al., 1997, 
unpublished; Rhemtulla et  al., 2012). Because the data were 
ordinal, WLSMV calculates threshold parameters for each 
response variable to estimate the latent, continuous response 
indicators that correspond with each item of the SAS. Response 
indicators were scaled via theta parameterization, fixing the 
variance of each latent indicator to 1  in the reference group.

When comparing nested models, we used χ2 difference tests 
to evaluate between-model statistical significance, with a 
statistically significant result indicating non-invariance across 
models. However, given the sensitivity of χ2 to sample size, 
an a priori decision was made to supplement the χ2 model 
testing parameters with differences in the Comparative Fit 
Index (CFI) and the Root Mean Square Error of Approximation 
(RMSEA), per Chen’s (2007) criteria. Thus, the criteria for 
rejecting model invariance included the joint decision rules 
of (1) a statistically significant χ2 difference (p  <  0.05); (2) a 
change in RMSEA  ≥  −0.005; and (3) a change in CFI  ≤  0.010. 
Note that Chen’s (2007) criteria for a change in Standardized 
Root Mean Square Residual (SRMR) were not included because 
Mplus does not calculate SRMR when using WLSMV estimation 
to evaluate a model with covariates.

Analysis began with a confirmatory factor analysis (CFA) 
for each group, confirming that the O’Bryant (2017) modified 
two-factor model adequately fit the online group and the 
traditional group individually. Therefore, measurement invariance 
was testing by first fitting Model A that is the configural 
invariance model by fixing the factor structure to be  identical 
across groups. Goodness of fit indices and approximate fit 
indices were tenable, indicating that the factor structure was 
the same for each group.

Model B, that is, the metric invariance model, was fitted by 
retaining the factor structure of Model A and adding constraints 
on all factor loadings to be  equal across groups. Model fit was 
tenable and was not statistically significantly different from 
Model A, indicating that the Exam Anxiety factor and Asking 
for Help Anxiety factor were manifested in the same way across 
groups. That is, the relationships between these factors and the 
items that indicate them were identical across online and 
traditional statistics class formats. Note that the χ2 values produced 

by WLSMV estimation are corrected for ordinal level data. As 
such, the χ2 difference tests for nested models were also corrected 
by way of the DIFFTEST option in Mplus.

Model C that is, the scalar invariance was fitted by retaining 
constraints on factor loadings and adding constraints on item 
thresholds. For interval level data, testing scalar invariance 
would involve constraining item intercepts. However, recall that 
scores on items from the SAS were deemed ordinal; as such, 
thresholds for response options determine scores on a latent 
response variable, which indicates the latent factor. Thus, scalar 
invariance requires each threshold for each indicator to be equal 
across groups. Fit indices for Model C were tenable, and the 
fit was not appreciably worse than Model B. Therefore, the 
scalar invariance model was retained.

Finally, Model D, was used to test strict or error variance 
invariance by fixing all error variances to 1. This test deviated 
again from invariance testing with interval level data, in which 
strict invariance is established by constraining the error variances. 
Recall that the latent response indicators were scaled via theta 
parameterization, fixing each variance to 1  in the reference 
group. Thus, strict invariance was tested by fixing the latent 
indicator variances to 1  in both groups. Again, model fit was 
tenable. The scaled χ2 difference test reported a statistically 
significant difference in fit compared with Model C. However, 
Chen’s (2007) criteria for assessing differences in model fit 
using CFI and RMSEA did not indicate appreciably worse fit. 
Model D was retained, and we concluded that the SAS measures 
the statistical anxiety of students in online and traditional 
statistics classes identically. See Table 1 for overall and 
comparative fit indices.

The unstandardized estimates of Model D for both 
groups  are displayed in Figure 1. We  note that we  report 
unstandardized estimates because these are comparable across 
groups of different sample sizes. Standardized factor loadings 
for the online group ranged from 0.682 to 0.856; all were 
statistically significant at the 0.001 level. The correlation 
between the exam factor and help factor for the online group 
was 0.554, indicating the factors were related but distinct. 
Standardized factor loadings for the traditional group ranged 
from 0.659 to 0.886; again, all loadings were statistically 
significant at the 0.001 level. The correlation between the 
exam factor and help factor was 0.591, again indicating the 
factors were related but distinct.

TABLE 1 | Values of selected fit statistics for measurement invariance hypotheses for modified two-factor model of statistics anxiety analyzed across online and 
traditional student samples.

Model Model name c2
SB df Model comparison RMSEA CFI

Online 89.144 71 0.07 [0.0, 0.012] 0.983
Traditional 99.212 0.04 [0.018, 0.058] 0.995
Model A 185.71 142 0.046 [0.024, 0.053] 0.993
Model B Metric invariance 198.718 154 B vs. A 0.044 [0.023, 0.061] 0.993
Model C Scalar invariance 239.053 194 C vs. B 0.04 [0.019, 0.056] 0.993
Model D Error variance invariance 261.041 208 D vs. C 0.042 [0.023, 0.057] 0.992

CI, confidence interval. All results were computed in Mplus for theta parameterization.
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Differences in Statistical Anxieties
Having established the measurement invariance of the modified 
two-factor SAS for online and traditional students, analysis 
proceeded with the primary purpose of this study: determining 
by how much the two groups differed in their average scores 
on the Exam Anxiety subscale and the Asking for Help Anxiety 
subscale. See Table 2 for the variances and means of each 
factor for each group. Note that the online group served as 
the reference group and its factor means were fixed to 0. As 
such, the factor means listed for the traditional group represent 
mean differences across groups. The mean difference in Exam 
Anxiety was 0.048, with online students indicating lower Exam 
Anxiety. The mean difference in Asking for Help Anxiety was 
0.184, with online students indicating higher Asking for Help 
Anxiety. Cohen’s d effect sizes were calculated for both mean 
differences, revealing effect sizes for Exam Anxiety (d  =  0.054) 

and Asking for Help Anxiety (d  =  −0.129) that would 
be  considered a very small effect (Cohen, 1988). Thus, 
we concluded that online statistics students expressed comparable 
levels of statistical exam anxiety, but slightly higher levels of 
asking for help anxiety than traditional statistics students.

DISCUSSION

The purpose of the present study was to determine whether 
the operationalization of statistical anxiety via the modified 
two-factor Statistical Anxiety Scale is the same for samples of 
online students and traditional students. Previous research has 
indicated that online statistics students may represent a distinct 
demographic, being older, with more credit hours earned and 
more courses repeated than their traditional counterparts 
(Dotterweich and Rochelle, 2012). Previous research has also 
indicated online students may possess different intellectual 
strengths, having higher logical-mathematical intelligence than 
their traditional counterparts (Lopez and Patron, 2012). If the 
two populations differ with respect to demographic characteristics 
and intellectual strengths, it may seem probable that they could 
differ with respect to the manner in which they report statistical 
anxiety. However, this was not the case.

Invariance held at every level, indicating that the modified 
two-factor SAS measures statistical anxiety manifests in the 
same way for online and traditional statistics students. These 
findings are further strengthened by the fact that the sample 
for the present study was drawn via random cluster sampling 
of colleges and universities throughout the United States. Thus, 
the SAS would appear to be  a versatile measure of statistical 
anxiety. This finding answers Chew and Dillon’s (2014) call 

FIGURE 1 | Unstandardized estimates for traditional and online groups.

TABLE 2 | Robust weighted least squares estimates of unconstrained 
parameters for Model D of statistics anxiety analyzed across online and traditional 
student samples.

Online Traditional

Parameter Unstd SE Std Unstd SE Std

Exam factor
Variance 0.87 0.25 1 0.77 0.17 1
Mean 0 – 0 0.05 0.15 0.05

Question factor
Variance 1.57 0.41 1 2.15 0.35 1
Mean 0 – 0 −0.18 0.21 −0.13

Factor covariance 0.65 0.17 0.55 0.76 0.14 0.59

Std, Standardized; Unstd, Unstandardized.
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to confirm the factor structure of the SAS with diverse samples 
and provides a foundation for future research using the SAS 
with classes of varied formats.

Given that the modified two-factor model of the SAS is 
comprised of only 14 items, and scores on these items are 
valid for both online and traditional students, statistics instructors 
may consider administering this instrument to students in 
order to gauge anxiety and adjust instruction accordingly. 
Researchers have identified a number of effective interventions, 
including the use of humor (Pan and Tang, 2004), problem-
solving games (D’Andrea and Waters, 2002), and instructor 
immediacy (Williams, 2006). Thus, the SAS could serve as a 
diagnostic tool, presenting instructors with student feedback 
to inform instruction.

An added purpose of this study was to compare mean 
scores for Exam Anxiety and Asking for Help Anxiety across 
class formats. Effect size estimates revealed that mean differences 
were negligible for exam anxiety and a lower asking for help 
anxiety for traditional students. This is contrary to popular 
belief that students have lesser inhibitions in reaching out for 
help when they are learning within the relative privacy and 
social safety of online education. However, the effect size is 
too small to make conclusions regarding these differences.

Our findings lend additional support to DeVaney’s (2010) 
finding that online and traditional students had comparable 
levels of anxiety upon completion of an introductory statistics 
course. Furthermore, DeVaney reported that online students 
had higher statistical anxiety than traditional students at the 
beginning of the course. Thus, if online students do not appear 
to carry greater statistical anxiety, as our study suggests, and 
if the online class format may even soothe statistical anxiety, 
as DeVaney’s work suggests, then online statistics education 
seems to present a viable alternative to traditional, face-to-
face instruction.

Institutions of higher learning have reported offering online 
courses in the interest of meeting student demand for flexible 
scheduling, providing college access to students who may not 
otherwise have access, making courses more available, and 
seeking to increase student enrollment (Parsad and Lewis, 
2008). As a convenient class format for students, and a cost-
effective class format for institutions of higher learning, 
capitalizing on the pragmatic advantages of online education 
may allow a greater number of students to access statistics 
education, and a greater number of institutions to offer 
statistics education.

A major limitation of the present study is its small sample 
size. It is recommended that this study be  repeated for larger 
samples so as to address the generalizability of the study. Perhaps 
administering a pre- and post-survey to examine statistics anxiety 
before and after taking traditional and online courses is another 
avenue for future research. Future research might seek to clarify 
the relationship between class format, statistical anxiety, and 
performance outcomes. Given the established relationship between 
statistical anxiety and performance outcomes (e.g., Galli et  al., 
2008), and the conflicting findings regarding the relationship of 
class format to performance outcomes (e.g., Scherrer, 2011; 
Dotterweich and Rochelle, 2012), there exists the possibility that 
class format and statistical anxiety interact to influence performance 
outcomes. Examination of all three variables in context may 
serve to clarify their relationships and inform future instruction. 
Regardless, insofar as the present study stands, online and 
traditional statistics students experience similar levels of anxiety, 
indicating that online instruction is a viable means of delivering 
statistics education.
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