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Studies of test score comparability have been conducted at different stages in the history of testing to ensure that test results carry the
same meaning regardless of test conditions. The expansion of at-home testing via remote proctoring sparked another round of interest.
This study uses data from three licensure tests to assess potential mode effects associated with the dual option of on-site testing at test
centers and at-home testing via remote proctoring. We generated propensity score weights to balance the two self-selected groups in
order to detect the mode effect on the test outcomes. We also assessed the potential impact of omitted variables on the estimated mode
effect. Results of the study indicate that the demographic compositions of the test takers are similar before and after the introduction
of the RP option. Examinees under the two testing modes differ slightly on certain background variables. Once the group differences
are adjusted by propensity score weighting, the estimated mode effects are small and nonsystematic across test titles overall. We note
some variations across subgroups based on gender and race.
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Introduction

At-home testing via remote proctoring (RP) was introduced in spring 2020 by many testing organizations during the
widespread shutdown caused by the COVID-19 pandemic (Camara, 2020); this dual-option practice will probably con-
tinue. Although examinees appreciate the convenience of test taking without leaving their homes, the coexistence of two
test modes creates a scenario for potential fairness issues (Hu, 2020). The choice of RP testing may be affected by factors
unrelated to the test construct, as RP testing has technical requirements for equipment and internet connection, as well
as requiring access to a quiet personal space for an extended period of time (Muckle et al., 2022). Test takers may also
choose to take tests at home, which causes a lower level of anxiety (Stowell & Bennett, 2010). The reverse could also be
true, as faculty and students initially raised concerns over student privacy and added test anxiety brought about by remote
monitoring (Flaherty, 2020; Patil & Bromwich, 2020). The two self-selected groups are probably not equivalent, and any
observed difference in the test outcome is a compound of many factors (Brown et al., 2023). Careful investigation is needed
to separate the self-selected group differences from the observed outcome differences to detect the test mode effect (ME)
or other factors of interest.

Studies of test score comparability have been conducted at different stages in the history of testing. In the days of
paper-based testing (PBT), there were studies of the equivalence of alternate test forms, such as test forms with item
scrambling. Special data collection designs (e.g., equivalent groups) and equating were used to adjust for possible dif-
ferences to ensure equivalence of test scores (Harris, 1991). When computer-based testing (CBT) was first introduced,
studies were conducted addressing the comparability of test scores from CBT and PBT (Jeong, 2014). Studies were also
conducted to address the comparability of test taking on different devices (Chen et al., 2014) or with different presentation
features, such as screen size and screen resolution (Bridgeman et al., 2001). T ke common goals in this line of inquiry are
to establish evidence that test scores carry the same meaning across different testing situations and to detect and control
for factors contributing to any differential effects related to test conditions (Bennett, 2003).

In the ideal scenario, pilot studies are conducted to randomly assign test takers to alternate testing formats or conditions
so that direct comparison can be made of test outcomes across conditions. In most practical situations, however, random
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assignment is not an option. For example, in K- 12 state assessments, school districts may administer tests with either PBT
or CBT using difference devices, mostly based on their resources and everyday instructional practices. In such cases, statis-
tical methods are available to remove the impact of non-content-related factors. Duque (2016)’s research employed scores
from Partnership for Assessment of Readiness for College and Careers (PARCC). Duque used hierarchical linear model-
ing to compare differences in PARCC scores based on test mode, with students nested in schools controlling for student
characteristics such as race/ethnicity, gender, special education, learner status, and prior achievement. Liu et al. (2016)
studied PARCC mode effects by matching schools within each state based on student demographic characteristics using
propensity score matching.

Not all changes in testing were planned, and the COVID-19 pandemic presented a “salient example of unexpected
disruption” (Baldwin & Clauser, 2022, p. 140). The expansion of at-home testing via remote proctoring sparked another
round of interest in studying score comparability. Puhan and Kim (2022) summarized statistical procedures that could
be used to evaluate potential mode effects at both the item level and the total test level. They also compared the linking
relationship between the test center (TC) and the at-home testing groups to determine the reporting score conversion
from a subpopulation invariance perspective. Jones et al. (2022) used two methods to detect mode effects. First, they
calibrated the same pool of items separately using two TC cohorts and one online proctoring (OP) cohort and found the
results to be more similar between the two TC cohorts, therefore indicating mode effects. For the second method, the
authors studied repeat test takers in either the same or a different modality, forming two pairs of repeaters (TC-TC vs.
TC-OP and OP-OP vs. OP-TC), matched on their first-attempt scores. All four groups had increased pass rates, and a
noticeable mode effect was found in both pairs, but less strongly in the OP-TC condition.

Kim and Walker (2021) used a pseudo-equivalent groups (PEG) approach to examine TC and RP comparability at
both the item score and test score levels for three licensure tests. They used examinee background information to construct
weights via minimum discriminant information adjustment (MDIA; see Haberman, 2014, 2015) to transform self-selected
groups into pseudo-equivalent groups. At the item level, they compared TC versus RP item difficulty differences from
two methods (i.e., delta adjustment and PEG adjustment) to detect mode effect. Their results show small nonsystematic
differences between TC and RP. At the test level, the PEG-adjusted RP group conversion was compared to the original TC
group conversion; the differences were found to be small, leading to the same pass/fail outcome for most test takers. The
study found small and nonsignificant mode effects for the test titles investigated.

These earlier studies were conducted shortly after the COVID-19 pandemic and focused on the total test taker group.
The current study used data over a longer time period (from September 2016 to August 2022) to identify the pattern of
test participation and performance under the TC and RP dual-mode condition. Test participation pattern was defined
as the proportion of examinees choosing the RP option. Test performance was measured by mean scale score and pass
rate. We used propensity score weighting (PSW) based on existing background information to balance the TC and RP
groups before estimating the mode ef £ct. We also conducted sensitivity analyses to assess the potential impact of omitted
variables (OVs) on the results. We studied the pattern in the total group as well as in subgroups based on gender and race
to address four questions:

1. Is there any significant difference in the demographic composition of the test-taking population before and after
the introduction of RP testing?

2. What is the participation and performance pattern of TC versus RP in the test-taking population?

Is there evidence for a systematic and substantial test mode effect?

4. Isthe TC versus RP test performance pattern consistent across subgroups based on gender and race?

w

Data

We conducted preliminary analyses on data from 10 licensure tests and decided to include 3 in this study based on several
considerations. First, these tests have large enough test taker volumes to allow for in-depth analysis at the subgroup level.
Second, the tests are of distinctive content areas and therefore have somewhat different test taker populations. The three
tests also have different test formats. Tests 1 and 3 include multiple-choice (MC) items only, and Test 2 includes both MC
items and constructed-response items. Table 1 lists the main features of the three selected test titles.

The RP test option first started in May 2020, toward the end of the 2019-2020 testing year; however, we included data
for six testing years, from September 2016 to August 2022, to provide a broader context for understanding the impact of
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Table 1 Features of the Three Studied Tests

Test 1 Test 2 Test 3
Test format MC only MC+CR MC only
Average annual volume 4,700 15,000 3,400
First timers (%) 76 90 58
Scale score range 100-200 100-200 100-200
Median score 170 176 165
Standard error of measurement 5.5 5.1 5.6
Standard error of scoring NA 2.1 NA
Launch of remote proctoring test option May 2020 June 2020 September 2020

Note. CR = constructed response. MC = multiple choice. NA = not applicable.

Table 2 Demographic Composition of First-Time Test Takers From September 2016 to August 2022

Test 1 Test 2 Test 3
Before RP Since RP Before RP Since RP Before RP Since RP
launch launch launch launch launch launch

Total group 11,836 9,474 43,985 23,618 7,872 3,779
Gender (%)

Male 4 3 10 11 59 59

Female 96 97 90 89 41 41
Race/ethnicity (%)

African American 15 16 7 8 14 16

Hispanic 8 7 3 5 3 3

White 64 66 80 77 72 70

Note. RP = remote proctoring.

the change. We included only first-time candidates to remove the confounding factors of repeated attempts (e.g., practice
effect). We then focused on the dual test option period for TC and RP comparisons, propensity score weighting, and mode
effect estimation.

Table 2 provides sample sizes and the demographic composition! for the studied period. Theresults indicate that gender
and race composition is similar before and after the introduction of RP. The three studied tests are in different content
areas, and their test candidate populations are somewhat different. The Test 1 candidate pool is overwhelmingly female,
whereas the Test 3 candidate pool includes more men than women. Both Test 1 and Test 3 have higher percentages of
African American test takers than Test 2, and Test 1 also has a higher percentage of Hispanic test takers.

Methods

For each test, we first examined descriptive statistics to identify the overall pattern of participation and mean performance
before and after the launch of RP testing. We then focused on the period with both test options to examine the patterns
for TC and RP modes. We calculated the mean scaled score and pass rate? by test mode (TC or RP) for the total group as
well as by subgroup based on gender and race. We also calculated the RP participation rate in each group.

Since examinees self-selected to take TC or RP, the observed performance differences between TC and RP are
confounded with group differences. Kim and Walker (2021) used the MDIA approach to adjust for group differences
and create pseudo-equivalent groups. We used propensity score weighting in this study, which is more accessible with
multiple statistical packages available (Keller & Tipton, 2016; SAS Institute, 2016). The propensity score, p(X;), is defined
by Rosenbaum and Rubin (1983) as the probability of group membership, r;, given a set of covariates or background
variables, X;. Propensity scores can be estimated using logistic regression (PSMATCH in SAS) or other methods, such as
the generalized boosted models in the R twang package (McCaf fey et al., 2004; Ridgeway, 2006; Ridgeway et al., 2023).

The covariates in this study were self-reported information that candidates provided during test registration, includ-
ing date of birth, gender, race/ethnicity, linguistic background, educational background (e.g., undergraduate major and
grade point average), types of teacher training programs (e.g., master’s program or fifth-year program), years of teaching
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experience, teaching career plan, geographical region (urban, suburban, or rural), and so on. These responses were dummy
coded for the propensity score analysis. Appendix A provides a list of all covariates considered in this study.

We chose propensity score weighting instead of propensity score matching so that we could keep all eligible cases in
the analysis.> We used the R twang package to estimate the average treatment effect in the treated (ATT) weights and
matched the RP group to the TC group; that is, we took the TC as the baseline condition and compared the weighted RP
results to the observed TC results to assess the mode effect. In this scenario, the TC group is the target group (r; = 1)
and the RP group is the control group (r; = 0). Each TC case has a weight of 1, and each RP case has a weight of w(x;),
calculated using

() = 2

=—. (1)
1-p(x;)

We examined distributions of all covariates for TC and RP groups and found the distributions to be very similar. We
focused on the mean to summarize the differences and reported the pre- and post- weighting standardized mean difference
(SMD) between TC and RP groups for each covariate in the model to evaluate group balance. The SMD is estimated by

sMD = H1c — Hre )
[0}

We then estimated the mode effect (ME) in the outcome measures (y;), that is, mean test score and pass rate, using

Z,I-il 1Y Zil (1 - ri) w (xi))’i

ME = -

Zf; Ti Zf\il (l—ri)w(xi)

Because r; is either 0 or 1, the first term in Equation 3 is the average outcome of the TC group. The second term is the
weighted average of the RP group, as the (1 — ;) term selects out all the TC group cases.

We estimated the mode ef éct using the mean scale score and pass rate in the total group as well as in subgroups by
gender (male and female) and race (White, African American, and Hispanic). A positive ME indicates that the TC group
has higher performance, whereas a negative ME means that the RP group has higher performance.

Ideally, the estimated ME is close to 0; if that is not the case, then either there is a substantial mode effect, or some
important differences are not captured by the weights. The effectiveness of propensity score weighting depends on the
availability of relevant and adequate background variables. We used the R OVtool package (Burgette et al., 2022; Grif fri
et al., 2020) to assess the sensitivity of the mode effect estimates and statistical significance to unobserved variables based
on characteristics of observed ones. Basically, the tool illustrates how the estimated effect would change if an omitted
variable were included in the propensity score model. The assumption is that the omitted variable is similar to an observed
variable in terms of its relationship with the group membership and the outcome.

3)

Results

We present the results for each test, providing (a) descriptive statistics on test participation and performance, (b) SMD on
covariates before and after weighting to assess group balance, (c) estimated mode effect with PSW, and (d) sensitivity to
omitted variables. We then summarize the total group results across the three tests. Additionally, we explore alternative
models for the African American group on Test 3 to address the subgroup differences.

Test 1 Total Group Results

Figure 1 shows 6-year trends in test volume and mean scale score for Test 1. Test volume had been declining for 4 con-
secutive years, with a bigger drop in 2019-2020, probably due to the COVID-19 pandemic. It bounced back by almost
50% in 2020-2021, then returned to the 2016 -2017 level in 2021 -2022. The mean scale score is stable across the 6 years,
with a slight increase in the first 3 years and a slight decrease in the last 2 years. Since the launch of RP in May 2020,
approximately 61% of first-time test takers have chosen the RP option.
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Figure 1 Test 1 first-time participation and mean performance by testing year. RP = remote proctoring. SS = scale score. TC = test
center.

Table 3 Observed Test Outcome by Test Center and Remote Proctoring: Test 1 (TC — RP)

Scale score Pass rate
Mean Effect Pass rate Difference Effect
Group N RP% M SD difference size (%) (%) size
Total —=2.01** —0.13 —3.63"* —0.11
TC 3,722 168.6 16.1 84.6
RP 5,752 61 170.6 14.6 88.2
Male —1.85 —0.12 —2.46 —0.07
TC 137 167.3 17.5 81.8
RP 190 58 169.2 15.7 84.2
Female —2.01** —0.13 —3.65** —0.11
TC 3,585 168.7 16.1 84.7
RP 5,562 61 170.7 14.5 88.4
White —0.46 —0.04 —0.82 —-0.03
TC 2,329 173.2 12.7 93.3
RP 3,948 63 173.7 12.1 94.2
African American —1.88** —0.11 -3.37 -0.07
TC 662 158.3 17.4 64.1
RP 841 56 160.2 17.1 67.4
Hispanic —3.39%* —0.20 —-2.79 —0.06
TC 298 160.2 18.1 72.8
RP 369 55 163.6 15.5 75.6

Note. RP = remote proctoring. TC = test center. *Unweighted difference statistically significant at p <.05. **Unweighted difference
statistically significant at p <.01.

Observed Test Outcome by TC and RP

Table 3 provides the observed test outcomes on Test 1 by test mode (TC or RP) for the total group as well as for the
subgroups based on gender and race since the launch of RP in May 2020. The RP participation rate is 61% in the total
group, with small variations across subgroups, that is, male (58%) lower than female (61%) and African American (56%)
and Hispanic (55%) lower than White (63%). Overall, the RP group has a slightly higher average performance than the
TC group in terms of mean scale score (2.01 points) and pass rate (3.63%). Women account for 96% of the first-timer test
takers on Test 1, with a slightly larger observed TC-RP difference than observed for men. The White group has a much
smaller observed TC-RP performance difference than the African American group and the Hispanic group. The observed
dif érences are statistically signif tant for the total group and some subgroups, but the ef £ct sizes are small (<.20).

Figure 2 shows the scale score distributions by TC and RP for the total group as well as for subgroups based on gender
and race. For Test 1, the RP group test performance is slightly higher than it is for the TC group. The observed TC and RP
scale score distributions appear to be very close for the total group, with some variations across the subgroups.
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Figure 2 Test 1 scale score distributions by test mode. RP = remote proctoring. TC = test center.

Group Balance

Figure 3 displays the SMDs between the RP and TC groups on the covariates included in the propensity score model for
Test 1. Positive SMDs indicate larger values for the TC group. In general, effect sizes under .20 are considered small. The
unweighted SMDs are <.10 in absolute value for all except two variables. Relatively larger group differences are observed
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Figure 3 Standardized mean differences on covariates for Test 1. SMD = standardized mean difference.
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Figure 4 Test 1 mean scale score difference (TC — RP). ATT = average treatment effect in the treated. *Unweighted difference statisti-
cally significant at p <.05. **Unweighted difference statistically significant at p <.01.

for two variables, indicating that the RP group is younger (i.e., age) and has a higher percentage of test candidates who self-
identified as White (i.e., race4). The weighted SMDs are reduced to close to zero, indicating a good balance between the
two groups after weighting. Table B1 in Appendix B provides both the weighted and unweighted SMDs for all covariates
in the propensity score model for Test 1.

Weighted Test Outcome by TC and RP

With the PSW results, we can estimate the mode effect for Test 1. Figure 4 displays the mean scale score differences.
For context, the scale score standard deviation is approximately 15 for Test 1. Overall, RP performance is higher than
TC performance. For the total group, the observed mean score difference is approximately 2 points. The observed mean
difference is similar across gender, smaller for the White group, and larger for the Hispanic group. The observed score
difference is significant, p < .05, for all groups except male and White. The ATT weighted mean score difference is smaller
for each group and not statistically significant.
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Figure 5 Test 1 pass rate difference (TC —RP). ATT = average treatment effect in the treated. *Unweighted difference statistically
significant at p <.05. **Unweighted difference statistically significant at p <.01.

Figure 5 displays the pass rate differences. Overall, RP performance is higher than TC performance. For the total group,
the observed pass rate difference is approximately 3.6%. The observed pass rate difference is significant, p <.05, for the
total group and the female group. The ATT weighted pass rate difference is smaller for each group and not statistically
significant. This pattern is consistent across subgroups, with some small variations. Table B2 in Appendix B provides the
weighted differences in mean scale score and pass rate in the total group as well as in subgroups based on gender and race
for Test 1.

Sensitivity Analyses

Figure 6 illustrates the sensitivity analyses for Test 1, where the estimated mode effect on scale score is —0.564 (i.e., TC
performance is slightly lower than RP performance), p = .121. The figure shows how the estimated effect (indicated by
the black solid contours) and the p-value (indicated by the red contours) would change as a function of an OV that is
somewhat similar to the observed covariates. The X-axis indicates the association with treatment (i.e., choice of TC or
RP) expressed as the SMD of the OV between the TC and RP groups, and the Y-axis is the correlation between the OV
and the outcome (i.e., scale score). The black solid contours represent the adjusted effect estimates. Thered contours show
how statistical significance is impacted. The blue dots represent OV's similar to the observed variables. For example, if an
OV similar to race2 were added to the model, the estimated effect would be close to —1.0 with p ~.01. On the other hand,
if an OV similar to race4 were added, it could change the estimated ef £ct to roughly above 0.1 with p > .10. In Figure 6,
most blue dots concentrate in the lower center area of the plot, indicating a weaker relationship to the outcome and with
little impact on the estimated ME. Based on Figure 6, we can conclude that the Test 1 results are reasonably robust to OV's
and that the estimated ME is trustworthy; that is, TC performance is slightly lower (by <1.0 point) than RP performance
for Test 1.

Test 2 Total Group Results

Figure 7 shows the 6-year trends in test volume and mean scale score for Test 2, which are very similar to the trends for Test
1. The annual test volume declined for the first 4 years, with a bigger drop in 2019-2020 due to the COVID-19 pandemic.
It bounced back by an increase of over 36% in 2020-2021, then fell slightly in 2021 -2022. The mean scale score is stable,
with slight decreases in 2020-2021 and 2021 -2022. Since the launch of RP in June 2020, approximately 57% of first-time
test takers have chosen the RP option.

Observed Test Outcome by TC and RP

Table 4 provides the observed test outcome on Test 2 by test mode (TC or RP) for the total group as well as for the
subgroups based on gender and race since the launch of RP in June 2020. The RP participation rate is 57% in the total
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Figure 7 Test 2 first-time participation and mean performance by testing year. RP = remote proctoring. SS = scale score. TC = test

center.

group, with very small variations across subgroups: male (55%) lower than female (57%), and African American (58%)
slightly higher than White and Hispanic (both 57%). Overall, the TC group performance is slightly higher than the RP
group performance in terms of mean scale score (0.40 points) and pass rate (0.47%). For female first-time test takers, the
TC group has slightly higher performance, whereas in the male group, RP performance is slightly higher. In the White
group, TC performance is slightly higher, whereas for the African American and Hispanic groups, RP performance is
slightly higher. The observed differences are statistically significant for the total group and some subgroups, but the effect

sizes are small (<.10).
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Table 4 Observed Test Outcome by Test Center and Remote Proctoring: Test 2 (TC — RP)

Scale score Pass rate
Mean Effect Pass rate Difference Effect
Group N RP% M SD difference size (%) (%) size
Total 0.40"* 0.04
TC 10,199 173.8 11.1 88.6 0.47 0.01
RP 13,419 57 173.4 11.4 88.1
Male —-0.16 —0.02
TC 1,171 171.0 12.0 82.6 —1.10 —0.03
RP 1,452 55 171.2 12.3 83.7
Female 0.49** 0.04
TC 9,028 174.1 11.0 89.4 0.71 0.02
RP 11,967 57 173.6 11.3 88.7
White 0.76"* 0.07
TC 7,855 174.9 10.4 91.5 1.62* 0.06
RP 10,422 57 174.2 10.8 89.9
African American —-1.11 —0.09
TC 765 167.4 12.2 73.5 —4.26* —0.10
RP 1,055 58 168.5 13.4 77.7
Hispanic —0.45 —0.04
TC 485 168.7 12.9 77.5 —1.41 —0.03
RP 641 57 169.2 13.4 78.9

Note. RP = remote proctoring. TC = test center. *Unweighted difference statistically significant at p <.05. **Unweighted difference
statistically significant at p <.01.

Figure 8 shows the scale score distributions by TC and RP for the total group as well as for subgroups based on gender
and race. For Test 2, the observed test performance distributions in the total group are almost identical for TC and RP;
however, there are greater variations in the smaller subgroups (i.e., male, African American, Hispanic).

Group Balance

Figure 9 displays the SMDs between the RP and TC groups on the covariates included in the propensity score model
for Test 2. T ke unweighted SMDs are mostly <.10 in absolute value, except for a few variables. Compared to the TC
group, the RP group has a lower percentage of candidates who plan to enroll or were enrolled in a teacher preparation
program (i.e., teach_statusl), and they are less likely to get teacher preparation through an undergraduate degree (i.e.,
teach_prepl). The RP group has more recent college graduates during the last 1-3 years (i.e., YRS_SNC_COLLEGE2)
and a higher percentage with 1-3 years of teaching experience (i.e., teach_status3). Table B3 in Appendix B provides both
the weighted and unweighted SMDs for all covariates in the propensity score model for Test 2.

Weighted Test Outcome by TC and RP

We can now use the PSW results to estimate the mode effect for Test 2. Figure 10 displays the mean scale score dif-
ferences. For context, the scale score standard deviation is approximately 11 for Test 2. For the total group, TC per-
formance is slightly higher than RP performance. The observed score difference is less than 1 scale score point for all
groups, except African Americans. The magnitude of the ATT weighted differences is slightly larger for some groups
but still all within 1 point. There is some variation across subgroups; in particular, RP group performance is higher
than TC group performance for the African American and Hispanic groups. The differences are statistically signifi-
cant, p < .01, for the total group, the female group (unweighted only), and the White group, probably owing to the larger
sample sizes.

Figure 11 displays the pass rate differences. The pattern is very similar to the scale score differences. Table B4 in
Appendix B provides the weighted differences in mean scale score and pass rate in the total group as well as in subgroups
based on gender and race for Test 2.
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Figure 8 Test 2 scale score distributions by test mode. RP = remote proctoring. TC = test center.

Sensitivity Analyses

Figure 12 illustrates the sensitivity analyses for Test 2, where the estimated mode effect on scale score is 0.569 (i.e., TC
performance slightly higher than RP performance) and is statistically significant. The blue dots, which represent OVs
similar to the observed variables, concentrate in the lower right side of the plot, indicating that the OVs could reduce
the estimated effect somewhat. For example, if an OV similar to UGPA1 were added, the estimated effect could change
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Figure 9 Standardized mean differences on covariates for Test 2. SMD = standardized mean difference.
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Figure 10 Test 2 mean scale score difference (TC — RP). ATT = average treatment effect in the treated. **Unweighted difference sta-
tistically significant at p <.01. **Weighted difference statistically significant at p < .01.

to roughly 0.45 scale score point with p <.01. Based on Figure 12, we can conclude that the Test 2 results are reasonably
robust to OVs and that the estimated ME is trustworthy; that is, TC performance is slightly higher (by <0.6 point) than
RP performance for Test 2.

Test 3 Total Group Results

Figure 13 shows the 6-year trends in test volume and mean scale score for Test 3. The annual test volume was relatively sta-
ble across the first 3 years, reaching a peak in 2018 -2019. Test volume showed a noticeable dip of almost 30% in 2019-2020
due to the COVID-19 pandemic. Test volume bounced back in 2020-2021, then fell again slightly in 2021-2022. The
mean scale score has a very slight downward trend until 2019-2020, then rises slightly over the next 2 years.
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Observed Test Outcome by TC and RP

Table 5 provides the observed test outcome on Test 3 by test mode (TC or RP) for the total group as well as for the
subgroups based on gender and race since the launch of RP in September 2020. The RP participation rate is 61% in the
total group, with small variations across subgroups: male (60%) lower than female (62%), and Hispanic (60%) slightly
lower than White and African American (both 61%). Overall, the RP group has slightly higher average performance than
the TC group in terms of mean scale score (1.05 score point) and pass rate (1.75%). The female group has a slightly smaller
observed TC — RP difference than the male group. The White group has a much smaller observed performance difference
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Figure 13 Test 3 first-time participation and mean performance by testing year. RP = remote proctoring. SS = scale score. TC = test
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Table 5 Observed Test Outcome by Test Center and Remote Proctoring: Test 3 (TC — RP)

Scale score Pass rate
Mean Effect Pass rate Difference Effect
Group N RP% M SD difference size (%) (%) size
Total —1.05* —0.08
TC 1,488 163.9 13.4 71.7 -1.75 —0.04
RP 2,291 61 164.9 12.5 73.5
Male -1.19* —0.09
TC 889 162.9 13.6 69.0 —2.53 —0.06
RP 1,322 60 164.1 13.0 71.5
Female —0.75 —0.07
TC 599 165.3 13.0 75.8 —-0.37 —0.01
RP 969 62 166.1 11.7 76.2
White —0.52 —0.05
TC 1,031 166.5 11.4 80.1 0.02 —0.00
RP 1,603 61 167.1 10.6 80.1
African American —4.37%* —0.28
TC 236 152.1 15.2 36.9 —13.27%* —0.27
RP 363 61 156.5 15.7 50.1
Hispanic -2.05 —0.17
TC 44 160.8 13.7 61.4 —-2.27 —0.05
RP 66 60 162.9 12.0 63.6

Note. RP = remote proctoring. TC = test center. “Unweighted difference statistically significant at p <.05. **Unweighted difference
statistically significant at p <.01.

than the African American group and the Hispanic group. The observed differences are statistically significant in some
groups, with mostly small effect sizes, except for the African American group.

Figure 14 shows the scale score distributions by TC and RP for the total group as well as for subgroups based on
gender and race. For Test 3, RP performance is slightly higher than TC performance in general; however, the TC and RP
score distributions differ noticeably from each other for the African American group. One may ask whether this noticeable
difference is due to self-selection bias or test mode effect.

Group Balance

Figure 15 displays the SMDs between the RP and TC groups on the covariates included in the propensity score model for
Test 3. The unweighted SMDs are all <.10 in absolute value, except for one variable (i.e., Umajor9), indicating that the
RP group is more likely than the TC group to have an undecided undergraduate major. Table B5 in Appendix B provides
both the weighted and unweighted SMDs for all covariates in the propensity score model for Test 3.
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Figure 14 Test 3 scale score distributions by test mode. RP = remote proctoring. TC = test center.

Weighted Test Outcome by TC and RP

We can now use the PSW results to estimate the mode ef £ct for Test 3. Figure 16 displays the mean scale score dif £rences.
For context, the scale score standard deviation is approximately 13 for Test 3. RP performance is higher than TC perfor-
mance for all groups. The observed mean score difference is approximately 1 point at the total group level; the weighted
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Figure 15 Standardized mean differences on covariates for Test 3, total group model. SMD = standardized mean difference.
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Figure 16 Test 3 mean scale score difference (TC — RP). ATT = average treatment effect in the treated. *Unweighted difference statis-
tically significant at p <.05. **Unweighted difference statistically significant at p <.01. *Weighted difference statistically significant at
p <.05. **Weighted difference statistically significant at p <.01.

difference is smaller, but not by much. This pattern is consistent across subgroups; however, the performance difference
is much larger for the African American group.

Figure 17 displays the pass rate differences, with a pattern similar to the scale score differences. The pass rate difference
for the African American group is much larger than the difference in other subgroups. Table B6 in Appendix B provides
the TC — RP weighted differences in mean scale score and pass rate in the total group as well as in subgroups based on
gender and race for Test 3.

Sensitivity Analyses

Figure 18 illustrates the sensitivity analyses for Test 3, where the estimated mode ef £ct on scale score is —0.931 (i.e., TC
performance is lower than RP performance), p = .038. The blue dots represent OVs similar to the observed variables,
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Figure 18 OVtool sensitivity plot for Test 3, total group.

and they concentrate in the center, around the —0.9 black contour line. If an OV similar to Teach_area3 were added, the
estimated ef éct could change to roughly —0.80 scale score point with p <.10. Based on Figure 18, we can conclude that
the Test 3 results are reasonably robust to OVs and that the estimated ME is trustworthy at the total group level; that is,
TC performance is slightly lower (by <1 point) than RP performance for Test 3. However, we could not help but wonder

about the much bigger estimated effect in the African American group from the preceding analyses.

Summary of Total Group Propensity Score Weighting Results

Across the three tests included in this study, we can make a few general observations on the total group PSW model results:
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e Thedemographic composition of the examinee population, in terms of gender and race, is similar before and after
the launch of the RP test option.

e From the beginning of RP testing (launched in May, June, and September 2020) until August 2022, more than half
of first-time examinees have chosen RP over TC. The RP participation rate is fairly consistent across gender and
race groups.

e Theobserved performance differences between the TC and RP groups are generally small and inconsistent across
tests. The performance difference is consistent across gender groups but tends to be larger for the non-White groups,
which have much smaller sample sizes.

e The TC and RP groups have similar distributions on the background variables with very small SMDs (i.e., mostly
<.10). The PSW effectively adjusts the group differences on existing covariates, creating pseudo equivalent groups
(in terms of the background variables).

o At the total group level, the estimated mode ef £cts on mean scale score are less than 1 scale score point (—0.6,
0.6, and — 0.9, respectively) for the three studied tests, and the estimated mode effects for pass rates are less than 2%
(—1.0%, 0.8%, and — 1.7%, respectively) for the three tests. These results provide evidence for small and inconsistent
mode effects.

e At the subgroup level, the estimated mode ef £cts show some variation.

Test 3 African American Subgroup Results

The large estimated effect in the African American group for Test 3 is intriguing. One wonders if the bigger difference
is due to differential mode effect or if some important variables have been missing from the PSW model. We explored
the existing data more closely and found that African American candidates for Test 3 appear to concentrate in a small
number of states, whereas similar concentrations are not observed in the total group. We included additional variables in
alternative propensity score models representing these states: attending institution (AI) and designated institution (DI;
the institution where test scores would be sent) for Arkansas (AR), Louisiana (LA), North Carolina (NC), and Virginia
(VA); see Table B7 in Appendix B for a complete list of variables for Test 3 African American subgroup analysis.

Alternative Propensity Score Weighting Models

We compared estimated ef écts for African American group using three alternative models: Model 1 and Model 2 are
both based on the total group data, but Model 2 includes additional state covariates. Model 3 also includes additional state
covariates but is based on the African American group data only. Table 6 provides the estimated effects using weights from
these three models. Of the two total group —based models, the estimated ME from Model 2 is somewhat smaller with the
additional state variables. T Ie subgroup-based Model 3 yields the smallest estimated mode ef £ct.

Group Balance

Figure 19 displays the SMDs between the RP and TC groups on the covariates included in Model 3. We see several effect
sizes above .10, including several state variables (DI_VA, AI_VA, DI_LA, and AI_LA). The weighted SMDs are closer to
zero, indicating improved balance between the two groups. Table B7 provides the SMDs for all covariates in Test 3, Model
3. It is noted that the African American group is much smaller (n = 599) than the total group (N = 3,779) and therefore
more prone to random error.

Table 6 Estimated Effects From Alternative Models for Test 3, African American

SS Pass rate
Model Sample Covariates Difference: weighted p-Value Difference: weighted (%) p-Value
1 Total Without states —4.02 0.003 —12.65 0.003
Total With states —3.38 0.012 —9.81 0.022
3 Afr. Am. With states —2.86 0.063 —9.74 0.041
Note. SS = scale score.
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Figure 19 Standardized mean differences on covariates: Test 3, African American subgroup model. SMD = standardized mean differ-
ence.

Sensitivity Analyses

Figure 20 illustrates the sensitivity analyses for Test 3, Model 3, where the estimated ME on scale score is —2.86 (i.e., TC
performance lower than RP performance). The blue dots representing the OV's concentrate mostly in the center, between
the black contour lines of —3.2 and — 2.6. One state variable (DI_LA) is on the far left side, meaning that if an OV similar
to DI_LA were added to the model, the estimated effect would change to below —2.4 with p > .10. Based on Figure 20,
we can conclude that the Model 3 results are reasonably robust to OV that are similar to the observed covariates. TC
performance is lower (by about 3 points) than RP performance for the African American group on Test 3.

Discussion

As aresponse to COVID-19, many testing programs introduced RP testing in 2020, and this has become regular practice.
Examinees self-selected to take the TC or RP option instead of being randomly assigned, so the two groups are likely
to be nonequivalent in their backgrounds (demographic, academic, or professional), ability levels, and test performance.
To ensure test validity, scores from different testing conditions must be comparable, without being affected by test mode
effects or other related concerns, such as test security breaches.

Perhaps the most effective way to test for mode effects is by randomizing testing conditions across a large group of test
takers and comparing results across modes. Such a study is rarely feasible, and when it is, it can be quite costly. A large
motivation of this study was to find a method of simulating a randomized trial that used existing data, was widely familiar
to researchers, was relatively easy to implement, and for which sof ware was readily available. We have not seen another
study with all of these characteristics. For that reason, we chose propensity score weighting, which can be fitted through
many statistical packages.

Another motivation was to examine possible effects within subgroups. We believed that although MEs may not manifest
at the total group level, there could still be evidence of MEs in subgroups of interest. Such evidence could raise a fairness
issue, meriting further examination.

In this study, we used propensity score weights derived from background variables to balance the groups and then
estimated the test mode effect. We also assessed the sensitivity of the estimated effect to the impact of omitted variables.
We studied the mode effect in the total group as well as in subgroups based on gender and race. We found small and
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Figure 20 OVtool sensitivity plot for Test 3, African American subgroup.

inconsistent effects in the total group across the three tests. Within subgroups, we found more variation. One observa-
tion that stands out at the subgroup level is of the larger performance differences across modes for non-White groups,
such as for the African American subgroup taking Test 3. In this subgroup, RP performance was on average 4 scale score
points higher than TC performance (see Figure 14). We found that by including additional state variables and using
subgroup-only data for the PSW model, the estimated effect was lowered to 2.86. This result suggests that differences in
examinee characteristics might be contributing to observed mode differences, rather than the modes themselves. On
the other hand, the sensitivity analyses suggest that the results are robust, and the pattern is unlikely to be changed
by an OV.

One important condition for propensity score modeling is the “no unmeasured confounders” assumption, in that all
variables that affect treatment assignment and outcome have been measured (Austin, 2011). The covariates in this study
were collected during test registration from responses to 16 background questions, including questions about age, gen-
der, race, linguistic background, educational background, teacher training experience, and geographic area for teaching.
Propensity score weighting is most effective when the covariates are strongly related to the outcome of interest. We con-
ducted three sets of regression analyses to check for the strength of the relationship between covariates to the choice
of test mode and test outcome. First, the ordinary least squares regression of the test score on all covariates in the total
group yielded R? values ranging from .173 to .317 (adjusted R?> = .168-.304) for the three tests (see Table B8). Second,
we conducted logistic regression of the pass/fail outcome on the covariates, and the percentage correctly classified ranged
from 73% to 83% (see Table B9). We also conducted logistic regression of TC/RP group membership on the covariates,
yielding 57% to 59% of examinees correctly classified (see Table B10). Given this information, we could conclude that the
PSW approach partially adjusted for group ability differences; the estimated effect was “cleaner” but not “pure.” Although
the sensitivity analyses indicate that the results are reasonably robust, we were only able to assess OVs similar to the
observed ones.

The regression (of test outcome on covariates) results in Tables B8 and B9 show that the models fit slightly better in
the TC setting than in the RP setting. This is reasonable, as the background questions were originally developed for the
TC context. Given the unplanned nature of the introduction of RP testing during the pandemic, many factors that may
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have affected the choice of the RP option were not included, such as adequate hardware and software, a reliable internet
connection, a suitable home environment, and comfort with visual monitoring via the computer camera.

Thelogistic regression (of test mode choice on covariates) models (Table B10) included different numbers of covariates
for each test, indicating that tests may have their own unique sets of covariates and that one uniform background survey
may not capture the unique factors relevant to each content area. Examination of standardized mean differences on covari-
ates (see Figures 3, 9, and 15) indicates that the TC and RP groups differ on different characteristics for each of the three
tests (i.e., age and race2 for Test 1, teaching status and teacher preparation for Test 2, and undergraduate major for Test
3). For Test 3, state turned out to be an important factor for the African American test takers but not for the total group.
More customized background data collection would be helpful but challenging to implement in operational settings.

In this study, we found small mode effects in either direction, meaning that the effect is context specific, without any
clear advantage for either condition. Critics of RP testing are quick to question the security of at-home testing; although
there is always a possibility of security breaches, we found no evidence of increased test anomalies in RP testing based
on our operational monitoring. Figures B1-B3 in Appendix B show the mean scale scores of first-time test takers by
testing year, and the subgroup mean scores show a consistent pattern with the total group over time. This suggests that
the dual-mode option does not have a differential effect across subgroups.

It is plausible that the larger estimated ef éct in the subgroup could be caused by the larger disparity within groups
on the missing covariates that affect both test mode choice and test outcome. For example, socioeconomic status
(SES) has long been documented as positively related to academic performance. SES also directly affects access to RP
testing, as examinees need the right equipment, a quiet personal space, and a reliable internet connection. A larger
SES disparity between the TC and RP groups for non-White groups could contribute to the larger effect observed in
this study.

Another unaccounted-for factor could be test anxiety, which is found to be related to cultural context, gender, and age
(Lowe, 2019; Torrano et al., 2020) and has a negative impact on academic performance (Chang, 2021; Torrano et al., 2020;
Woldeab & Brothen, 2019). Spence et al. (2019) found that despite the moderate number of problems with RP, 55% -73%
of participants indicated that RP would reduce their anxiety on future examinations. Given the choice of their preferred
test mode, there may be different levels of test anxiety between TC and RP groups that may affect test performance but
are not captured in the background information.

In this study, we were able to balance the TC and RP groups on existing covariates to create pseudo equivalent groups
to evaluate test mode effects. Overall, the estimated effects were small and nonsystematic. However, the covariates most
likely only partially adjusted for group ability differences. Some important covariates (e.g., SES, test anxiety level) were not
available, and these unmeasured factors may affect both test mode choice and test performance. Such information would
help to parse out the differences in test outcomes but is hard to collect operationally. The sensitivity analyses provided
a method to frame the impact of omitted variables, and results in this study are fairly robust, suggesting the potential
influence to be somewhat limited. One could study repeat test takers across different test modes if the group sizes are
sufficient for PSW or other methods. Future studies of test taker experience would also shed light on the dual test mode
practice and help testing organizations improve access and ensure comparability and validity of reported test scores. As
the memory of the COVID-19 pandemic fades from the public consciousness, motivations for choosing TC or RP testing
may continue to evolve. Thus periodic evaluation of the mode effect is recommended as long as both options are offered.
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Endnotes
1 Groups with fewer than 100 examinees (from the RP launch until August 2022) are not included.
2 Each licensing state decides on its own cut score, although a recommended score is provided based on multistate standard
setting. In this study, we apply the most used (often the same as the recommended) cut score to calculate pass rate.
3 Additionally, in attempting to approximate random assignment, propensity score matching often leads to greater rather than
lesser imbalance (King & Nielsen, 2019).
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Appendix A

List of All Covariates

Variable Description

age Calculated based on date of birth

female Gender =F

Al State State of the attending institute (i.e., where the candidate goes to school)
AI_AR Al = Arkansas

Al LA Al = Louisiana

Al NA Al = not available

AI_NC Al = North Carolina

AI_VA Al = Virginia

DI State State of the designated institute (i.e., where the candidate seeks license)
DI_AR DI = Arkansas

DI_LA DI = Louisiana

DI_NC DI = North Carolina

DI_VA Al = Virginia

YRS_SNC_COLLEGE1 Attending college

YRS_SNC_COLLEGE2 Graduated less than 1 year ago
YRS_SNC_COLLEGE3 Graduated 1 -3 years ago
YRS_SNC_COLLEGE4 Graduated 4 -6 years ago
YRS_SNC_COLLEGE5 Graduated 7-10 years ago
YRS_SNC_COLLEGE6 Graduated 10+ years ago

racel Asian

race2 African American

race3 Hispanic

race4 White

raceb Other

race6 Unspecified
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Variable Description

Ebestl Best language is English

Ebest2 Best language is other than English or Spanish

Ebest3 Best language is Spanish

First_Lang E
First_Lang_EO
First_Lang_O
P_Lang E
P_Lang ES
P_Lang EO
ED_Lvl_1
ED_Lvl_2
ED_Lvl_3
ED_Lvl_4
ED_Lvl_5
ED_Lvl_6
ED_Lvl_7
UGPA1
UGPA2
UGPA3
UGPA4
Umajor0
Umajorl
Umajor2
Umajor3
Umajor4
Umajor5
Umajor6
Umajor7
Umajor8
Umajor9
Gmajor0
Gmajorl
Gmajor2
Gmajor3
Gmajor4
Gmajor5
Gmajor6
Gmajor7
Gmajor8
Gmajor9
ED_Prol
ED_Pro2
ED_Pro3
TEACH_PREP1
TEACH_PREP2
TEACH_PREP3
TEACH_PREP4
TEACH_PREP5
TEACH_Statel
TEACH_State2
Teach_statusl
Teach_status2
Teach_status3
Teach_status4
Teach_status5
Teach_areal
Teach_area2
Teach_area3
Teach_area4

First language is English only
First language is English and another language (bilingual)
First language is other than English only
Proficient in English only
Proficient in English and Spanish
Proficient in English and other language (non-Spanish)
College freshman or sophomore
College junior
College senior
Bachelor’s degree
Bachelor’s degree + courses
Master’s degree
Master’s degree +
Undergraduate GPA: 3.5-4
Undergraduate GPA: 3.0-3.49
Undergraduate GPA: 2.5-2.99
Undergraduate GPA: <2.5
Undergraduate major: middle school education
Undergraduate major: education subject
Undergraduate major: elementary education
Undergraduate major: humanities
Undergraduate major: math and science
Undergraduate major: nonteaching education
Undergraduate major: social sciences
Undergraduate major: special education
Undergraduate major: vocational
Undergraduate major: undecided
Graduate major: middle school education
Graduate major: education subject
Graduate major: elementary education
Graduate major: humanities
Graduate major: math and science
Graduate major: nonteaching education
Graduate major: social sciences
Graduate major: special education
Graduate major: vocational
Graduate major: undecided
Teacher education program: currently attending
Teacher education program: formerly attended
Teacher education program: never attended
Teacher preparation program: undergraduate
Teacher preparation program: 5th year
Teacher preparation program: master’s degree
Teacher preparation program: alternate route
Teacher preparation program: other
Teach in the same state as testing: yes
Teach in the same state as testing: no
Teaching status: plan to enroll/enrolled in teacher prep program
Teaching status: recently graduated and will begin teaching soon
Teaching status: 1-3 years of teaching experience
Teaching status: >3 years of teaching experience
Teaching status: not planning to teach at this time
Geographic area to teach: urban
Geographic area to teach: rural
Geographic area to teach: suburban
Geographic area to teach: not planning to teach next year

Note. Al = attending institution. DI = designated institution. GPA = grade point average.
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J. Miao et al.

Appendix B

Statistical Results

Table B1 Test 1 Standardized Mean Differences on Covariates in Propensity Score Weighting

At-Home Testing Using Propensity Score Weighting

Standardized mean difference

Variable Unweighted Weighted
age .16 .03
race2 .08 .01
Ebest3 .08 .04
Teach_area4 .06 .01
race3 .06 .01
First_Lang_O .06 .02
Teach_status4 .05 .01
TEACH_ Statel .05 .00
P_Lang ES .05 .01
race5 .05 .01
Umajor2 .05 —-.01
First_Lang_EO .04 .02
YRS_SNC_COLLEGE6 .04 .01
TEACH_PREP5 .04 .01
YRS_SNC_COLLEGE5 .04 .01
P_Lang EO .04 .03
UGPA3 .04 .01
Teach_status5 .04 01
ED_Lvl_2 .03 .00
Gmajorl .03 .02
Umajorl .03 .00
ED_Lvl_5 .03 .02
Ebest2 .02 .00
Teach_area2 .02 —.01
Gmajor2 .02 —-.01
Umajor9 .01 .01
racel .01 .00
Teach_areal .01 .00
ED_Prol .01 .00
UGPA2 .01 .00
ED_Lvl_1 .01 .00
ED_Pro3 .01 .01
UGPA4 .01 .00
ED_Lvl_4 .01 .01
race6 .00 —.01
TEACH_PREP1 .00 —.02
Umajor0 .00 .00
ED_Lvl_6 .00 .00
Gmajor4 .00 .00
TEACH_PREP3 .00 .01
Umajor8 —-.01 .00
Gmajor3 —-.01 .01
Umajor7 —-.01 .01
YRS_SNC_COLLEGE3 -.01 .00
Teach_status2 -.01 .00
YRS_SNC_COLLEGE1 -.02 -.01
YRS_SNC_COLLEGE4 -.02 .00
Gmajor5 -.02 —-.01
Gmajor6 —-.02 .00
female -.02 —.01
Gmajor8 —-.02 —-.01
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J. Miao et al.

Table B1 Continued

At-Home Testing Using Propensity Score Weighting

Standardized mean difference

Variable Unweighted Weighted
TEACH_PREP4 -.02 .01
Umajor3 —-.02 .00
Umajor5 —-.02 —-.01
Gmajor9 -.02 .00
YRS_SNC_COLLEGE2 —-.02 .00
ED_Lvl_7 -.03 —-.01
ED_Pro2 —-.03 —-.01
TEACH_PREP2 -.03 .00
Teach_statusl -.03 —.01
Teach_status3 -.03 -.01
UGPA1 —.04 .00
Umajor4 —.04 .00
Gmajor7 —.04 -.01
ED_ILvl_3 —.04 -.02
P_Lang E —.05 —.01
Ebestl -.05 —.02
First_Lang E —.06 —-.01
Umajor6 —-.06 .00
TEACH_ State2 -.07 .00
Teach_area3 —-.10 —.01
race4 -.13 —.02

Table B2 Test 1 Weighted Test Outcome by Test Center and Remote Proctoring (TC — RP)

Mean scale score difference

Pass rate difference (%)

Unweighted Weighted Unweighted Weighted

Total group —2.01** —-0.56 —3.63** —-1.03
Gender

Female —2.01** —-0.55 —3.65"* -1.06

Male —1.85 -1.00 —2.46 0.05
Race/ethnicity

White —-0.46 —-0.08 —-0.82 —-0.43

African American —1.88" —0.00 -3.37 0.51

Hispanic -3.39"% -1.57 -2.79 0.99

*Unweighted difference statistically significant at p <.05. **Unweighted difference statistically significant at p < .01.

Table B3 Test 2 Standardized Mean Differences on Covariates in Propensity Score Weighting

Standardized mean difference

Variable Unweighted Weighted
Teach_statusl 11 —.01
TEACH_PREP1 11 -.01
YRS_SNC_COLLEGE1 .09 —.01
Teach_area4 .09 .01
Umajor2 .09 —-.01
ED_Lvl_3 .08 .00
ED_Prol .07 .00
racel .06 .02
First_Lang O .05 .01
UGPA1 .05 .00
ED_Lvl_2 .04 -.01
Ebest2 .04 .01
P_Lang EO .03 .01
TEACH_PREP5 .03 .01
race6 .03 .01
Umajor8 .03 .01
ED_Lvl_1 .02 -.01
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J. Miao et al.

Table B3 Continued

At-Home Testing Using Propensity Score Weighting

Standardized mean difference

Variable Unweighted Weighted
Gmajor9 .02 —-.01
First_Lang_EO .01 .00
Gmajor4 .01 .01
TEACH_Statel .01 .00
YRS_SNC_COLLEGE5 .01 .01
YRS_SNC_COLLEGE6 .01 .01
Gmajor8 .01 .01
P_Lang ES .01 .01
Gmajorl .01 .01
Teach_status5 .00 .00
Ebest3 .00 .00
Umajor0 .00 .00
race3 .00 .00
Umajor9 .00 .00
Gmajor0 .00 —-.01
Teach_area2 .00 .00
Umajorl -.01 .00
Umajor7 -.01 .00
ED_Pro3 —-.01 .00
race2 —.01 .01
TEACH_PREP2 —-.01 .00
race4 —.02 —.01
age —.02 .01
Gmajor3 —-.02 .00
TEACH_State2 -.02 .00
female —-.02 —.01
P_Lang E —.02 —.01
YRS_SNC_COLLEGE4 —-.02 .00
race5 —-.02 .00
Gmajor5 —-.02 .00
Gmajor6 -.02 .00
UGPA3 —-.03 .00
Umajor4 —-.03 —-.01
Umajor5 -.03 .00
Gmajor2 -.03 —-.01
UGPA2 -.03 .00
UGPA4 —.04 .00
Teach_status4 —.04 .00
Teach_area3 —.04 -.01
Ebestl —.04 —-.01
Teach_status2 —.04 .00
Teach_areal —.04 .00
YRS_SNC_COLLEGE3 —.04 .00
Umajor3 —-.05 .00
First_Lang E —.05 —-.01
ED_Lvl_5 —-.05 .00
Gmajor7 -.05 -.01
ED_Lvl_6 —-.06 .00
ED_Lvl 4 —-.06 .00
ED_Lvl_7 —-.07 .00
TEACH_PREP4 -.07 .00
ED_Pro2 —-.08 .00
Umajor6 -.09 .00
TEACH_PREP3 -.10 .00
YRS_SNC_COLLEGE2 =11 —-.01
Teach_status3 -.11 .00
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J. Miao et al.

At-Home Testing Using Propensity Score Weighting

Table B4 Test 2 Weighted Test Outcome by Test Center and Remote Proctoring (TC — RP)

Mean scale score difference

Pass rate difference (%)

Unweighted Weighted Unweighted Weighted

Total group 0.40%* 0.57*+ 0.47 0.77
Gender

Female 0.49%* 0.64** 0.71 1.00*

Male —0.16 0.08 -1.10 —0.86
Race/ethnicity

White 0.76"* 0.93+* 1.62%* 1.85%*

African American -1.11 —0.84 —4.26* —0.34

Hispanic —0.45 0.10 -1.41 —0.52

*Unweighted difference statistically significant at p <.05. **Unweighted difference statistically significant at p <.01. “ Weighted differ-
ence statistically significant at p <.05. " Weighted difference statistically significant at p < .01.

Table B5 Test 3 Standardized Mean Differences on Covariates in Propensity Score Weighting

Standardized mean difference

Variable Unweighted Weighted
racel .07 .04
P_Lang EO .07 .03
TEACH_PREP1 .07 —.01
age .07 .04
Teach_area2 .07 .01
Gmajor0 .05 .03
ED_Prol .04 .00
ED_Lvl_2 .04 .00
Umajor2 .04 .02
ED_Lvl_1 .04 .01
Umajorl .04 —-.01
First_Lang_EO .03 .01
YRS_SNC_COLLEGE3 .03 .01
Umajor0 .03 .01
Teach_status3 .03 01
Gmajor7 .03 .02
P_Lang ES .03 .02
YRS_SNC_COLLEGE1 .02 -.02
Ebest2 .02 .02
First_Lang_O .02 .00
Teach_area4 .02 —.01
UGPA3 .01 .01
Ebest3 .01 .00
ED_Lvl_7 .01 .02
Teach_status5 .01 .00
race3 .00 —-.01
TEACH_State2 .00 -.01
Teach_statusl .00 -.01
YRS_SNC_COLLEGE4 .00 .01
UGPA2 .00 .01
TEACH_PREP5 .00 .01
Umajor8 .00 .00
Gmajor9 .00 .01
race2 .00 .01
Gmajor6 .00 —-.02
Umajor6 .00 .00
YRS_SNC_COLLEGE6 .00 .01
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J. Miao et al. At-Home Testing Using Propensity Score Weighting

Table B5 Continued

Standardized mean difference

Variable Unweighted Weighted
Ebestl .00 .00
Gmajor5 .00 .02
race6 -.01 —.01
UGPA1 —-.01 —-.02
ED_Lvl_4 —-.01 .00
ED_Lvl_5 —-.01 .00
Umajor4 —-.01 .02
ED_Lvl_3 -.01 —-.02
ED_Pro2 —-.01 .00
Teach_status2 -.01 —.01
TEACH_PREP3 -.01 .01
raceb —-.01 -.01
Gmajor4 —-.01 .00
race4 —-.02 -.01
Teach_areal -.02 .01
Gmajor2 —-.02 .01
Gmajor3 -.02 .00
ED_Lvl_6 —-.02 .01
TEACH_Statel —.02 —-.01
Gmajorl -.03 —-.02
Umajor7 —-.03 .00
TEACH_PREP2 —-.03 .00
P_Lang E -.03 -.02
First_Lang E -.03 .00
Gmajor8 -.03 —-.01
Teach_status4 —-.03 .01
Umajor3 —.04 —.01
ED_Pro3 —.04 .01
Umajor5 —-.04 -.01
YRS_SNC_COLLEGE5 —.04 —-.01
UGPA4 —.04 —.01
female —.04 —-.01
YRS_SNC_COLLEGE2 —.04 —-.01
Teach_area3 -.06 —.02
TEACH_PREP4 —-.08 —-.01
Umajor9 -.10 .01

Table B6 Test 3 Weighted Test Outcome by Test Center and Remote Proctoring

Mean scale score difference Pass rate difference (%)
Unweighted Weighted Unweighted Weighted

Total group —-1.05* —-0.93* -1.75 -1.68
Gender

Female —0.75 —0.66 —-0.37 —0.34

Male —1.19* —1.10 —-2.53 —0.26
Race/ethnicity

White —0.52 —0.46 0.02 —-0.14

African American —4.37%* —4,02*+ —13.27** —12.65%+

Hispanic —2.05 —0.82 —-2.27 0.62

*Unweighted difference statistically significant at p <.05. **Unweighted difference statistically significant at p <.01. * Weighted differ-
ence statistically significant at p <.05. " Weighted difference statistically significant at p <.01.
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J. Miao et al.

At-Home Testing Using Propensity Score Weighting

Table B7 Test 3, African American, Standardized Mean Differences in Propensity Score Weighting

Standardized mean difference

Variable Unweighted Weighted
DI_VA .29 .06
age 23 17
AI_VA 22 .04
ED_Lvl 5 .18 .10
ED_Prol .18 .01
Teach_area2 17 .00
YRS_SNC_COLLEGE3 .14 .05
Gmajor7 .10 .00
AI_NC .10 .02
Gmajor9 .09 -.03
TEACH_State2 .08 .05
Umajorl .08 -.03
TEACH_PREP1 .08 .02
Teach_statusl .08 .00
First_Lang E .07 —-.03
P_Lang EO .07 .07
DI_NC .06 —.04
TEACH_PREP5 .06 .05
Gmajor0 .06 .08
ED_Lvl_7 .04 .08
Gmajor5 .04 .04
YRS_SNC_COLLEGE1 .04 .04
First_Lang EO .04 .06
DI_AR .04 —-.02
UGPA3 .03 .00
Umajor4 .03 .02
ED_Lvl_3 .03 .02
P_Lang ES .03 .01
ED_Lvl_1 .03 .07
Teach_status2 .02 .00
AI_AR .01 .00
Teach_status4 .01 .04
Umajor6 .01 .07
YRS_SNC_COLLEGE5 —-.01 -.05
ED_Lvl_2 —-.01 -.03
Umajor8 —-.01 -.09
UGPA2 —-.01 .03
Teach_area3 -.01 .02
YRS_SNC_COLLEGE4 —-.02 -.03
TEACH_PREP2 —.02 .00
Umajor0 —.02 —-.05
TEACH_PREP3 —-.02 —.04
Umajor2 -.03 .02
Umajor7 -.03 .03
UGPA4 -.03 -.07
ED_Lvl_6 —.04 -.01
UGPA1 —.04 —-.02
P_Lang E —.04 -.03
Umajor5 —-.05 .00
ED_Pro2 —-.05 .04
Umajor9 —-.05 —.01
TEACH_Statel —-.08 —.04
YRS_SNC_COLLEGES6 —-.08 .03
TEACH_PREP4 -.10 —.04
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J. Miao et al.

Table B7 Continued

At-Home Testing Using Propensity Score Weighting

Standardized mean difference

Variable Unweighted Weighted
Teach_areal —.11 —.01
Gmajorl -.11 .01
ED_Lvl 4 -.11 —.11
female —-.11 .02
Teach_status3 -.12 —.04
Gmajor3 -12 —-.18
ED_Pro3 —-.12 —.04
AI_NA —-.14 —-.02
Teach_area4 —-.15 —-.01
Al LA —-.16 .02
YRS_SNC_COLLEGE2 -.17 —.06
Umajor3 —-.18 —-.08
Gmajor2 -.19 .00
Gmajor6 -.19 —-.05
DI_LA —.45 —.04

Table B8 Total Group Regression of Scale Score on Covariates: R? (Adjusted R?)

No. predictors Total group Test center Remote proctoring
Test 1 72 .286 (.280) 317 (.304) .268 (.259)
Test 2 72 175 (.172) .190 (.185) .173 (.168)
Test 3 72 257 (.242) .320 (.285) 241 (.216)

Table B9 Total Group Logistic Regression of PASS/FAIL on Covariates: Percentage Concordant

No. predictors Total group Test center Remote proctoring
Test 1 72 81.6 82.5 81.7
Test 2 72 73.5 75.5 73.0
Test 3 72 76.7 80.4 76.2
Table B10 Total Group Logistic Regression of Test Center/Remote Proctoring on Covariates: Percentage Concordant
No. predictors Total group
Test 1 66 58.6
Test 2 72 57.0
Test 3 55 57.9
180 ==@==Total Group
175 = — ° —o—White
o 170 .___./._.\-.—. African American
§ 165 Hispanic
<
T 160
(%]
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Figure B1 Mean test score by year for Test 1 (first-time test takers).
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Figure B2 Mean test score by year for Test 2 (first-time test takers).
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Figure B3 Mean test score by year for Test 3 (first-time test takers).
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