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This simulation uses empirical priors about the relationship between SAT and freshman GPA from the UC
Academic Senate Standardized Testing Task Force (2020) to illustrate why replicating the analysis would be
misleading using newer data. Since 2020, admissions has been test-blind but students sometimes submit SAT
once they are admitted to be eligible for merit scholarships and/or to test out of GE requirements. It would
thus be tempting for a replication of STTF to use this as a convenience sample. This simulation illustrates
how range restriction would bias the results of such an analysis towards the null.

Generate the Full Population
First generate simulated data and verify that it approximates STTF data.
set.seed(42)

n <- 20000

# Current: alpha = 6, beta = 2.5 (ratio = 2.4, strong left skew)
# Try: alpha = 4, beta = 2.5 (ratio = 1.6, moderate left skew)
# Or: alpha = 3, beta = 2 (ratio = 1.5, milder left skew)

generate_data_v2 <- function(latent_rho, stiffness = 8,
alpha = 4, beta = 2.5) {

z <- mvrnorm(n = n,
mu = c(0, 0),
Sigma = matrix(c(1, latent_rho, latent_rho, 1), nrow = 2))

sat_raw <- z[, 1] * 200 + 1000
sat <- pmax(pmin(sat_raw, 1600), 400)

u <- pnorm(z[, 2])
gpa_base <- qbeta(u, alpha, beta)

gpa_raw <- gpa_base * 3.8 + 0.1

soft_bounds <- function(x, lower = 0, upper = 4, stiffness) {
range <- upper - lower
x_norm <- (x - lower) / range
x_compressed <- 1 / (1 + exp(-stiffness * (x_norm - 0.5)))
lower + x_compressed * range

}
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gpa <- soft_bounds(gpa_raw, lower = 0, upper = 4, stiffness = stiffness)

tibble(SAT = round(sat, 0), GPA = round(gpa, 2))
}

# Re-run calibration with new skew parameters
results <- tibble(latent_rho = seq(0.3, 0.7, by = 0.02)) %>%

rowwise() %>%
mutate(

data = list(generate_data_v2(latent_rho, stiffness = 8, alpha = 4, beta = 2.5)),
observed_r = cor(data$SAT, data$GPA)

) %>%
ungroup()

print(results %>% dplyr::select(latent_rho, observed_r))

## # A tibble: 21 x 2
## latent_rho observed_r
## <dbl> <dbl>
## 1 0.3 0.284
## 2 0.32 0.299
## 3 0.34 0.331
## 4 0.36 0.342
## 5 0.38 0.360
## 6 0.4 0.388
## 7 0.42 0.398
## 8 0.44 0.417
## 9 0.46 0.439
## 10 0.48 0.457
## # i 11 more rows
best_rho <- results %>%

mutate(diff = abs(observed_r - 0.46)) %>%
slice_min(diff) %>%
dplyr::pull(latent_rho)

cat("Best latent_rho:", best_rho, "\n")

## Best latent_rho: 0.48
# Generate and plot
sim_data <- generate_data_v2(best_rho, stiffness = 8, alpha = 4, beta = 2.5)
cat("Correlation:", cor(sim_data$SAT, sim_data$GPA), "\n")

## Correlation: 0.4471078
sim_data <- sim_data %>%

mutate(SAT_bin = cut(SAT,
breaks = c(0, 700, 800, 900, 1000, 1100, 1200, 1300, 1400, 1500, 1600),
labels = c("<700", "701-800", "801-900", "901-1000",

"1001-1100", "1101-1200", "1201-1300",
"1301-1400", "1401-1500", ">1500"),

include.lowest = TRUE))

cor.fullpop <- cor(sim_data$SAT,sim_data$GPA) %>% round(digits = 2)
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Note how the simulated data closely approximates STTF Figure 3A-1.
ggplot(sim_data, aes(x = SAT_bin, y = GPA)) +

geom_boxplot(fill = "lightblue", outlier.size = 0.5) +
labs(title = paste0("Freshman GPA by SAT Score (r =",cor.fullpop, ")"),

x = "SAT", y = "Freshman GPA") +
theme_minimal() +
theme(axis.text.x = element_text(angle = 45, hjust = 1)) +
scale_y_continuous(limits = c(0, 4), breaks = seq(0, 4, 1))
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Freshman GPA by SAT Score (r =0.45)

ggplot(sim_data, aes(x = SAT, y = GPA)) +
geom_point(alpha=0.05) +
geom_smooth(method = "lm", color = "blue", se = FALSE) +
labs(title = paste0("Freshman GPA by SAT Score (r =",cor.fullpop, ")"),

x = "SAT", y = "Freshman GPA", caption = "Full simulated population") +
theme_minimal() +
theme(axis.text.x = element_text(angle = 45, hjust = 1)) +
scale_y_continuous(limits = c(0, 4), breaks = seq(0, 4, 1))

## `geom_smooth()` using formula = 'y ~ x'
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Full simulated population

cor.fullpop

## [1] 0.45

Impose Range Restriction
Now impose range restriction such that students submit scores if their SAT-reading&writing is 680 or higher,
thereby exempting them from the English Language Writing Requirement.

As a simplifying assumption, this simulation assumes that SAT-math = SAT-reading&writing and so the
floor to submit scores is 680*2=1360.
min.reported <- 680*2
sim_data <- sim_data %>%

mutate(SAT_censored = if_else(SAT > min.reported, SAT, NA))

cor.censored <- cor(sim_data$SAT_censored,sim_data$GPA,
use = "pairwise.complete.obs") %>% round(digits = 2)

ggplot(sim_data, aes(x = SAT_censored, y = GPA)) +
geom_point(alpha = 0.05) +
geom_smooth(method = "lm", color = "blue", se = FALSE, fullrange = TRUE) +
labs(title = paste0("Freshman GPA by SAT Score (r = ", cor.censored, ")"),

x = "SAT", y = "Freshman GPA",
caption = "Assuming only those with SAT>1360 report") +

theme_minimal() +
theme(axis.text.x = element_text(angle = 45, hjust = 1)) +
scale_x_continuous(limits = c(400, 1600), breaks = seq(400, 1600, by = 200)) +
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scale_y_continuous(limits = c(0, 4), breaks = seq(0, 4, by = 1))

## `geom_smooth()` using formula = 'y ~ x'

## Warning: Removed 19265 rows containing non-finite outside the scale range
## (`stat_smooth()`).

## Warning: Removed 19265 rows containing missing values or values outside the scale range
## (`geom_point()`).
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Assuming only those with SAT>1360 report

cor.censored

## [1] 0.11

In theory, Thorndike correction can adjust for range restriction. In practice, it fails in this simulation.
# Calculate SD ratio for SAT (direct range restriction)
# if this was real and not a simulation, "sd(sim_data$SAT)" would have to be
# assumed from historical UC data or data from peer institutions
sd_ratio_SAT <- sd(sim_data$SAT_censored, na.rm = TRUE) / sd(sim_data$SAT)

# Calculate SD ratio for GPA (indirect range restriction)
sd_ratio_GPA <- sim_data %>%

filter(!is.na(SAT_censored)) %>%
summarise(sd_GPA = sd(GPA)) %>%
pull(sd_GPA) / sd(sim_data$GPA)

# Apply range correction for both variables
cor.thorndike <- rangeCorrection(cor.censored, sdr = sd_ratio_SAT, sdu = sd_ratio_GPA)
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cor.thorndike

## [1] 0.1788493

Note that Thorndike correction slightly mitigates the censorship problem but does not solve it. This is
likely because both SAT and GPA have ceiling effects. This creates a nonlinear association that cannot be
reconstructed from a restricted range data.
data.frame(

`Full Population` = cor.fullpop,
`High SAT only` = cor.censored,
`Thorndike Correction` = cor.thorndike,
check.names = FALSE

) %>%
knitr::kable(digits = 3, align = 'c')

Full Population High SAT only Thorndike Correction
0.45 0.11 0.179

Additional issues
This simulation relied on simulated data designed to have similar properties as STTF’s dataset. Actual
data would likely be even worse as grade inflation, which was especially severe during remote teaching,
compresses the grade distribution. This gives linear regression with grades as a dependent variable severe
heteroskedasticity.

Another possibility is recovering SAT/ACT scores for students who took the tests for purposes of applying to
other schools but who ultimately came to the University of California. There are several problems with such
an effort:

• Privacy restrictions may prevent College Board or ACT, Inc from releasing scores without the students’
requesting it and securing permission from thousands of students would be prohibitively difficult.

• The big wave of elite institutions restoring SAT/ACT came in 2024. This means that few UC students
will have taken the SAT/ACT until the freshman classes of fall 2025. This class is so recent that the
only outcomes available for them are freshman GPA and retention to sophomore year.

• University of California students who applied to institutions that require SAT/ACT, even in 2024,
will not be a random subset of UC students. Such students are likely higher SES than the typical
UC student. In addition, they probably have higher SAT/ACT scores than the latent scores for the
students who did not take these exams.
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