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This study aims to analyze the impact of both phase-based training
(orientation and probation) and continuous training on the professional
competence of employees at Delta Medical Laboratories, using real
operational data that include orientation evaluations, probation evaluations,




and competency scores for 2024 and 2025. The study covered four key
functional groups representing the core operational structure of the
organization: pathology Specialists, laboratory Technologists, laboratory
technicians, and Home-Visit Technicians, with a total sample of 299
.employees with complete records

The research adopted a descriptive—analytical approach using descriptive
statistics, normality testing, correlation analysis, nonparametric difference
tests, and quantile regression models to examine the relationship between
training and professional competence indicators. The results showed that
phase-based training did not demonstrate a statistically significant effect on
orientation or probation evaluations for most employees, except for a strong
relationship observed among specialists between phase-test results and
probation evaluation, with a significance level of 0.003. In addition, phase-
related significant differences were found in orientation evaluation: a clear
difference between specialists and technicians (0.0025) and another difference
.(0.0207) across the four job categories

Regarding continuous training, its relationships with competency evaluations
for 2024 and 2025 were generally weak and not statistically significant, except
for a clear significant difference in progress rates in favor of technicians
(significance level < 0.001) and a significant difference in the 2024
competency scores in favor of specialists (0.017). Further significant
differences across the four job categories appeared in continuous-training test
scores (0.0098). Conversely, quantile regression models revealed no
meaningful predictive power for either phase-based or continuous training
indicators in explaining performance or competency outcomes, as all
coefficients were non-significant and the explanatory power remained
.extremely low

These findings indicate that the training system at Delta Academy is still in its
developmental stage. The novelty of the training content, incomplete
assessment structure, elevated progress scores, and characteristics of the
evaluation models all contributed to limiting the statistical tests’ ability to
detect actual relationships between training and competence. Accordingly, the
study recommends enhancing phase-based evaluation models, adopting
standardized assessments for all courses, linking training outcomes to
operational performance indicators, and improving the frequency and
accuracy of competency evaluations to ensure a more reliable measurement of
.professional competence
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import pandas as pd

iITIPOI'[ numpy asnp

# Load Excel file
file_path = "Final Sample.xlsx"

xls = pd.ExcelFile(file_path)

# Sheets of interest

main_sheets = ["Pathologist", "Technical", "Reception”, "Home Visit"]

# Load sheets and concatenate

df_list={]

for sheet in main_sheets:

temp = pd.read_excel(xls, sheet_name=sheet)
temp["Group4"] = sheet # Add group label

df_listappend(temp)

combined_df = pd.concat(df_list, ignore_index=True)

# Keep only core variables

core_cols=[

"Phase Progress (Completed Only)",
"Continuous Progress (Completed Only)",
"Phase Score (Completed Only)",
"Continuous Score (Completed Only)",

"Onboarding Evaluation (%)",




"Probation Evaluation (%)",
"Competency 2024 (%)",
"Competency 2025 (%)",

"Group4"

combined_4 = combined_df[core_cols]

96.443." sbasyl (Z—E)
(1)-dgazdl @ sl LS panlng dus S Bagaall pe @uall Jaall sually cgoloall Bhmeidl cdagall o sl s Gy
desc = combined_4.groupby("Group4").agg(["'mean", "std", "count"])

print(desc)

Shapiro-Wilk .aedall ayigall sLas ! (3—7)

L5oY Aala Ul sl alusiad wlyly dale il iy « Shapiro—Wilkal il ol aall avses dapds ;LasY alhsll 1ia pasiug

from scipy.stats import shapiro

for col in core_cols[:-1]: # Excluding Group4
data = combined_4[col].dropna()

W, p = shapiro(data)

print(col, "= W=",W,", p=",p)

(Spearman Correlation) boLisy¥| cMelas (4—7)
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from scipy.stats import spearmanr

# Full sample

variables_pairs = [

("Phase Progress (Completed Only)", "Onboarding Evaluation (%)"),
("Phase Progress (Completed Only)", "Probation Evaluation (%)"),
("Phase Score (Completed Only)", "Onboarding Evaluation (%)"),
("Phase Score (Completed Only)", "Probation Evaluation (%)"),

("Continuous Progress (Completed Only)", "Competency 2024 (%)"),

("Continuous Progress (Completed Only)", "Competency 2025 (%)"),

("Continuous Score (Completed Only)", "Competency 2024 (%)"),




("Continuous Score (Completed Only)", "Competency 2025 (%)"),

for x, y in variables_pairs:
data = combined_4[[x, y]].dropna()
corr, p = spearmanr(data(x], data[y])

print(f'{x} «> {y} — corr = {corr}, p = {p}, N = {len(data)}")

(Mann—Whitney & Kruskal-Wallis) 3 9,411 < yLas | (5—z)
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(Mann—Whitney) ceoalls cnuslias¥!
(Kruskal—Wallis)Eﬂl ol

from scipy.stats import mannwhitneyu, kruskal

# Mann—Whitney Specialists vs Technicians

spec = combined_4[combined_4["Group4"].isin(["Pathologist", "Technical"])]
for colin core_cols[:-1]:

g1 = spec[spec["'Group4"] == "Pathologist"][col].dropna()

g2 = spec[spec["'Group4"] == "Technical"][col].dropna()

U, p=mannwhitneyu(g1, g2, alternative="two-sided")

print(col, "—U="U,", p=",p)

# Kruskal—Wallis across the four groups

for col in core_cols[:-1]:

groups = [combined_4[combined_4["Group4"] == g][col].dropna()
for g in ["Pathologist”, "Technical”, "Reception”, "Home Visit"]]

H, p = kruskal(*groups)

print(col, "= H="H,", p=",p)

(Quantile Regression) SJ1yluxi¥l ¢ 3Les (6—7)
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import statsmodels.formula.api as smf

# Phase — Onboarding

model_phase_onboarding = smf.quantreg(

"Q('Onboarding Evaluation (%)') ~ Q('Phase Progress (Completed Only)) + Q('Phase Score (Completed Only)')",
combined_4.dropna()

) fit(q=0.5)

# Phase — Probation

model_phase_probation = smf.quantreg(

"Q('Probation Evaluation (%)') ~ Q('Phase Progress (Completed Only)') + Q('Phase Score (Completed Only)')",
combined_4.dropna()

)fit(q=0.5)

# Continuous — Competency 2024

model_cont_comp2024 = smf.quantreg(

"Q('Competency 2024 (%)") ~ Q('Continuous Progress (Completed Only)') + Q('Continuous Score (Completed Only))",
combined_4.dropna()

)fit(q=0.5)

# Continuous — Competency 2025

model_cont_comp2025 = smf.quantreg(

"Q('Competency 2025 (%)) ~ Q('Continuous Progress (Completed Only)’) + Q('Continuous Score (Completed Only))",
combined_4.dropna()

)fit(q=0.5)

# Print summaries
print(model_phase_onboarding.summary())
print(model_phase_probation.summary())
print(model_cont_comp2024.summary())

print(model_cont_comp2025.summary())




(Residual Diagnostics)z 3Leill 4o oz (7—z)
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from scipy.stats import skew

models ={

"Phase_Onboarding": model_phase_onboarding,
"Phase_Probation": model_phase_probation,
"Cont_Comp2024": model_cont_comp2024,

"Cont_Comp2025": model_cont_comp2025,

for name, m in models.items():

resid = m.resid.dropna()

fitted = m fittedvalues.loc[resid.index]
print("\nModel:", name)

print("Mean residual =", resid.mean())
print("Std residual =", resid.std())
print("Skewness =", skew(resid))

print("Corr(|resid|, fitted) =", np.corrcoef(np.abs(resid), fitted)[0, 1])

(Visualization)asled! agw il (8—7)
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import matplotlib.pyplot as plt

spec = combined_4[combined_4["Group4"] == "Pathologist"]

x =spec|"Phase Score (Completed Only)"]

y =spec["Probation Evaluation (%)"]




pltscatter(x, y)

z=np.polyfit(x,y, 1)

plt.plot(x, np.poly1d(z)(x))
pltxlabel("Phase Training Test Score")
pltylabel("Probation Evaluation (%)")

plt.show()

eﬁll liall (3-5): Boxplots JIKaY|

vars_for_boxplots = [

"Continuous Progress (Completed Only)",
"Continuous Score (Completed Only)",
"Competency 2024 (%)"

group_order = ["Pathologist", "Technical", "Reception"”, "Home Visit"]
for var in vars_for_boxplots:

data=|

combined_4[combined_4["Group4"] == g|[var].dropna()

for g in group_order

plt.boxplot(data, labels=group_order)
pltylabel(var)

plt.show()

2024 &lylaz £3ges §lgs Lalaseo (6) JSAJI
resid = model_cont_comp2024.resid.dropna)

fitted = model_cont_comp2024 fittedvalues.loc[resid.index]

pluscatter(fitted, resid)

pltaxhline(0, color="black")

pltxlabel("Fitted Values (Competency 2024)")
pltylabel("Residuals")

plt.show()
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Google Colab

Jupyter Notebook
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