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Abstract

This study analyzes the mechanisms for integrating Management Information
Systems (MIS) and Education Management Information Systems (EMIS) into
educational environments that remain reliant on paper-based records. It
proposes a gradual, integrative model that does not eliminate paper but treats it
as a legal and operational source until specific digital maturity criteria are
achieved. Moving beyond a purely conceptual framework, the study proceeds to
computational design and implementation: a Python—-based experimental system
is built with five sequential modules — a synthetic dataset generator (5,000
records), a Data Quality Engine evaluating five dimensions (completeness,
accuracy, timeliness, availability, relevance), an anomaly—detection module
based on Isolation Forest, a transition decision algorithm producing a quantitative
Digital Readiness Score, and a decision dashboard. Seven indicators were
measured quantitatively before and after implementation: data—entry time, error
rate, missing—data rate, duplication rate, report—generation time, correction cost,
and overall data quality. Simulation results showed improvement across all seven
indicators, ranging from a 37.8% reduction in entry time (an assumed modelling

parameter) to an 80.1% reduction in error rate, with overall data quality rising
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from 87.5 to 95.4 (+9.0%). The decision algorithm applied deductively proposed
thresholds, combined with minimum per-dimension gates, to a readiness score
computed from simulated data (DRS = 095.2 for the hybrid model); the score
alone did not discriminate between the three models, whereas the gates did, and
the anomaly—detection module reached a precision of (.89 and a recall of (.82
against injected anomalies. These are proof-of-concept results, not field
measurements. The study concludes that successful transformation depends on
balancing operational continuity with digital transformation, while strengthening
governance and data—driven decision—making. Expert validation via the Delphi

method and expanded field testing remain prerequisites for generalization.

Keywords: Hybrid Digital Transformation, Education Management Information
Systems (EMIS), Data Quality, Data Quality Engine, Isolation Forest, Digital
Readiness Score, Transition Decision Algorithm, Institutional Governance,
Design Science Research, Paper-Based Environments, Non-Disruptive

Transformation.
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import numpy as np
import pandas as pd
from datetime import datetime, timedelta
N, SEED = 5000, 42
def buiId_cIean(rng, n=N):
return pd.DataFrame({
'student_id": ['S{10000+i}' for i in range(n)],
'student_name": [f'Student_{i}’ for i in range(n)],
‘age’: rng.integers(6, 18, n),
'grade': rng.integers(1, 13, n),
'enroliment_date': [(datetime(2023, 9, 1) +
timedelta(days=int(d))).strftime("%Y-%m-%d")
for d in rg.integers(0, 60, n)],
"attendance_rate": rng.uniform(O.S, 1.0, n).round(2),
'math_score": rng.integers(0, 101, n).astype(float),
‘arabic_score": rng.integers(0, 101, n).astype(float),
'submission_date": [(datetime(2024, 1, 15) +
timedelta(days=int(d))).strftime("%Y-%m-%d")
for d in rng.integers(0, 30, n)],
)
def inject_defects(clean, rng):

n, df, anomaly = len(clean), clean.copy(), np.zeros(len(clean), dtype=bool)
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pick = lambda f: rng.choice(n, int(f * n), replace=False)

d = pick(0.04); h = len(d) // 2

df.loc[d[h:], "student_id"] = df.loc[d[:h], "student_id'].values[:len(d) - h]

a = pick(0.03)

df.loc[a, "age'] = rng.choice([2, 3, 30, 45, 59], len(a)); anomaly[a] = True

s = pick(0.015)

df.loc[s, 'math_score'] = rng.choice([-10, 150, 200], len(s)); anomaly[s] =
True

e = pick(0.025)

df.loc[e, "enroliment_date"] = "1990-01-01"; anomaly[e] = True

t = pick(0.02)

df.loc[t, "attendance_rate'] = rng.choice([0.0, 0.05, 1.5], len(t)); anomalyl{]

True
df.loc[pick(0.18), 'submission_date"] = "2024-03-15"
df.loc[pick(0.06), 'math_score'] = np.nan
df.loc[pick(0.06), "attendance_rate'] = np.nan
df.loc[pick(0.05),
nm = pick(0.06)

df.loc[nm, 'student_name'] = df.loc[nm, 'student_name'].str.lower() + "

['math_score’, "arabic_score', "attendance_rate']] = np.nan

dff'true_anomaly'] = anomaly
return df
bl 3asa &l)aa : dg_engine.pycilall .2
import numpy as np
import pandas as pd
DEADLINE = pd.Timestamp("2024-02-15")
REQUIRED = ['student_id", "student_name’, "age', "grade']
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ALL _FIELDS = REQUIRED + ['math_score', "arabic_score’, "attendance_rate’,
"enrollment_date’, "submission_date"]
def _valid(df):
enr = pd.to_datetime(df['enroliment_date'], errors="coerce")
name = df['student_name']
return pd.DataFrame({
‘age': dff'age’].between(4, 25) | df['age'].isna(),
‘'math’: dff'math_score'].between(0, 100) | df'math_score'].isna(),
‘arabic": df['arabic_score'].between(0, 100) | df['arabic_score'].isna(),
‘att': df'attendance_rate'].between(0, 1) | df['attendance_rate'].isna(),
‘enroll": (enr >="2023-08-01") | enr.isna(),
'name’: name.isna() | ((name == name.str.strip()) &
name.str[:1].str.isupper()),
)
def compute_completeness(df):
return round(100 * dffALL_FIELDS].notna().all(axis=1).mean(), 2)
def compute_accuracy(df):
return round(100 * _valid(df).all(axis=1).mean(), 2)
def compute_timeliness(df):
return round(100 * (pd.to_datetime(df['submission_date'], errors="coerce’)
<= DEADLINE).mean(), 2)
def compute_availability(df):
return round(100 * (dffREQUIRED].notna().all(axis=1) &
~dff'student_id"].duplicated(keep=False)).mean(), 2)
def compute_relevance(df):
v = _valid(df)
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s = (df['math_score’].notna() & v['math']) | (df['arabic_score'].notna() &
v['arabic'])

return round(100 * (df['attendance_rate'].notna() & v['att’] & s).mean(), 2)
def duplication_rate(df): return 100 * dff'student_id"].duplicated().mean()
def missing_rate(df): return 100 * df[ALL_FIELDS].isna().mean().mean()
def error_rate(df): return 100 * (~_valid(df).all(axis=1)).mean()
def overall_quality(df):

scores = {'completeness": compute_completeness(df), 'accuracy':
compute_accuracy(df),

"timeliness": compute_timeliness(df), "availability":
compute_availability(df),
'relevance’: compute_relevance(df)}
scores['overall'] = round(float(np.mean(list(scores.values()))), 2)
return scores
3503 aliss) sasg : anomaly_detector.pycalall .3

import pandas as pd
from sklearn.ensemble import IsolationForest
from sklearn.preprocessing import StandardScaler
from sklearn.metrics import precision_score, recall_score, fl_score
def detect_anomalies(df, contamination=0.08):

X = df[['age’, 'math_score’, "arabic_score’, 'attendance_rate']].copy()

X['enroll_year'] = pd.to_datetime(df['enroliment_date'],
errors="coerce").dt.year

X_scaled = StandardScaler().fit_transform(X.fillna(X.median()))

model = IsolationForest(n_estimators=100, contamination=contamination,

random_state=42, n_jobs=-1)
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df = df.copy(); df["anomaly’] = model.fit_predict(X_scaled)
df["anomaly_score'] = model.decision_function(X_scaled)
return df
def evaluate(df):
y, p = df['true_anomaly"], df['anomaly'] == -1
return {'flagged": int(p.sum()), "injected: int(y.sum()),
'precision’: round(precision_score(y, p), 2),
'recall': round(recall_score(y, p), 2), 'f1": round(f1_score(y, p), 2)}
Jany) )8 4 ,la: transition_algorithm.py Gl .4
import pandas as pd
from dq_engine import overall_quality
WEIGHTS = {'completeness": (.25, "accuracy": (.25, "timeliness": (.20,
"availability': (.15, "relevance": (.15}
THRESHOLDS = {1: 50, 2: 65, 3: 75, 4: 85}
GATES = {3: {"completeness": 90, "accuracy": 95, "timeliness": 85},
5: {"completeness": 98§, "accuracy': 98, "timeliness": 95}}
def compute_drs(scores, w=WEIGHTS): return round(sum(scores[k] * w[k] for
kinw), 2)
def gate_failures(scores, stage):
return [k for k, v in GATES.get(stage, {}).items() if scores[k] < v]
def decide_transition(scores, stage):
drs, fails = compute_drs(scores), gate_failures(scores, stage + 1)
if drs < THRESHOLDSJstage] — 15: return "pause and reassess'
if drs >= THRESHOLDS[stage] and not fails: return f'advance to stage
{stage + 1}’
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return 'stay in current stage" + (f' (unmet gates: {', ".join(fails)})" if fails else
uu)
def sensitivity(scores, delta=0.05):
out =]

for k in WEIGHTS:
for s in (-delta, delta):
w = {**WEIGHTS, k: WEIGHTS[K] + s}; tot = sum(w.values())
out.append(compute_drs(scores, {a: b / tot for a, b in w.items()}))
return min(out), max(out)
(Al i) gl Ja Y aea) AN £ 3l 31Slas 5250 hybrid_simulation.py il .5

import numpy as np
PARAMS = {

'paper':  dict(p_valid=0.00, p_missing=0.00, p_late=0.00, entry_sec=45,
report_min=180),

"hybrid":  dict(p_valid=0.80, p_missing=0.70, p_late=0.50, entry_sec=28,
report_min=95),

'digital": dict(p_valid=0.95, p_missing=0.90, p_late=0.80, entry_sec=20,
report_min=30),
}
FIELDS = ['student_id", "student_name', "age’, "grade’, "enrollment_date’,

"attendance_rate', "'math_score’, "arabic_score', "submission_date’]

def _bad(clean, df, c): return ~((df[c] == clean[c]) | (df[c].isna() &
clean[c].isna()))
def simulate(clean, paper, model, rng, override=None):

p = {**PARAMS[model], **(override or {})}

out = paper.copy()
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for ¢ in FIELDS:
bad = _bad(clean, out, C)
miss, late = bad & out[c].isna(), bad & (c == "submission_date”)
prob = np.where(miss, p['p_missing’], np.where(late, p['p_late'],
p['p_valid]))
fix = (rng.random(len(out)) < prob) & bad
out.locffix, ¢] = clean.locf[fix, c]
return out
def correction_cost(clean, df):
return sum(int(_bad(clean, df, c).sum()) for ¢ in FIELDS) + 2 *
int(dff'student_id"].duplicated().sum())
(1059 cnlsaall mid) Juial) Cale: run_all.py ilal) .6
import numpy as np
import dataset_generator as dg, dq_engine as q, hybrid_simulation as hs
import transition_algorithm as ta, anomaly_detector as ad
rng = np.random.default_rng(dg.SEED)
clean = dg.build_clean(rng); paper = dg.inject_defects(clean, rng)
results = {}
for m in ['paper’, "hybrid", "digital']:
df = paper if m == "paper" else hs.simulate(clean, paper, m,
np.random.default_rng(dg.SEED + 1))
s = g.overall_quality(df)
results[m] = dict(entry=hs.PARAMS[m]['entry_sec'], error=q.error_rate(df),
missing=q.missing_rate(df), dup=q.duplication_rate(df),
report=hs.PARAMS[m]['report_min'],

cost=hs.correction_cost(clean, df),
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scores=s, drs=ta.compute_drs(s))

base = results['paper']['cost']
for m, rin results.items():

rl'cost_idx'] = 100 * r['cost] / base

print(m, {k: (round(v, 2) if not isinstance(v, dict) else v) for k, vin r.items()})

for stin (2, 4):

print(" stage’, st, "—>', ta.decide_transition(r['scores’], st))

print('DRS sensitivity (hybrid):", ta.sensitivity(results['hybrid']['scores']))

print("anomaly detection:", ad.evaluate(ad.detect_anomalies(paper)))
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