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INSIGHT 4 — The Hardware Premium Tax
OLS Regression & Battery Penalty Analysis

# mm BLOCK 4. HARDMRE PREM UM TAX SN EEEEEEEEEEEEEEEESEEEEESEEEEEEEEEEEEEEEEEEN
# 4A. Multiple Linear Regression: Price = f(ramgb, storage_gb, battery_mAh, screen_in)

1
2
4 features = ['ramgb', 'storage_gb', 'battery_mAh', 'screen_in']
5 reg_df = df[features + ['price']].dropna()
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reg_df [features].val ues
reg_df[' price'].values
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10 # Add constant (intercept)
11 X with_const = np.colum_stack([np.ones(len(X)), X])

12

3 if HAS SM

14 nodel = sm OLS(y, X with_const).fit()

15 coefs = nodel . parans[1:] # exclude constant
16 const = nodel . par ans[ 0]

17 r_squared = nodel . rsquared

18 r_squared_adj = nodel.rsquared_adj

19 std_errors = nodel . bse[1:]

20 p_val ues_reg = nodel . pval ues[1:]

21 f_stat = nodel . fval ue

22 ci_lower = nodel.conf_int()[1:, O]

23 ci _upper = nodel.conf_int()[1:, 1]

24 el se:

25 # Manual OLS via nornmal equation: beta = (X X)*-1 X'y
26 XtX = X with_const. T @X_w th_const

27 Xty = X with_const. T @y

8 beta = np.linalg.solve(XtX Xty)

29 const = beta[ 0]

o

coefs = beta[1:]
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# Residual s and R

y_pred = X with_const @beta

ss_res = np.sum((y - y_pred)**2)

ss_tot = np.sun((y - np.nean(y))**2)

n, k = len(y), len(features)

r_squared = 1 - ss_res / ss_tot

r_squared_adj =1 - (1 - r_squared) * (n- 1) / (n - k - 1)
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40 # Standard errors

41 nmse = ss_res / (n - k - 1)

42 var_beta = nse * np.linalg.inv(XtX)

43 std_errors = np.sqrt(np.diag(var_beta))[1:]

45 # t-stats and p-values for coefficients

46 t_stats_reg = coefs / std_errors

47 p_values_reg = np.array([2 * (1 - _normcdf(abs(t))) for t in t_stats_reg])
48

49 # F-statistic

50 f_stat = (ss_tot - ss_res) / k/ (ss_res/ (n- k- 1))
51

52 # 95% confidence intervals

53 t_crit = 1.96 # approxinate for large n

Ny

ci_lower = coefs - t_crit * std_errors
ci _upper = coefs + t_crit * std_errors

o

# 4B. Prem umbut-low battery analysis
price_75 = df['price'].quantile(0.75)
battery_25 = df['battery_mAh'].quantil e(0.25)
battery_ 75 = df['battery_mAh'].quantil e(0.75)
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62 premumlow batt = df[(df['price'] >= price_75) & (df['battery_mAh'] <= battery_25)]
3 premumhigh_batt = df[(df['price'] >= price_75) & (df['battery_mAh'] > battery_75)]
64
t_batt, p_batt = ttest_ind(premiumlow batt['rating ].values, prem umhigh_batt['rating'].values)

[}
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67 # mm VISUALIZATION EEEESESESESESESESEEEEEESESSSSSSSEEEEEEEESSSSEEEEEEEEEESSSEEEEEEEER
68 fig, axes = plt.subplots(1, 2, figsize=(15, 6), gridspec_kw={'width_ratios': [1, 1.2]})
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# Left: Regression coefficients

axl = axes[0]

labels = ['RAM (per GB)', 'Storage (per GB)', 'Battery (per mAh)', 'Screen (per inch)']
colors_bar = [PALETTE[0] if ¢ > 0 el se PALETTE[3] for c in coefs]

bars = ax1.barh(l abels, coefs, col or=col ors_bar, edgecol or="white', |inew dth=0.8)
axl.errorbar(coefs, |labels, xerr=[coefs - ci_lower, ci_upper - coefs],
fmt="none', color="black', capsize=4)
ax1.axvline(0, color="black', |inew dth=0.38)
ax1.set_xl abel (' Dol l ar Coefficient (Price Inpact per Unit)')
axl.set_title(f'OLS Regression: Price Drivers\nR = {r_squared:.4f}, Adj R = {r_squared_adj:.4f}",
font wei ght =" bol d")

for bar, val in zip(bars, coefs):
offset = 0.3 if val >0 else -0.3
ax1l.text(val + offset, bar.get_y() + bar.get_height()/2,

fre{val:.2f}', ha="left' if val > 0 else 'right', va='center', fontsize=9, fontweight="bold

)

# Right: Prem um products —battery vs rating scatter
ax2 = axes[1]
premum = df [df[' price'] >= price_75].copy()
scatter = ax2.scatter(premun{'battery_mAh'], premun{'rating'],
c=premuni'price'], cmap="RdYI Go_r', al pha=0.3, s=15, edgecol ors='none')
plt.col orbar(scatter, ax=ax2, |abel="Price ($)', shrink=0.38)

# H ghlight the penalty zone

ax2.axvline(battery_25, color=PALETTE[3], linestyle="--', alpha=0.8,
| abel =f" Battery 25th pctl ({battery_25:,.0f} mAh)")
ax2.axhline(df['rating' ].mean(), color="gray', linestyle=":', alpha=0.86,

| abel =f" Avg rating ({df["rating"].nmean():.2f})")

ax2.set_xl abel (' Battery (mAh)')

ax2.set_yl abel (' Custonmer Rating')

ax2.set_title(f' Premi um Products: Does Skinping on Battery Hurt Ratings?\n'
f'LowBattery Premiumavg rating: {premumlow batt["rating"].nean():.2f} vs '
f'H gh-Battery: {prem umhigh_batt["rating"].mean():.2f} (p={p_batt:.4f})",
fontwei ght="bol d', fontsize=10)

ax2. | egend(fontsize=8, loc="lower right')

plt.tight_layout()
pl t.savefig(' bl ock4_hardware_prem um png', dpi =150, bbox_i nches="tight")
plt.show)

print(f"\n{'="*70}")
print("OLS REGRESSI ON SUMMARY")
print(f* R = {r_squared:.4f} | Adj R = {r_squared_adj:.4f} | F = {f_stat:.2f}")
for i, feat in enunerate(features):
print(f" {feat:15s} coefficient: ${coefs[i]:.4f} per unit")
print (f"\nBATTERY PENALTY TEST (Premiumtier only):")

print(f" Lowbattery premumavg rating: {premumlow batt['rating ].nmean():.3f} (n={len(prem um.low ba

tt):, ")

print(f" H gh-battery premiumavg rating: {premumhigh_batt['rating ].nmean():.3f} (n={len(prem umhigh_

batt):,})")
print(f" t={t_batt:.3f}, p={p_batt:.4f}")
print(f"{"'=*70}")

# mm BLOCK 4: SUWARY TABLE FOR EXPORT SEEEEEESEEEESESSESEESNSESEEE SN EEEEEEEEEEN

print("m TABLE 4A: OLS Regression Coefficients —Price Drivers")
print("="*85)
reg_summary = pd. Dat aFr anme({
‘Feature': features,
"Coefficient ($)': np.round(coefs, 4),
"Std Error': np.round(std_errors, 4),
‘p-value': [f'{p:.6f}" for p in p_values_reg],
"Cl Lower': np.round(ci_lower, 4),
"Cl Upper': np.round(ci_upper, 4)
9]
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print(reg_sumary.to_string(i ndex=Fal se))

print("\n\nm TABLE 4B: Battery Penalty Zone —Prenmi um Products with Low Battery")

print("="*80)
penal ty_by_cat = prem um.|ow batt.groupby(' category'). agg(
count=(' product _id', 'count'),
avg_price=('price', 'nmean'),
avg_battery=('battery_mAh', 'nean'),
avg_rating=('rating', 'nean')
).round(2).reset_index()
penal ty_by_cat.columms = ['Category', 'SKU Count', 'Avg Price', 'Avg Battery (mAh)', 'Avg Rating']

penal ty_by_cat = penalty_by_cat.sort_val ues(' SKU Count', ascendi ng=Fal se)
print(penalty_by_cat.to_string(index=Fal se))

Block 4 Complete | 151 lines of executable Python | Statistical tests + Visualization + Export table | 3 page(s)




