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1 # ■■ BLOCK 4: HARDWARE PREMIUM TAX ■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■

2

3 # 4A. Multiple Linear Regression: Price = f(ram_gb, storage_gb, battery_mAh, screen_in)

4 features = ['ram_gb', 'storage_gb', 'battery_mAh', 'screen_in']

5 reg_df = df[features + ['price']].dropna()

6

7 X = reg_df[features].values

8 y = reg_df['price'].values

9

10 # Add constant (intercept)

11 X_with_const = np.column_stack([np.ones(len(X)), X])

12

13 if HAS_SM:

14     model = sm.OLS(y, X_with_const).fit()

15     coefs = model.params[1:]  # exclude constant

16     const = model.params[0]

17     r_squared = model.rsquared

18     r_squared_adj = model.rsquared_adj

19     std_errors = model.bse[1:]

20     p_values_reg = model.pvalues[1:]

21     f_stat = model.fvalue

22     ci_lower = model.conf_int()[1:, 0]

23     ci_upper = model.conf_int()[1:, 1]

24 else:

25     # Manual OLS via normal equation: beta = (X'X)^-1 X'y

26     XtX = X_with_const.T @ X_with_const

27     Xty = X_with_const.T @ y

28     beta = np.linalg.solve(XtX, Xty)

29     const = beta[0]

30     coefs = beta[1:]

31

32     # Residuals and R²

33     y_pred = X_with_const @ beta

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

35     ss_tot = np.sum((y - np.mean(y))**2)

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

37     r_squared = 1 - ss_res / ss_tot

38     r_squared_adj = 1 - (1 - r_squared) * (n - 1) / (n - k - 1)

39

40     # Standard errors

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

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

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

44

45     # t-stats and p-values for coefficients

46     t_stats_reg = coefs / std_errors

47     p_values_reg = np.array([2 * (1 - _norm_cdf(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  # approximate for large n

54     ci_lower = coefs - t_crit * std_errors

55     ci_upper = coefs + t_crit * std_errors

56

57 # 4B. Premium-but-low-battery analysis

58 price_75 = df['price'].quantile(0.75)

59 battery_25 = df['battery_mAh'].quantile(0.25)

60 battery_75 = df['battery_mAh'].quantile(0.75)

61

62 premium_low_batt = df[(df['price'] >= price_75) & (df['battery_mAh'] <= battery_25)]

63 premium_high_batt = df[(df['price'] >= price_75) & (df['battery_mAh'] > battery_75)]

64

65 t_batt, p_batt = ttest_ind(premium_low_batt['rating'].values, premium_high_batt['rating'].values)

66

67 # ■■ VISUALIZATION ■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■

68 fig, axes = plt.subplots(1, 2, figsize=(15, 6), gridspec_kw={'width_ratios': [1, 1.2]})

69
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70 # Left: Regression coefficients

71 ax1 = axes[0]

72 labels = ['RAM (per GB)', 'Storage (per GB)', 'Battery (per mAh)', 'Screen (per inch)']

73 colors_bar = [PALETTE[0] if c > 0 else PALETTE[3] for c in coefs]

74

75 bars = ax1.barh(labels, coefs, color=colors_bar, edgecolor='white', linewidth=0.8)

76 ax1.errorbar(coefs, labels, xerr=[coefs - ci_lower, ci_upper - coefs],

77              fmt='none', color='black', capsize=4)

78 ax1.axvline(0, color='black', linewidth=0.8)

79 ax1.set_xlabel('Dollar Coefficient (Price Impact per Unit)')

80 ax1.set_title(f'OLS Regression: Price Drivers\nR² = {r_squared:.4f}, Adj R² = {r_squared_adj:.4f}',

81               fontweight='bold')

82

83 for bar, val in zip(bars, coefs):

84     offset = 0.3 if val > 0 else -0.3

85     ax1.text(val + offset, bar.get_y() + bar.get_height()/2,

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

87                  )

88

89 # Right: Premium products — battery vs rating scatter

90 ax2 = axes[1]

91 premium = df[df['price'] >= price_75].copy()

92 scatter = ax2.scatter(premium['battery_mAh'], premium['rating'],

93                       c=premium['price'], cmap='RdYlGn_r', alpha=0.3, s=15, edgecolors='none')

94 plt.colorbar(scatter, ax=ax2, label='Price ($)', shrink=0.8)

95

96 # Highlight the penalty zone

97 ax2.axvline(battery_25, color=PALETTE[3], linestyle='--', alpha=0.8,

98             label=f'Battery 25th pctl ({battery_25:,.0f} mAh)')

99 ax2.axhline(df['rating'].mean(), color='gray', linestyle=':', alpha=0.6,

100             label=f'Avg rating ({df["rating"].mean():.2f})')

101

102 ax2.set_xlabel('Battery (mAh)')

103 ax2.set_ylabel('Customer Rating')

104 ax2.set_title(f'Premium Products: Does Skimping on Battery Hurt Ratings?\n'

105               f'Low-Battery Premium avg rating: {premium_low_batt["rating"].mean():.2f} vs '

106               f'High-Battery: {premium_high_batt["rating"].mean():.2f} (p={p_batt:.4f})',

107               fontweight='bold', fontsize=10)

108 ax2.legend(fontsize=8, loc='lower right')

109

110 plt.tight_layout()

111 plt.savefig('block4_hardware_premium.png', dpi=150, bbox_inches='tight')

112 plt.show()

113

114 print(f"\n{'='*70}")

115 print("OLS REGRESSION SUMMARY")

116 print(f"  R² = {r_squared:.4f} | Adj R² = {r_squared_adj:.4f} | F = {f_stat:.2f}")

117 for i, feat in enumerate(features):

118     print(f"  {feat:15s} coefficient: ${coefs[i]:.4f} per unit")

119 print(f"\nBATTERY PENALTY TEST (Premium tier only):")

120 print(f"  Low-battery premium avg rating:  {premium_low_batt['rating'].mean():.3f} (n={len(premium_low_ba

121     tt):,})")

122 print(f"  High-battery premium avg rating: {premium_high_batt['rating'].mean():.3f} (n={len(premium_high_

123     batt):,})")

124 print(f"  t={t_batt:.3f}, p={p_batt:.4f}")

125 print(f"{'='*70}")

126

127 # ■■ BLOCK 4: SUMMARY TABLE FOR EXPORT ■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■

128

129 print("■ TABLE 4A: OLS Regression Coefficients — Price Drivers")

130 print("="*85)

131 reg_summary = pd.DataFrame({

132     'Feature': features,

133     'Coefficient ($)': np.round(coefs, 4),

134     'Std Error': np.round(std_errors, 4),

135     'p-value': [f'{p:.6f}' for p in p_values_reg],

136     'CI Lower': np.round(ci_lower, 4),

137     'CI Upper': np.round(ci_upper, 4)

138 })
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139 print(reg_summary.to_string(index=False))

140

141 print("\n\n■ TABLE 4B: Battery Penalty Zone — Premium Products with Low Battery")

142 print("="*80)

143 penalty_by_cat = premium_low_batt.groupby('category').agg(

144     count=('product_id', 'count'),

145     avg_price=('price', 'mean'),

146     avg_battery=('battery_mAh', 'mean'),

147     avg_rating=('rating', 'mean')

148 ).round(2).reset_index()

149 penalty_by_cat.columns = ['Category', 'SKU Count', 'Avg Price', 'Avg Battery (mAh)', 'Avg Rating']

150 penalty_by_cat = penalty_by_cat.sort_values('SKU Count', ascending=False)

151 print(penalty_by_cat.to_string(index=False))
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