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Abstract 

Credit ratings are an important tool when assessing financial instruments and investments. The 

existing literature shows that long short-term memory (LSTM) neural networks are the best 

neural network to predict credit ratings, while random forests have been shown to perform 

better than regular neural networks. As at the beginning of this study, no study had compared 

the performance of LSTM and random forests despite their reported superior performance. This 

study compares the performance of random forests and LSTM neural networks in predicting 

corporate credit ratings in the USA using Standard and Poor’s data. The study finds that while 

LSTM neural networks pose serious competition, random forests have a slight edge over LSTM 

neural networks, showing that it is still worth using older and simpler techniques in predicting 

credit ratings. 
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Appendix A 

Table 1: Table listing the input variables defined in Hajek and Michalak’s (2013) study on credit ratings. 
Leverage ratios Activity ratios Size of company 
Book value to equity Enterprise value to sales Total assets 
Book debt to total capital Growth in non cash working capital Total capital 
Enterprise value to total capital Enterprise value to trailing sales Sales (last year) 
Enterprise value to book value Sales to net worth 12-Moth trailing sales
Market capitalization to total debt Sales to total assets Cash flow
Total debt Operating revenue to total assets Equity
Cash flow to total debt Working capital to sales Enterprise value
Market debt to equity Cash to sales Firm value
Market debt to total capital Non-cash working capital to sales Capital expenditures
Net gearing Size class

Asset structure Market capitalization
Market value ratios Fixed assets to total assets Trading volume
3-Year stock price variation Intangible assets to total assets No. of shares outstanding
Beta regression coefficient (3 year) Working capital to total assets 
Value line beta Depreciation Profitability ratios 
The correlation of stock returns with market
index

Earnings before interest and taxes (EBIT) 

Dividends Business situation Earnings after taxes 
Dividends to stock price Effective tax rate Net income (NI) 
Earnings per share (EPS) Growth in sales last year 12-Month trailing NI
Growth in earnings per share (last 5 years) Expected. growth in Sales (5 years) Net margin
Expected growth in EPS (next 5 years) SG&A expenditures Operating margin
Stock price to cash flow Return on total assets
Stock price to earnings Liquidity ratios Return on equity
12-Month trailing stock price to earnings Current ratio Return on capital
Forward stock price to earnings Cash ratio EBIT increased by depreciation and

amortization (EBITDA)
Stock price to earnings to EPS growth Cash to firm value Enterprise value to EBITDA
Price to book value ratio Cash High/low stock price
Retained earnings Non-cash working capital Enterprise value to EBIT
Reinvestment rate Retained earnings to total assets
Payout ratio Corporate reputation 
Stock price to sales Shares held by mutual funds 
Stock price Shares held by insiders 



Table 2: Confusion Matrix - Model MIN22. 
1 2 3 4 Error 

1 53 1 0 0 1.85% 
2 3 95 0 0 3.06% 

3 0 7 64 0 9.86% 

4 1 0 0 30 3.23% 

Total 57 103 64 30 4.72% 

Table 3: Confusion Matrix - Model AVG22. 
1 2 3 4 Error 

1 53 1 0 0 1.85% 
2 3 95 0 0 3.06% 

3 1 6 63 1 11.27% 

4 0 1 1 29 6.45% 

Total 57 103 64 30 5.51% 

Table 4: Confusion Matrix – Model MAX22. 
1 2 3 4 Error 

1 51 3 0 0 5.56% 

2 5 93 0 0 5.10% 

3 0 5 65 1 8.45% 

4 0 1 2 28 9.68% 

Total 56 102 67 29 6.69% 

Table 5: Confusion Matrix – Model MIN42. 
1 2 3 4 Error 

1 54 0 0 0 0.00% 
2 7 91 0 0 7.14% 

3 2 4 63 2 11.27% 

4 0 0 0 31 0.00% 

Total 63 95 63 33 5.91% 

Table 6: Confusion Matrix - Model AVG42. 
1 2 3 4 Error 

1 54 0 0 0 0.00% 
2 7 91 0 0 7.14% 

3 2 2 66 1 7.04% 

4 0 0 0 31 0.00% 

Total 63 93 66 32 4.72% 

Table 7: Confusion Matrix – Model MAX42. 
1 2 3 4 Error 

1 51 3 0 0 5.56% 
2 7 91 0 0 7.14% 

3 1 4 66 0 7.04% 

4 0 0 0 31 0.00% 

Total 59 98 66 31 5.91% 

Table 8: Confusion Matrix – Model MIN62. 
1 2 3 4 Error 

1 54 0 0 0 0.00% 
2 7 91 0 0 7.14% 

3 0 1 69 1 2.82% 

4 0 0 0 31 0.00% 

Total 61 92 69 32 3.54% 

Table 9: Confusion Matrix - Model AVG62. 
1 2 3 4 Error 

1 54 0 0 0 0.00% 

2 7 91 0 0 7.14% 

3 2 2 66 1 7.04% 

4 0 0 0 31 0.00% 

Total 63 93 66 32 4.72% 

Table 10: Confusion Matrix - Model MAX62. 
1 2 3 4 Error 

1 54 0 0 0 0.00% 
2 7 91 0 0 7.14% 

3 2 2 67 0 5.63% 

4 0 0 1 30 3.23% 

Total 63 93 68 30 4.72% 

Table 11: Confusion Matrix – Model MIN82. 
1 2 3 4 Error 

1 54 0 0 0 0.00% 
2 7 91 0 0 7.14% 

3 2 1 66 2 7.04% 

4 0 0 0 31 0.00% 

Total 63 92 66 33 4.72% 



Table 12: Confusion Matrix – Model AVG82. 
1 2 3 4 Error 

1 54 0 0 0 0.00% 
2 8 90 0 0 8.16% 

3 3 3 63 2 11.27% 

4 0 0 0 31 0.00% 

Total 65 93 63 33 6.30% 

Table 13: Confusion Matrix - Model MAX82. 
1 2 3 4 Error 

1 54 0 0 0 0.00% 
2 8 90 0 0 8.16% 

3 2 2 67 0 5.63% 

4 0 0 0 31 0.00% 

Total 64 92 67 31 4.72% 

Table 14: Confusion Matrix - Model MIN102. 
1 2 3 4 Error 

1 54 0 0 0 0.00% 

2 7 91 0 0 7.14% 

3 0 5 64 2 9.86% 

4 0 0 0 31 0.00% 

Total 61 96 64 33 5.51% 

Table 15: Confusion Matrix - Model AVG102. 
1 2 3 4 Error 

1 54 0 0 0 0.00% 
2 8 90 0 0 8.16% 

3 2 3 63 3 11.27% 

4 0 0 0 31 0.00% 

Total 64 93 63 34 6.30% 

Table 16: Confusion Matrix - Model MAX102. 
1 2 3 4 Error 

1 53 0 1 0 1.85% 
2 7 91 0 0 7.14% 

3 2 2 65 2 8.45% 

4 0 0 0 31 0.00% 

Total 62 93 66 33 5.51% 

Table 17: Confusion Matrix - Model MIN44. 
1 2 3 4 Error 

1 114 0 0 0 0.00% 
2 17 174 1 0 9.38% 

3 2 3 127 7 8.63% 

4 0 1 0 62 1.59% 

Total 133 178 128 69 6.10% 

Table 18: Confusion Matrix - Model AVG44. 
1 2 3 4 Error 

1 113 1 0 0 0.88% 
2 20 169 3 0 11.98% 

3 3 1 129 6 7.19% 

4 0 0 0 63 0.00% 

Total 136 171 132 69 6.69% 

Table 19: Confusion Matrix – Model MAX44. 
1 2 3 4 Error 

1 114 0 0 0 0.00% 

2 26 165 1 0 14.06% 

3 2 1 129 7 7.19% 

4 0 4 2 57 9.52% 

Total 142 170 132 64 8.46% 

Table 20: Confusion Matrix – Model MIN66. 
1 2 3 4 Error 

1 174 3 0 0 1.69% 
2 30 239 12 0 14.95% 

3 3 27 163 14 21.26% 

4 0 5 11 81 16.49% 

Total 207 274 186 95 13.78% 

Table 21: Confusion Matrix - Model AVG66. 
1 2 3 4 Error 

1 177 0 0 0 0.00% 
2 31 242 8 0 13.88% 

3 4 21 167 15 19.32% 

4 0 3 11 83 14.43% 

Total 212 266 186 98 12.20% 



Table 22: Confusion Matrix - Model MAX66. 
1 2 3 4 Error 

1 176 0 1 0 0.56% 
2 31 242 8 0 13.88% 

3 3 22 169 13 18.36% 

4 0 4 10 83 14.43% 

Total 210 268 188 96 12.07% 

Table 23: Confusion Matrix – Model MIN88. 
1 2 3 4 Error 

1 233 9 0 0 3.72% 
2 52 307 13 0 17.47% 

3 15 38 196 22 27.68% 

4 0 6 24 101 22.90% 

Total 300 360 233 123 17.62% 

Table 24: Confusion Matrix – Model AVG88. 
1 2 3 4 Error 

1 233 9 0 0 3.72% 

2 52 308 12 0 17.20% 

3 9 44 199 19 26.57% 

4 1 4 24 102 22.14% 

Total 295 365 235 121 17.13% 

Table 25: Confusion Matrix - Model MAX88. 
1 2 3 4 Error 

1 235 7 0 0 2.89% 
2 52 312 8 0 16.13% 

3 8 51 187 25 31.00% 

4 0 5 24 102 22.14% 

Total 295 375 219 127 17.72% 

Table 26: Confusion Matrix – Model RF1010. 
1 2 3 4 Error 

1 296 12 0 0 3.90% 
2 60 381 21 1 17.71% 

3 14 71 208 44 38.28% 

4 11 1 27 123 24.07% 

Total 381 465 256 168 20.63% 

Table 27: Confusion Matrix - Model TO1. 
1 2 3 4 Error 

1 48 6 0 0 11.11% 

2 13 73 11 1 25.51% 

3 6 18 35 12 50.70% 

4 1 0 7 23 25.81% 

Total 68 97 53 36 29.53% 

Table 28: Confusion Matrix - Model TO2. 
1 2 3 4 Error 

1 50 4 0 0 7.41% 

2 17 71 10 0 27.55% 

3 5 21 36 9 49.30% 

4 1 0 12 18 41.94% 

Total 73 96 58 27 31.10% 

Table 29: Confusion Matrix - Model TO3. 
1 2 3 4 Error 

1 52 2 0 0 3.70% 
2 16 67 15 0 31.63% 

3 4 20 41 6 42.25% 

4 1 0 8 22 29.03% 

Total 73 89 64 28 28.35% 

Table 30: Confusion Matrix – Model FO1. 
1 2 3 4 Error 

1 43 9 2 0 20.37% 
2 17 67 11 3 31.63% 

3 0 27 36 8 49.30% 

4 0 7 4 20 35.48% 

Total 60 110 53 31 34.65% 

Table 31: Confusion Matrix - Model FO2. 
1 2 3 4 Error 

1 88 22 4 0 22.81% 
2 38 124 15 15 35.42% 

3 7 40 50 42 64.03% 

4 4 9 5 45 28.57% 

Total 137 195 74 102 39.57% 



Table 32: Confusion Matrix - Model FO3. 
1 2 3 4 Error 

1 135 36 6 0 23.73% 
2 58 142 53 28 49.47% 

3 8 68 101 30 51.21% 

4 0 9 18 70 27.84% 

Total 201 255 178 128 41.21% 

Table 33: Confusion Matrix - Model FO4. 
1 2 3 4 Error 

1 189 53 0 0 21.90% 
2 92 210 50 20 43.55% 

3 12 80 133 46 50.92% 

4 0 22 26 83 36.64% 

Total 293 365 209 149 39.47% 

Table 34: Confusion Matrix - Model FO5. 
1 2 3 4 Error 

1 244 42 5 17 20.78% 

2 166 242 11 44 47.73% 

3 38 146 94 59 72.11% 

4 0 53 26 83 48.77% 

Total 448 483 136 203 47.80% 

Table 35: Confusion Matrix – Model FOUE1. 
1 2 3 4 Error 

1 48 4 2 0 11.11% 
2 18 71 5 4 27.55% 

3 4 25 32 10 54.93% 

4 2 4 4 21 32.26% 

Total 72 104 43 35 32.28% 

Table 36: Confusion Matrix – Model FOUE2. 
1 2 3 4 Error 

1 44 10 0 0 18.52% 
2 23 63 12 0 35.71% 

3 0 27 36 8 49.30% 

4 0 10 4 17 45.16% 

Total 67 110 52 25 37.01% 

Table 37: Confusion Matrix – Model FOUE3. 
1 2 3 4 Error 

1 38 14 2 0 29.63% 
2 26 60 8 4 38.78% 

3 0 29 28 14 60.56% 

4 2 5 3 21 32.26% 

Total 66 108 41 39 42.13% 

Table 38: Confusion Matrix – Model FOUE4. 
1 2 3 4 Error 

1 44 6 4 0 18.52% 
2 22 64 12 0 34.69% 

3 2 30 28 11 60.56% 

4 0 3 7 21 32.26% 

Total 68 103 51 32 38.19% 

Table 39: Confusion Matrix - Model FOSH1. 
1 2 3 4 Error 

1 47 5 2 0 12.96% 

2 22 65 7 4 33.67% 

3 3 22 39 7 45.07% 

4 2 2 7 20 35.48% 

Total 74 94 55 31 32.68% 

Table 40: Confusion Matrix – Model FOSH2. 
1 2 3 4 Error 

1 44 8 2 0 18.52% 
2 24 52 18 4 46.94% 

3 1 19 30 21 57.75% 

4 0 6 2 23 25.81% 

Total 69 85 52 48 41.34% 

Table 41: Confusion Matrix - Model FOSH3. 
1 2 3 4 Error 

1 44 8 2 0 18.52% 
2 18 68 10 2 30.61% 

3 2 32 25 12 64.79% 

4 0 2 12 17 45.16% 

Total 64 110 49 31 39.37% 



Table 42: Confusion Matrix - Model FOSH4. 
1 2 3 4 Error 

1 44 8 2 0 18.52% 
2 17 59 10 12 39.80% 

3 2 28 31 10 56.34% 

4 0 3 3 25 19.35% 

Total 63 98 46 47 37.40% 
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