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Abstract001

This paper investigates the mathematical rea-002
soning capabilities of large language mod-003
els (LLMs) using 50 newly constructed high-004
school-level word problems. Unlike prior stud-005
ies focusing solely on answer correctness, we006
rigorously analyze both final answers and solu-007
tion steps to identify reasoning failures. Evalu-008
ating eight state-of-the-art models—including009
Mixtral, Llama, Gemini, GPT-4o, and Ope-010
nAI’s o1 variants—we find that while newer011
models (e.g., o3-mini, deepseek-r1) achieve012
higher accuracy, all models exhibit errors in013
spatial reasoning, strategic planning, and arith-014
metic, sometimes producing correct answers015
via flawed logic. Common failure modes in-016
clude unwarranted assumptions, over-reliance017
on numerical patterns, and inability to trans-018
late physical intuition into mathematical steps.019
Manual scrutiny reveals that models struggle020
with problems requiring multi-step deduction021
or real-world knowledge, despite possessing022
broad mathematical knowledge. Our results023
underscore the importance of evaluating rea-024
soning processes, not just answers, and caution025
against overestimating LLMs’ problem-solving026
proficiency. The study highlights persistent027
gaps in LLMs’ generalization abilities, empha-028
sizing the need for targeted improvements in029
structured reasoning and constraint handling.030

1 Introduction031

How good are large language models (LLMs) at032

mathematical reasoning? This question has been033

addressed by several authors, who have constructed034

data sets in order to evaluate the mathematical capa-035

bilities of LLMs, e.g. (Hendrycks et al., 2020, 2021;036

Cobbe et al., 2021; Chernyshev et al., 2024; Li037

et al., 2024). In most of these studies, only the final038

answer produced by the LLM on a given problem039

was checked for correctness – the questions were040

either multiple-choice, or the answer consisted of041

a single number, both cases facilitating automatic042

evaluation. However, as it is possible to arrive at 043

a correct answer by means of shallow heuristics 044

rather than a watertight argument, it is important to 045

also study the full solution provided by the model, 046

much in the same way a teacher would assess a stu- 047

dent exam. Of course, this method requires manual 048

scrutiny and is therefore more time-consuming, but 049

we argue that it is indispensable for to get a proper 050

picture of the mathematical prowess of LLMs. 051

In this paper, we present a small dataset of 052

50 newly constructed mathematical problems in- 053

tended for LLM evaluation, and use it to eval- 054

uate X models: mixtral8x7b (Albert Q. Jiang 055

et al., 2024), llama3.3-70B-versatile (Hugo Tou- 056

vron et al., 2023), Gemini-2.0-pro-exp (Google, 057

2024), GPT4o (OpenAI, 2024a), o1-preview, o1, 058

and o3-mini (OpenAI, 2024b). Our problems are 059

all formulated in natural language (“word prob- 060

lems”) and require no more than high-school level 061

mathematical knowledge: basic principles of count- 062

ing and divisibility, some algebra, arithmetic, prob- 063

ability and geometry, and some real-world knowl- 064

edge, e.g. that it is impossible to walk on water, 065

how many minutes there are in an hour, how the 066

dots are placed on dice (e.g. the is opposite the 067

), and so on. We purposely excluded complicated 068

sums or integrals written in pure mathematical no- 069

tation, since there are already computer algebra sys- 070

tems like Mathematica that can solve large classes 071

of such problems in a precise way. Our goal was 072

rather to focus on natural language word problems. 073

Such mathematical word problems provide an 074

excellent testbed for evaluating the reasoning capa- 075

bilities of LLMs. Early LLMs were not explicitly 076

trained to perform reasoning but rather to do next- 077

token prediction, possibly with additional training 078

based on techniques like RLHF (Ouyang et al., 079

2022). Still, these models seemed capable of per- 080

forming non-trivial reasoning in many instances, 081

in particular when prompted with a “Chain-of- 082

Thought” prompt like Let’s think step by step (Wei 083
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et al., 2022). However, it is not clear how much084

of these apparent reasoning capabilities can be at-085

tributed to memorization of the training material086

combined with shallow heuristics, as opposed to087

having learned actual general principles of reason-088

ing by generalizing from the training examples.089

Prabhakar et al. (2024) conclude that it is a combi-090

nation of probabilistic, noisy reasoning and mem-091

orization of the training material, and the more092

reasoning steps are required to get to the solution,093

the more likely it is that memorization will interfere094

with the reasoning process, leading to the wrong095

answer.096

Starting in the fall of 2024, several models were097

released that more explicitly combined next-token098

prediction with reasoning. In the announcement of099

their "o1" models, OpenAI write: In a qualifying100

exam for the International Mathematics Olympiad101

(IMO), GPT-4o correctly solved only 13% of prob-102

lems, while the reasoning model scored 83% (Ope-103

nAI, 2024b). This claim somewhat mirrored by our104

results, with the o1 model achieving 37/50 on our105

problem set. We still found it somewhat surprising106

that o1 was not better still, considering that our107

problems are far easier than the typical IMO prob-108

lems. In the paper, we make a systematic study of109

the reasoning failures exhibited by various models,110

and try to analyse their root causes.111

2 Related work112

A number of researchers have created datasets113

to evaluate the mathematical abilities of LLMs.114

MATH (Hendrycks et al., 2021) contains a large115

collection of mathematical problems from differ-116

ent domains, with 7 different levels of difficulty.117

The answer is always a number. Also the MMLU118

(Hendrycks et al., 2020) contains a mathematics119

section consisting of multiple-choice questions.120

GSM8K (Cobbe et al., 2021) contains word121

problems on a grade-school level solvable by sim-122

ple arithmetic. The answer is always a number.123

GSM-Plus (Li et al., 2024) and GSM-symbolic124

(Mirzadeh et al., 2024) are both extensions of125

GSM8k with adversarial examples. In the latter126

case, the authors showed that it was possible to127

confuse the models by adding irrelevant numerical128

information to the problem formulation. In some129

cases, the models worked this irrelevant informa-130

tion into the solutions, leading to incorrect answers.131

U-MATH (Chernyshev et al., 2024) contains132

university-level problems given in mathematical133

notation and with figures (i.e. the input is multi- 134

modal). 135

All these datasets are quite large, contain- 136

ing thousands of similar problems, and they are 137

amenable to automatic assessment. 138

3 Method 139

We constructed a set of 50 problems. Four prob- 140

lems were taken from a Swedish book of mathe- 141

matical puzzles (Vaderlind, 1996), the rest were 142

invented by the authors. The selection/design crite- 143

rion for the problems was that they should be solv- 144

able with only high-school mathematics, although 145

the questions themselves might be of a different 146

nature than those posed to high-school students (de- 147

pending on country). Some problems had a specific 148

numerical answer, some asked for a statement of 149

the type "It is possible/impossible to do X?", and 150

some asked for a concrete method, algorithm, or 151

strategy to obtain some particular goal. All prob- 152

lems are listed in the appendix. 153

Each question was posed once to each model 154

through their respective APIs1 This led to 400 an- 155

swers from the models, which were assessed manu- 156

ally by the first author (who is also an experienced 157

teacher), checking both the answer and the solution 158

for correctness. If the solution was incorrect, we 159

also wrote a brief note describing the nature of the 160

problem. 161

4 Results 162

4.1 Quantitative results 163

Table 1 summarizes the results of the various mod- 164

els. “Correct” means that the model has given 165

the correct answer and a correct solution, whereas 166

“Ans” means that the model has given the right an- 167

swer but an erroneous solution. This could happen 168

as some questions have the structure “Is it possible 169

to...”, where the model might answer “No” while 170

providing the wrong motivation. All in all, 21 ques- 171

tions (5%) were answered in this way, suggesting 172

that it is essential not just to look at the final answer 173

when evaluating the reasoning capabilities of mod- 174

els. There are also a few “Sol” instances where the 175

reasoning is correct and model has found the key 176

idea, but makes a small calculation error leading to 177

the wrong answer. 178

We see from table 1 that Mixtral8x7b is the 179

worst-performing model, getting no solutions right, 180

1The mixtral and llama models were hosted at Groq
(https://groq.com) and called though the Groq API.
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Figure 1: The dog’s trail (left) and how the leash wraps around the lampposts (right).

Model Correct Ans Sol
mixtral-8x7B 0 4 0
llama-3.3-70B 10 1 0
gemini-2.0-pro-exp 23 3 1
gpt-4o 14 3 2
o1-preview 30 2 2
o1 37 2 1
o3-mini 40 2 0
deepseek-r1 36 4 0

Table 1: The number of problems correctly solved and
answered (out of 50). Ans = correct answer but wrong
solution. Sol = correct solution but wrong final answer.

followed by Llama3.370B-versatile (10/50) and181

gpt-4o (14/50). The later models that have been182

trained with an explicit problem-solving objective183

Google (2024), OpenAI (2024b), Guo et al. (2025)184

fare much better, although there is still some varia-185

tion.186

4.2 Spatial reasoning problems187

This is a problem that confounded every model:188

(Problem 11): A dog is on an automat-189

ically retractable leash. If the owner is190

standing at (0,0) and the dog runs to (5,0),191

the extended part of the leach is 5 me-192

tres long, but when the dog returns to193

its owner at (0,0), the leach is rewinded194

and is 0 metres long again. However, if195

there is a lamppost at (1,3) and the dog196

runs from (0,0) to (5,0), then to (0,5) and197

then back to (0,0) again, the leash will198

loop around the lamppost so the extended199

part of the leash is now 2*sqrt(10), i.e.200

the distance from (0,0) to the lamppost 201

and back again. Suppose now that there 202

are lampposts at (1,3), (3,1), (6,3), (3,6), 203

(9,7), and (7,9). The dog runs the follow- 204

ing trail: (0,0) to (6,0) to (0,6) to (6,12) to 205

(12,6) to (6,0) to (0,6) to (6,12) to (12,6) 206

to (6,0) to (0,0). What is the length of the 207

extended part of the leash when the dog 208

has finished its run? Round the answer 209

upwards to the closest integer. 210

Figure 1 shows the dog’s trail (left), and how 211

the leash will wrap around the lampposts (right). 212

This is an example of a problem which is easy to 213

solve for a human (if allowed to use pen and paper 214

to draw a figure), since the mathematics involved 215

is just repeated use of the distance formula. Most 216

adults would have intuitive idea of how a piece 217

of string behaves when looped around some lamp- 218

posts and then tightened, which makes it easy to 219

come up with the picture in Figure 1. 220

The reasoning errors committed by the models 221

suggest that they cannot grasp the physics of the 222

situation. o1 seemed to seize on the example in 223

the question, and assumed that it should add the 224

Euclidean distances from (0,0) to (some of) the 225

lampposts and back again. deepseek-r1 comes to 226

the same conclusion, even though in its reasoning 227

printout (which is accessible for the user, unlike in 228

the o1 and o3 models), deepseek seems to realize 229

that the leash is wrapped twice around the diamond 230

created by the four furthest lampposts, but fails to 231

draw the right conclusion from that observation. 232

o3-mini explains (wrongly) that the dog is running 233

one leap clockwise around the four furthest lamp- 234

posts, and then counter-clockwise, meaning that 235

“the two windings cancel each other”. Somehow its 236
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conclusion is that the extented part of the leash is237

2
√
10, just as in the example in the question. The238

remaining models have non-sensical explanations.239

Another problem where humans are helped by240

mental imagery is the following:241

(Problem 19): Suppose you have two242

ordinary six-sided dice which you want243

to place on a wooden table so as few244

dots as possible are visible. The best245

way of doing this is placing them next246

to each other with the six dots facing247

downwards and the five dots facing each248

other. This way 2*(1+2+3+4)=20 dots249

will be visible altogether (the observer is250

allowed to walk around the table). We251

define v(n) to be the minimal number of252

dots visible on n dice placed on a table.253

You are given v(1)=15, v(2)=20, v(3)=26.254

What is v(37)?255

The correct answer is 95. The optimal placement256

is first to arrange 36 of the dice in a 6× 6 square,257

with ”1” facing upwards on each die, ”2” and ”3”258

facing outwards on the dice in the corners, and259

”2” facing outwards on the dice along the edges,260

making 88 dots visible. The 37th die is placed with261

”1” facing upwards, and its ”5” pressed against262

one of the ”3”s in the square of dice. The 37th263

die now exposes 1–4, but covers a ”3” which was264

previously visible. All in all, adding the 37th die265

will contribute an additional 7 visible dots, so v(37)266

= 88+7 = 95.267

deepseek-r1 actually nailed this problem, giving268

essentially the explanation above, after an exten-269

sive chain-of-thought process (>22,000 tokens). o3-270

mini realized the 6×6 configuration, but then goes271

astray when placing the 37th die. o1 and gemini in-272

stead suggested putting the dice in a line (which is273

sub-optimal), and also failed to correctly count the274

number of visible dots for that configuration. The275

remaining models tried to fit a numerical formula276

(e.g. a quadratic formula) based on the three exam-277

ples given in the question, without considering the278

actual physics of the problem. These attempts all279

ended in failure.280

Finally, we mention the following problem,281

which resulted in the largest number of incorrect282

solutions but correct answers:283

(Problem 26): We want to assign a num-284

ber in {1 . . . 12} to each of the edges on285

a cube so that (1) each edge is assigned286

a different number, and (2) the sum of 287

the four edges on one face of the cube 288

will be the same for all faces. Determine 289

whether this is possible or not. If it is 290

possible, determine which number the 291

edges on one face should add up to. 292

A correct solution would first point out that each 293

number would appear on two faces, meaning that 294

the total number of numbers visible on the six faces 295

is 2(1 + . . . + 12) = 156, which entails that the 296

sum of each face is 156/6 = 26. All models except 297

mixtral came this far. However, the second part 298

of the solution is to show that there is a concrete 299

assignment of numbers to edges that result in each 300

face having the sum 26. deepseek-r1 tried to do 301

this but came up with an erronous assignment. Only 302

o3-mini managed to get the solution completely 303

correct. 304

Several models concluded that assigning num- 305

bers to the edges as described in the question is 306

possible just because twice the sum of 1..12 is di- 307

visible by 6, or equivalently that 1 + . . . + 12 is 308

divisible by 3. But there are many sets of 12 num- 309

bers whose sum is divisible by 3 but which cannot 310

be assigned to the edges of a cube in the way de- 311

scribed in the question. The failure to realize this 312

might have been due to the model having seen the 313

problem in its training data (and knowing it to be 314

solvable), or simply a failure to consider the physi- 315

cal constraints of the problem. 316

4.3 Strategy problems 317

Most LLMs were struggling with problems of a 318

strategic nature. An example was the following: 319

(Problem 4): An ordinary tic-tac-toe 320

board has 9 squares: (1,1) - (3,3). Now 321

consider fric-frac-froe, which is played 322

on an extended board where the top row 323

has four squares (1,1)-(1,4), and the other 324

two rows have three squares as before. 325

The objective of fric-frac-froe is to have 326

three markers in a row, just as in ordi- 327

nary tic-tac-toe. Either find a winning 328

strategy for the fric-frac-froe player who 329

goes first, or explain why the game is a 330

draw. 331

That is, the board looks like Figure 2. It does not 332

take a human observer long to discover a winning 333

strategy, which is to play (1,3). The second player 334

has to block at (1,2), and now the correct move 335

4



3

2

1

1 2 3 4

Figure 2: A fric-frac-froe board.

is (2,2). The second player has to block at (3,1),336

and now (3,3) wins, since both (1,1) and (2,3) are337

threatened and the second player cannot block both338

of them. (There are also winning strategies for the339

first player starting with (2,2)).340

o1, o3-mini, gemini, and deepseek-r1 all cor-341

rectly point out that the game is a win for the first342

player, but to back up that claim they either pro-343

pose a strategy that would lead to a draw or even344

a loss for the first player, or gives an incomplete345

strategy. gemini-2.0-pro-exp comes closest to a346

viable strategy by suggesting to start with (2,2) and347

follow up with (1,3). However, it proposes to play348

(1,3) also in the case where the second player plays349

(1,3) in the first move, which is clearly impossible.350

The remaining 4 models seem to find it obvious351

that the game is a draw, probably influenced by the352

many sources in their training material describing353

tic-tac-toe as being a draw.354

A problem which is a combination of strategic355

and spatial reasoning is the following:356

(Problem 30): A square-shaped swim-357

ming pool has its opposite corners at358

(0,0) and (2,2). A swimmer and a runner359

makes the following bet: They will start360

at the same time at (0,0). The goal of361

the swimmer is to swim to either (1,2)362

or (2,1). If he can reach either of those363

points and the runner is not already there364

when the swimmer arrives, the swimmer365

will win the bet, otherwise the runner366

will win the bet. Suppose the runner is367

twice as fast as the swimmer. Assuming368

both players are using their best strategy,369

who will win the bet? Explain the best370

strategies for the runner and the swim-371

mer.372

The answer is that swimmer will win the bet. He373

has to use the right strategy, though. If the swim-374

mer aims for (1,2) and swims there in a straight375

S1

•R1

S2
R2•

••

0

1

2

0 1 2

Figure 3: The swimming pool of problem 30, showing
the swimmer’s route (dashed line) and the runner’s route
(dotted line).

line, he will cover the distance in
√
5 = 2.23 time 376

units. However, the runner will already be there 377

on his arrival, since the distance along the perime- 378

ter is 3, which will only take the runner 1.5 time 379

units. A better swimming strategy is to aim for 380

the centre of the pool at (1,1), as illustrated in Fig- 381

ure 3. The runner, who cannot be sure which point 382

the swimmer is aiming for, has to commit to start 383

running either along the x-axis or the y-axis (the 384

runner has no better strategy than randomly select- 385

ing between these). Let’s say he starts running 386

along the y-axis. When the swimmer reaches posi- 387

tion S1 at (1,1) after
√
2=1.4 time units, the runner 388

has reached position R1 at (0.8, 2). The swimmer 389

now turns slightly right and aims for position S2 at 390

(2,1), which he will reach in 1 additional time unit. 391

However, the runner can only reach position R2 at 392

(2,1.2) in that time, so the swimmer will win the 393

bet. 394

The only model to completely solve the prob- 395

lem was o1, who realized the key idea that the 396

swimmer can change direction in the middle of 397

the pool. deepseek-r1 concludes its output by the 398

self-contradictory statement “the swimmer will win 399

the bet by using their best strategy to randomize 400

between the targets, ensuring a 50% chance of win- 401

ning”. The other models all suggest that the runner 402

will win, focusing their explanations on the fact 403

that the runner is quicker. 404

No model could solve problem 22: 405

(Problem 22): I have a collection of 406

5 triangles, T1 to T5. All the interior 407

angles (when expressed as degrees) of 408

T1 to T5 are distinct and are found in 409

the set {1,2,3,4,5,6,7,8,9,10,167,168,169, 410
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170,171}. You can now point to a num-411

ber in A and ask an oracle which triangle412

this angle belongs to. What is the mini-413

mal number of such questions you have414

to ask before you are guaranteed to know415

which triangle each of the 15 numbers in416

A belongs to?417

The answer, which requires careful a careful418

analysis, is that 6 questions to the oracle are suffi-419

cient and also necessary in the worst case to know420

which angle is in which triangle (see Appendix B421

for a complete solution).422

Since the angles in a triangle must add up to 180423

degrees, the 5 bigger angles 167–171 must be in424

different triangles. All the models have realized425

this, but they propose various incorrect numbers426

as the solution. o3-mini suggests (incorrectly) that427

it is necessary to ask the oracle about the triangle428

of each of 5 largest angles, plus an additional 5429

questions for 5 or smaller angles, all in all 10 ques-430

tions (the location of the 5 remaining angles can431

be deduced from the fact that the angles in a tri-432

angle must add up to 180 degrees). deepseek-r1433

improves on this suggestion by pointing out (cor-434

rectly) that it is sufficient to ask about the location435

of 4 of the large angles and 4 of the smaller angles,436

since the angles of the fifth triangle can be deduced437

by the process of elimination. The strategies pro-438

posed by o3-mini and deepseek-r1 would both lead439

to the desired information, but they are not optimal440

in terms of the number of questions.441

o1 starts off very well by observing (correctly)442

that there are 8 possible groupings of the angles443

in A into triples that add up to 180 degrees, and444

because you need to assign a name T1...T5 to each445

of the triangles, there are all in all 5! · 8 = 960446

possibilities. o1 also concludes, by an information-447

theoretic argument, that at least 5 questions to the448

oracle are necessary. Unfortunately, it does not449

consider whether 5 questions also are sufficient,450

but simply states (wrongly) that the necessary in-451

formation can be obtained with 5 questions using452

“a suitably clever choice of which angles to query”,453

and does not specify what that clever choice would454

be. o1’s proposed solution is therefore incorrect.455

llama3.3, mixtral, gemini and o1-preview sug-456

gest respectively that 3, 4, 5, and 7 questions to the457

oracle are necessary and sufficient, either accompa-458

nied by an incorrect question strategy or a general459

argument without any concrete strategy.460

4.4 Numerical and set-theoretic problems 461

Perhaps not surprisingly, the models are stronger at 462

purely mathematical problems without any strate- 463

gical element or any need for spatial reasoning. 464

However, problem 17 proved too difficult for all 465

models: 466

(Problem 17): We write the prime num- 467

bers in six columns, as follows: In the 468

first row, we write the first six primes: 469

2,3,5,7,11,13. In the second row, we 470

write the next six primes in reverse or- 471

der: 37,31,29,23,19,17. We keep on al- 472

ternating between writing the next six 473

primes in order on odd-numbered rows, 474

and the next six primes in reverse order 475

on even-numbered rows. After a new row 476

has been added, we compute the sums of 477

all the columns. After how many rows 478

will we see (for the first time) that the 479

third column has the largest sum of all 480

columns? Either answer with a number, 481

or explain why this will never happen. 482

The correct answer is that this will first happen 483

on line 83. However, all models claimed that it will 484

never happen that the third column will have the 485

largest value, citing numerical evidence from study- 486

ing the first couple of lines of the constructed prime 487

table. It is notoriously hard to reason about the ad- 488

ditive properties of prime numbers, so perhaps the 489

only viable to solve this problem in a reasonable 490

amount of time is to write a small program and 491

execute it, which no model attempted. 492

A far simpler problem that proved to be surpris- 493

ingly difficult was this one: 494

(Problem 7): We have two disjoint sets 495

of numbers: A, with n members, and B 496

with n + 1 members. We want to con- 497

struct a sequence of numbers which is 498

2n+ 1 numbers long, and every second 499

number is selected from A and every sec- 500

ond number from B, and the sequence 501

has to start and end with a number from 502

A. Either suggest a method for doing 503

this, or explain why such a method can- 504

not exist. 505

A possible general method is “always select the 506

smallest member from A and the smallest member 507

from B”. As a simple example (not given to the 508

models), consider A = {1} and B = {2, 3}, where 509
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the proposed method would produce the sequence510

1, 2, 1. It is trivial to see that the proposed method511

would always work; however, all the models except512

o1 and o3-mini either claimed that the problem513

does not have a solution or gave solutions that were514

completely wrong, because the models all presup-515

pose that each element could only be selected once516

from each set. We surmise that problem 7 is sim-517

ilar to some problem used in the models’ training518

material where the select-only-once criterion is es-519

sential. If we put the problem in a slightly different520

context2, most models could solve it correctly.521

Another situation where strong prior assump-522

tions seem to lead the models astray was the fol-523

lowing:524

(Problem 47): We will call a set of pos-525

itive integers “progressive” if at least526

three of the numbers in the set belong527

to an arithmetic progression with a com-528

mon difference larger than 1. For ex-529

ample, a set containing 2,6,42 is pro-530

gressive, since these three numbers be-531

long to the same arithmetic progression532

2,4,6,8,...,40,42,... Either construct a set533

of of positive integers which is not pro-534

gressive and has at least 5 members, or535

explain why no such set exists.536

The correct answer is that no such set exists, as537

every non-progressive set can contain at most 2538

odd and 2 even numbers. However, only o1 and539

o3-mini realized this. All the remaining mod-540

els claimed the contrary, and stated examples541

like {1, 2, 4, 8, 16}, which was claimed to be non-542

progressive with the motivation “the differences543

between consecutive elements are not equal”. We544

found this somewhat surprising, since the prompt545

even contained a similar example with an explana-546

tion of why the set indeed is progressive. We can547

only assume that the pre-training probability distri-548

bution of the model strongly leads it to its answer,549

ignoring the example in the prompt.550

5 Discussion551

Throughout the erroneous answers to the 50 exam-552

ple problems, we can see many traits we also see in553

many human math and engineering students failing554

to solve similar problems:555

2The alternative formulation was: “The proportion of win-
ning lottery tickets in three different lotteries A, B, and C can
be found in this set: {0.1, 0.05}. Give an example of what the
winning chances might be in the three lotteries.”

• Making arithmetic errors 556

• Disregarding constraints in the question for- 557

mulation (as several models did for problem 558

47 above) 559

• Adding unwarranted assumptions (as in prob- 560

lem 7 above) 561

• Over-reliance on preliminary numerical evi- 562

dence, as in problem 17 563

• Trying to shoe-horn a problem into a known 564

solution method, as in the “fric-frac-froe” 565

game, where several models seemed to as- 566

sume the game to be a draw, just like tic-tac- 567

toe. 568

• Failure to find a key idea (the problem is just 569

too difficult). 570

However, the failure to add unstated but common- 571

sense assumptions is rather unique to models, e.g. 572

that it is impossible for the runner to run in a swim- 573

ming pool (this running strategy was suggested by 574

o1-preview in problem 30). 575

On the other hand, in particular the latest mod- 576

els o1, o3-mini, deepseek-r1 and gemini seem 577

to have a large base of mathematical knowledge. 578

Throughout the solutions, we could see the models 579

make reference to Pick’s theorem, the Frobenius 580

coin problem, and Eulerian circuits, among others. 581

Even though we have focused on faulty reasoning 582

in this paper, state-of-the-art models (in particular 583

the o1, o3, and deepseek models) have impressive 584

reasoning capabilities and can solve quite difficult 585

problems. The problem, as always with LLMs, is 586

that also the erroneous solutions can look good at 587

a cursory inspection, in particular if the reader has 588

limited mathematical knowledge. 589

6 Limitations 590

The results presented in this article provide a snap- 591

shot of the mathematical abilities of some state- 592

of-the-art large language models (LLMs) in early 593

2025. The article provide some insights to the blind 594

spots and shortcomings of LLMs when it comes to 595

mathematical reasoning, but is unclear how much 596

one can generalize from the results, due to the fol- 597

lowing: 598

• LLM technology is developing rapidly, and it 599

is perfectly possible that state-of-the-art mod- 600

els can solve more problems than described 601

here just a few months from now. 602
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• Each model was just queried once, due to603

time constraints (each solution was assessed604

manually, which took considerable amounts605

of time). It is possible that in some cases, a606

model might have produced a better answer607

in a second or third try.608

• We do not have access to the internals of the609

systems, in particular, we could not scrutinize610

the chain-of-thought printouts from the o1, o1-611

preview, o3-mini, and gemini-2.0-pro-exp612

models.613

• 8 state-of-the-art models were tested, but there614

are of course more models than these, and the615

models also exist in several versions. Due to616

time contraints, we could not try all of them.617

• The 50 problems in the problem set only cov-618

ered certain sub-areas of high school mathe-619

matics. Notably, trigonometry and calculus620

were missing.621

• Though we strived to invent original problems622

which would not appear in the training set of623

any model, our imagination is limited, and it624

is perfectly possible that some model had seen625

some problem (or something very similar) in626

its training phase.627
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2. We have a calculator that respects the ordinary698

laws of arithmetic precedence (e.g., 2+3*4699

will result in 14). We now randomly press700

(with a uniform probability) one of the digits701

0–9, then either ’+’ or ’*’, then another ran-702

dom digit, then then either ’+’ or ’*’ again,703

and then another random digit. Finally, we704

press ’=’, and note down the answer. If we705

keep repeating this experiment over and over,706

what is the expected average result?707

3. On a black-and-white computer screen, digits708

and numbers are displayed as bitmaps with 7709

rows and 5 columns. For instance, an "I" is710

displayed like this:711

01110712

00100713

00100714

00100715

00100716

00100717

01110718

719

The bitmap for "I" contains 3 ones on the first720

row, 1 one on the second row, etc., that is,721

[3,1,1,1,1,1,3] ones, counting from the first722

row to the last. Which letter in A–Z has723

this number of ones: [4,2,2,4,2,2,4], count-724

ing from first row to the last?725

4. An ordinary tic-tac-toe board has 9 squares:726

(1,1) - (3,3). Now consider fric-frac-froe,727

which is played on an extended board where728

the top row has four squares (1,1)-(1,4), and729

the other two rows have three squares as be-730

fore. The objective of fric-frac-froe is to have731

three markers in a row, just as in ordinary tic-732

tac-toe. Either find a winning strategy for the733

fric-frac-froe player who goes first, or explain734

why the game is a draw.735

5. We will call a binary tree with numbers at736

each node a ’labeled binary tree’. Either give737

an example of a labeled binary tree of depth738

3 whose pre-order traversal and post-order739

traversal yields the same sequence of numbers,740

or explain why no such tree can exist.741

6. A rectangle has sides with non-zero integer742

lengths. Adding the length of the perimeter743

and the area of the rectangle yields 9793. How 744

long are the sides? 745

7. We have two disjoint sets of numbers: A, 746

with n members, and B with n+1 members. 747

We want to construct a sequence of numbers 748

which is 2n+1 numbers long, and every sec- 749

ond number is selected from A and every sec- 750

ond number from B, and the sequence has to 751

start and end with a number from A. Either 752

suggest a method for doing this, or explain 753

why such a method cannot exist. 754

8. We have 4 points in the plane: p1, p2, p3, 755

p4, and construct a polygon by drawing a line 756

from p1 to p2, from p2 to p3, from p3 to 757

p4, and from p4 back to p0 again. Suppose 758

p1=(3,4), p2=(7,7), and p3=(10,3). If we want 759

the polygon to be a square, where should p4 760

lie? Either give the coordinates of p4, or ex- 761

plain why no such point can exist. 762

9. Let a0 be the factorial of 10001000, and let 763

ak be the sum of digits in ak−1, for k > 0. 764

After i steps, ai, ai+1, ai+2, . . . will be same 765

number, which is a single digit. Which digit? 766

10. Let x be a positive integer and define the 767

following rule f : f(x) = x/3 if x is divis- 768

ible by 3, otherwise f(x) = 2x + 1. We 769

are interested in how many times we must 770

apply this rule before we reach the num- 771

ber 1. For x = 4, we need 3 applications: 772

f(4) = 9, f(9) = 3, f(3) = 1. Let us use 773

the notation g(x) to denote the smallest i such 774

that i applications of f starting from x re- 775

sults in 1. As we saw, g(4) = 3. If no 776

such i exists, we let g(x) = −1. What is 777

g(1) + g(2) + . . .+ g(100)? 778

11. A dog is on an automatically retractable leash. 779

If the owner is standing at (0,0) and the dog 780

runs to (5,0), the extended part of the leach 781

is 5 metres long, but when the dog returns to 782

its owner at (0,0), the leach is rewinded and 783

is 0 metres long again. However, if there is a 784

lamppost at (1,3) and the dog runs from (0,0) 785

to (5,0), then to (0,5) and then back to (0,0) 786

again, the leash will loop around the lamp- 787

post so the extended part of the leash is now 788

2*sqrt(10), i.e. the distance from (0,0) to the 789
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lamppost and back again. Suppose now that790

there are lampposts at (1,3), (3,1), (6,3), (3,6),791

(9,7), and (7,9). The dog runs the following792

trail: (0,0) to (6,0) to (0,6) to (6,12) to (12,6)793

to (6,0) to (6,0) to (0,6) to (6,12) to (12,6)794

to (0,0). What is the length of the extended795

part of the leash when the dog has finished its796

run? Round the answer upwards to the closest797

integer.798

12. We have a convex polygon in the plane, with799

vertices in (3, 0), (1, 2.5), (8, 9.8), (12, 8.5),800

and (11,−0.5). How many points with inte-801

ger coordinates are contained in this polygon802

(not counting those on the perimeter)?803

13. Suppose you randomly remove 15 paper804

sheets from a book. Each sheet has a page805

number written on either side of the sheet.806

Can these page numbers add up to 2000? Ex-807

plain how you reached your conclusion.808

14. We have a rectangular pool table with near809

left corner in (0,0), and the far right corner810

in (5,11). A ball is sent off from the near left811

corner in the direction (1,1). How many times812

will the ball bounce off a wall before ending813

up in a corner? Assume that the incoming814

angle is equal to the outgoing angle at each815

bounce.816

15. I have fifteen dice that I want to place on a flat817

empty wooden surface in such a way that as818

many dice as possible will have all six faces819

concealed to an observer. The observer is al-820

lowed to walk around the table but not to touch821

the dice. Determine the maximum number of822

dice you can conceal, and explain how to best823

place the dice.824

16. Suppose we have a ordinary clock with an825

hour hand and a minute hand. We are inter-826

ested in the angle between the hands measured827

from the minute hand clockwise to the hour828

hand. For example, the angle is 30 degrees829

at 1pm. At how many occasions from 1pm830

to 2pm (inclusive) will the angle between the831

hands be an integer?832

17. We write the prime numbers in six columns,833

as follows: In the first row, we write the first834

six primes: 2,3,5,7,11,13. In the second row, 835

we write the next six primes in reverse order: 836

37,31,29,23,19,17. We keep on alternating be- 837

tween writing the next six primes in order on 838

odd-numbered rows, and the next six primes 839

in reverse order on even-numbered rows. Af- 840

ter a new row has been added, we compute the 841

sum of each column. After how many rows 842

will we see (for the first time) that the third 843

column has the largest sum of all columns? 844

Either answer with a number, or explain why 845

this will never happen. 846

18. We write the powers of 2 in five columns, as 847

follows: In the first row, we write the first 848

five powers of 2: 1,2,4,8,16. In the second 849

row, we write the next five powers of 2 in 850

reverse order: 512,256,128,64,32. We keep 851

on alternating between writing the next five 852

powers of two in order on odd-numbered rows, 853

and the next five powers of two in reverse 854

order on even-numbered rows. After a new 855

row has been added, we compute the sum of 856

each column. After how many rows will we 857

see (for the first time) that the second column 858

has the largest sum of all columns? Either 859

answer with a number, or explain why this 860

will never happen. 861

19. Suppose you have two ordinary six-sided dice 862

which you want to place on a wooden table 863

so as few dots as possible are visible. The 864

best way of doing this is placing them next 865

to each other with the six dots facing down- 866

wards and the five dots facing each other. This 867

way 2*(1+2+3+4)=20 dots will be visible alto- 868

gether (the observer is allowed to walk around 869

the table). We define v(n) to be the minimal 870

number of dots visible on n dice placed on a ta- 871

ble. You are given v(1)=15, v(2)=20, v(3)=26. 872

What is v(37)? 873

20. Let us call a positive integer "good" if it has a 7 874

somewhere in its decimal representation. How 875

many of the first 10 million positive integers 876

are good? 877

21. I have six paper slips which have numbers 878

written on them: respectively 2,2,3,3,5, and 7. 879

I want to select a subset of the paper slips and 880

compute the sum of those numbers. Which is 881
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the smallest integer larger than 1 which cannot882

be obtained this way?883

22. I have a collection of 5 triangles, T1 to T5.884

All the interior angles (when expressed as de-885

grees) of T1 to T5 are distinct and are found in886

the set A = {1,2,3,4,5,6,7,8,9,10,167,168,169887

,170,171}. You can now point to a number in888

A and ask an oracle which triangle this angle889

belongs to. What is the minimal number of890

such questions you have to ask before you are891

guaranteed to know which triangle each of the892

15 numbers in A belongs to?893

23. I have the points (0,1), (3,2), and (4,1), and894

construct a circle where the three points lie895

on the perimeter. If we call the centre of the896

circle (xc, yc), what can you say about xc rel-897

ative to the x-coordinates of the three points:898

is it smaller, equal, or larger? What about899

yc relative to the y-coordinates of the three900

points?901

24. Suppose we sort all numbers from 1 to 1000902

(inclusive) in an ascending order according the903

digit sum of the number. 501 would appear904

before 129 in such a sorted list, since 5+0+1905

is less than 1+2+9. If i and j have the same906

digit sum, but i is smaller than j, then i should907

appear before j in the sorted list. At which908

position in the list would you find the number909

721?910

25. I have a rectangular grid of 80x80 identical911

squares, and a number of tiles that can be912

placed on the grid. The tiles come in two913

varieties, both varieties covering 4 squares:914

2x2-tiles and 1x4-tiles. The 1x4 tiles can be915

placed either horisontally or vertically. Is it916

possible to tile the grid with 799 2x2 tiles917

and 801 1x4-tiles? If it is possible, suggest a918

method. If it is not possible, explain why not.919

26. We want to assign a number in {1 . . . 12} to920

each of the edges on a cube so that (1) each921

edge is assigned a different number, and (2)922

the sum of the four edges on one face of the923

cube will be the same for all faces. Determine924

whether this is possible or not. If it is possible,925

determine which number the edges on one926

face should add up to.927

27. Divide the area from (0,0) to (3,3) into 9 928

equally large squares. We now want to fill 929

in the perimeter of these 9 squares without 930

lifting the pen. What is the minimal length of 931

the line you need to draw? 932

28. We place the numbers 1–9 in a 3x3 grid, and 933

add all the numbers on the rows, the columns, 934

and the two diagonals to form one big sum. 935

The obtained sum will depend on how we 936

placed the numbers in the grid. What is the 937

difference between the largest and the smallest 938

sums obtainable in this way? 939

29. Some integers can be written as 6x+7y, where 940

x and y are non-negative integers, but there is 941

a largest integer N that cannot be written this 942

way. Find N, and explain why all numbers 943

larger than N can be written as 6x+7y. 944

30. A square-shaped swimming pool has its oppo- 945

site corners at (0,0) and (2,2). A swimmer and 946

a runner makes the following bet: They will 947

start at the same time at (0,0). The goal of the 948

swimmer is to swim to either (1,2) or (2,1). 949

If he can reach either of those points and the 950

runner is not already there when the swimmer 951

arrives, the swimmer will win the bet, other- 952

wise the runner will win the bet. Suppose the 953

runner is twice as fast as the swimmer. Assum- 954

ing both players are using their best strategy, 955

who will win the bet? Explain the best strate- 956

gies for the runner and the swimmer. 957

31. We put the numbers 1–32 in a random order 958

and call this sequence S. We now want gen- 959

erate 33 permutations T0–T32 of the numbers 960

1–32 so that Ti has the same number as S at 961

exactly i positions. For instance, S and T1 962

might both have the number 17 in position 22, 963

but not overlap in any other positions. Either 964

describe a method of how to generate T0–T32, 965

or explain why it is impossible. 966

32. You have a collection of 8 line segments, 967

which have the length of the first 8 odd num- 968

bers. Can you construct a square using each 969

of these line segments exactly once? 970

33. You have a collection of 10 line segments, 971

which have the length of the first 10 odd num- 972
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bers. Can you construct a square using each973

of these line segments exactly once?974

34. You have a square with the dimensions975

100x100 metres, and want to place a rectangle976

10 metres wide and y metres long on top of977

the square so that no piece of the rectangle ex-978

tends beyond the borders of the square. What979

is the maximum length y possible for the rect-980

angle? Round the answer downwards to an981

integer.982

35. A pandigital number contains all digits 0–9983

at least once. What percentage of all 10-digit984

pandigital numbers are divisible by 3?985

36. A pandigital number contains all digits 0–9986

at least once. What percentage of all 11-digit987

pandigital numbers are divisible by 3?988

37. We have an empty screen whose lower left989

corner is at (0,0) and the upper right corner990

at (1000,1000). We open 5 windows on the991

screen:992

Window number Lower left Upper right
1 (100,200) (900,400)
2 (200,100) (700,900)
3 (0, 500) (400,800)
4 (300,200) (800,800)
5 (600,100) (1000,500)

993

How large a proportion of the screen back-994

ground will still be visible after having opened995

the windows above?996

38. Find a positive integer n such that the sum of997

the digits in n2 is 101, or explain why no such998

n can exist.999

39. In how many ways can you tile a 10x2 grid1000

with 1x2 dominoes? (We assume that all domi-1001

noes are blank and indistinguihable).1002

40. We have a list of 100 numbers sort in ascend-1003

ing order, but we want the list sorted in de-1004

scending order. The only operation at our1005

disposal is to swap to numbers at position k1006

and k + 2 in the list. Determine the number1007

of such swap operations necessary to get the1008

list sorted in descending order, or explain why1009

it is not possible at all.1010

41. A man is climbing a staircase with 10 steps, 1011

numbered 1–10. Each second, the man climbs 1012

one step with probability 0.5, or descends one 1013

step with probability 0.5. If the man is at the 1014

bottom of the stairs (step 0), then obviously 1015

he cannot descend further, so in that case he 1016

stays put with probability 0.5, or climbs one 1017

step with probability 0.5. If the man starts 1018

at step 0, which is the expected step he will 1019

be at after 10 seconds? Round to the nearest 1020

integer. 1021

42. We select a sequence of 10 random digits with 1022

repetition (i.e., the same digit can be chosen 1023

more than once) using a uniform distribution. 1024

What is the probability that the product of the 1025

digits in the sequence is odd? 1026

43. We select a sequence of 10 random digits with 1027

repetition (i.e., the same digit can be chosen 1028

more than once) using a uniform distribution. 1029

What is the probability that the sum of the 1030

digits in the sequence is odd? 1031

44. We have a calculator that respects the ordinary 1032

laws of arithmetic precedence (e.g., 2+3*4 1033

will result in 14). We now randomly press 1034

(with a uniform probability) one of the digits 1035

0–9, then either ’+’ or ’*’, then another ran- 1036

dom digit, then then either ’+’ or ’*’ again, 1037

and then another random digit. Finally, we 1038

press ’=’. What is the probability that the 1039

result is odd? 1040

45. Consider the set of strings matching the regu- 1041

lar expression "a+b+a+". How many strings 1042

of length 100 match this regular expression? 1043

Only count the cases where the whole string 1044

matches the regular expression. 1045

46. You have a cardboard cylinder whose outer 1046

diameter is 100 mm. You roll a paper which 1047

is 100,000 mm long and 1 mm thick on the 1048

cylinder. How many times do you need to 1049

rotate the cylinder a full 360 degrees before 1050

you have rolled up the whole paper? Answer 1051

with the nearest higher integer. 1052

47. We will call a set of positive integers “progres- 1053

sive” if at least three of the numbers in the 1054

set belong to an arithmetic progression with 1055

12



a common difference larger than 1. For ex-1056

ample, a set containing 2,6,42 is progressive,1057

since these three numbers belong to the same1058

arithmetic progression 2,4,6,8,...,40,42,... Ei-1059

ther construct a set of of positive integers1060

which is not progressive and has least 5 mem-1061

bers, or explain why no such set exists.1062

48. Can the numbers 1–25 be placed in different1063

groups such that the product of the numbers1064

in each group is the same? Explain.1065

49. Suppose n = a1 + a2 + . . . ak, and consider1066

the claim "n is divisible by d if and only if1067

each ai is divisible by d". Is (a) the "if" part1068

the claim guaranteed to be true but not the1069

"only if" part, or (b) is it the other way around,1070

or (c) are both guaranteed to be true, or (d) is1071

neither? Explain.1072

50. Anna and Bert is playing the following game:1073

First, a positive integer less than 1000 is ran-1074

domly generated. Anna goes first and chooses1075

to subtract either 1 or 2 from the number. Then1076

Bert can choose to subtract either 1 or 2 from1077

the resulting number. Then it’s Anna’s turn1078

again, and the players keep alternating, sub-1079

tracting either 1 or 2. The player who reaches1080

negative infinity wins. Is there a winning strat-1081

egy for either Anna or Bert? Explain.1082

B Appendix: Solution to problem 221083

The answer is that 6 questions are sufficient and1084

also necessary in the worst case. Careful analysis1085

of the problem reveals that there are 8 different1086

possible configurations, called A-H (see Figure1087

4)):1088

In addition, the triangles might have different ID1089

numbers, e.g. (1,8,171) might be any of T1 – T5,1090

so the total number of possibilities are 5! · 8 = 960.1091

The stategy for querying the oracle is described1092

visually in Figure fig:problem22. First ask the ora-1093

cle about about 1 and 8. If 1 and 8 are in the same1094

triangle, ask about 4 and 6. If they are in the same1095

triangle, solution A is correct, and you know the ID1096

numbers of two of the triangles. To get the remain-1097

ing ID numbers, ask about 2 and 3, and by process1098

of elimination one can also conclude the ID of the1099

triangle containing 5. (This took 6 questions).1100

If 4 and 6 are not in the same triangle, solution1101

B is correct, and you know the ID numbers of the1102

triangles containing 1, 4 and 6. Then ask about 2, 1103

and you will have all necessary information. (This 1104

took 5 questions). 1105

If the first two questions reveal that 1 and 8 are 1106

not in the same triangle, ask about 9. If 1 and 9 1107

are in the same triangle, one of solutions C, D, E 1108

is correct, otherwise one of F, G, H is correct. In 1109

either case, asking about 2,6, and 3 will give all the 1110

necessary information (totally 6 questions). 1111

C Appendix: Detailed results 1112

Table 1 details the results of the various models. 1113

Each problem has two entries for each model: A 1114

green checkmark in the leftmost position indicates 1115

that the model got the right answer to the question, 1116

and a checkmark in the rightmost position means 1117

that the solution is correctly motivated. For the 1118

most part, models get either both or none of these 1119

right, but there are a number of instances when 1120

the model gives a correct answer but an erroneous 1121

motivation. This suggests that it is essential not 1122

just to look at the final answer when evaluating the 1123

reasoning capabilities of models. 1124
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•

(1,8,171)

(1,9,170)

(1,10,169)

(4,6,170), (2,9,169), (3,10,167), (5,7,168) A

(4,9,167), (2,10,168), (3,7,170), (5,6,169) B

(4,7,169), (2,10,168), (3,6,171), (5,8,167) C

(4,5,171), (2,10,168), (3,8,169), (6,7,167) D

(4,8,168), (2,7,171), (3,10,167), (5,6,169) E

(4,5,171), (2,8,170), (3, 9, 168), (6, 7, 167) F

(4,6,170), (2,7,171), (3,9,168), (5,8,167) G

(4,9,167), (2,8,170),(3,6,171), (5, 7, 168) H

Figure 4: The possible triangles of problem 22.
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# Mixtral
8x7b

Llama
3.3-70B
versatile

Gemini
2.0-pro-exp gpt-4o o1-preview o1 o3-mini deepseek-r1
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3

4

5

6

7

8

9

10
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16
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18
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23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

Figure 5: Detailed results
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