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Abstract  
In open ended problems, the solving process requires the use of thinking skills, a logic argue and a 
little bit of contrivance. As well in science, researchers submit questions, search for ways to answer 
them, and operate with earned results. Mathematical problems aimed at the use of procedural 
mathematical knowledge comes to the fore of recent demanding.  

Department of Mathematics in Faculty of Natural Sciences at Constantine the Philosopher University 
in Nitra is an organizer of the Mathematics B-day contest for Slovak Republic. Mathematics B-day 
contest gives a unique opportunity to solve mathematical open problem in teams of three or four 
students. Final written report of results, the continuous mathematical text of premises and proofs, 
represents the assessed outcome. The report must be understandable and supported by 
mathematical arguments.  

Assessing of students’ solutions of mathematical open ended problem is the core of our research. The 
correctness of result indicates the higher students’ competencies, but also the steps of approach used 
to solve the problem is in the focus of the assessment. Manifested mathematical competencies, 
progress of mathematical modelling, level of mathematical argumentation and writing skills, are main 
observed attributes. All attributes are described by students’ performance on six levels by rubrics. 
Quality of written report depends also by methods how students process information, connect the 
knowledge and develop new conclusions. The approach of solution is unpredictable for amount of 
possible strategy choices. The complex structure of mentioned thinking skills represents creativity as 
next assessed attribute.  

Finding the objective rubric for assessing the level of creativity is the aim of this contribution. Based on 
recent studies about creativity and the use of creativity in problem solving, the criteria for creativity 
assessing were defined: originality, correctness of conclusion (results), applicability of results and 
value for other studies. Criteria are described by expected performance of the Mathematics B-day 
contest are used as an example of the use of rubrics in this paper.  
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1 INTRODUCTION 
Mathematical open-ended problems make for students the connection between mathematics 
principles and the real world. Our research is based on the analysing of high school students’ 
competencies manifested in mathematical open/ended problem solving. For chosen attributes the 
rubrics as the assessment tool were created and afterward compared with performance of students. 
The chosen attributes are: manifested mathematical competencies, progress of mathematical 
modelling, level of mathematical argumentation and writing skills in mathematics. Each of mentioned 
attribute serves to assess specific type of students’ performance. The creativity, as the complex 
attribute for assessing solutions of mathematics open-ended problem solving, is described. 

The goal of this contribution is to propose and to describe an objective tool for assessing the level of 
creativity. In first section the definition of creativity and aspects of creativity are described. Based on 
the theoretical background the original rubric for assessment level of creativity by three criteria is 
created. Next the propose of this assessment tool is applied on two chosen authentic students’ 
solutions from international contest Mathematics B-day and analysed solution are described for each 
criterion in discussion. 

“The main achievement in the solution of a problem is to conceive the idea of a plan.” [1] 
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2 THEORETICAL BACKGROUND 

2.1 Creativity in mathematical open-ended problems 
Creativity is general inborn human skill. In psychologist view, Szobiova [2] defines creativity as ability 
to react to continual changes in new and adaptable way, also as skill to tolerate the complexity 
messiness in unfamiliar situations. It is a productive way of thinking that reflects in human activities [3]. 
Creativity is in the focus of several branches: creativity in art, writing, handmade activities, but also in 
science where it makes the special importance. Mann [4] mentions the Torrance’s (1996) definition 
applicable for creativity in mathematics as “a process of becoming sensitive to problems, deficiencies, 
gaps in knowledge, missing elements, disharmonies, and so on, identifying the difficult; searching for 
solutions, making guesses or formulating hypotheses about the deficiencies; testing and re-testing 
them; and finally communicating the results”. 

The context of mathematical open-ended problem is very often close to the real situation. The 
assignment usually consists from coherent text and it is up to solver to choose the best strategy for 
solving the problem. Contrary to standard tasks, when solution demands only using the known 
algorithm, mathematical open-ended problems depend on the mathematical experience of solver and 
the use of higher mathematical thinking skills [5]. The solvers role is to understand the task, to 
formulate an appropriate sequence of actions or strategy, to apply the strategy to produce a solution, 
and in the end, to reflect on the solution to ensure that it produced an appropriate response [6]. For 
this reason, the mathematical open-ended problem as the problem with creating answer in written 
report of results is defined. Written report represents the complex detailed summary of solving process 
and description of approaching a problem, of mathematical thinking and reasoning and of 
mathematical results. 

According to Zak [3], the written report displays the outcome of creativity, which is necessary for 
forming processes in specific human activities. The extend between the use of algorithmic thinking 
and of heuristic aspects (originality, inquiry and assuming) is observed for assessing the creativity. 
The inventive thinking depends on newness, usefulness, correctness and applicability.   

2.2 Assessment of creativity by rubrics 
The above mentioned steps of approach are used in problem solving and described the focus of the 
assessment of mathematical open-ended problem solving. Usually the assessor corrects each of 
solution in subjective view. It means that one assessor can inspect on the solution in different view 
than another one. The question is: How the subjectivity in assessing process has to be minimized? 

Several recent studies are looking for method to assess the creativity. The suitable tool for 
assessment of chosen attributes in mathematical open-ended problems solutions are rubrics. The 
purpose of rubrics lies in description of level of performance, not correctness of result. Brookhart [7] 
defines rubrics as “a coherent set of criteria includes descriptions of levels of performance quality on 
the criteria”. For creating any rubric, it is necessary to define criteria specific for assessed attribute and 
to specify the count of levels. The rubric is complete when the all levels of performance are described, 
see Tab. 1. 

Table 1.  The general pattern of rubric 

Name of rubric or subject of assessment 

LEVEL Criterion 1 Criterion 2 

Level 1 Description of level 1 of criterion 1 Description of level 1 of criterion 2 

Level 2 Description of level 2 of criterion 1 Description of level 2 of criterion 2 

Level 3 Description of level 3 of criterion 1 Description of level 3 of criterion 2 

Creativity, as an assessed attribute, seems to be a difficult to describe in performance on various 
levels. For specifying criteria, the processes of creativity are needed to determine. Mann in [8] 
compares two studies about mathematical creativity criteria: Balka (1974) and Calton (1959). Balka 
describes creativity as an ability “to formulate mathematical hypotheses concerning cause and effect 
in mathematical situations; to break from established mind sets to obtain solutions in a mathematical 
situation; to consider and evaluate unusual mathematical ideas; to think through the possible 
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consequences for a mathematical situation; to sense what is missing from a given mathematical 
situation; to ask questions that will enable one to fill in the missing mathematical information; to split 
general mathematical problems into specific sub problems.” Calton labelled criteria as characteristics 
of potentially creative thinker in mathematics and defined them into six skills: 

1 The speculating or guessing about what would happen if one or more hypotheses of a problem 
are changed. 

2 The tendency to generalize particular results, either by finding a common thread of induction or 
by seeing similar patterns by analogy. A desire to improve a proof or structure of a solution. 

3 Pleasure derived from adding to the knowledge of the class by producing another solution or 
another proof beyond those that the class considered.  

4 A seeking for consequences of connections between a problem, proposition, or concept and 
what would follow from it.  

5 Intuition as to how thing should result.  

6 The making up or seeing of problems in data or in situations which arouse no particular curiosity 
in other children. 

Brookhart in [7] offers another way how to assess the creativity. The four criteria for assessment the 
creativity (depth and quality of ideas, variety of sources, organization and combination of ideas and 
originality of contribution) are derived from specific skills of creative students: “recognize the 
importance of a deep knowledge base and continually work to learn new things; creative students are 
open to new ideas and actively seek them out; find source material in a wide variety of media, people, 
and events; organize and reorganize ideas into different categories or combinations and then evaluate 
whether the results are interesting, new, or helpful; use trial and error if they are not sure how to 
proceed, viewing failure as opportunity to learn”.  

3 METHODOLOGY 
The goal of this contribution is creating of authentic rubric for assessing the creativity. Six levels of 
cognitive processes in Revised Bloom Taxonomy of Educational Objectives are the essential base for 
this assessing tool. In second part of methodology the research sample is introduced. The six-level 
rubric for assessing the creativity is applied on assessment of solutions of chosen mathematical open 
ended problems from Mathematical B-day contest. 

3.1 Six-level rubric for assessment the creativity 
The most common system how to create a rubric is by defining attribute in four levels: inadequate as 
the lowest, then adequate, needing improvement and excellent as the highest [9]. The assessor can 
select as many levels as it is necessary to describe in meaningful differences in performance quality. 
The Bloom Taxonomy of Educational Objectives contains classified statements of what we expect or 
intend students to learn as a result of instruction in six categories: knowledge, comprehension, 
application, analysis, synthesis and evaluation [10]. Dimension of cognitive processes is appropriate 
division to assess the students’ performance. Criteria of the creativity used in this contribution are 
defined according to Zak [3]: originality (see Tab. 2), correctness of conclusion (see Tab. 3), 
applicability of results and value for other studies (see Tab. 4). Based on above mentioned studies the 
set of rubrics for assessing creativity was created. 

As output of creativity process of open-ended mathematical tasks the new mathematical model is 
expected. The creating process does not response in process from nothing to something. Original 
ideas and conclusions by the connecting developing and conditioning of exist information are created. 
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Table 2.  Rubric describing the performance for the first criterion 

RUBRIC OF THE ORIGINALITY’S ASPECTS 

LEVEL PERFORMANCE DESCRIPTION. 

1 All ideas are copied from assignment and are created by rewording of assignment. 

2 Ideas are chosen from the field of main topic. The conclusion is created by rewording the 
assignment or on the basic definitions of expected result in order to fit it. 

3 Ideas are connected with related mathematical field and with the basic assumptions. 

4 Ideas are connected by the original description of basic concepts with the solver’s 
assumption. 

5 Ideas are connected and combined by the mostly original way. Ideas create the complex 
contribution for solving the problem. 

6 Ideas are combined by the original and surprising way for solving the problem or the 
creating of something new. The conception of assignment is original. 

It is necessary to meet the requirements defined in assignment of the particular task or the whole 
assignment. Defining of concepts, creating of the equations, reasoning of the assumptions and 
proving the conclusions or creating of mathematical model have to be meaningful, coherent and 
correct. Assignment of mathematical open-ended problem is a “reflecting bridge” to choose the 
relevant information and to use it for expected conclusion. 

Table 3.  Rubric describing the performance for the second criterion 

RUBRIC OF THE CORRECTNESS OF CONCLUSION 

LEVEL PERFORMANCE DESCRIPTION. 

1 The solution is not correct. Some information is not exact. Ideas on the false hypotheses 
are based. 

2 The solution is not coherent. The used information is incohesive and is not clear. 

3 The solution in some parts can be unclear, mostly because of the missing details or 
because of little irrelevant information. 

4 The solution is created by useful information from relevant sources, but some of them 
interfere with the main idea in negative way. 

5 The solution is created by mostly correct information. The inexact information or the 
missing details do not have the influence on the main idea. 

6 The solution is created by correct information. 

New and correct ideas do not have to be necessary applicable. The condition of the practical use of 
previous knowledge has to be fulfilled.  
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Table 4.  Rubric describing the performance for the third criterion 

RUBRIC THE APPLICABILITY OF CONCLUSION AND SOLVING PROCESS VALUE FOR 
FOLLOWING STUDIES 

LEVEL PERFORMANCE DESCRIPTION. 

1 The conclusion does not represent tool for solving the problem, even for other purposes. 

2 The conclusion contains the elements for solving some particular problems, but not the 
problem as a whole. Ideas for solving the concrete problem or situation are useful. 

3 The conclusion represents some kind of tool for solving the concrete problem, but the 
generalization of solution could be difficult. 

4 The conclusion represents the important tool for solving the same problem, for the 
problem with similar context or the close discipline. It is possible to make with 
modifications the universal conclusion. 

5 The conclusion represents the universal tool for solving the problem with the same or 
similar context or the close discipline. 

6 The conclusion represents the universal tool for solving the problem from more  

The criterion of applicability lies on three aspects: every idea is not wrong by itself; it has to be tried; 
the immediate deduces do not have to be correct [3]. 

3.2 Research sample for application the six-level rubric 
Department of Mathematics in Faculty of Natural Sciences ant Constantine the Philosopher University 
in Nitra is an organizer of the Mathematics B-day contest for Slovak Republic. Origin of contest is from 
Netherlands where Mathematics B-day is based on the educational program of mathematics for 
university level of technical studies and studies in science and mathematics. The pilot year in Slovak 
Republic happened in 2011, although Mathematics B-day has a long lasting tradition also in Belgium 
and Germany. Three or four member teams have a unique opportunity to solve assignment created 
with intention to motivate inquiring in mathematics. The assessed outcome is written final report 
created by conjecturing and proving in mathematics, demonstrating students’ creativity and 
mathematical knowledge [11]. 

The point of assignment from 2016 “A nice set of dice” is about probability of winning. Two players, 
Susanne and Roger, play simple game with dice: Who throws the highest number of dots, wins. They 
started to play with common dice with number of dots from 1 to 6. But their competitiveness provokes 
them making the new sets of dice, the cheating sets. In cheating set every die is stronger than the 
next one. The tasks pass through to constructing a mathematical proof and mathematical open-ended 
problems. 

The assignment of Mathematical B-day 2016 is composed from sixteen open-ended problems. The 
main exercise for its extensity and complexity was chosen as an example of the assessment process. 
Students are forced to use all previous findings and also some reasonable external sources in the 
process of composing the final report. Students’ solutions of main exercise are the suitable material for 
observing the level of creativity. 

The most important tasks of the Mathematics B-day 2016 contest are following [12]: 

Example of the problem 1: “Consider two dice with the following property: if a specific number of 
dots is on one of the faces of the die A, it cannot also occur on the die B. Explain that the 
addition of probabilities of winnings of dice equals 1.” 
Example of the problem 2: “… A = 3, 3, 5, 5, 7, 7; B = 2, 2, 4, 4, 9, 9; C = 1, 1, 6, 6, 8, 8. Below 
we have represented these three dice in a different way using a dot diagram (Pic. 1). Because 
all numbers occur exactly twice, you can simplify the situation to 3-sided dice: A = 3, 5, 7; B= 2, 
4, 9; and C = 1, 6, 8, without the win probabilities changing. Explain how, using a dot diagram, 
you can calculate the values for probabilities of winning.” 
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Picture 1: Dot diagram from assignment 

Example of the problem 3: “The dice G: 1, 4, 4; H: 3, 3, 3 and I: 2, 2, 5 form a cheating set … 
Roger wants to change the set so that lowest becomes a bit higher! He does that by making the 
number of faces 21. Die G has n ones and 21-n fours. … Die H has 21 threes. … Die I has n 
fives and 21-n twos. … What number should Roger choose for n, such that the lowest of the 
probabilities is a large as possible? And how about when the dice are 30-sided?” 

The whole assignment consists from gradually open-ended problems and students are guided to 
create the mathematical model of assigned situation. As an example for application of created rubrics 
the main assignment of Mathematical B-day was chosen. 

Assignment: “The main exercise for the Mathematics B-day 2016 is for your group to make a 
cheating set of dice. We are giving you three objectives. Objectives 1 and 2 are more important 
than objective 3. Make a cheating set that meets as many of the objectives as possible. 

Objectives: 1. Make sure that the probability for player 2 to win is as high as possible. Assume 
that player 1 has calculated all win probabilities and is playing a smart game. 2. Make sure that 
the set has a large cycle. 3. Make sure that the set has several cycles.” [12]. 

4 FINDINGS: THE AUTHENTIC STUDENTS’ SOLUTIONS 
TEAM 1: “In main exercise’s solution we used our finding from task about dot diagrams. We found out 
that the regularity exists in values order on faces: if number 6 is not a divisor of number n, then an+1 
equals (an+7); and if number 6 is a divisor of number n, then an+1 equals (an+6). In this case we gave 
numbers 1 – 6 to faces. We found out the cycle of six dice: 

A: 1, 8, 15, 22, 29, 36;  B: 2, 9, 16, 23, 30, 31;  C: 3, 10, 17, 24, 25, 32 

D: 4, 11, 18, 19, 26, 33  E: 5, 12, 13, 20, 27, 34  F: 6, 7, 14, 21, 28, 35 

The cycle of six dice cheating set has scheme: A → F → E → D → C → B → A, but there are also 
other small cycles, for example: DBF or CAE. The highest possible probability is 17:19.” 

TEAM 2: “The easiest way for creating of cheating set of ten dice (the die A the most advantageous, 
the die B is the least advantageous, then dice 1 – 8) is by the following objectives: 

1 The die A wins over 1, 2, 3, 4, 5, 6, 7, 8. 

2 The die B wins over A. 

3 The die 1 wins over 2, 4, 5, 6, 7, 8, B. 
4 The die 2 wins over 3, 4, 5, 6, 7, 8, B. 

5 The die 3 wins over 1, 4, 5, 6, 7, 8, B. 

6 The die 4 wins over 5, 6, 7, 8, B. 

7 The die 5 wins over 6, 7, 8, B. 
8 The die 6 wins over 7, B. 

9 The die 7 wins over 8, B. 

10 The die 8 wins over 6, B. 

First we make the smaller cycle. The die A should have relative large values, dice B should have two 
values smaller than the die A and the die 1 should have four values smaller than the die A at the same 
time as four values larger than the die B. Then we can continue with making the other die based on 
rule: four values on new die have to be smaller than values on the die A at the same time smaller than 
the previous die.” Students subsequently created all ten dice. Some values on some dice had to be 
changed because of cycle maintenance. Final large cycle of cheating set created by Team 2 is: A → 1 
→ 2 → 3 → 4 → 5 → 6 → 7 → 8 → B → A, where the die B with the lowest probability of winning is 
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the only one die for beating out the die A with the highest probability of winning. Cheating set of dice 
created by Team 2 is: 

A: 30, 30, 50, 50, 70, 70; 3: 27, 27, 48, 48, 83, 83;  6: 24, 24, 43, 43, 86, 86;  

B: 01, 01, 60, 60, 80, 80; 4: 26, 26, 46, 46, 84, 84; 7: 23, 23, 42, 42, 88, 88 ; 

1: 29, 29, 47, 47, 82, 82; 5: 25, 25, 45, 45, 85, 85; 8: 22, 22, 44, 44, 87, 87; 

2: 28, 28, 49, 49, 81, 81.” 

“The cheating set has also several small cycles.” 

5 DISCUSSION AND CONCLUSION 
Written solutions represent outcome of seven hours of the students’ intensive work in teams. During 
given time students job is to create the mathematical model depending on previous solved tasks, own 
knowledge and experience or on various other, external, sources. Examples by three criteria for 
assessment the level of creativity are analysed.  

Team 1 created the cheating set of six six-sided dice: 

Originality of the solution: Students refer the finding from the previous problem about interpretation of 
dot diagram, which is mentioned as an example 2 in section 3.2. The explanation of formula is missing 
in this solution. Also in interpretation of dot diagram students mentioned no mathematical expressions 
of relations or properties, it is composed just from word descriptions. The assessor cannot be sure 
how students get this assumption for creating the cheating set of dice. 

The criterion of originality can be assessed in level 2: Ideas are chosen from the field of main topic. 
The conclusion is created by rewording the assignment or on the basic definitions of expected result in 
order to fit it. 

Correctness of the results: Final result is not complete. The reasoning of conclusion is missing. The 
created set of dice represents the cheating set, but it is not clear whether all objectives were fulfilled. 

The criterion of correctness of result can be assessed in level 3: The solution in some parts can be 
unclear, mostly because of the missing details or because of little irrelevant information. 

Applicability of the conclusion and solving process value for following studies: Nothing useful occurs in 
final conclusion that could be used in other problem. The assumption by mentioned relation is not 
useful without some legend or closer description of its purpose. The existing regularity in numbers on 
faces is just mentioned, not described or generalized.  

The criterion of applicability can be assessed in level 1: The conclusion does not represent tool for 
solving the problem, even for other purposes. 

Team 2 created the cheating set of ten six-sided dice: 

Originality of the solution: Students put the objectives for the win of chosen die over others for creating 
the cheating dice set. The cycles in dice set are known based on lied assumptions. Students 
described the way how to choose right numbers on faces, but they gave no reason. Probably their 
solution was inspired by the problem mentioned as an example 2 in section 3.2. 

The criterion of originality can be assessed in level 3: Ideas are connected with related mathematical 
field and with the basic assumptions. 

Correctness of the results: The result is correct. The created dice set represents the cheating set. 
Students, besides description of solution, calculated the probabilities of winnings for every dice. But 
missing conclusion have an influence on relevance of final solution.  

The criterion of correctness of result can be assessed in level 4: The solution is created by useful 
information from relevant sources, but some of them interfere with the main idea in negative way. 

Applicability of the conclusion and solving process value for following studies: The objectives 
represent assumptions for mathematical model of cheating set of dice. In general, dice with another 
numbers as in this solution can create the same cycle. For completing the solution as mathematical 
model the general way of choosing the numbers on faces is missing. 
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The criterion of applicability can be assessed in level 3: The conclusion represents some kind of tool 
for solving the concrete problem, but the generalization of solution could be difficult. 

The level of creativity is manifested within the bottom half of rubric in both examples. Teams 
processed the assignment as problem with concrete solution. The effort to make a general 
mathematical model is not apparent. Also only six-sided dice was used for creating dice set. If 
students opened minds to more options of the types of dice, the solutions should be more creative.  

The description of performance is more objective so assessment of criteria as formative assessment 
was formed. Besides the determination of the level of creativity, the purpose lies also in information 
about students’ performance. The studies engaged to problematic consider the defining of criteria of 
the assessed attribute important. In comparison with theoretical background of this study, the 
definition of creativity as ability, and skills and activities of creative people is connected. The chosen 
criteria for observing and assessing of level of creativity depict the core of creative work.  

Solutions of Mathematics B-day 2016 used in this contribution represent examples, how to observe 
and assess defined criteria of creativity. It is necessary to point out that teams of students composed 
the solutions. For complex assessment of teamwork on mathematical open-ended problems, to 
observe social competencies of students (mutual interaction and communication) is also needed. 
Created rubrics describe and propose how to assess the performance characterizing the creativity as 
a competency. 
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