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ABSTRACT 
The present study details the implementation of an improvement process for a gamification 
activity from a Calculus course for undergraduate students aimed to develop mathematical 
modeling competencies. The improvement process was studied taking into account three types 
of data: the results of the students’ performance assessment, the meta-evaluation of the 
educational and proactive effects and gamification costs, and data on the level of satisfaction 
achieved on the educational activity. The results of 50 performance assessments were analyzed, 
as well as the results from the meta-evaluation process carried out by the course’s teacher. The 
study concludes that while it is true that gamification is a strategy that introduces a high level of 
innovation and brings the type of motivation and emotion that encourages learning, its 
educational intent can be further strengthened by including performance assessment and meta-
evaluation processes to better understand its function and make adjustments to its design in a 
timely manner. 
 
Keywords: competencies, higher education, gamification, meta-evaluation, mathematical 
modeling 

 

INTRODUCTION 

1. Educational Innovation 

Innovation as a term is becoming increasingly important in the field of education. Proof of this are the 
technological advances that have enhanced and invigorated educational processes (Zavalza, 2004). 
Innovations arise from a problem in which human and material resources are used in conjunction to reach a 
solution resulting in better quality for the educational, social or business environment (Rubia, Anguita, Jarrín 
& Ruiz, 2010), that is, any environment in which there is an improvement opportunity (Fidalgo-Blanco & Sein-
Echaluce, 2014), thus there could be a transformation of knowledge, resulting in individual or collective 
benefits (Ramírez-Montoya, 2012). 

For Zavalza and Zavalza (2012) there are three essential elements when developing an innovation: 
openness, updating and improvement of quality. Openness is the ability to adapt, as well as the development 
or improvement of attitudes, knowledge, skills and resources. Updating consists in being knowledgeable 
regarding the latest advances related to the innovation implemented. Improvement of quality requires 
evaluating the extent to which innovation improves the process. This last element is what determines whether 
the innovation fulfills its fundamental purpose, because it is not enough to use the latest technological releases 
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or educational trends, they must also show the manner in which they contribute to the improvement of the 
training processes (García-Peñalvo, García de Figuerola & Merlo, 2010, García-Peñalvo, 2015). In addition, 
these ideas suggest that the evaluation of innovation will depend on the context and on the people applying 
the innovation. In their study, Borrego, Froyd and Hall (2010) established four criteria for evaluating 
innovations in engineering education: (a) There is research on the innovation to be adopted; (b) Innovations 
have been universally adopted in the institution; (c) There is evidence of its effect on student learning or 
retention; and (d) Innovation stands apart from other innovations. These criteria are interesting and can be 
useful for evaluating various educational innovations in any area of knowledge. 

2. Gamification as a Strategy of Educational Innovation 

Currently, there are several innovative educational trends. Gamification is one of them, which is 
characterized by using elements of games in non-game contexts (Deterding, Khaled, Nacke, & Dixon, 2011). 
Gamification is a strategy that only recently has been incorporated into education, although its existence dates 
back to the Second World War (Dicheva, Dichev, Agre & Angelova, 2015). The term was established by Nick 
Pelling in 2002, but it was in 2010 when it began to enjoy widespread success in the business sector, and now 
it is being implemented in education (Rodríguez & Santiago, 2015). 

One of the objectives of gamification in education is to engage and motivate students (López Fernández, 
Alarcón, Rodríguez & Casado, 2014, Tsai, Huang, Hou, Hsu & Chiou, 2016) since it uses elements that favor 
extrinsic and intrinsic motivation. For example, winning badges favors extrinsic motivation (Davis & Sigh, 
2015), while beating a challenge favors intrinsic motivation (Surendeleg, Murwa, Yun & Kim, 2014). It also 
offers the opportunity to experiment with rules, emotions and social roles (Lee & Hammer, 2011), in which 
skills and attitudes such as collaboration, self-regulation of learning and creativity are developed (Caponetto, 
Earp & Ott, 2014; Villalustre & Del Moral, 2015). 

In addition, educational games are a unique opportunity to integrate cognitive, affective and social aspects 
into learning (Domínguez, Saenz-De-Navarrete, De-Marcos, Fernández-Sanz, Pagés, & Martínez-Herráiz; 
Fox, 2015; Pulos & Sneider, 1994). In the case of Mathematics instruction, several studies state that using 
gaming strategies has been favorable (Kebritch, Hirumi & Bai, 2010, Muñiz-Rodriguez, Alonso & Rodriguez-
Muñiz, 2014, Chamoso, Durán, García, Martín & Rodríguez, 2004). In a study by Rincón-Flores, Ramírez-
Montoya and Mena (2016), the authors found that gamification based on challenges sustained long-term 
learning; in Goehle (2013), it was noted that the students improved their performance on their Mathematics 
homework. Similarly, Nisbet and Williams (2009) found that gamification improved students’ attitudes in 
terms of attention and participation, while contributing to improve learning and reduce mathematical anxiety 
(Gómez-Chacón, 2000; Tobias & Weissbrod, 1980). 

3. Performance Assessment and Meta-evaluation 

The competency development process in the Competency-Based Education Model (CBEM) begins and ends 
with the performance assessment, which is defined as a process in which students must demonstrate that they 
have developed a series of capabilities. This demonstration is done both by transferring their applied 
knowledge to solve a problem, and by displaying a series of skills, attitudes and values to tackle a complex 
task, under certain conditions and in a given context (Bartels, Boomer & Rubin, 2000; Bogo, Reghr & 
Woordford, 2006; Hancock, 2007). 

Deciding which processes will help estimating the level of capacity development is one of the most 
important tasks that the teacher must perform. Therefore, it requires proposing different strategies and 
assessment mechanisms, as well as providing feedback to the students so that they can reach the expected 
levels of performance in a gradual manner. 

In addition to the evaluation of the apprentice, the assessment has another sometimes ignored purpose, 
related to the decision making process to improve evaluation processes. This type of evaluation is called meta-
evaluation. A meta-evaluation, according to Stufflebeam (2011), is the process that helps to delineate, obtain 
and apply descriptive and judicious information about the usefulness, feasibility and accuracy of an evaluation 
and its systematic nature. This type of evaluation is also part of the international evaluation standards issued 
by the Joint Committee on Standards of Educational Evaluation (JCSEE, 2017).  

The meta-evaluation is carried out based on the documentation of the evaluation processes and results, 
which must be done in a wide-ranging manner to establish criteria around the fulfillment of learning 
objectives, instrument design, application, data collection and results. From this information, two types of 
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meta-evaluation can be generated: internal and external. In the internal meta-evaluation, evaluators must 
examine the accountability of the evaluation design, the procedures used, the information gathered and the 
results. The usefulness of this first type of meta-evaluation focuses on issuing judgments for formative and 
summative evaluation processes. In the external meta-evaluation, sponsors, clients, evaluators and other 
stakeholders of the evaluation should encourage meta-evaluations, using the desired results as a reference to 
compare against the results achieved. Both types of meta-evaluation are key to the gradual improvement of 
the teaching competencies related to the evaluation of learning (Stufflebeam, 2011). 

In both the performance assessment and the meta-evaluation, reference frames are needed to delimit the 
expected results and, in turn, to carry out the operationalization of the levels in order to be able to issue 
results. In the case of performance assessment, depending on the competencies or learning objectives that one 
wishes to achieve, taxonomies of thought, psychomotor performance or social-affective domain can be used for 
its operationalization (Anderson, 2001; Karthworhl, 1968; Marzano & Kendall, 2007; Simpson, 1974 (in Kent, 
2004)). Their use has been deemed valuable in different studies (Gallardo et al., 2012, Jackson, Beer & White, 
2016, Vásquez, 2015). Regarding the meta-evaluation, Stufflebeam (2011) proposes a structural logic to 
conduct it, based on criteria that integrates both quantitative and qualitative information to issue judgments. 

On the research carried out in the field of performance assessment linked to gamification, Sánchez-
Carmona, Robles and Pons (2017) conducted a preliminary study with 950 engineering students on the 
relationship, motivation and recognition of the advantages of learning through gamified activities. The results 
showed a high coincidence between the participation of students with high academic performance in 
gamification processes (75% of participation time), compared to those students with low performance (from 
50% to 10% of participation time). The authors identify the importance of further research and improvement 
to the processes of gamification for the learning interests they pursue. 

Regarding meta-evaluation research, there are not as many reports as could be expected. In specialized 
databases, an average of 45 publications in English (ERIC database) and 15 in Spanish (in Google Academic) 
can be found devoted to this topic in the last 10 years. None of them address the meta-evaluative process in 
gamification as a didactic strategy. 

PROBLEM STATEMENT 
Throughout history, it has been attempted to transform education through the use of technology and 

innovative didactic strategies such as gamification (Salat-Figols, 2013), as several studies conducted around 
the world show (Dicheva, Dichev, Agre, & Angelova, 2015, Dominguez et al., 2015, Lee & Hammer, 2011). 
However, several studies have focused mainly on the relationship between gamification and motivation based 
on the student’s perception (Faiella & Ricciardi, 2015, Mayer 2015); therefore, learning more about the impact 
of the strategy in terms of improving the cognitive and teaching processes is still a pending and necessary 
objective. 

In research developed by Rincón-Flores, Illanes and Gallardo (2016), in which the performance of the 
problem-solving competency was studied (Gallardo, 2016) in students when solving gamified challenges, a first 
effort was made to integrate the process of performance assessment into the CBEM framework. The 
performance assessment designed was based on the modeling cycle of Blum and Leib (2007) (see Figure 2). 
In their research, authors found that students improved their performance when they were provided with 
timely feedback for each subcompetency, but they did not improve in all of them; for example, in the 
subcompetencies of interpretation and validation they did not obtain favorable results. These results led us to 
reflect on the importance of including meta-evaluation as a means to evaluate the design of gamified activities, 
in order to early detect both successes and areas of opportunity. For this reason, the objective of the present 
study was to develop a meta-evaluative analysis (Stufflebleam, 2011) which favors the improvement of the 
design of gamified activities and validates the innovative role of gamification. At the same time, a model is 
presented to facilitate the evaluation of both student performance and innovative teaching strategies. 

Accordingly, these are the premises on which this research is based:  
1. Gamification contributes to the development of professional competencies, but there is little in-depth 

research on performance assessment that could better explain how both elements (competencies and 
gamification) are combined in the assessment process. 

2. Previous literature on gamification has focused mainly on the production of possibilities of play 
activities for learning, but little on how to generate an improvement process based on the results. 
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METHOD 
Design. A design based on Mixed Methods (Creswell, 2015) was chosen. The approach corresponds to the 

sequential and dominant state explanatory type: quan-QUAL (Creswell, Plano Clark, Guttmann, & Hanson, 
1998, Creswell, 2007, Castañer, Camerino, & Anguera, 2012). Figure 1 clarifies the manner in which the 
study process is approached, based on the two phenomena of interest: the performance assessment and the 
meta-evaluation on gamification. 

Context. Research was conducted from January to May of 2017 (one semester), with the participation of 
two Integral Calculus groups of the undergraduate engineering program at a private institution located in the 
northeast of Mexico.  

Participants. Fifty students participated in the study, 25 per group.  
Instruments. Three instruments were designed: (a) a performance assessment rubric; (b) an inventory of 

questions to generate meta-evaluative processes; and (c) an assessment questionnaire on the relevance of 
gamified activities, with a Likert scale to better understand the process from the student’s perception. The 
first instrument was designed based on the Blum and Leib modeling cycle (2007) and the New Taxonomy 
(Marzano & Kendall, 2007) considering four levels of performance: Level 1: Retrieval, Level 2: Comprehension, 
Level 3: Analysis and Level 4: Knowledge Utilization. As for the processing of the data that emerged from the 
performance assessment process, Competere (software for institutional use, see Appendix 1) was used to 
generate the reports per student. 

The second instrument was designed based on the proposal of Stufflebeam (2001) to conduct meta-
evaluative processes. The third instrument was designed based on three dimensions: cognitive, social and 
emotional (Domínguez et al, 2015, Hamai, 2016, Hanus & Fox, 2014, Nisbet & Williams, 2007, Pulos & 
Sneider, 1994). 

Procedure. Students were grouped in teams of four. The training work was developed using gamification 
based on the model by Werbach and Hunter (2015). Its execution was divided into four phases: (a) the gamified 
activity was carried out, which consisted of solving three challenges with a progressive level of difficulty (See 
Appendix 2); avatars and a board for the registration of badges were used, which were assigned as the students 
solved each challenge; (b) one of the gamified challenges was subjected to evaluation, which was applied 
individually, based on a previously designed performance assessment rubric, in which each stage of the cycle 
formed a subcompetency (see Figure 2); (c) a performance assessment process was applied according to the 
problem solving competency for the second time; (d) a questionnaire was applied to assess the perception of 
the students in relation to the gamification strategy; (f) the initial and final performance assessment reports 
were processed in a comparative manner; and (g) based on the results of the reports and the results of the 
Likert scale assessment instrument, the meta-evaluation was processed. 

 
Figure 1. Method diagram 
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RESULTS 

1. Performance Assessment 

The main results of the performance assessment by subcompetency are shown in Figure 3. 
For the subcompetencies Understanding the task, Simplifying-structuring and Mathematizing, students 

placed within the expected performance level (58%, 46% and 50% respectively). These were the percentage of 
students who reached levels above expectations: for Understanding the task, 17% went up from Level 1 to 
Level 3, and 8% went from Level 2 to Level 3; for Simplifying- Structuring, 8% went up from Level 1 to Level 
2 and 4% went from Level 2 to Level 3. For Mathematizing, 13% went up from Level 2 to Level 3. 

However, it is worth noting that for the subcompetency Understanding the task, 8% went down in their 
performance level, from Level 2 to Level 1, and 8% went from Level 3 to Level 1. For the subcompetency 
Simplyfing-Structuring, 8 % showed a decrease, from Level 3 to Level 1. As for the subcompetency 
Mathematizing, 17% showed a decrease, from Level 2 to Level 1, and 17 % went from Level 3 to Level 1. 

The results for the subcompetency Working Mathematically indicate that the level of competency expected 
was surpassed by most students. In this case, 25% went from Level 1 to Level 3 and 33% went from Level 1 to 
Level 4. 38% stayed within the expected level of competency (Level 4) and 4% stayed at Level 1. 

For the subcompetency Interpreting, the expected performance level was of Level 3. 50% of the students 
went up from Level 2 to Level 3, 8% stayed at Level 3, 4% stayed at Level 1 and another 4% went down from 
Level 2 to Level 1.  

The subcompetency Validating showed both increases and decreases. 38% stayed at Level 1, 4% stayed at 
Level 2 and 13% stayed at Level 3. 8% went up from Level 1 to Level 2, 8% went from Level 2 to Level 3 and 
17% went from Level 1 to Level 3. 13% went down from Level 3 to Level 2 (see Figure 4). 

 
Figure 2. Stages of the modeling cycle. (Blum y Leiß 2007) 

 
Figure 3. Results of the subcompetencies understanding the task, simplifying and Mathematizing 

http://www.iejme.com/


 
 
Rincon-Flores et al. 
 

 
6  http://www.iejme.com  
 
 
 

2. Meta-evaluation  

The information derived from the application of the meta-evaluation instrument (Stufflebeam, 2011), was 
organized according to three dimensions: (1) formative, (2) proactive and (3) cost.  

(1) Formative dimension: Positive results were obtained, as shown in Figures 3 and 4. However, several 
points that could improve the training process were identified, such as: (a) Dialogue with students who have 
had a low performance to diagnose and better understand their needs to master the topic; (b) Apply the 
performance assessment at the end of the course so that both student and teacher can detect the progress and 
areas of opportunity that could serve as a basis for future courses; (c) Strengthen the Validation 
subcompetency through gamified activities, such as the processes of instruction in the classroom. This will be 
directly related to the redesign of the gamified challenges, as well as the activities outside and inside the 
classroom; and (d) Reinforce the less understood aspects reflected in the assessment, based on the didactic 
discourse and gamified activities.  

(2) Proactive dimension: The didactic objectives were achieved, although areas of improvement were 
identified in terms of the design of the gamified challenges. Therefore: (a) in the subcompetency 
Understanding the task, it will be emphasized that, in addition to drawing the differential in the graphs, its 
elements must also be written down. This will favor the visualization and relationship of symbolic and graphic 
elements. At the same time, this measure will contribute to improvements in the subcompetencies Simplifying 
and Mathematizing; (b) Modify certain rules in the game, with the purpose of alleviating the frustration of 
some students. They will be asked to take turns in the process of writing the solution to the challenge, in order 
to encourage active participation from all team members.  

(3) Cost dimension: The results of this dimension suggest that the gamification process requires 
investments both economic and in terms of teacher-hours: (a) Devoting more time to the design and application 
of gamified activity; (b) More time for theoretical explanation in class; (c) Design of an app for mobile devices 
that provides an immediate response to students during the review of results. Ideally, the answer should 
automatically be projected on a board once each gamified activity is finished. This would demand an economic 
investment to be explored with the academic authorities. 

3. Cognitive, Social and Emotional Dimensions: The Student’s Perspective 

To assess the students’ appreciation of the gamified activities, a Likert-type questionnaire was applied, 
which covered three dimensions: cognitive, social and emotional. In the cognitive dimension, the majority of 
students (over 90%) are in agreement with the value of the immediate feedback, because it reinforced the 
metacognitive process as well as the exchange of opinions with their classmates. Regarding the emotional 
dimension, over 80% of the students stated that they felt motivated to beat the challenges and, therefore, see 
their results on the board. Finally, in the social dimension, students perceived collaborative work as a 
favorable resource to solve gamified challenges (over 90%), although most would have preferred to have other 
teammates (60%). In summary, the results on students’ perception of gamification is positive. 

DISCUSSION 
Based on the assessment carried out, we observed that in the first three subcompetencies of the modeling 

cycle of Blum and Leib (2007) students reached the expected performance levels, although there are also 
opportunities for improvement (see Figures 3 and 4). These subcompetencies are related to conceptual 
aspects, so if the student did not understand the gamified challenge from the start, he or she would not be able 
to graphically visualize the differentials (Simplifying), nor symbolically pose the expressions of the 
differentials and volume integrals in a correct or complete manner (Mathematizing). In other words, the 
student could not advance to the next phase without making an error. This finding is interesting because it 

 
Figure 4.  Results of the Working mathematically, Interpreting and Validating subcompetencies 
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reinforces the importance of assessing the quality of innovations through the validation of the appropriate 
design for this type of activities (García-Peñalvo, 2015, Fidalgo-Blanco & Sein-Echaluce, 2014, Zavalza & 
Zavalza, 2012). In this case, the fact that the gamified challenges are attractive and achievable by the student 
and its design encourages the student to reach the level of desired performance (Marzano & Kendal, 2007) 
confirms what other studies have stipulated as facts about of gamification (Plass, Homer & Kinzer, 2015; 
Rincón-Flores, Ramírez-Montoya & Mena, 2016). 

Regarding the subcompetencies Working Mathematically and Interpreting, positive results were found (see 
Figure 3 and 4) that suggest a certain mastery of the mathematical algorithms processes (Blum & Niss, 1991) 
and the association of the results with the independent and dependent variables within the context of the 
challenge. On the other hand, it is noteworthy that in the Validation subcompetency, a high percentage (38%) 
stayed at Level 1 and 13% went from Level 3 to Level 2. This could mean that some students did not manage 
to develop strategies to verify their results, which is atypical. This could be the result of the ingrained problem 
in the teaching-learning of Mathematics, in which the student only mechanizes the algorithmic processes 
(Borromeo-Ferri & Blum, 2009) or is limited to finding a result perceived as correct (Tejada & Gallardo, 2017). 

These findings are complemented by the meta-evaluation analysis. Although the design and execution of 
gamified activities generate a cost in terms of time and energy, the teacher is willing to continue and perfect 
the design of the gamified activities, because they represent an opportunity to confront students with various 
challenges in a different and more pleasant environment, where, in addition to building or applying 
mathematical knowledge, social and emotional skills are also developed and strengthened (Muñiz-Rodriguez 
et al., 2014; Nisbet & Williams, 2007). 

On the other hand, the teacher will ensure that the activities associated with the didactic discourse are 
consistent with gamified activities and that the performance assessment exercise is replicated once more at 
the end of the course, in order to measure the level of progress achieved by the students. Therefore, the 
performance assessment (Rodriguez & Gallardo, 2017) and meta-evaluation (Stufflebeam, 2011) are two 
essential teaching tasks to assess the innovative role of teaching strategies, as well as the quality of discourse. 

The results of the questionnaire (see Appendix 4) also revealed that students agree that this type of didactic 
strategy motivates reflection and learning in an entertaining way. In addition, it favors the development of 
other competencies, such as collaborative work. These results coincide with what was found by Domínguez et 
al. (2013), Muñoz-Rodríguez et al. (2014), Nisbet and Wiliam (2009), Hamari, Shernoff, Rowe, Coller, Asbell-
Clarke, & Edwards (2016) and Hanus and Fox (2014). Therefore, it can be stated that the strategy is accepted 
by students. In addition, it favors the creation of a positive learning environment to continue applying this 
type of activities. 

CONCLUSIONS AND FUTURE WORK 
The role of gamification in the study of mathematics serves mainly as a tool for students to appropriate 

different learning and to develop competencies, such as modeling for this particular case (Blum & Niss, 1991). 
However, the results broaden the horizons of gamification beyond it being just a fun strategy, to explain that, 
like any other learning strategy, its validity must be analyzed and subjected to adjustments for improvement. 
In fact, the success of the strategy of gamification must be supported by a consistent didactic task, which 
allows not only its application but also to value and make the necessary adjustments in a continuous way, so 
that it fully fulfills its purpose. In this sense, both the performance assessment process (Rodríguez & Gallardo, 
2017) and the meta-evaluation process (Stufflebeam, 2011) play a decisive role. 

Based on the results, it can be concluded that gamification has the potential to be an innovative strategy, 
given the results of student satisfaction and the analysis of the performances achieved. In other words, the 
strategy of gamification can be improved further by understanding the scope of the activity in function of the 
performance reached by the students, and it is enhanced gradually, to improve the experience with each 
application. 

It is suggested to replicate this study in order to evaluate the results once the improvements in gamified 
activity have been implemented. This should be applied, ideally, to learning related to the mathematical 
competencies that were addressed in this study. However, they could also be replicated in any other discipline 
that uses gamification to enrich the learning process. 
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APPENDIX 
Table 1. Performance assessment rubric based on the new competency-based model 
Disciplinary 
and transversal 
competencies 

Disciplinary 
subcompetencies Short name Level 1 Level 2 Level 3 Level 4 

1. Use of 
modeling to solve 
problems using 
integral calculus 
to make decisions 
in situations 
specific to 
engineering 

1.1 Understands the 
elements composing a 
real-life or simulated 
problem which 
requires knowledge of 
differentials 

Construction Identifies the 
essential elements 
that make up the 
problem based on 
the differentials 

Explains the 
relationships 
between the 
differentials that 
make up a problem 
and detects 
missing elements 
that conform the 
volume. The 
explanation can be 
oral or graphical 
using a diagram of 
the problem. 

In addition to 
explaining of the 
relationship of the 
existing 
differentials in the 
problem, associates 
elements from 
previous problems 
and/or previous 
knowledge that 
could be similar or 
pertinent to the 
new problem, which 
could be useful to 
navigate the latter. 

 

 1.2 Summarizes 
verbally and 
graphically the 
elements that make 
up the problem. 

Simplification and 
structuring 

Charts a diagram 
containing the 
differentials but 
without making the 
appropriate 
connections between 
them to include 
them in the problem 

 

 1.3 Carries out 
processes of inductive 
and deductive 
thinking through the 
mathematical 
representation of the 
problem 

Mathematization Using the diagram, 
describes the 
problem’s 
differentials, yet 
without carrying 
out a comparative 
process with 
theoretical aspects 
previously studied. 

Explains which 
differentials can be 
found in the 
problem. Does not 
draft a proposal of 
a mathematical 
representation of 
the differential to 
solve the problem. 

Associates the use 
of the differential 
with a 
mathematical 
representation to 
solve the problem. 

 

 1.4 Applies a series of 
algorithmic tools 
(numerical and/or 
algebraic integration 
techniques) with 
processes and 
symbology 
appropriate to the 
problem. 

Mathematical work Describes the 
integration 
techniques (from 
the differential and 
the functions) that 
could be useful to 
solve the problem. 

Applies the 
integration 
techniques (from 
the differential and 
the functions) to 
solve the problem, 
not necessarily 
knowing which is 
the correct one. 

Works out the type 
of techniques that 
could be used based 
on the nature of the 
function. However, 
does not opt for one, 
but various 
techniques with 
similar 
characteristics. 
Might choose the 
correct one but the 
decision isn’t based 
on solid arguments. 

Chooses the 
appropriate 
technique using 
a process of 
reflection, based 
on solid 
arguments. 

 1.5 Interprets the 
results 
contextualizing the 
solutions. 

Interpretation Provides a result 
without integration 
to the context. 

Provides the 
results indicating 
just the 
measurement units 
but without 
providing context 
to the solution. 

Provides the result 
indicating the 
measurement units 
and contextualizes 
the answer. 

 

 1.6 Validates the 
results of testing the 
solution with the 
problem supported by 
technology. 

Validation Does not identify 
errors even when 
using technology to 
support error 
detection. 

Identifies the 
existence of errors 
using technology, 
but cannot find or 
explain the causes. 

Verifies, using 
technology, that the 
result is correct and 
consistent with the 
theoretical and 
particular aspects 
of the problem’s 
nature. 
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