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 Abstract—This article documents the construction of a taxonomy 

of metacognitive activities that describes the metacognitive skills 

of university engineering students during problem-solving 

learning. The methodology used for the construction of the 

taxonomy was developed considering some requirements raised 

in the literature, the constant comparison method, and the 

execution of seven steps. The construction of the taxonomy was 

necessary given that the problem solving learning implies the 

participation of metacognitive skills and these are the set of 

activities that help the student to monitor and control their 

learning. Metacognitive skills must be evaluated to provide 

teachers with information to establish their instructing processes, 

considering the characteristics of the students. It is important to 

build a taxonomy of metacognitive activities to carry out an 

appropriate assessment of metacognitive skills that allows 

specifying the metacognitive behaviors of the students involved in 

the learning process. The constructed taxonomy contains detailed 

descriptions of metacognitive activities, facilitating that other 

investigations use this instrument. The document is written in 

such a way that it becomes a guide for future studies to have a 

reference on how to design a taxonomy of metacognitive 

activities. 

Index Terms—Metacognitive activities, metacognitive skills, 

problem solving, taxonomy. 

 
 Resumen—Este artículo documenta la construcción de la 

taxonomía de actividades metacognitivas que describe las 

habilidades metacognitivas de estudiantes universitarios de 

ingeniería durante el aprendizaje de la resolución de problemas. 
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La metodología usada para la construcción de la taxonomía se 

desarrolló teniendo en cuenta algunos requisitos planteados en la 

literatura, el método de comparación constante y la realización 

de siete pasos. La construcción de la taxonomía fue necesaria 

dado que, el aprendizaje de la resolución de problemas implica la 

participación de las habilidades metacognitivas y estas son el 

conjunto de actividades que ayudan al estudiante a monitorear y 

controlar su aprendizaje. Las habilidades metacognitivas deben 

ser evaluadas con el fin de brindar a los docentes información 

para establecer sus procesos de enseñanza, considerando las 

características de los alumnos. Es importante construir una 

taxonomía de actividades metacognitivas para ejecutar una 

apropiada evaluación de las habilidades metacognitivas que 

permita especificar los comportamientos metacognitivos de los 

alumnos involucrados durante el aprendizaje. La taxonomía 

construida contiene descripciones detalladas de las actividades 

metacognitivas, lo que facilita que otras investigaciones la 

utilicen. El documento está redactado, de tal forma, que sea una 

guía para que futuros estudios posean un referente de cómo 

diseñar una taxonomía de actividades metacognitivas.  

 

 Palabras claves: Actividades metacognitivas, habilidades 

metacognitivas, resolución de problemas, taxonomía.  

I. INTRODUCTION 

onstructing a taxonomy of metacognitive activities is 

important, since it allows the assessment, in a suitable 

way, of the metacognitive skills (MS) of students, 

characterizing their metacognitive behaviors during the 

problem solving (PS) learning. 

In this order to construct a taxonomy of metacognitive 

activities, it is important to understand that PS learning 

requires that the student integrate his/her mathematical 

knowledge and the way how to use it; nevertheless, this 

integrated approach is a challenging task for students [1]. For 

instance, [2] propose that “a student who knows the area 

calculation formula of a parallelogram can easily solve a 

problem that is aimed at directly calculating the area of a 

parallelogram. However, when the student needs to calculate 

the area of a parallelogram within a novel type of question, 

she/he may fail to transfer prior knowledge to the task at hand 

and may not be able to solve the problem”. 

Therefore, MS play an important role in PS, since they 

“pertain to the acquired repertoire of procedural knowledge 
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for monitoring, guiding, and controlling one’s learning and 

problem-solving behavior.” [3]. In this order, MS allow 

students to interiorize knowledge and their learning activities, 

with the purpose of adapting those activities to the situational 

demands, thus optimizing their PS results [4], [5]. 

Nevertheless, students do not acquire MS naturally, either 

because they lack opportunities or because they do not see the 

importance of investing their efforts in the construction of 

such skills [6]-[7]. Therefore, teachers can employ assessment 

methods to adapt their teaching strategies according to the 

students’ characteristics, in this way, instructors may foster the 

MS use [8]-[9]. 

MS occur through cognitive activities [3], since “one cannot 

engage in planning without carrying out cognitive activities, 

such as generating problem-solving steps and sequencing 

those steps” [10]. 

The simple fulfillment of cognitive activities does not lead 

to having MS; on the contrary, MS occur when metacognitive 

activities regulate cognitive activities [3]. In this context, [3] 

states that the metacognitive activity resembles a General, and 

cognitive activities resemble an army, where the General 

cannot win the war without soldiers (cognitive) and neither 

can a disorganized army. 

The metacognitive activity is essential in novel situations or 

when the automatic responses are not adaptive [11], [12]. 

Consequently, metacognitive activities follow the guidelines 

of the metacognitive strategies that allow taking decisions in 

compliance with a given objective, selecting pertinent 

information, and organizing activities in a logical way [13].  

Hence, metacognitive strategies are sequential processes 

devoted to monitoring and controlling cognitive activities, 

with the purpose of assuring the fulfillment of an objective 

[14]. In this order, the metacognitive activity is an executive 

function which comprises a set of essential cognitive 

processes for the metacognitive regulation of learning [11], 

[12]. 

Several authors [15], [16]-[17] claim that MS are: i) 

planning, which is the selection of appropriate strategies, and 

the localization of factors affecting performance, ii) 

monitoring, which is the possibility to carry out, understand, 

and modify the achievement of the task, and iii) evaluation, 

which is the verification of the nature of the actions and 

decisions taken by the student to identify their efficiency. 

The accomplishment of MS involves cognitive and 

metacognitive activities, as well as metacognitive strategies. 

For this reason, a method which aims to characterize MS 

should keep this relationship into account. For example, online 

assessment facilitates the evaluation of MS, considering the 

mentioned relationship.  

The findings of online methods are strong predictors of 

learning outcomes [18], since they assess students during PS, 

as online assessment start from the actual student’s 

performance during PS [6], [19]-[20]. In addition, they look 

for information, considering the specific domain where the 

students solve problems [21]. 

Likewise, online methods are thinking-aloud protocols 

(TAP) and Logfiles. On the one hand, the student verbalizes 

his/her thoughts while solving the task during TAP. On the 

other hand, Logfiles provides detailed information of the 

cognitive activities expressed by the student during the 

execution of a cognitive challenge that implies the use of a 

computer [22]. 

The TAP and Logfiles provide information that a group of 

judges interprets and codifies through a system of categories 

established in a taxonomy of metacognitive activities [19]. 

This taxonomy should describe the MS, regarding the 

metacognitive activities that take part in the task resolution of 

a specific domain [23].  

Diverse taxonomies of metacognitive activities have been 

proposed; for instance, in [24] the authors report a taxonomy 

of metacognitive activities to analyze the learning process of 

psychology university students in hypermedia environments.   

In a similar way, in [23] a general taxonomy is proposed to 

examine high school students during the reading of history 

texts and solving physics problems.  In addition, [19] expose a 

taxonomy to describe activities used by kids while they solve 

mathematics problems. 

The taxonomies described above are an invaluable 

contribution to the assessment of MS; nonetheless, they have 

several deficiencies. First, these tools are designed only in the 

English language, which means that their implementation in 

Spanish language studies results in a process that requires an 

adaptation and validation in this language.   

A second deficiency is that, out of the authors mentioned 

before, only [24] present descriptions of their metacognitive 

activities; nevertheless, this information is not sufficient, since 

it is not possible to identify which type of expressions (verbal 

or nonverbal) performs the student when he/she utilizes a 

particular activity. In consequence, it is difficult that other 

investigations employ this taxonomy.  

For the above reasons, those works that wish to apply the 

taxonomy proposed by [24] may fall into two scenarios. In the 

first, they could make research efforts to extend the taxonomy 

descriptions, in this order to understand the meaning of each 

metacognitive activity. In the second scenario, the research 

studies would assume the ambiguity of the description, and 

with only this information, they could analyze their students, 

nonetheless, their results would be debatable since they 

depend exclusively on the coder’s judgement. 

It is worth highlighting that in [25] the authors of this paper, 

reported a first version of the taxonomy with the use of 

technological tools. 

The aim of this paper is to document the method used by 

the authors to construct the taxonomy of metacognitive 

activities which describe the MS of engineering university 

students during the PS learning. 

The taxonomy presented here is within the limited field of 

taxonomies designed in the Spanish language; this taxonomy 

permits the creation of wide descriptions of metacognitive 

behaviors. Hence, the disclosed tool may be used by other 

research studies. 

II. METHODOLOGY 

This section provides a scenario which explains how to 
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construct a taxonomy of metacognitive activities. First, the 

authors expose the requirements that the taxonomy should be 

expected to meet. Second, it presents the method used, and 

finally, the steps created to build the tool. These steps are 

explained in section III. 

A. Requisites 

This research draws from the three requisites proposed by 

[23] to construct a taxonomy of metacognitive activities: 

1) The taxonomy should expect the metacognitive activities 

to be suitable to describe the students’ behavior in the interest 

domain. 

2) The taxonomy should be complete in terms of its 

components, in order to cover declarations that go beyond 

literal texts, that is, actions performed by the student which are 

not possible to be detected in the recording.   

3) The taxonomy should be related with other taxonomies 

specialized in metacognitive activities and divulged in the 

contemporaneous literature, with the purpose of allowing the 

proposed taxonomy to have slight divergences with other 

already existing taxonomies. 

B. Method 

The authors of the present work used the constant 

comparison method to construct the taxonomy of 

metacognitive activities that meet the three requisites outlined 

before. This method has been utilized in other studies as in 

[23] and in [26] to generate a system of categories. 

The method is based on the comparison and systematic 

analysis of information, to find verbal and nonverbal patterns, 

and identify events through the saturation of data, and not the 

test or verification of previously established hypothesis [27]. 

In this regard, this method highlights the importance of 

analyzing and comparing information systematically with the 

purpose of verifying common behaviors. 

 

 

C. Steps created. 

The meeting of the requisites and the utilization of the 

constant comparison method allowed for the creation of steps 

with which the taxonomy of metacognitive activities was 

construct (see fig. 1). 

The seven steps permit the construction of the taxonomy, 

ending up with three main categories and 28 metacognitive 

activities distributed in the following way: 6 metacognitive 

activities in the planning category, 17 in monitoring, and 5 in 

evaluation. Each activity relies on its respective description. 

III. RESULTS 

This section contains a detailed description of the way each 

step of fig.1 was carried out; besides, the authors document 

how to meet the specified requirements in [23]. 

 

Step 1: Gather metacognitive activities which occur in 

contexts like those experienced during the PS learning. 

The authors recovered specialized literature through a 

snowball sampling technique; in this way, the following 

documents were retrieved: [6], [19], [20], [23], [24], [26], 

[28]. Later, the authors gathered metacognitive activities from 

these texts. 

Step 2: Selection of metacognitive activities that belong to 

the planning, monitoring, and evaluation categories. 

The authors filtered out the metacognitive activities 

gathered in step 1, to keep those activities that suit the 

categories of project. 

This filtering considered the reports published in the 

specialized literature; for example, the authors retrieved the 

activity “explain and justify strategies” from [23] and assigned 

this activity to the evaluation category, since in [23] they 

report that this activity describes assessment MS. 

  

 
Fig. 1. Steps for the construction of the taxonomy of metacognitive activities. 
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Step 3: Gathering information in the field. 

The authors applied six pilot tests of PS to students, 

regarding that each student takes a PS test. The individuals 

belong to the program of Industrial Engineering of the Faculty 

of Business Sciences of the Universidad Tecnológica de 

Pereira. 

In some cases, the exams required to use ProModelTM 

software (version 8.6.2.1037), which is a computer tool that 

helps the engineering students to solve complex problems, 

then, it was necessary to employ the Logfiles to evidence the 

PS process. TAP occurred in all the exams to video capture 

the verbalization of the students’ thoughts.   

 

Step 4: Transcription and codifying of gathered 

information. 

The researchers transcribed the TAP information of each 

pilot test, considering the observations evidenced with the 

Logfiles.  After, auditors individually coded one transcription 

at a time. The codifying regarded assigning metacognitive 

activities to fragments of the transcription. The fig. 2 exposes 

an example of the encoding result where the codes are in red, 

green, and yellow colors, and the Spanish transcription is 

surrounded by a blue box. 

Step 5: Identification of convergences. 

The researchers collected the codified fragments with the 

same metacognitive activity, then identified the relevant terms 

in the fragments or in the label of the metacognitive activity, 

following their own perspective. The authors looked up these 

words in the dictionary of the Spanish Royal Academy (Real 

Academia Española - RAE). The Table I summarizes the 

relevant words of the fragment and the metacognitive activity 

(underlined terms), as well as the definitions extracted from 

the RAE. 

Step 6: Write a memo of semantic analysis. 

In this step, the authors drew from the postulate of [29], 

who state that the taxonomy is a key structure to categorize the 

knowledge centered in semantics. Therefore, the researchers 

analyzed semantically the fragment and the metacognitive 

activity that had been previously enriched with the dictionary 

information. Thus, the authors recognized behavior patterns of 

the student during PS. The Table I exposes the memo of the 

activity “Detecting errors”. 

Step 7: Elaboration of the description. 

The authors built the description of each metacognitive 

activity from an iterative study of the patterns found in the 

previous step. The patterns have a very important role because 

describe how the students had learned to solve problems.  

Consequently, the researchers repeatedly analyzed the 

semantics of the fragments in order to find data which allowed 

the characterization of the student behaviors during PS. For 

this reason, the set of patterns found in pilot tests permits to 

consolidate the description of a metacognitive activity. 

The authors finished the construction of the metacognitive 

activities when they achieved the saturation of information, 

that is, when there was not new evidence in the pilot tests. It is 

important to highlight that the descriptions do not imply 

necessarily that a metacognitive activity precedes or succeeds 

another; therefore, the descriptions do not suggest a temporary 

order for auditors when they analyze the TAP and the Logfiles 

reports. 

The following paragraphs show an example of the 

description associated with the metacognitive activity 

“Detecting errors”, which is present within the constructed 

metacognitive activities. 

 

 
Fig. 2.  Example of codifying a transcription. 
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Example:  

The researchers built the description of the activity 

“Detecting errors” starting with the patterns of the 

metacognitive activities. In this order, the auditors analyzed: i) 

the terms that characterized the fragments assigned to that 

particular activity; ii) the information from the Logfiles as an 

evidence that the student had detected an error; iii) the 

fragments that encoders had labeled simultaneously with 

diverse metacognitive activities. The incidences associated to 

that specific activity were identified because: 

 

Pattern 1 

The terms “be wrong”, “screw up” and “but (followed by an 

activity)” represent the moment when the student detects an 

error in his/her process or in the task execution, fragments that 

the students recognized as wrong, or when they forgot to place 

certain element and so screwed it up.  

There are occasions when the student expresses that he/she 

is wrong, without specifying which the error is, and thanks to 

the nonverbal information of the TAP transcriptions, the 

auditors identified the particularities of the flaw.   

 

Pattern 2 

The student does not verbalize associated terms once they 

detect an error; instead, he/she employs words which express 

an apology for the mistake made (and not verbalized); for 

example, an event where the student used the term “sorry” 

without having expressed his error. 

 

 

Pattern 3 

Situations where it was possible to evidence that the student 

detected an error thanks to the confirmatory information of the 

Logfiles. In occasions, the student does not verbalize terms 

associated with the error detection (“be wrong,” “mess it up,”, 

and “but (preceded by an activity), nor does he express words 

representing apologies for a mistake made; instead, those 

fragments have data from the Logfiles, which allow to verify 

that the student has detected an error. 

For example, “I forgot to put the 20 meters to this band (the 

student opens a window and adds the missing information)”. 

In this situation, the student verbalizes ambiguous terms and 

proceeds to correct his/her error (action detected by the 

Logfiles).  

Likewise, the auditors identify the fragments where the 

Logfiles information indicates that the student is wrong and 

shows the mistake. In this order, the Logfiles facilitate to 

identify the moment when the student detects an error and 

proceed to correct it. 

 

Pattern 4 

The auditors consider when fragments had been labeled in 

two or more metacognitive activities simultaneously. In 

specific, the encoders regard that the student usually corrects 

his/her mistakes when he/she identifies it. Therefore, most of 

the fragments assigned to “Detecting errors” are labeled with 

the activity “Take a corrective approach”, which belongs to 

the monitoring category. 

It is convenient to point out that the simultaneous 

assignment of these activities does not depend on the presence 

of Logfile information; on the contrary, it is given 

transversally to the patterns discussed above.  

  

   In this way, the auditors created a description made up of 

patterns for each metacognitive activity of the taxonomy, thus 

finishing its construction. 

IV. CONCLUSIONS AND FURTHER RESEARCH 

 

This paper describes a method to construct a taxonomy of 

metacognitive activities. It is a tool that contains an organized 

set of activities leading to the analysis of the metacognitive 

behavior of university students during their PS learning. The 

exposed taxonomy becomes a framework to characterize the 

MS that take part in the PS learning. 

Likewise, the taxonomy is an essential supporting tool for 

the suitable analysis of the TAP declarations and the Logfiles. 

The document presented here attempts to be a guide for future 

projects to build taxonomies of metacognitive activities. 

Future studies could use this taxonomy with a different 

population, leading to the tool strengthening. 

 

 . 

 

TABLE I 

EXAMPLE OF A MEMO OF SEMANTIC ANALYSIS 

Category  Monitoring 

Metacognitive activity 

 

Detecting errors 

Definition of terms of 
the metacognitive 

activity (RAE) 

Detecting (Detection): Action and effect of 
detecting. Detect: Finding out the 

existence of something which was not 

apparent. Error: Wrong concept or false 
judgement; misguided or wrong action; 

something wrongly made. 

 
Fragment  (The student mistypes a number in the 

calculator)* very important, because this 
alters the results + 2-9,38 to the 2nd power, 

I made a mistake. 

 
Definition of terms of 

the fragment. (RAE) 

Being wrong (To be wrong): Wrongly take 

something or someone for true. 

 
Memo of semantic 

analysis. 

The student points out that she has made a 

mistake, the semantic relation with the 

activity is immediate, since words are 
shared between the fragment and the 

activity. This is supported since the term 

“error" is explained by the term "being 
wrong”. Thanks to the nonverbal 

information of the TAP transcription, it 

was evidence that the student had wrongly 
typed the number and then she recognizes 

it and verbalizes "I was wrong" 
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