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Abstract

The purpose of this research is to identify and quantify the cognitive demand as-
sociated with the assessment criteria of Mathematics subjects in the Secondary Education
curriculum of the Autonomous Community of Galicia, in order to detect possible imbalanc-
es regarding mathematical domains and academic years, whose correction leads to an im-
provement in curriculum implementation. The study analyzes the cognitive processes from
Bloom’s taxonomy, as revised by Anderson and Krathwohl, and those of the PASS model
(Planning, Attention, Simultaneous and Successive Processing).

To achieve this, a multimethod investigation with a concurrent nested design is
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conducted, comprising a descriptive content analysis and a statistical treatment of the data.
An ad hoc data collection form, validated by experts and with acceptable reliability, is used
to record the cognitive processes associated with each criterion. A total of 678 cognitive
processes across 186 assessment criteria were counted. The cognitive demands are evaluat-
ed using specific numerical scales, expressly created respecting the hierarchical order of the
processes.

The results show that the applying and understanding processes of the revised
Bloom’s taxonomy are the most and least frequent, respectively. Additionally, simultaneous
processing is the most involved process in the PASS model, whereas successive processing
is the least. The mean scores of the cognitive demands of the processes are slightly above
the mean scores of the scales, with a higher cognitive demand observed in the revised
Bloom’s taxonomy for the fourth-year course. It is concluded that it is important for the
teacher to adjust, as much as possible, the cognitive load of tasks to the demands imposed
by the assessment criteria, without compromising the individual characteristics of the stu-
dents. This research facilitates that task and allows the design of didactic scenarios with a
cognitive balance between the domains involved and their assessment.

Key words: cognitive processes, assessment criteria, curriculum, mathematics, Secondary
Education.

Resumen

El propdsito de esta investigacion es identificar y cuantificar la demanda cognitiva
asociada a los criterios de evaluacion de las asignaturas de Matematica del curriculo de
Educacion Secundaria Obligatoria de la Comunidad Auténoma de Galicia, para detectar
posibles desequilibrios respecto a los sentidos matematicos y cursos académicos, cuya
correccion lleve a mejorar la implementacion del curriculo. Se analizan los procesos cogni-
tivos de la taxonomia de Bloom, revisada por Anderson y Krathwohl, y del modelo PASS
(Planificacion, Atencion, procesamiento Simultineo y Sucesivo).

Para ello, se realiza una investigacion multimétodo con un disefio anidado concu-
rrente que consta de un andlisis de contenido de enfoque descriptivo y un tratamiento esta-
distico de los datos. Se utiliza una ficha de registro elaborada ad hoc, validada por expertos
y con aceptable fiabilidad, para recoger los procesos cognitivos en cada criterio. Se conta-
bilizan 678 procesos cognitivos en 186 criterios de evaluacion. Las exigencias cognitivas
se valoran mediante sendas escalas numéricas, creadas expresamente respetando el orden
jerarquico de los procesos.

Los resultados muestran que los procesos aplicar y comprender de la taxonomia
revisada de Bloom son los de mayor y menor frecuencia, respectivamente. Ademas, el
procesamiento simultaneo es el proceso PASS mas implicado y el sucesivo, el menos. Las
puntuaciones medias de las demandas cognitivas de los procesos se sitiian ligeramente por
encima de las medias de las escalas, detectandose para la taxonomia revisada de Bloom,
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una mayor exigencia cognitiva en cuarto curso. Se concluye sobre la importancia de que el
docente amolde, en lo posible, la carga cognitiva de las tareas a la demanda que los criterios
de evaluacion imponen, sin menoscabo de las caracteristicas personales del alumnado. El
presente estudio facilita esa labor y permite disefiar situaciones didacticas con equilibrio
cognitivo entre los sentidos que abarcan y su evaluacion.

Palabras clave: procesos cognitivos, criterios de evaluacion, curriculo, matematicas, Edu-
cacion Secundaria.

Introduction

Cognitive processes are “the procedures carried out by human beings to ac-
quire knowledge, in which very diverse faculties are involved, such as in-
telligence, attention, memory, and language, which may operate either con-
sciously or unconsciously” (Suarez, 2016, p. 5). Regarding those involved in
learning, the American psychologist and pedagogue Benjamin Bloom pub-
lishes, in the mid-20th century (1956), a taxonomy bearing his name, based
on two types of thinking skills: lower-order thinking skills (LOST), namely
knowledge, comprehension, and application, and higher-order thinking skills
(HOST), which include analysis, synthesis, and evaluation. Subsequently,
Anderson and Krathwohl (2001) revise this taxonomy, structuring the cog-
nitive dimension into six major categories, expressed in the infinitive form
to emphasize their dynamic nature. Arranged from lower to higher levels of
complexity, these categories are remember, understand, apply, analyze, eval-
uate, and create. Abbreviated as RBT (Revised Bloom's Taxonomy), each cat-
egory represents objectives to be achieved as learning outcomes. Such authors
conceptualize these processes as follows: remembering involves retrieving
information; understanding consists of explaining ideas or concepts; apply-
ing means using information in another familiar situation; analyzing entails
breaking information into components to explore insights and relationships;
evaluating involves justifying a decision or course of action; and creating is
based on generating new ideas, products, or perspectives.

In the field of mathematics, the cognitive processes involved in the
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Revised Bloom’s Taxonomy incorporate characteristics specific to the area of
knowledge as direct complements. For instance, symbols, concepts, formulas,
propositions, or operational procedures are recalled; reasoning processes, the-
orems, or explicit data from exercises are understood; mechanical procedures
or methods for solving similar tasks are applied; abstract expressions, the
rationale behind hypotheses, or relationships between different notions are
analyzed; various approaches to reaching a solution or techniques for tackling
the same problem are evaluated; and interpretative graphs, innovative propos-
als, or extrapolations to other mathematical contexts and scientific-social dis-
ciplines are created. According to Radmehr and Drake (2018), this taxonomy
holds the greatest potential for the entire educational process in mathematics.

On the other hand, the so-called PASS theory of intelligence, formu-

lated by Das et al. (1994), postulates the existence of four cognitive processes
involved in mental activity, which typically operate in an interrelated man-
ner: planning, attention, simultaneous processing, and successive processing.
Planning involves designing or developing a work plan; attending refers to
selecting and maintaining focus on a specific stimulus; simultaneous process-
ing entails integrating separate stimuli into a whole; and successive process-
ing consists of establishing the sequential order of a series of stimuli.
These PASS processes are closely linked to the actions required for solving
mathematical tasks. Thus, planning, which is the predominant cognitive pro-
cess in mathematics, enables the development of methods for solving prob-
lems when solutions are not immediately apparent (Tellado, 2001); attention
facilitates intense and sustained concentration to perform a specific math-
ematical task (Iglesias-Sarmiento et al., 2017); simultaneous processing is
correlated with number identification, automatic execution of operations, and
problem comprehension (Deafio et al., 2006), and successive processing is
associated with calculation sequence, mental arithmetic, and the step-by-step
resolution of problems (Iglesias-Sarmiento et al., 2014).

Different studies have examined the enhancement of PASS processes
in mathematical learning. Chronologically, Kirby and Williams (1991) iden-
tify difficulties related to planning, such as reliance on random and inade-
quate solutions, the use of incorrect strategies, and failure to implement the
“trial-and-error” method effectively. Tellado (2001) proposes an intervention
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model for the class-group that improves planning functions in arithmetic op-
erations through self-reflective verbalization. Iglesias-Sarmiento et al. (2014)
highlight a significant relationship between performance in verbal memory,
processing speed, PASS processes, and numerical competence, with simulta-
neous and successive processing emerging as predictors of arithmetic perfor-
mance. Specifically, in students with learning difficulties, Iglesias-Sarmiento
et al. (2017) confirm that simultaneous processing is the only PASS pro-
cess that predicts arithmetic problem-solving ability. Additionally, attention
plays a crucial role in activating higher-order reading comprehension skills
(Turégano, 2019), meaning that failure to understand or correctly interpret the
statement of a mathematical task may be attributed to deficits in this process.
Furthermore, Deano et al. (2023) demonstrate that the Cognitive Training
Program for Mathematics Modules, which focuses on calculation skills and
problem-solving based on planning and simultaneous processing, is effective
in improving mathematical performance and the PASS processes of the stu-
dents.

At the same time, the level of complexity of thinking required of stu-
dents to complete a given task is referred to as cognitive demand or Depth Of
Knowledge, abbreviated as DOK. At the end of the 20th century, Webb (1997)
develops a cognitive demand model with four levels, ranked from least to
most complex: recall thinking, processing thinking, strategic thinking, and
extended thinking. In a specifically mathematical context, Smith and Stein
(1998) develop a theoretical model to evaluate this framework. Abbreviated
as SS, it consists of four categories, ordered from lower to higher complexity:
memorization, procedures without connections, procedures with connections,
and doing mathematics. This model has only been validated for arithmetic
problems, and it does not fully apply to other types of mathematical tasks.
Benedicto et al. (2015) modify it to determine the cognitive demand of com-
plex activities based not only on the problem statements, but also on how stu-
dents solve them. For the cognitive evaluation of geometric tasks, Benedicto
(2018) assigns values of 1, 2, 3, and 4 to the SS categories in increasing order
of complexity, giving a value of 0 to incorrect solution strategies and unan-
swered questions. Although originally designed for the cognitive assessment
of tasks, Ramos and Casas (2018) apply this model in the field of educational
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standards and mathematics textbooks in the Algebra block, finding a lack
of proper cognitive demand alignment between them. Pincheira and Alsina
(2021) also use the SS levels to analyze the cognitive demand of mathemati-
cal tasks designed by prospective primary education teachers. Although these
authors identify a variety of mathematical tasks, they find that those tasks
with a low level of cognitive demand predominantly prevail.

For its part, the National Council of Teachers of Mathematics (2014)
has accredited the DOK model to assess both the activities proposed to stu-
dents, allowing for the design of tasks suited to different purposes, including
differentiated instruction, and addressing students with different abilities. Ol-
ivares et al. (2020) emphasize the importance of ensuring that the mathemati-
cal tasks included in curricula reflect an appropriate DOK level. Furthermore,
Parrish and Bryd (2022) argue that the consistent implementation of “cog-
nitively demanding” tasks enhances students’ conceptual understanding of
mathematics.

The Webb, SS models, and the RBT and PASS cognitive processes
exhibit certain interconnections. In the field of mathematics, considering the
actions specified in each of them, we establish the correspondences presented
in Figure 1.

FIGURE 1. Correspondences between the RBT, Webb, SS, and PASS models

RBT processes Webb levels SS levels PASS processes
I Remembering ]< >[ Recall thinking [ Memorization [ Successive
<> I processing

Understandmg

Processing thinkin Procedures without Simultaneous
Applying ¢ & connections processing

Analyzing % Strategic thinking ]H[ Procedures with Planning

connections
Evaluatmg
Extended thinking ]@

Creating K%

Source: Compiled by the authors

Doing mathematics [ Attention

Regarding curricular aspects, Sarmiento and Sarmiento (2023) con-
ducted a study linking the RBT cognitive processes with the descriptors of
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key competencies in the Primary Education curriculum, to highlight their re-
lationships with knowledge areas and identify potential groupings. Their re-
sults show five groups: 1) Artistic Education, related to Linguistic Communi-
cation Competence and Cultural Awareness and Expression Competence; 2)
Digital Competence; 3) Mathematics and Physical Education, linked to Math-
ematical, Science, Technology, and Engineering Competence (STEM) and
Entrepreneurial Competence; 4) Natural, Social, and Cultural Environment
Knowledge, along with Civic and Ethical Values Education, grouped under
Citizenship Competence, Personal, Social, and Learning-to-Learn Compe-
tence; 6) Spanish Language and Literature and Foreign Language, associated
with Multilingual Competence. Thus, their findings confirm that Mathematics
contributes to the development of two key competencies: STEM and Entre-
preneurial Competence.

Concerning the Secondary Education curriculum (ESO), the study
highlights the importance of assessment criteria and mathematical domains.
Assessment criteria play a essential role in the educational process, as they es-
tablish a set of fundamental knowledge, that integrates skills, competencies,
and attitudes in each facet of the subject, ensuring that learning is considered
satisfactory. Cognitively, Organic Law 3/2020, which amends Organic Law
2/2006 on Education (LOMLOE), stipulates that achievement indicators for
assessment criteria should incorporate cognitive processes in various appli-
cation contexts and be connected to all mathematical domains. Subsequently,
Royal Decree 217/2022 establishes the framework and minimum educational
requirements for this stage, defining its objectives, key and specific compe-
tencies, assessment criteria, fundamental knowledge, and learning scenarios.
Specifically, the structure and curriculum of ESO in the Autonomous Com-
munity of Galicia are outlined in Decree 156/2022, which defines assessment
criteria as “benchmarks indicating the expected levels of student performance
in situations or activities related to the objectives of each subject or area at
a given stage of their learning process”. Each assessment criterion is linked
to a subject objective. However, Lopez (2022) disapproves of them for being
merely indicative and, consequently, are difficult to interpret when unequivo-
cally determining students’ academic achievement.

In the field of mathematics, real-life problems are solved concerning
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quantity, the shape and size of objects, and the randomness of events. Each
of these variables requires specific knowledge and skills, collectively known
as mathematical domains. The content of Mathematics subjects is structured
around six domains: numerical, metric, geometric, algebraic, stochastic, and
socio-affective. Each of these encompasses a distinct set of actions aimed at
fostering students’ mathematical competence. These domains enable content
to expand its link to academic years through transversal connections, allow
for the functional application of knowledge, and provide the flexibility need-
ed to establish interconnections between them (Royal Decree 217/2022). It
is important to emphasize that the socio-affective domain should not be con-
sidered the least mathematical. On the one hand, it includes enthusiasm for
rational thinking and strategies that strengthen self-esteem when challenged
by incorrect problem-solving approaches, difficulties in grasping certain con-
cepts, operational errors... On the other hand, in its role in promoting gender
equality, it offers an approach to mathematics designed to prevent female
students from perceiving themselves as less capable than their male counter-
parts. Additionally, it ensures that collaborative learning is structured so that
all students actively participate in each assigned task, fostering peer support
and preventing disengagement. Furthermore, mathematical domains are not
isolated categories, so certain knowledge belongs to more than one; this is the
case for operational knowledge, which is addressed both from a numerical
and from an algebraic domain.

Ruiz-Hidalgo et al. (2019) highlight the inherent global nature of
mathematical domains, as it places equal emphasis on conceptual understand-
ing and the development of computational skills and techniques. Further-
more, the interaction between mathematical content and domains has been
analyzed by the Spanish Mathematics Committee (2021), which presented
a study identifying the content areas that should receive more or less focus
at different educational stages to effectively develop mathematical domains.

With the aforementioned references, the present research aims, as a
general objective, to identify the cognitive processes associated with the Re-
vised Bloom’s Taxonomy and the PASS model, within the assessment crite-
ria of Mathematics in the ESO curriculum in the Autonomous Community
of Galicia. All of this with the purpose of identify potential “cognitive mis-
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matches” in this educational stage and propose relevant recommendations for
improving their implementation in the classroom. Accordingly, the specific
objectives are:
= To determine the predominant cognitive demand within the assess-
ment criteria for each mathematical domain.
= To quantify the cognitive demands present in the assessment criteria
in relation to the academic year.

Method

The present study is part of a broader research project (Tugores, 2024) aimed
at determining the relationship between cognitive processes and the mathe-
matics curriculum in ESO, knowing and analyzing both its curriculum and the
most commonly used didactic materials by teachers for the instruction of the
subject. The present study focuses exclusively on the curricular perspective.

A multimethod research approach is adopted, following a concurrent
nested design with a dominant model (Hernandez-Sampieri, 2006). The meth-
od guiding the study, used to identify cognitive demand, is qualitative and is
enriched with quantitative data and a descriptive approach, allowing for the
quantification of the demands present in the assessment criteria and facilitate
the characterization and manifestation of a given phenomenon by assessing
various components or dimensions (Hernandez-Sampieri, 2006).

In Spain, each autonomous community establishes its own ESO aca-
demic curricula; for this study, the curriculum of Galicia is selected. A content
analysis of Decree 156/2022 is conducted, where the units of analysis corre-
spond to the assessment criteria in mathematics. These criteria are catego-
rized according to mathematical domains and academic years. As noted by
Colas and De Pablos (2012), content analysis is the most appropriate method-
ological approach for the study of legislation. Thus, a total of 186 assessment
criteria are analyzed, whose distribution by academic years and domains is
shown in Table L.
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TABLE I. Assessment criteria by academic years and mathematical domains

Academic years
Total
Ist 2nd 3rd 4st A 4st B

Numerical 5 5 6 6 7 29

Measurement 5 5 4 3 5 22
Domains Spatial 7 7 6 6 6 32

Algebraic 8 8 8 9 8 41

Stochastic 8 8 8 8 7 39

Socio-affective 5 5 5 4 4 23

Total 38 38 37 36 37 186

Source: Compiled by the authors

Instrument

For data collection, an ad hoc rubric is used for each mathematical domain,
adopting a double-entry table format, in which the RBT and PASS cognitive
processes associated with each of the assessment criteria in Decree 156/2022
are indicated (see Tables III and IV). Given that the contents of each academic
year are sequentially linked to those of preceding years, the assessment cri-
teria exhibit the same continuity. The rubric was reviewed and validated by
three experts, two from the area of Didactics of Mathematics and one with
extensive psychometric knowledge, all of them familiar with the variable be-
ing quantified. (Hernandez-Sampieri, 2006).

The application of the RBT and PASS scales to the units of analysis
yielded Cronbach’s alpha coefficients of .748 and .726, respectively, confirm-
ing their reliability. The rubric was independently applied to the assessment
criteria by two of the authors, achieving a high level of inter-rater agreement
(Cohen’s kappa coefficient = .821), and, in cases of discrepancy, the assess-
ment of a third evaluator was considered.

The development of this instrument is based on multiple sources: De-
cree 156/2022, the cognitive processes defined in RBT, the processes of the
PASS model, and the corresponding cognitive actions outlined in Anderson
and Krathwohl (2001). For instance, a definition corresponds to remember-
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ing, a classification to understanding, a demonstration to applying, a graph to
analyzing and evaluating, and designing a project to creating.

Data Analysis

The data analysis is carried out based on two categories (RBT and PASS) and
ten subcategories: six from the RBT category (remembering, understanding,
applying, analyzing, evaluating, and creating) and four from the PASS cate-
gory (planning, attention, simultaneous processing, and successive process-
ing). Table II presents these categories, subcategories, and the meaning of the

latter.

TABLE II. RBT and PASS categories

Category

Subcategory

Meaning

RBT

Remembering

Utilizing memory to generate or retrieve definitions, facts, or
lists, or to recite previously learned information.

Understanding

Constructing meaning from different types of functions, wheth-
er through written or graphical messages, or activities such as
interpreting, exemplifying, classifying, summarizing, inferring,
comparing, or explaining.

Applying

Carry out or use a procedure through execution or implementa-
tion.

Analyzing

Decomposing materials or concepts into their constituent parts
to determine how these parts relate to each other, how they
interconnect, or how they correspond to a broader structure or
overarching purpose.

Evaluating

Making judgments based on criteria and standards through veri-
fication and critique.

Creating

Assembling elements to form a coherent or functional whole;
reorganizing components into a new pattern or structure through
generation, planning, or production.
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The use of effective strategies to achieve the desired goal and
Planning self-regulation, which is explained through functions such as
cognitive control in selecting the appropriate function.

The capability to perform functions that enable focused and

Attention . . . o .
selective cognitive activity, within a defined time frame.
PASS

. The ability to integrate separate stimuli into a unified whole and
Simultaneous . . .

rocessing recognize the relationships between them, as well as to make
P analytical inferences that may result from higher-order thinking.
Successive A process in which stimuli are recalled by placing them in a
processing specific sequential order, defined as memory.

Source: Adapted from Anderson & Krathwohl (2001) and Ergin (2021).

Numerical cognitive scales are defined for the RBT and PASS processes. Un-
like the scale proposed by Benedicto (2018), these scales are applicable to all
types of mathematical problems. The levels of cognitive demand are quanti-
fied by assigning a numerical value to each RBT and PASS process within
respective ordinal scales, which serve as measurement instruments. The RBT
processes are ranked according to their position in the cognitive hierarchy:
remembering = 1, understanding =2, applying = 3, analyzing = 4, evaluating
=5, and creating = 6.

Regarding PASS processes, the assessments of Pérez-Alvarez and Timone-
da-Gallart (2000) are considered: “Sequential processing is less complex, less
intricate, and more primitive than simultaneous processing, which, in turn, is
less intricate than the planning function, the most phylogenetically advanced”
(p. 612) and Turégano (2019): “In the PASS model, attention is a more com-
plex process because, in addition to focusing resources on the stimulus to be
processed and resisting interference from irrelevant ones, it also involves the
minimal necessary mental activation required for a specific task to occur” (p.
10). Accordingly, PASS processes are ranked from least to most complex as
follows: successive processing = 1, simultaneous processing = 2, planning =
3, and attention = 4. These scales are termed uniform gradations, based on the
hypothesis of “cognitive equidistance” between their respective processes,
analogous to the cognitive gradation introduced in a mathematical education,
context by Benedicto (2018). The designed matrices are structured with cri-
teria as rows and cognitive processes as columns. A value of 0 is assigned if
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a process is not involved in a given criterion, while the corresponding scale
value is recorded if it is.

A frequency analysis of the cognitive processes is carried out, by mathemat-
ical domains and academic years, using the x? test; the calculation of the
mean scores of cognitive demand, along with their confidence intervals,
and the comparisons of such scores, using the Kruskal-Wallis H test and the
Mann-Whitney U test. Statistical computations are carried out using SPSS
software. In all hypothesis tests, decisions are made at a .05 significance lev-
el. A difference is considered statistically significant when the p-value is less
than .05.

Procedure

All assessment criteria in the mathematics curriculum for all academic
years of Compulsory Secondary Education are labelled, identifying the as-
sociated level of cognitive demand. In the curriculum for the fourth year,

a distinction is made between Mathematics A (applied mathematics) and
Mathematics B (academic mathematics), which are denoted as 4th A and
4th B, respectively. Following the guidelines of Decree 156/2022, each label
consists of the prefix CE (Assessment Criterion), followed by two digits.
The first digit corresponds to a mathematical domain (1 = numerical, 2 =
measurement, 3 = spatial, 4 = algebraic, 5 = stochastic, and 6 = socio-affec-
tive), while the second digit indicates the criterion’s order within the list.
Examples of this labelling system are presented in Tables III and I'V. These
tables illustrate the process of mapping the cognitive processes from RBT
and PASS, respectively, to the assessment criteria in two mathematical do-
mains, for this implementation and analysis, Excel is used.
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TABLE III. RBT cognitive processes in an assessment criterion for 1st and

2nd year of ESO
Block 2: Measurement domain
Remem- Under- Ap- Ana- Cre-
bering standing | plying | lyzing ating
1 2 3 4 6
1st and 2nd year
CE2.1. and
simple conjectures in a
guided manner, by analyzing X X
patterns, properties and rela-
tionships.

Source: Compiled by the authors.

TABLA IV. PASS cognitive processes in an assessment criterion for 1st,

2nd and 3rd year of ESO
Block 6: Socio-affective domain
Svep P : tion
cessing ing
1 2 4
1st, 2nd and 3rd year
CE6.2. personal emotions and develop
mathematical self-concept as a tool for fostering . X
positive expectations when facing new mathe-
matical challenges.

Source: OCompiled by the authors.
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Results

In the Mathematics subjects of ESO, a total of 186 assessment criteria have
been analyzed, but considering their propaedeutic nature, only 57 are distinct
(30.6%). Within these criteria, a total of 678 cognitive processes have been
identified. Next, the frequencies and the existence of significant differences in
cognitive demand presented by the evaluation criteria are examined, accord-
ing to the RBT and PASS processes.

RBT Cognitive Processes in the Assessment Criteria

Overall, the applying process stands out as the most frequent (122, 28.7%),
while understanding is the least frequent (33, 7.8%). The frequencies of re-
membering (63, 14.8%), evaluating (65, 15.3%), and analyzing (66, 15.5%)
are relatively similar, whereas the frequency of creating is slightly higher (76,
17.9%). The * test supports statistically significant difference among these
proportions (p < .001), but no significant differences are found among the
proportions of remembering, analyzing, evaluating, and creating (p = .867).

Table V presents the distribution of RBT cognitive processes across
different mathematical domains.

TABLE V. Frequencies of RBT processes by mathematical domains

Rbeer:;:;_ Undi:’lsgtand— Aljf éy ) Ar;(:lfg)’/z— Evaluating | Creating
Numerical 10 5 16 13 5 11
. Measurement 4 4 20 8 8 10
‘£ | Spatial 14 6 24 8 10 13
§ Algebraic 14 7 22 11 15 19
Stochastic 16 6 25 16 12 18
Socio-affective 5 5 15 10 15 5
Total 63 33 122 66 65 76

Source: Compiled by the authors
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In each mathematical domain, the predominant process is applying
(along with evaluating in the socio-affective domain), while the least frequent
is understanding (tied with evaluating in the numerical domain). When con-
sidering the total set of criteria, applying remains the most prevalent process;
secondly, creating emerges, indicating a high level of cognitive demand. The
¥* test does not detect significant difference in the distribution presented in
Table V (p = .654). The distribution of the socio-affective domain clearly dif-
fers from the others; however, when compared to the aggregated remaining
domains, no significant difference is observed (p = .061).

In some cases, the applying process is inherently embedded within the
wording of the assessment criterion, as seen in: “solve mathematical prob-
lems, by mobilizing the necessary knowledge and applying appropriate tools
and strategies ” (numerical domain, first three academic years). On the other
hand, the understanding process is often accompanied by others, as illustrat-
ed in: “reformulate mathematical problems both verbally and graphically,
interpreting data, the relationships between them, and the posed questions
while utilizing the necessary technological tools” (algebraic domain, 4th A),
where applying and creating also play a role.

Actions such as debating, expressing opinions, or making judgments
are actions closely linked to the formulation of strategies for solving mathe-
matical tasks, particularly, to the cognitive process of evaluating (Anderson
& Krathwohl, 2001). These actions are required in various criteria related
to the socio-affective domain, such as: “actively collaborate in teamwork,
respecting different opinions, communicating effectively, thinking critically
and creatively, and making informed decisions and judgments” (socio-affec-
tive domain, 1st, 2nd, and 3rd year).

The distribution of RBT cognitive processes across academic years is
presented in Table VI.
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TABLE VI. Frequencies of RBT processes in assessment criteria by academ-
ic year

Rem?mber- Unde.rstand- Applying An.alyz- Evc'zluat- Creating
ing ing ing ing
m | Ist 14 7 22 12 12 13
§, 2nd 15 6 22 12 11 12
E |3 15 6 23 12 10 13
'i; 4th A 10 8 27 15 17 19
< | 4hB 9 6 28 15 15 19
Total 63 33 122 66 65 76

Source: Compiled by the authors

In all academic years, applying and understanding occupy the first and last
positions, respectively. The assessment criteria for the first, second, and third
years of ESO are nearly identical, as are those for 4th A and 4th B. Across the
first three years, 21 out of 23 criteria (91.3%) are repeated, while in the fourth
year, 23 out of 34 distinct criteria (67.6%) coincide. This situation explains
why Table VI reflects nearly identical quantities for each cognitive process
across the first three years on one hand, and the two fourth-year courses on the
other, with frequency differences not exceeding two points. For this reason,
Table VII is prepared, grouping the academic years into two distributions.

TABLE VII. Frequencies of RBT processes by grouped academic years

Remember- Under- Aoplvin Analyz- | Evaluat- Creatin
ing standing PPyIE ing ing g
Ist, 2nd and
) gl
g, ard 44 19 67 36 33 38
8 g
LR 4th A and
Q
< 4th B 19 14 55 30 32 38
Total 63 33 122 66 65 76

Source: Compiled by the authors

In the first three years, the predominant process is applying, which corre-
sponds to an intermediate level of cognitive demand, followed by remember-
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ing, the lowest-hierarchy RBT process. In the two fourth-year courses, ap-
plying remains the most frequent process, but it is followed by creating (the
highest-hierarchy cognitive process). The y? test does not indicate significant
difference in the distribution shown in Table VII (p = .231).

The RBT cognitive demand, considering the mean score based on the uniform
gradation of all processes within the assessment criteria, is 3.62 (o = 1.63),
exceeding the scale mean (3.5) and falling between the values of applying (3)
and analyzing (4). This mean corresponds to 5.25 on a 0-to-10 scale, with a
95% confidence interval of (4.94, 5.56). The mean scores by mathematical
domain can be observed in Graph 1.

GRAPH I. Mean level of RBT cognitive demand for each mathematical domain

4,00
3,90
3,80

3,72 3,73 >78
3,70 3,60
3.60 3,52
3,50 3,44
3,40
3,30
3,20
3,10
3,00

Spatial = Numerical ® Stochastic M Algebraic M Socio-affective M Measurement

Source: Compiled by the authors

The measurement domain (3.78) exhibits the highest RBT cognitive demand,
primarily due to the minimal involvement of remembering and understanding
processes in its assessment criteria. The mean scores obtained by the socio-af-
fective domain (3.73) and algebraic domain (3.72) are very close. The Krus-
kal-Wallis H test supports the equality of these means (p = .838).

For the combined first three years of ESO, the mean score on a 0-to-10 scale
is 4.92, while for the two fourth-year courses, it is 5.66. The Mann-Whitney
U test rejects the equality of these means (p =.025), indicating that cognitive
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demand is higher in the final year (4th A and 4th B).
PASS Cognitive Processes in the Assessment Criteria

Simultaneous processing is the most frequently occurring cognitive process
(80, 31.6%), while successive processing is the least frequent (52, 20.6%).
Planning and attention exhibit similar frequencies (61, 24.1%, and 60, 23.7%,
respectively). The ¥ test does not indicate significant difference among these
proportions (p = .383). Table VIII presents the frequencies of PASS cognitive
processes for each mathematical domain.

TABLE VIII. Frequencies of PASS processes by mathematical domains

Planning | Attention Simultanéous Successive processing
processing
Numerical 8 8 10 7
. Measurement 4 6 13 6
£ Spatial 9 10 18 4
g Algebraic 19 17 11 9
Stochastic 16 14 13 16
Socio-affective 5 5 15 10
Total 61 60 80 52

Source: Compiled by the authors

Simultaneous processing is the predominant process for all domains, except
for algebraic and stochastic ones, in which planning stands out. In the sto-
chastic domain, planning appears alongside successive processing in equal
measure. The y? test does not support significant difference in the distribution
presented in Table VIII (p = .106), a conclusion that would be reached with
greater certainty if the algebraic and stochastic domains were excluded (p =
.605).

An example of simultaneous processing can be observed in the criterion:
“relate mathematical knowledge and experiences to form a coherent whole ”
(4th A). Meanwhile, the criterion: “communicate information, using appro-
priate mathematical language to describe, explain, and justify reasoning, pro-
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cedures, and conclusions”, which belongs to the first three years of Secondary
Education, illustrates the emphasis placed on planning within the stochastic
domain.

Table IX displays the distribution of PASS process frequencies by course lev-
els, grouping the first three years together and, separately, the two fourth-year
courses corresponding to Applied Mathematics and Academic Mathematics.

TABLE IX. Frequencies of PASS processes by grouped academic years

. . Simultaneous Successive
Planning Attention . .
processing processing
L 1st, 2nd and 3rd 37 35 53 33
=
3 g
<8 > 4st A and 4st B 24 25 27 19
Total 61 60 80 52

Source: Compiled by the authors

Simultaneous processing stands out as the most frequent process in the first
three years. In the fourth year, all cognitive processes exhibit a similar distri-
bution. The y? test does not indicate significant difference in the distribution
of values shown in Table IX (p =.793).

Regarding PASS cognitive demand, the mean score across all processes is
2.51 (o =1.07), closely aligning with the scale mean (2.5). This mean corre-
sponds to 5.03 on a 0-to-10 scale, with a 95% confidence interval of (4.59,
5.56). The mean scores by mathematical domain are graphically represented
in Graph II.
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GRAPH II. Mean level of PASS cognitive demand for each mathematical
domain
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Source: Compiled by the authors

All score values fall within the range of 2.14 to 2.79, with the mean being ex-
ceeded in the numerical, spatial, and algebraic domains. The Kruskal-Wallis
H test supports the acceptance of score equality among these domains (p =
.263). Regarding academic years, the mean score for 1st, 2nd, and 3rd years
is 2.47, while for 4th A and 4th B, it is 2.58. The U test allows for accepting
their equality (p = .424).

In summary, the obtained results are shown in Table X, which presents the
highest and lowest frequencies of RBT and PASS processes, as well as cogni-
tive demand across mathematical domains and academic levels.

TABLE X. Frequencies and cognitive demand of RBT and PASS processes

Processes RBT PASS
. ) Simultaneous processing/
5 Highest/Lowest Applylng/.Understand
5 ng Successive processing
§ Proportions by domains Different Equal
S 9
Proportions by academic years Equal Equal
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, Mean (0-to-10 scale) 5.246 5.033
i'é g By dor.nain.s . _ Same Same
ED g :l):;ln:;l; with highest cognitive Measurement Algebraic
“ By academic years Different Same

Source: Compiled by the authors

Discussion and Conclusions

The aim of this study has been to analyze the distribution of the RBT and
PASS processes associated with the assessment criteria in Mathematics for
Compulsory Secondary Education, as well as to quantify and assess their
cognitive demand considering different mathematical domains and academic
years. This assessment has been possible through the introduction of a uni-
form gradation for each cognitive model.

Regarding distribution, the fact that, within the assessment criteria, under-
standing (33) and applying (122) represent the least and most significantly
present RBT processes, respectively, suggests a preference for ensuring that
students can effectively utilize the knowledge they acquire, while less empha-
sis is placed on assessing the extent to which they internalize it. It is likely as-
sumed that using a formula, a rule, a postulate... inherently implies an under-
standing of the mathematical objects being handled, or that applying theory is
a suitable way to consolidate it. This imbalance could be mitigated by placing
greater emphasis on aspects that require reflection, ensuring that students as-
similate the meaning of mathematical concepts and propositions before ap-
plying them in context. Apart from these two extremes, the frequency of the
highest hierarchy RBT process, creating (76), stands out with a slight differ-
ence, followed by the mid-level complexity process analyzing (66). This is
very similar to evaluating (65), which also entails a high cognitive demand,
and remembering (63), which represents the lowest cognitive demand. This
distribution highlights a form of “cognitive centralization” within the assess-
ment criteria, with a clear predominance of a mid-level cognitive process
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(applying) and an equitable distribution of the remaining processes, except
for understanding, which is notably underrepresented.
This distribution is also consistent across the different mathematical domains,
where applying is always the most frequently identified cognitive process in
the corresponding assessment criteria. However, differences are observed in
second place: creating in the algebraic, stochastic, and measurement domains,
associated with a high level of cognitive demand; analyzing is dominant in the
numerical domain, representing a medium level of complexity; while remem-
bering is the most recurrent in the spatial domain, associated with the lowest
cognitive demand.
Considering the different academic years in ESO, by the fourth academic year,
while applying remains the most frequent cognitive process, the two lower-or-
der RBT processes (remembering and understanding) lose prominence in fa-
vour of the two higher-order ones (creating and evaluating), whose sum of
frequencies more than doubles that of the first two. This shift suggests that
remembering and understanding should already be mastered by the time stu-
dents reach the final year of the stage.
Undoubtedly, a higher-order process may require less effort than a lower-order
one; for instance, finding an immediate example is easier than recalling a long
definition. Therefore, if this category were assessed numerically, an additional
numerical value could be incorporated to the uniform gradations, establishing
new and more comprehensive hierarchical cognitive scales. This aligns with
the modification made by Benedicto et al. (2015) to the Smith and Stein (1998)
model by introducing a category they call “required effort”.
On the other hand, given that applying is the most frequent RBT process, one
would expect successive processing to be the predominant PASS process, as
there is an established association between applying and successive processing
(Figure I). This is based on the fact that applying involves carrying out differ-
ent mathematical sequences, such as, for example, the very common chain:
recognizing a formula, linking operations to arrive at a solution, and verifying
its correctness. However, the prevailing process, both in the analysis by math-
ematical domains and by academic years, is simultaneous processing.

The cognitive demands of RBT and PASS, as explicitly stated in the
assessment criteria, can be considered to meet a “cognitive passing grade”.
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These demands are balanced across mathematical domains. However, a higher
RBT demand, but not PASS, is observed in the two Mathematics subjects of
the 4th year of ESO compared to those of the first three academic years. This
“cognitive leap” could be mitigated by increasing the level of rigor at the end
of the 3rd year. Therefore, the role of the teacher is crucial, as they are respon-
sible for the implementation of the curriculum in the classroom. As Ramos
and Casas (2018) state, “if a true alignment between educational standards,
textbooks, and assessments is ensured, it helps improve curriculum implemen-
tation processes, better evaluate assessment results, and engage teachers in
improvement processes” (p. 1134).

Although mathematics teachers, according to Parrish and Byrd (2022),
strive to maintain the cognitive demand of the tasks implemented, this does not
necessarily contribute to increasing mathematical competence. Having a quan-
tification of curricular demand now makes it possible to establish a threshold
that the level of rigor should not exceed, if the goal is to increase the complex-
ity of classroom tasks, as suggested by these authors. In the case of pre-service
teachers, Pincheira and Alsina (2021) confirm a trend of this group (81.8%) to
design low-level tasks for their students. If the cognitive demand levels of the
RBT and PASS processes in the examined assessment criteria are considered
separately, the resulting distributions are 51.3% and 47.8%, respectively. This
suggests that future teachers set the “cognitive bar” relatively low compared
to students’ theoretical capabilities and contrary to the expectations set by the
assessment criteria.

Ramos and Casas (2018) argue that if the proportional distribution of
Smith and Stein’s (1998) levels is similar across educational standards, text-
books, and assessments, then curriculum implementation improves, assess-
ment results gain more significance, and teachers become more involved. Nev-
ertheless, these authors do not provide a numerical representation of cognitive
demand. The fact that this study does so, in a broader context than learning
standards, enables comparisons between different demands, independent of
how cognitive processes are distributed.

The results obtained have implications for teaching practice, as this
study can serve as a reference for teachers when selecting tasks that align
with assessment criteria, based on their respective mathematical domains
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and the academic year of ESO in which they are implemented. This selection
should consider students’ specific characteristics, prior classroom activities,
and the reinforcement or attenuation of particular content, among other fac-
tors. Teachers can periodically adjust the cognitive demand of activities to
ensure that their complexity and the distribution of cognitive processes remain
aligned with curricular requirements. Additionally, classroom diversity can be
addressed by balancing the cognitive load of tasks with students’ abilities, es-
pecially in lower ESO levels. Furthermore, understanding the distribution of
cognitive processes by mathematical domains and their associated cognitive
demands may be valuable when designing didactic scenarios that integrate
multiple mathematical domains, if the aim is for such interactions between
mathematics and real-world contexts to align with what the curriculum estab-
lishes.

Limitations

A key limitation of this study lies in the inherent subjectivity involved in de-
termining the cognitive processes associated with certain assessment criteria,
whose wording is overly generic. To mitigate this issue, a dual coding process
has been implemented in such cases.

Another difficulty has been the inability to compare the values ob-
tained in this research with “individualized” cognitive demands, those that
result from the specific way each teacher designs certain tasks to practically
develop the assessment criteria.

Prospective

One of the advantages of this analysis is that it provides an instrument and pro-
cedure that can be extrapolated to Mathematics curricula at other educational
stages or even to different subjects, enabling appropriate comparisons by ac-
ademic years or mathematical domains within the framework established by
Decree 156/2022. Furthermore, cognitive demand levels could be assessed in
Secondary Education Mathematics curricula from other autonomous commu-
nities, allowing for corresponding analogies or differences to be established.
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