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ABSTRACT

Critical reading is one of the fundamental competencies required in higher education, playing a crucial role in student

success across diverse academic disciplines. Numerous studies highlight its significance, identifying critical reading as

the strongest predictor of academic performance among university students. However, the specific cognitive mechanisms

underpinning this competency remain insufficiently understood. This study explores the relationships between critical

reading and several cognitive variables—working memory, processing speed, phonemic awareness, and morphological

awareness—within a sample of 76 undergraduate psychology students. Employing mediation analysis, the research

investigates both direct and indirect effects of these cognitive skills on critical reading performance. Results indicate

that working memory demonstrates a significant direct relationship with critical reading. In contrast, processing speed,

phonemic awareness, and morphological awareness showed neither direct nor indirect effects on critical reading skills.

These findings underscore working memory’s unique role as a reliable predictor of critical reading ability and emphasize

its importance in fostering academic achievement in higher education contexts. Based on these results, the implementation

of targeted cognitive strategies to strengthen working memory may prove beneficial in enhancing reading comprehension.
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Moreover, the potential use of neuromodulation techniques—such as transcranial direct current stimulation (tDCS)—could

be explored as complementary approaches to boost cognitive functions linked to reading processes. Future educational

interventions might combine these cognitive and neurotechnological tools to support the development of critical reading

skills, ultimately contributing to improved learning outcomes in university settings.
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1. Introduction

When a student enters university, it is generally as-

sumed that they have extensive experience in reading texts

and understanding them [1]. However, various studies have

shown that, upon entering university, students often demon-

strate a lack of reading experience and a low level of compre-

hension. This situation becomes so severe that it prevents the

proper assimilation of knowledge, often leading to frustration

and, ultimately, student dropout.

This issue has become increasingly evident due to the

expansion of higher education coverage worldwide. Ad-

ditionally, university enrollment has broadened to include

middle-class populations, revealing a contrast with the stu-

dent demographic of forty years ago [2]. Previously, higher

education was primarily accessible to individuals from high-

income families, who were well-educated, predominantly

white, and from urban communities. Today, higher educa-

tion has incorporated individuals from more diverse and

psychosocially vulnerable backgrounds [3]. Many of these

students are the first in their families to attend university and

have not been primarily- focused on high academic perfor-

mance or cultivating fields such as the humanities or social

sciences, where reading is widely promoted [4].

Moreover, research conducted in Latin American coun-

tries has identified reading comprehension issues among

university students. These studies suggest that multiple fac-

tors influence the development of this competence. However,

although some elements have been identified, there are still

few evaluative processes targeting the same student popula-

tion [5], particularly undergraduate psychology students.

In Colombia, the SABER tests incorporate elements

from PISA to define the concept of “critical reading” [6]. In

this context, reading ability depends on an individual’s ca-

pacity to analyze texts critically, which is significantly in-

fluenced by their cognitive abilities. The development of

this competence progresses from literal comprehension of

the text to the ability to construct and interpret its meaning,

culminating in the highest level, which involves reading with

a critical perspective.

The OECD [7], through its PISAassessments, has found

a correlation between reading for pleasure and better read-

ing performance, as well as higher overall evaluation scores.

Additionally, reading for pleasure is more prevalent among

female students and those from more favorable socioeco-

nomic conditions. On average, students who reported read-

ing for pleasure scored more than a year and a half ahead in

schooling. According to the National Administrative Depart-

ment of Statistics (DANE) in the National Reading Survey of

Colombia (ENLEC), 34.9% of respondents stated that they

enjoy reading, 38.6% reported feeling neutral, and 26% said

they do not enjoy reading. These responses were gathered

from municipal centers, where reading enjoyment is higher

compared to rural areas. However, when asked about activ-

ities related to their reading habits, 33.8% of the national

sample reported watching videos, followed by consulting

question-and-answer platforms such as Wikipedia, Yahoo

Answers, and Google (DANE link).

Based on previous research findings, identifying a sig-

nificant relationship between working memory, processing

speed, and phonological and morphological awareness with

students’ critical reading performance could facilitate the de-

velopment of improved assessment strategies. These strate-

gies would allow for a quicker and more precise prediction

of critical reading ability. Additionally, evidence suggests

that developing reading skills contributes to acquiring abil-

ities such as critical thinking. Therefore, the present study

aims to establish the relationship between cognitive abili-

ties, phonological awareness, morphological awareness, and

critical reading in undergraduate psychology students.

Theoretical Framework

Critical reading (CR) is a process through which stu-

dents derive meaning from a text [1]. It involves the ability
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to recognize the author’s purpose, understand tone and per-

suasive elements, and ultimately, identify biases [8]. It is a

dialectical process in which the reader acquires knowledge

about their context and the ability to transform it while si-

multaneously transforming themselves [9]. Additionally, it

is a key precursor to critical thinking. The main character-

istics of critical reading include examining the evidence or

arguments presented, reviewing influences on the evidence

or arguments, assessing the limitations of the study design or

topic, analyzing the interpretations made, and determining

whether to accept the authors’ conclusions. Finally, critical

reading requires an interaction between the reader and the

text, extending beyond mere word or content recognition [8].

It is a dynamic process that enables extracting meaning from

a text beyond the basic information provided, involving ques-

tioning, forming hypotheses, seeking evidence, and validat-

ing ideas [1].

In this regard, research has found that reading com-

prehension requires various abilities, such as cognitive pro-

cesses, reading strategies, and general knowledge of the text

being read [10]. These authors conclude that reading com-

prehension is not merely the ability to recognize isolated

words [10]. Similarly, various studies have shown that, among

beginners, word decoding ability is an important predictor

of reading comprehension skills. However, as individuals

develop a solid foundation for word reading, other linguistic

comprehension abilities become more relevant in predicting

reading comprehension [11].

Thus, adequate reading comprehension requires well-

developed cognitive abilities. Daneman and Carpenter de-

veloped a test in which participants read or listened to unre-

lated sentences and were then asked to recall the last word

of each sentence presented [12]. When these measures were

correlated with reading and listening abilities, the working

memory (Gwm) cognitive tests were found to be excellent

predictors of comprehension.

Although it is widely accepted that Gwm is involved

in reading comprehension [13, 14], there is debate regarding

its function. Some researchers propose that this relationship

depends on the task’s domain specificity—verbal working

memory tasks are associated with reading comprehension,

whereas visuospatial working memory tasks are less related.

Others argue that the contribution of Gwm is general, as it

involves attentional and executive control. Reading com-

prehension requires storing and processing semantic and

syntactic relationships between words, sentences, and para-

graphs while integrating them with prior knowledge stored

in memory.

Baddeley conceptualizes working memory as a storage

mechanism that simultaneously retains, compares, contrasts,

and relates information temporarily [15]. It consists of four

components: the central executive, the phonological loop,

the episodic buffer, and the visuospatial sketchpad.

Some of these working memory components appear

to be closely linked to processing speed. Indeed, Jacobson

et al. found that both cognitive abilities significantly pre-

dicted oral reading fluency and interacted in reading tasks [16].

Lengenfelder et al. also found a relationship between these

abilities [17], suggesting that this interaction emerges in tasks

with high working memory demands. They hypothesize that

processing speed is primary to working memory based on

the Related Consequences Model [18].

Understanding the impact of processing speed on cog-

nitive processing in reading requires recognizing that reading

involves not only identifying graphemes and morphemes but

also integrating the phonological content of lexical items.

As reading proficiency develops, phonological awareness

requirements decrease, while morphological recognition be-

comes more efficient [19]. In this sense, phonological aware-

ness functions as a subdomain of working memory, and pro-

cessing speed facilitates word recognition, enhancing reading

fluency and verbal comprehension.

González et al. emphasize the importance of training

processing speed in reading, as it correlates with performance

in word identification, reading, and comprehension tasks [19].

Processing speed facilitates information retrieval and con-

tributes to reading fluency. Therefore, children who access

their phonological representations more quickly and accu-

rately tend to perform better in reading tasks.

Processing speed development is thus an antecedent to

phonological awareness, and its optimal structuring enhances

literacy performance. Since phonological awareness oper-

ates within working memory, the relationship between pro-

cessing speed and working memory (which activates phono-

logical awareness) enables the proper integration of cognitive

processes essential for verbal comprehension [20]. Conse-

quently, increasing processing speed becomes a protective

factor that enhances reading comprehension performance,
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provided phonological awareness has been solidly and timely

developed.

Phonological awareness is, therefore, an important lin-

guistic predictor of reading [21]. It involves the ability to

analyze and segment speech components (words, rhymes,

syllables, sounds, and phonemes) and perform complex oper-

ations on them [22], which facilitates reading acquisition. For

example, in Spanish, pre-reading students find tasks such

as isolating syllables and phonemes and counting syllables

easier than syllable omission or rhyme tasks, with the latter

being the most challenging. Research supports a correla-

tion between reading competence levels and phonological

awareness tasks [23].

Similarly, substantial evidence highlights another met-

alinguistic skill with significant effects on reading ability:

morphological awareness [24]. Some authors suggest that

morphological skills influence reading in two ways: indi-

rectly throughword reading and directly through overall com-

prehension [25]. This is supported by the study of Levesque et

al. [24], although caution is needed when extrapolating these

findings to critical reading.

2. Materials and Methods

The research design of the present study is based on a

quantitative approach; it is cross-sectional and has a correla-

tional scope [26].

2.1. Participants

Sampling was conducted using the online application

http://www.raosoft.com/samplesize.html, considering the to-

tal population of psychology students enrolled in the psy-

chology programs at Cooperative University of Colombia

[Universidad Cooperativa de Colombia], specifically from

the Medellín and Villavicencio campuses in Colombia. Ad-

ditionally, a 10% margin of error and a 93% confidence level

were established, resulting in the following sample distri-

bution (Table 1). Participants were required to be actively

enrolled in the undergraduate psychology program at the

university and not under the influence of psychoactive sub-

stances.

2.2. Instruments

2.2.1. Working Memory and Processing Speed

To assess these cognitive abilities, the study utilized

the Digit Span, Symbol Search, Coding, and Letter-Number

Sequencing subtests from the Wechsler Adult Intelligence

Scale—Fourth Edition (WAIS-IV). This is a widely used tool

for assessing the intellectual aptitude of adults aged 16 to 90.

For instance, the Digit Span subtest requires participants to

repeat sequences of numbers that progressively increase in

length, in three formats: forward, backward, and in ascend-

ing numerical order. In the Symbol Search task, individuals

must quickly and accurately scan a series of symbols to iden-

tify whether a specific target symbol appears, all within a

restricted time limit. The Coding subtest assesses processing

speed, and visual-motor integration by having participants

rapidly copy symbols that correspond to specific numbers,

based on a reference key. Finally, the Letter-Number Se-

quencing subtest evaluates working memory and cognitive

sequencing by asking individuals to mentally reorganize and

recall increasingly complex combinations of letters and num-

bers—placing the numbers in ascending order followed by

the letters in alphabetical sequence.

Table 1. Sample Distribution.

Campus Population Sample Size

Medellín 450 29

Villlavicencio 578 47

Total 1,028 76

The WAIS-IV has undergone extensive adaptation and

validation for use in the Latin American context. Prior re-

search has reported Cronbach’s alpha coefficients ranging

from 0.7 to 0.9, indicating high reliability. In the current

study, administration procedures adhered strictly to standard-

ized protocols. Additionally, evaluators received targeted

training to ensure consistency in test administration and to

minimize potential sources of bias or scoring errors.

2.2.2. Morphological Awareness and Phonolog-

ical Awareness

The Derived Form Morphology (DMORPH) task was

employed, adapted into Spanish by the research team based

on the work of Tighe [27, 28]. It evaluates morphological struc-

ture by assessing the transformation of word roots into de-

rived words within sentence contexts. The adaptation process

followed multiple steps to ensure both linguistic and cultural
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relevance for Colombian university students. Initially, a bilin-

gual linguistic expert translated the original items. A recon-

ciliation phase then refined the semantic equivalence of the

translations. Subsequently, a panel of three linguists—spe-

cialized in psycholinguistics—reviewed the adapted items,

offering feedback on clarity, linguistic relevance, and cul-

tural appropriateness. Revisions were implemented based

on their recommendations.

At the beginning of each item, a root word was pre-

sented as a prime for the participant, followed by a short

sentence with a missing final word. Participants were asked

to complete the sentence using the appropriate derived word,

considering the initially provided root word.

For example:

• Root word: Granja (Farm)

• Sentence: Mi tío es un ________. (My uncle is a

________.)

• Correct response: Granjero (Farmer)

A correct response received one point, while an incor-

rect response received zero points. The task consisted of two

practice items and 28 test items. The items were divided into

three groups:

1. Morphological derivation without orthographic

change

2. Morphological derivation with orthographic change

3. Morphological derivation with phonological change

(this last section was administered via oral reading by

the evaluator).

The internal consistency (Cronbach’s alpha) of the

adapted DMORPH task in this study was high, at 0.87, indi-

cating excellent reliability.

2.2.3. Critical Reading

Critical reading was evaluated using the university’s

existing competency-based assessment system, named SIEC

test, which is administered semiannually to track student

progress throughout academic terms. This evaluation is struc-

turally aligned with the PISA framework, recognized for its

international validity and effectiveness in assessing reading

competencies—particularly critical analysis, interpretation,

and inferential reasoning in real-world contexts. As an insti-

tutional tool, this assessment offered an ecologically valid

measure that accurately reflected students’ actual academic

abilities.

2.2.4. Ethical Considerations

This study adhered to all ethical guidelines for psycho-

logical research involving human participants as established

by the Colombian College of Psychologists, in accordance

with Law 1090 of 2006, particularly Articles 45 to 56, which

require obtaining informed consent from each participant and

ensuring compliance with ethical standards for psychological

research involving human subjects.

2.2.5. Data Collection and Analysis Procedure

All statistical analyses were performed using JASP

software, both for descriptive statistics and for Spearman’s

correlation analyses. To assess the fit of the proposed model,

the mediation analysis module in JASP software was em-

ployed [29].

3. Results

3.1. Correlations

We found that critical reading was significantly related

to working memory, but not to the other variables examined.

Among the linguistic and cognitive variables, a relationship

was observed between working memory and morphological

awareness (Table 2).

3.2. Mediation Analysis

Amediation analysis was also conducted, revealing a

significant direct effect of working memory on critical read-

ing (Estimated Value = 0.016, 95% CI [0.003, 0.032], p =

0.046). No other significant direct or indirect effects were

found (Figure 1).

Figure 1. Mediation Analysis.
Source: Authors.

WM =Working Memory, PS = Processing Speed, PA = Phonological Awareness, MA

= Morphological Awareness, CR = Critical Reading.
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Table 2. Spearman Correlations.

  Critical

Reading

Working

Memory

Processing

Speed

Morphologi-

cal Awareness

Phonological

Awareness

Critical Reading 1.000 0.245* 0.067 0.160 0.063

Working Memory 0.245* 1.000 0.362** 0.253* 0.115

Processing Speed 0.067 0.362** 1.000 0.042 –0.105

Morphological Awareness 0.160 0.253* 0.042 1.000 0.206

Phonological Awareness 0.063 0.115 –0.105 0.206 1.000

*p < 0.05, *p < 0.01.

4. Discussion

As previously mentioned, the critical reading assess-

ments have been designed based on the PISA instruments.

Highlighting this parallel is important for analyzing the re-

sults of the present study, as the design of PISA reading tests

assumes the evaluation of cognitive and metacognitive pro-

cesses, such as working memory [7, 30]. In this regard, authors

such as Lynn and Mikk have found a significant correlation

between PISA reading comprehension scores and partici-

pants’ intelligence quotient [31], suggesting that in our study,

critical reading results would be expected to show a full cor-

relation with WAIS results. Therefore, it is possible that the

critical reading assessment does not sufficiently align with

the reading comprehension evaluation conducted by PISA.

Limitations in the instrument’s design or its administration

may be generating results that are not consistent with the

cognitive abilities assessed by WAIS, making it necessary

to evaluate the extent to which our instrument measures the

same critical reading construct as tests like PISA.

One aspect to consider in critical reading assessments

is that the items correspond to different achievement levels of

the competency. This means that the test includes items with

varying degrees of difficulty, although they are scored in the

same manner. In our study, relationships were established

based on an overall critical reading level rather than a scaled

assessment of it.

It is possible that some texts in the SIEC test lead

students to employ reading comprehension strategies such

as identifying key elements, distinguishing relevant data

from unnecessary information, and recognizing the main

idea—skills that contribute to effective reading [32].

In this study, we found a relationship between reading

and working memory (the ability of maintaining information

during tasks), which is consistent with González et al. [33].

This suggests that the activation of other cognitive processes

not necessarily relevant to the task of reading comprehen-

sion may be inhibited, and working memory is relied upon

instead. This supports the idea that as reading skills develop,

they tend to be executed at a higher operational level, focus-

ing on monitoring the task itself [34], rather than generating a

complete metacognitive process that engages other cognitive

domains.

Hahnel et al. state that the effect of working mem-

ory appears when extracting simple information from texts

and fades when reflection and evaluation of the text are

required [30]. However, they do not specifically refer to “crit-

ical reading.” The presence of this relationship in our study

suggests that the reading task may not correspond to a true

assessment of critical reading.

Working memory enables the coordination of task exe-

cution in real time [15]; therefore, in critical reading processes,

individuals engage in monitoring their activity. However, the

limited capacity of information processing—both in terms

of time and volume—does not allow for a more extensive

metacognitive process. As a result, relying solely on work-

ing memory would not support the optimal execution of a

complex critical reading task.

These findings indicate that the critical reading pro-

cesses observed in this study reflect the use of working mem-

ory resources, suggesting that participants engaged in an

operational task rather than a fully developed metacognitive

process. This aligns with previous discussions, highlighting

that working memory allows individuals to monitor activities

for short periods and with limited information. Consequently,

this suggests an early-stage development of critical reading

competencies, emphasizing the need to strengthen and ex-

pand the involvement of other cognitive domains to promote

higher levels of competency development.

Given that the results of this study indicate that ef-
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fective reading does not necessarily involve cognitive and

metacognitive processes such as processing speed (quickly

performing cognitive tasks), phonological awareness, and

morphological awareness, one implication for future research

on reading processes is the importance of incorporating mea-

sures of various cognitive processes. Additionally, reading

assessments should include diverse tasks, such as identifying

the main idea, distinguishing essential elements from non-

essential ones, inferring a text’s conclusions, and identifying

the author’s purpose, as each task may activate different

cognitive processes.

An intriguing observation from the present study is the

absence of significant correlations between processing speed

and the other cognitive or reading-related variables assessed.

This finding contrasts with prior research, which emphasizes

processing speed as a crucial component in tasks involving

critical reading and efficient cognitive performance. A plau-

sible explanation is that the tasks employed in this study may

have required more deliberate, analytical processing—plac-

ing less emphasis on rapid responses and more on metacog-

nitive reading strategies. This divergence suggests the need

to further investigate whether commonly used measures of

processing speed truly capture its role in complex academic

settings, particularly in tasks that demand reflective and crit-

ical engagement, such as those analyzed in this study.

Training in critical reading should go beyond cognitive

training in working memory, as working memory alone is

primarily necessary for simple reading. The components

of critical reading involve processing sociocultural factors,

incorporating lifelong learning experiences. Themore knowl-

edge one has about the sociocultural context, the better their

critical reading ability. However, this presents a paradox, as

acquiring such knowledge requires a basic reading ability.

From an applied perspective, these findings carry important

implications for educators aiming to foster critical reading

skills in psychology students. Beyond traditional training

that emphasizes foundational cognitive abilities such as work-

ing memory, the results suggest a need to explicitly incor-

porate activities that cultivate metacognitive and analytical

strategies. This includes targeted exercises designed to help

students identify underlying assumptions, evaluate the argu-

mentative validity of texts, and make inferences grounded in

specific sociocultural contexts. In this regard, implementing

pedagogical methods such as group text analysis, guided

debates, and individual reflection tasks may significantly

enhance students’ critical reading competencies in academic

settings.

An innovative approach to enhancing critical reading

skills in university students may involve the combined use

of transcranial direct current stimulation (tDCS) targeted at

brain regions associated with working memory—such as the

dorsolateral prefrontal cortex—and areas directly involved

in reading and social cognition, such as the temporoparietal

junction (TPJ). Focal stimulation of these regions could tem-

porarily enhance neural plasticity, thereby facilitating the

adoption of complex cognitive strategies essential for criti-

cal reading. Integrating tDCS with structured pedagogical

activities—such as text analysis, identification of authorial

intent, and metacognitive exercises—may provide a robust

framework for educational intervention.

The main limitation of this study lies in the instrument

used to assess critical reading ability. Although the test is

based on a robust epistemological and methodological frame-

work, it is not possible to guarantee that all administrations

of the test were conducted under optimal conditions, which

could introduce variance in the results. Another relevant lim-

itation of the study concerns potential biases stemming from

the sampling method and test administration conditions. Al-

though clear protocols were established, the administration

of the assessment by institutional personnel across differ-

ent campuses and cities may have introduced variability in

environmental conditions, the delivery of instructions, and

students’ perceived motivation. These factors could compro-

mise the internal validity of the findings. Future research

could benefit from implementing stricter control procedures

or adopting experimental designs that minimize these poten-

tial sources of bias, thereby enabling a more robust interpre-

tation of the results.

Additionally, the instrument was designed to evaluate

various levels of critical reading competency as defined by

the institution [9]. This means that some test items were in-

tentionally designed to assess lower levels of complexity

(unistructural competency level), whereas others required

more complex analysis. Consequently, different sections of

the test may have demanded different cognitive processes

from students.
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5. Conclusions

The possible relationship between basic reading ability

and critical reading suggests that the effect of working mem-

ory on critical reading may occur indirectly through basic

reading skills. Therefore, we recommend conducting a study

to explore this relationship further.

Since critical reading is a fundamental component in

the training and professional practice of psychology, identi-

fying students’ working memory ability could enhance the

development of skills and the acquisition of psychological

knowledge, ultimately improving the practice of psychology.
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