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ABSTRACT

Received: 19 Jun 2026 This study aimed to design and examine the effectiveness of an instructional model based on the
Accepted: 27 Aug 2026 retrieval fluency component of the Cattell-Horn—Carroll (CHC) theory of intelligence in improving
reading literacy among sixth-grade elementary school students. This applied study employed a quasi-
experimental pretest—posttest design with a control group. The statistical population consisted of
Final Publication: 22 May 2027 female sixth-grade elementary school students in Kerman, Iran, in 2025. Ten students were selected
and assigned to an experimental group and a control group, with five participants in each group. The
experimental group received 10 45-minute sessions of instruction based on the retrieval fluency
Keywords component of the CHC framework, whereas the control group continued to receive conventional
instruction. The instructional model incorporated lexical access speed, ideational fluency,
expressional fluency, figural fluency, and figural flexibility. Reading literacy was assessed using the
Carroll Theory, Retrieval standardized Progress in International Reading Literacy Study (PIRLS) test. Data were analyzed using
one-way analysis of covariance (ANCOVA) in SPSS version 26. Examination of the statistical
assumptions supported the application of ANCOVA. The interaction between group membership and
Elementary School Students. pretest scores was not statistically significant (F=0.044, p=0.84), confirming the homogeneity of
regression slopes. After controlling for pretest scores, ANCOVA revealed a statistically significant
difference between the experimental and control groups in reading literacy (F=206.46, p=0.001,
np>=0.97). Accordingly, the retrieval fluency—based instructional intervention significantly improved
reading literacy, with group membership accounting for 97% of the variance in posttest reading
literacy scores. An instructional model based on retrieval fluency within the CHC theoretical
framework can substantially enhance students’ reading literacy by facilitating rapid access to stored
information, activating prior knowledge, and strengthening cognitive processing during reading.
Accordingly, integrating retrieval fluency strategies into reading comprehension instruction and other
learning contexts requiring efficient information retrieval may provide an effective approach to
improving elementary students’ literacy performance.
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EXTENDED ABSTRACT
INTRODUCTION

Reading literacy is a foundational competence that supports academic achievement,
knowledge acquisition, and the development of higher-order cognitive abilities. Effective
reading requires more than accurate word recognition; it depends on the coordinated
operation of linguistic knowledge, memory, processing speed, prior knowledge, and the
ability to construct meaning from written text. In this regard, prior knowledge has been
identified as a major contributor to reading comprehension because readers must integrate
new textual information with existing conceptual structures in memory (1). Educational
approaches that facilitate activation of prior knowledge and engagement with the semantic
structure of texts may therefore enhance reading literacy. Evidence from educational
research has similarly shown that paratextual elements can facilitate active engagement
with reading materials and improve reading literacy (2), while cognitive metaphors may
support comprehension by helping learners organize and interpret complex information (3).

One of the most comprehensive frameworks for understanding the cognitive
foundations of academic performance is the Cattell-Horn—Carroll (CHC) theory of
intelligence. The CHC model conceptualizes human cognitive abilities hierarchically and
includes broad abilities such as fluid reasoning, comprehension-knowledge, reading and
writing ability, working memory, visual and auditory processing, learning efficiency,
processing speed, and retrieval fluency (4). Research has demonstrated that the CHC
framework can be applied beyond conventional intelligence assessment to explain
individual differences in academic performance and learning processes (5). A meta-
analytic examination of CHC broad abilities has also demonstrated meaningful
associations between cognitive abilities and academic achievement across educational
domains (6). More recent work has further emphasized the value of the CHC framework
for examining cognitive profiles associated with reading difficulties and dyslexia (7, 8).

Within the CHC framework, retrieval fluency is particularly relevant to reading
because it refers to the ability to access stored information rapidly and efficiently from
long-term memory. Retrieval fluency includes processes such as lexical access speed,
naming facility, word fluency, ideational fluency, expressional fluency, figural fluency,
and figural flexibility (4). These processes may influence reading by facilitating rapid
access to phonological, orthographic, lexical, and semantic representations. Research on
cognitive predictors of literacy suggests that early cognitive characteristics are related to

later reading and spelling performance (9). Similarly, serial retrieval fluency has been



identified as an important cognitive correlate of reading fluency (16), while rapid
automatized naming has been shown to predict subsequent reading performance in children
(17).

The relationship between retrieval-related processes and reading comprehension
may also operate through reading fluency. Evidence indicates that reading fluency can
mediate the association between cognitive-linguistic skills and reading comprehension (18).
When lower-level word recognition and retrieval processes become faster and more
automatic, cognitive resources can be redirected toward interpretation, integration,
inference, and evaluation of text. The educational significance of reading fluency is further
supported by evidence linking fluent reading to broader academic performance (19). Access
to vocabulary representations is also important for language processing, and strengthening
phonological vocabulary knowledge may enhance efficient processing of linguistic
information (20).

Retrieval itself is an active cognitive process rather than a passive reproduction of
stored information. Neurocognitive evidence indicates that remembering reactivates neural
regions and representations involved during encoding (12), while contemporary models of
memory emphasize the dynamic interaction between memory traces, retrieval cues, and
neural systems during successful recall (13). From an educational perspective, repeated
retrieval can strengthen learning and subsequent accessibility of information. Retrieval
practice has been identified as an effective learning strategy, although learners do not
always select it spontaneously during study (14). At the same time, subjective retrieval
fluency should not be assumed to reflect memory accuracy in all circumstances, because
ease of search can sometimes distort metacognitive judgments (15). Therefore, instructional
use of retrieval should be systematic and accompanied by meaningful processing and
feedback.

Retrieval fluency may also support broader forms of cognitive production. Research
has shown that broad retrieval ability and processing speed contribute to creative ideation
and divergent thinking (10), and more recent evidence has examined the degree to which
retrieval ability contributes to originality (11). These findings suggest that retrieval fluency
is not limited to recalling previously learned information but can support flexible access,
recombination, and generation of ideas. Such functions may be particularly useful in
reading instruction, where learners must retrieve vocabulary, connect concepts, generate

interpretations, and reorganize textual information.
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From an instructional-design perspective, cognitive principles become educationally
valuable when translated into structured classroom activities. Effective lesson planning
provides a systematic framework for organizing goals, activities, timing, and assessment
(22). At the same time, flexible instructional design allows teaching procedures to be
adapted to learner needs and the cognitive demands of the content (23). The broader
principle that psychological abilities can be developed through integration into ordinary
school subjects has also been emphasized in theoretical educational models (24).
Furthermore, instructional approaches that actively engage learners and optimize
cognitive-resource allocation may enhance learning performance (21).

Despite the growing evidence linking CHC abilities, retrieval processes, reading
fluency, rapid naming, prior knowledge, and reading comprehension, few studies have
translated retrieval fluency as a specific CHC component into a coherent classroom
instructional model. Accordingly, the present study aimed to design and evaluate the
effectiveness of a retrieval fluency—based instructional model grounded in the CHC theory
of intelligence on the reading literacy of sixth-grade elementary school students.

METHODS AND MATERIALS

The study employed an applied, quasi-experimental design with pretest and posttest
measurements and a control group. The statistical population consisted of female sixth-
grade elementary school students in Kerman, Iran, in 2025. Ten students participated in the
main study and were allocated to an experimental group and a control group, with five
students in each group. Before the main intervention, a pilot study involving five
participants was conducted to identify implementation problems, clarify ambiguities in the
instructional package, and assess the feasibility and face validity of the protocol in the
educational setting. At the beginning of the main study, both groups completed a pretest of
reading literacy. The experimental group then received the retrieval fluency—based
instructional intervention, while the control group continued with regular instruction. After
completion of the intervention, both groups completed the posttest.

Reading literacy was measured using the standardized Progress in International
Reading Literacy Study (PIRLS, 2011) assessment. The instrument included literary and
informational texts and assessed four cognitive processes of reading comprehension:
retrieval of explicitly stated information, direct inference, interpretation and integration of
information, and evaluation of textual content and structure. The Persian version had been
translated and adapted for local use. In the present study, Cronbach’s alpha coefficients

were 0.68 for the pretest and 0.78 for the posttest, and test—retest reliability was reported



as 0.72. The literary section consisted of 17 questions with a total score of 23, whereas the
informational section included 14 questions with a total score of 19. Items were presented
in multiple-choice and open-response formats. Participants were given 40 minutes to
complete the assessment.

The intervention was implemented across 10 instructional sessions of approximately
45 minutes each within sixth-grade social studies lessons. The instructional model was
organized around five major retrieval fluency components. The first stage focused on
lexical access speed. Students engaged in brainstorming activities in which they rapidly
retrieved words, names, and concepts associated with the lesson topic and organized them
into semantic clusters. The second stage targeted ideational fluency by asking students to
transform retrieved words into meaningful phrases, sentences, and new ideas. The third
stage emphasized expressional fluency, during which students examined their ideas from
different perspectives and refined their verbal expression through peer interaction and
instructional scaffolding. The fourth stage addressed figural fluency by connecting words
and concepts through lines and visual relationships to construct conceptual networks,
logical sequences, or brief conceptual narratives. The final stage focused on figural
flexibility, with the teacher providing feedback and guiding students to evaluate,
reorganize, and reinterpret the conceptual structures they had created. This sequence was
repeated across the intervention lessons.

Data were analyzed using SPSS version 26. Descriptive statistics included means,
standard deviations, frequencies, and score ranges. For inferential analysis, one-way
analysis of covariance (ANCOVA) was used to compare posttest reading literacy scores
between the experimental and control groups while statistically controlling for pretest
scores. Prior to ANCOVA, the assumptions of normality, homogeneity of variances, and
homogeneity of regression slopes were examined. Statistical significance was evaluated at
the 0.05 level, and partial eta squared was reported as the effect-size index.

FINDINGS

The sample consisted of 10 female students, with five participants in the
experimental group and five in the control group. Descriptive findings showed a substantial
improvement in reading literacy in the experimental group following the intervention. The
experimental group’s mean reading literacy score increased from 7.2 (SD=0.83) at pretest
to 15.6 (SD=0.54) at posttest. In contrast, the control group’s mean score changed from
10.8 (SD=1.09) at pretest to 10.0 (SD=0.71) at posttest. The pretest score range in the
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experimental group was 6—8, whereas the posttest range increased to 14—17. In the control
group, scores ranged from 8—12 at both measurement occasions.

The assumptions required for ANCOVA were satisfied. The Shapiro—Wilk test
indicated no statistically significant deviation from normality (W=0.877, p=0.12).
Levene’s test was also nonsignificant (F=0.699, p=0.427), supporting the assumption of
homogeneity of variances. In addition, the group x pretest interaction was not statistically
significant (F=0.044, p=0.84), confirming the homogeneity of regression slopes.

The ANCOVA results demonstrated a statistically significant effect of group after
controlling for pretest reading literacy scores, F(1,7)=206.46, p=0.001, np*=0.97. Thus,
students who received the retrieval fluency—based instructional program achieved
significantly higher posttest reading literacy scores than those who received regular
instruction. The partial eta squared of 0.97 indicated a very large intervention effect, with
97% of the adjusted variance in posttest reading literacy associated with group
membership. The pretest covariate was also statistically significant, F(1,7)=6.34, p=0.04,
np*=0.47.

DISCUSSION AND CONCLUSION

The findings demonstrated that the retrieval fluency—based instructional model was
effective in improving reading literacy among sixth-grade students. After accounting for
baseline differences, the experimental group showed substantially better reading literacy
than the control group. The magnitude of the observed effect was very large, although this
estimate should be interpreted cautiously because of the very small sample size.

A plausible explanation for the observed improvement is that the intervention
directly targeted processes needed for efficient access to information stored in long-term
memory. Reading comprehension requires students to retrieve lexical, semantic, and
conceptual information rapidly while simultaneously integrating ideas across a text. When
retrieval becomes faster and more efficient, fewer cognitive resources are required for basic
access to words and prior knowledge, leaving more resources available for interpretation,
inference, integration, and evaluation.

The first component of the intervention may have been particularly important in this
respect. By repeatedly asking students to retrieve words and concepts associated with each
lesson topic, the program encouraged rapid activation of relevant knowledge before deeper
processing began. This likely strengthened connections among lexical and semantic
representations and may have increased the accessibility of prior knowledge during

subsequent reading. Organizing retrieved words into clusters may also have helped



students form more coherent conceptual structures, enabling new textual information to be
incorporated into existing knowledge networks.

The ideational and expressional components may have provided an additional
mechanism of improvement. Students were required not only to recall information but also
to transform retrieved words into sentences, explanations, and meaningful ideas. This
process shifted learning from simple recall toward active elaboration. By generating
relationships among concepts and explaining them in different forms, students may have
processed the material more deeply and created multiple retrieval routes for later access.

The figural fluency and figural flexibility stages further extended this process by
asking students to represent conceptual relationships visually and to reorganize those
relationships in response to feedback. Such activities may have strengthened integration
across individual pieces of information and promoted a more organized mental
representation of lesson content. This form of active restructuring is particularly relevant
to reading comprehension because successful readers must continuously connect ideas
across sentences and paragraphs rather than process each unit of information in isolation.

Another important feature of the intervention was its progressive structure. The
instructional sequence moved from rapid retrieval of basic lexical information to the
construction, expression, visualization, and evaluation of meaning. This progression may
have reduced unnecessary cognitive demands by ensuring that relevant information was
activated before students engaged in more complex interpretive tasks. In this way, the
intervention combined fluency with meaning construction rather than treating speed of
retrieval as an isolated goal.

The findings also suggest that cognitive abilities described within theoretical models
such as CHC can potentially be translated into practical classroom procedures. Retrieval
fluency is typically discussed as a cognitive ability, but the present intervention
operationalized it through concrete educational activities that could be embedded within
ordinary social studies lessons. This integration is important because it reduces the
separation between cognitive training and curricular instruction. Instead of asking students
to practice retrieval in decontextualized tasks, the intervention required them to retrieve
and reorganize information directly related to academic content.

The results should nevertheless be interpreted as preliminary. The sample included
only 10 students, and the very large observed effect may partly reflect instability associated
with small samples. In addition, the absence of a follow-up assessment means that the

durability of the improvement cannot be determined. Future studies should examine the
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model in larger and more diverse samples, compare it with active instructional alternatives,
and include follow-up assessments to determine whether gains are maintained over time.
It would also be useful to measure retrieval fluency directly alongside reading literacy to
determine whether improvement in the targeted cognitive process mediates improvement
in reading outcomes.

Overall, the study provides preliminary evidence that a structured instructional
model grounded in retrieval fluency can enhance reading literacy in elementary school
students. By integrating rapid lexical retrieval, idea generation, expressive refinement,
conceptual networking, and flexible reorganization of information, the model appears to
support both efficient access to stored knowledge and deeper processing of textual
meaning. These findings indicate that cognitively informed instructional design may offer
a useful direction for improving reading literacy and suggest that retrieval fluency can be
treated not only as an individual cognitive characteristic but also as a potentially trainable

component of classroom instruction.
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