(w5 50 g Gwos (5 0L 4O (IS 318 3 S oI Ayl

vl:J. Lﬁ)m (S ‘wl,d.u‘. S el

Ol oy o oSl 35T ol Kls (Xje Aol ns Sxs aebp s e Sllas Lads s 3

Ol e 5 ¢ ot 3T olls 5,0 domls e pmsd G ol s 2oy Slllas oo o5 5 Y

hosseinphd@iau.ac.ir :Jye. s 55 ool #

VEOVAD il 6

VEO/TIV Gy b VEO/ Y/ s Sk VEOEANAA sl 6

L(OVF0) Lugo o (gplatio g ey ¢ gl 2 230kl 0ge b
$350h g Gres 65l yo Bl iy laeSl alde
NN (F)F ondDl oLy wSlis (daw

NN
R Soliily > (daw (6550k g Gres (6S0L )b gl o (BUS 5 oS dunlie po b Gingh Bun
SlolEtily w5 datie bl soles Joli (g)lol droly 39 (clamaslio— e g (oS g5 J| polo Limg3 09 oles
B Ol e yiwd )3 (6pSaiges Ghoy A 48 TV (BT Gl j1aS 59 VEAFVFed L ass Sl ols pd
b (dhw (65500 g Bres (6350l 09,5 93 0 Llole g3 ddlllae wil ) dolidin yy Sl Jols @l olul y BuSes s
odly . ol leMbl (551 (clacSw dolidias 5 15 lole 93 anllae si])6 dolitim  jl odly (gyglaen (olyp 505
3,5 )3 oo g 455 3,90 (spmitedin uibly oS g hwo g Lol 3o)b jls ] BMSPSS Statistics jl el b
SBUD By slgSUl L 5l (e 6350k 5 Baes 5x50L 09,5 93 (w45 3 L ez by o gl
O g Mo S Bree (B sleadlhe > e 3k > Gl (P<eye 1) 305 3529 (5)ble glis
Sriha ke (rlaw Sy adie 3 (rdaw 5350k s lpmdily &5 b > ) S 55VL Cljed adlblan,
5 b (gl yaly gy (e BW,S0L ol LS 4 dg (e (i g paiie 4 baype Sl ojll iy Akl
5 oore Jboo oleMbl jbline 535y b Bras (6)S0L a8 0 L muls ¢ pizron S o o3l | (oo e gl iy
CasdS 3D oS s (5 (65500 0,09, £95 45 Db LS Gingh (cbail .ol olyon gad iy (Blls auljle
sl pnly Sl 5 35e odliiwl g agpde B abydy (BUS (Bin b Gree x50k )b plgmids (Sl By
laboe (2lb (plpliy g selais 5350 (Bl g (e i (o (5L S (b > 0g oljen BLS
bt (53 oS g (Bl Slos ) 4 Mg blise S 5 (odadg (oS S g (e (o Bjse]

LS S8

d)j.)/z u’[‘w).“”é' {u/;}z“l;b ‘u"/)>/ d[m,{,lf“;‘;uu),bﬂ ru_zb.«/ J)j.)b e J).f.)ﬂ :015,15..\:15

ol 438 )50 (CC BY -NC 4.0) (a8 L ollas o131 o jiand yg0y dlio ol HLtii] ol odiny 6 4 laso dlio oyl Ll 3o solos \\‘~b


http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0

Cognition, Behavior, Learning

Comparing Cognitive Processing Patterns in Deep Learning and Surface Learning

Hossein Baghaei'*, Mahsa Montazeri Nia?

1. Department of Educational Studies and Curriculum Planning, Mara.C., Islamic Azad University, Marand, Iran
2. Department of Educational Studies and Curriculum Planning, Ta.C., Islamic Azad University, Tabriz, Iran

*Corresponding Author’s Email: hosseinphd@iau.ac.ir

Submit Date: 2026-02-07 Revise Date: 2025-04-29 Accept Date: 2026-05-28

Publish Date: 2026-10-07

Abstract

The present study aimed to compare cognitive processing patterns between students with deep learning
and surface learning approaches in universities of Tehran. The present research employed a quantitative
causal-comparative design. The statistical population included undergraduate students studying in
universities of Tehran during the 2025-2026 academic year, from which 320 students were selected
through convenience sampling. Participants were categorized into deep learning and surface learning
groups based on their scores on the Revised Two-Factor Study Process Questionnaire. Data collection
instruments included the Revised Two-Factor Study Process Questionnaire and the Information Processing
Styles Questionnaire. Data were analyzed using IBM SPSS Statistics through descriptive statistics and
multivariate analysis of variance. The results of multivariate analysis of variance indicated significant
differences between deep learning and surface learning groups in cognitive processing patterns (P<0.001).
Students with deep learning demonstrated significantly higher scores in deep processing, analytical
processing, and elaborative processing, whereas students with surface learning obtained higher scores in
surface processing. The largest effect size was related to surface processing, indicating that surface learners
relied more heavily onrote memorization and non-analytical processing strategies. Furthermore, findings
showed that deep learning was associated with meaningful information processing, conceptual analysis,
and more advanced cognitive organization. The findings demonstrated that learning approach plays a
significant role in the quality of students’ cognitive processing. Deep learning was associated with more
advanced cognitive processing, conceptual analysis, and effective use of cognitive strategies, whereas
surface learning was primarily characterized by limited and memorization-based processing. Therefore,
designing educational environments focused on analytical thinking, self-regulated learning, and
meaningful learning may improve students’ cognitive functioning and learning quality.

Keywords: Deep learning, Surface learning, Cognitive processing, Executive functions, Students,
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Extended Abstract
Introduction
Learning approaches have long been recognized as one of the most influential variables in educational
psychology and cognitive science. Among the most widely studied approaches are deep learning and surface
learning, which differ substantially in the quality of cognitive engagement, information processing, and
educational outcomes. Deep learning refers to an active and meaningful engagement with educational content
in which learners attempt to understand concepts, connect new information to prior knowledge, analyze
relationships, and construct integrated mental representations. In contrast, surface learning is characterized by
rote memorization, fragmented understanding, and a primary focus on reproducing information for
examinations or external evaluation (Janalizadeh et al., 2023). These learning approaches influence not only
academic achievement but also the cognitive pathways through which individuals encode, organize, and
retrieve information.
Cognitive processing patterns are central to understanding how students learn and interact with educational
material. Such patterns involve higher-order cognitive functions including attention control, working memory,
cognitive flexibility, planning, and analytical reasoning. Students who adopt deep learning strategies are
generally more likely to use elaborative rehearsal, semantic encoding, and conceptual integration, whereas
surface learners tend to rely on shallow processing and mechanical repetition. Previous studies have
demonstrated that metacognitive awareness and executive functions significantly contribute to meaningful
learning and cognitive performance (Karimi et al., 2023). Consequently, the study of cognitive processing
differences between deep and surface learners may provide valuable insight into the mechanisms underlying
effective learning.
Executive functions have emerged as a crucial component of academic and cognitive development. These
functions encompass inhibitory control, working memory, attentional regulation, cognitive flexibility, and self -
monitoring, all of which are essential for goal-directed behavior and efficient learning. Deficits in executive
functioning have been associated with learning disabilities, poor academic performance, and inefficient
cognitive processing (Khan & Lal, 2023). Conversely, interventions aimed at strengthening executive skills
have demonstrated positive effects on attention, learning quality, and problem-solving abilities (Foy, 2025).
These findings suggest that learning approaches may be closely related to the quality of executive functioning
and cognitive regulation.
Research on executive attention further highlights the importance of attentional control in learning processes.
Executive attention enables learners to focus selectively on relevant stimuli, inhibit distractions, and sustain
goal-oriented cognitive engagement. Yao and colleagues found that executive attention significantly predicts
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phonological awareness and cognitive performance in educational settings (Yao et al., 2024). Such findings
imply that students with deep learning orientations may possess more effective attentional regulation and
cognitive control mechanisms than those with surface learning tendencies.

The relationship between cognitive functioning and learning difficulties has also been extensively documented.
Bailey and Im-Bolter reported that children with specific learning disorders exhibit significant impairments in
social cognitive and language-related processes that affect information processing quality (Bailey & Im-Bolter,
2024). Similarly, Megari demonstrated that children with attention-deficit/hyperactivity disorder and specific
learning disorders differ substantially from typically developing peers in executive functioning and cognitive
pathways (Megari, 2026). Although these studies primarily focused on clinical populations, they emphasize
the broader role of cognitive processing in learning efficiency and educational performance.

Studies on cognitive rehabilitation and executive training also support the relationship between cognitive
functioning and learning quality. Pourjaberi and colleagues found that cognitive rehabilitation training
improved cognitive flexibility and prospective memory among individuals with depression (Pourjaberi et al.,
2023). Roghani and colleagues similarly reported that fluid intelligence training significantly enhanced
executive functions among children with learning disabilities and ADHD (Roghani et al., 2024). These
findings indicate that cognitive processes are malleable and can be strengthened through targeted interventions,
potentially facilitating deeper learning approaches.

Technological advancements and digital learning environments have further transformed educational
experiences and cognitive engagement. Janalizadeh and colleagues found that e-learning environments
improve self-regulated learning strategies and cognitive processing among elementary school students
(Janalizadeh et al., 2023). Likewise, Rajabian Deh Zire and colleagues demonstrated that brain-compatible
electronic learning environments positively influence students’ executive functions (Rajabian Deh Zire et al.,
2024). These findings highlight the role of educational contexts in shaping cognitive processing and learning
styles.

Other studies have emphasized the contribution of physical activity, emotional regulation, and social cognition
to cognitive functioning. Dwojaczny and Bejtka concluded that physical activity enhances cognitive functions
through neurobiological mechanisms including increased neural plasticity and cerebral blood flow (Dwojaczny
& Bejtka, 2023). Lievore also found that executive functions and social anxiety significantly influence emotion
recognition abilities in individuals with autism and specific learning disorders (Lievore, 2024). Moreover, the
integration of artificial intelligence into educational systems has been shown to support executive functioning
and cognitive decision-making processes among students (Pérez & Losada, 2024).

Furthermore, executive function interventions have been found effective in improving selective attention and
reducing cognitive difficulties. Bulut and colleagues demonstrated that executive functions training
significantly improved selective attention in children with learning disorders (Bulut et al., 2024). Similarly,
Sadeghi Ahouei and colleagues concluded that neurofeedback interventions contribute to improvements in
executive and academic functioning among children and adolescents with ADHD and learning disabilities
(Sadeghi Ahoueietal., 2025). In addition, comparative studies on executive functioning have revealed notable
differences between clinical and non-clinical populations (Majidpour et al., 2025). Collectively, these studies
underscore the importance of investigating the relationship between learning approaches and cognitive
processing patterns.

Despite the growing body of literature on executive functions and cognitive learning mechanisms, relatively
few studies have directly compared cognitive processing patterns among students with deep versus surface
learning orientations. Therefore, the present study aimed to compare cognitive processing patterns in deep
learning and surface learning among university students in Tehran.

Methods and Materials
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The present study employed a quantitative causal-comparative design. The statistical population consisted of
undergraduate students enrolled in universities in Tehran during the 2025-2026 academic year. A total of 320
students were selected using convenience sampling methods. Based on their scores on the learning approaches
questionnaire, participants were classified into two groups: deep learning and surface learning, with 160
students in each group.

Inclusion criteria included enrollment in undergraduate programs, age range between 18 and 29 years,
willingness to participate in the study, and absence of severe psychological disorders based on self-report.
Incomplete or invalid questionnaires were excluded from the final analysis.

Data were collected using the Revised Two-Factor Study Process Questionnaire developed to assess deep and
surface learning approaches. The questionnaire evaluates students’ motivational and strategic dimensions of
learning using a five-point Likert scale. To assess cognitive processing patterns, the Information Processing
Styles Questionnaire was employed, measuring dimensions such as deep processing, surface processing,
analytical processing, and elaborative processing.

Descriptive statistics including means and standard deviations were calculated. Multivariate analysis of
variance was used to examine differences between the two groups across cognitive processing dimensions.
Assumptions of normality, homogeneity of variances, and multicollinearity were examined prior to conducting
inferential analyses. Statistical analyses were performed using IBM SPSS Statistics.

Findings

The sample consisted of 164 female students and 156 male students. The mean age of participants was 22.41
years with a standard deviation of 3.18 years. Initial analyses indicated that all variables met assumptions for
parametric testing, including normal distribution and homogeneity of variances.

Descriptive findings revealed significant differences between deep learners and surface learners across all
dimensions of cognitive processing. Students classified in the deep learning group obtained substantially
higher mean scores in deep processing, analytical processing, and elaborative processing. In contrast, students
categorized in the surface learning group showed significantly higher scoresin surface processing.

The mean score for deep processing in the deep learning group was considerably higher than that of the surface
learning group, indicating stronger semantic encoding and conceptual integration abilities among deep
learners. Similarly, analytical processing scores demonstrated that deep learners were more capable of
organizing, evaluating, and interpreting information. Elaborative processing scores also reflected a greater
tendency among deep learners to connect new information with prior knowledge and extend concepts beyond
immediate educational content.

Multivariate analysis of variance demonstrated a statistically significant overall difference between the two
groups in cognitive processing patterns. The Wilks’ Lambda value indicated a strong multivariate effect of
learning approach on cognitive processing variables. Univariate analyses further showed significant group
differences across all processing dimensions. The largest effect size was observed in surface processing,
indicating that surface learners relied more heavily on memorization-based and fragmented information
processing strategies.

Findings also demonstrated that deep learners exhibited more advanced executive-related cognitive
functioning, including analytical reasoning, sustained attention, and conceptual elaboration. In contrast,
surface learners appeared to depend primarily on repetitive rehearsal and short-term retention strategies. The
effect sizes across cognitive processing variables suggested that learning approach accounted for a substantial
proportion of variance in students’ cognitive functioning.

Discussion and Conclusion

The findings of the present study demonstrated that students with deep learning orientations differ significantly
from surface learners in their cognitive processing patterns. Deep learners exhibited higher levels of analytical,
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elaborative, and meaningful processing, whereas surface learners relied more heavily on shallow and
memorization-based processing strategies. These results indicate that the quality of learning is strongly
associated with the quality of cognitive engagement and executive functioning.

One important implication of these findings is that deep learning appears to involve more active cognitive
participation. Students who engage in deep learning are more likely to analyze information critically, establish
conceptual relationships, integrate prior knowledge, and construct coherent mental frameworks. Such
cognitive engagement enhances long-term retention, problem-solving abilities, and academic adaptability.
Surface learners, however, may focus primarily on short-term academic outcomes and external evaluation,
leading to fragmented understanding and limited cognitive flexibility.

The results also suggest that executive functions play a central role in shaping learning approaches. Deep
learners demonstrated characteristics associated with stronger executive functioning, including attentional
regulation, cognitive flexibility, and goal-directed processing. These cognitive abilities likely enable students
to process information more effectively and engage more meaningfully with educational content. Conversely,
weaker executive control may contribute to surface learning patterns characterized by limited analysis and
reliance on rote memorization.

The present findings further emphasize the importance of educational environments in promoting meaningful
learning. Instructional strategies that encourage inquiry, critical thinking, self-regulation, and conceptual
analysis may foster deep learning approaches and improve cognitive processing quality. In contrast,
educational systems heavily focused on memorization and examination performance may inadvertently
reinforce surface learning patterns.

The findings also highlight the potential value of executive function training and cognitive interventions in
educational contexts. Strengthening cognitive flexibility, working memory, and attentional control may help
students transition from surface-oriented learning to deeper and more meaningful cognitive engagement.
Educational technologies, interactive learning platforms, and brain-compatible instructional models may also
contribute to improved cognitive functioning and learning quality.

Overall, the study demonstrated that deep learning is associated with more advanced cognitive processing
patterns and stronger executive-related functioning. These findings underscore the importance of designing
educational systems that prioritize conceptual understanding, active cognitive engagement, and self-regulated
learning rather than mere information reproduction.
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