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Paper vs. screen: inclination
matters during global—local visual
processing
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France, *Institut Universitaire de France (IUF), Paris, France

The use of new technologies has opened the field to numerous studies regarding
their impact on cognition. While many studies have suggested that paper presents
an advantage over screens, the impact of the medium during local—-global visual
attentional processes has never been investigated. Visual processing is indeed
characterized by a global advantage (i.e., faster global than local processing) and
by global interference f(i.e., interference from global information during local
processing). We designed a task to assess whether global-local processing could
be modulated by the type of medium. Owing to the frequent variations in paper
and screen presentations encountered in daily life, we also studied differences in
inclination between screen and paper. The results revealed an interaction between
inclination and global-local processes. Global interference was more pronounced
when the medium was tilted, whereas similar global and local interference effects
were observed when the medium was flat. There was no effect of the medium
per se. Taken together, these results suggest no evidence of an impact of medium
during local—global visual processing but rather suggest an impact of the inclination.
This factor is discussed and should be considered in future studies on topics
regarding the impact of the digital environment on humans.
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1 Introduction

Over the last few decades, the use of new technologies has become a major educational,
health and social issue, and this topic is currently the source of many studies, debates, and
discussions, particularly in psychological sciences within the domain of child development
(e.g., McArthur et al.,, 2022; Madigan et al., 2019; Radesky and Christakis, 2016; see also
Madigan et al., 2020; Muppalla et al., 2023, for a recent review). Millennials were born into a
world where technology is omnipresent and will continue to live in such a world. Among the
various studies examining the links between digital technologies and young people’s physical
health (e.g., Davies et al., 2012; Domoff et al., 2019; Vizcaino et al., 2020), mental health (e.g.,
Camerini et al., 2022; Tang et al., 2021), cognitive development (e.g., Guellai et al., 2022) and
education (e.g., Ozerbas and Erdogan, 2016), a growing number of studies have also examined
the impact of screen use on cognitive functions. For instance, recent studies have focused on
determining the difference between screen and paper on reading performance (Mangen et al.,
2013; Margolin et al., 2013; Rockinson-Szapkiw et al., 2013). A meta-analysis conducted by
Delgado et al. (2018) with more than 170,000 participants concluded that comprehension
performance was better when reading on paper than when reading on screen, regardless of
age (from 6 years of age to adult). These results were modulated by the type of task performed
during reading (i.e., understanding an informative text seemed easier on paper than on screen,
whereas a narrative text showed no medium effect) and by time constraints (i.e., the advantage
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of paper over screen was greater only when a time limit was imposed
during reading). Halamish and Elbaz (2020) also addressed the
question of the link between performance and media preference. They
reported similar results to those cited above for text comprehension
and further showed that these results were independent of children’s
preference for a medium during reading activity. These findings are in
line with Delgado et al., 2018 meta-analysis, which questions the
hypothesis of a positive impact of digital tools per se on our reading
comprehension with this type of medium. It is worth noting that
although screen inferiority in reading comprehension has been
suggested in several meta-analyses (Clinton, 2019; Delgado et al.,
2018; Salmeron et al., 2023), other studies and meta-analyses have
reported contrasting findings, showing no significant effect of the
medium on reading comprehension (Delgado and Salmerén, 2022;
Mangen et al., 2019; Xu et al., 2017). Alternatively, some of these
studies have highlighted the impact of the type of device used during
the task. Salmerdn et al. (2023), for instance, reported that the screen
inferiority effect was smaller with handheld devices than with
computers during reading comprehension tasks. Overall, studies
comparing reading on paper and on screen tend to show a slight and
relatively consistent disadvantage of screen reading in terms of text
comprehension and retention, particularly for long expository texts,
under time constraints, or when reading involves continuous scrolling
rather than stable pagination (see also Sparrow et al., 2011). In line
with evidence that visual attention plays a key role in reading
acquisition, several studies (Bosse and Valdois, 2009; Valdois et al.,
2019, Delgado et al., 2018) interpret part of these effects in terms of
attention and resource allocation (see also Clinton, 2019). It has also
been suggested that screen readers tend to allocate less time and adopt
a more superficial reading strategy, whereas paper readers favor a
more stable and in-depth allocation of attention (Ackerman and
Lauterman, 2012; Stole et al., 2020).

The impact of screen use on attention has also been investigated
through video game studies, both in healthy individuals and in
participants with attention disorders (e.g., ADHD, Beyens et al., 2018;
Masi et al., 2021; Swing et al., 2010). Importantly, while this line of
work provides valuable insights into how screen-based technologies
may modulate attentional processes, it should not be conflated with
the broader literature comparing reading supports (paper versus
screen). The literature highlights both the potential risks of using (and
especially overusing) video games in relation to the development of
attentional deficits (Cardoso-Leite and Bavelier, 2018; Choi et al.,
2020; Penuelas-Calvo et al., 2022) and the benefits of video game
training and use for attentional processes (Bioulac et al., 2008; Chan
and Rabinowitz, 2006; Gentile et al., 2012; Russell and Newton, 2008;
Swing et al., 2010). In this vein, digital training programs using action
video games have been associated with improvements in visual
attention abilities in non-clinical populations (Green and Bavelier,
2003; Schubert et al., 2015; Wilms et al., 2013). Although these effects
may also be attributable to the specific demands of gameplay (e.g.,
immediate feedback, multitasking), a study by Martinez et al. (2023)
that modeled the time spent playing either video games or board
games, showed that only video games predicted higher performance
in cognitive components such as mental flexibility, working memory,
visuospatial processing, and fluid intelligence. The authors suggested
that specific features of digital tools, such as dynamic interactive
gameplay, might engage and train these cognitive components more
effectively than board games.
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Interestingly, another factor inherent to digital media per se
appears to influence cognitive processing during screen-based
activities. In particular, studies using tablets and computers have
shown that the device’s angle affects performance (reading/pointing),
indicating that performance seems sensitive to display orientation
(Albin and McLoone, 2014; Young et al., 2012). Young et al. (2012)
reported that extreme tablet angles were associated with slower and
less accurate task performance, suggesting that suboptimal tilt
increases both the attentional and oculomotor demands required to
process visual information efficiently. This finding, consistent with
that reported by Salmeron et al. (2023, see above) supports the view
that when the medium is tilted, cognitive and motor responses may
be delayed due to variations in the spatial reference frame (Bagust et
al,, 2013; Goodenough et al., 1979; Morgan et al., 2015). It therefore
seems conceivable that attentional processes could be sensitive to the
inclination of the medium, a potential effect that has never been
examined in the context of screen versus paper use. Indeed, because
screens and paper are rarely used in the same orientation (i.e., paper
is usually flat, whereas screens are often inclined), the angle of
presentation may also affect cognitive processes such as attention.

The present study was thus designed to examine the relationship
between screen versus paper use, inclination, and the ability to process
global and local information during an attentional task. In daily life,
visual information is indeed processed hierarchically at both local and
global levels, via selective attention (Serences and Kastner, 2014). The
principle of the global precedence effect (GPE; Navon, 1977, 1981)
implies that visual information is processed along a continuum from
global structuring to finer local processing (Navon, 1977). In his study,
Navon presented an experiment with compound stimuli, consisting
of large global letters formed by a group of smaller local letters.
Participants had to detect either the global target or local target, and
the response times (RTs) revealed two components of the GPE. First,
a global advantage effect, characterized by faster global processing
than local processing. Second, a global-to-local interference effect,
characterized by a stronger interference effect from global distractors
during local processing than from local distractors during global
processing (see also Gerlach and Poirel, 2018; Poirel et al., 2008a,
2008b, 2012, 2014). These effects were also highlighted during natural
scene perception (e.g., Bar, 2004; Bullier, 2001; Kauffmann et al,,
2014), and global-local processes were also shown to be linked to
object visual processing in daily life (Gerlach and Poirel, 2018). Note
that several studies have explicitly linked global-local processing to
attentional mechanisms (e.g., Fredrickson and Branigan, 2005; Roux
and Ceccaldi, 2001; Krakowski et al., 2015) and to cognitive control
(e.g., Krakowski et al., 2016; Poirel et al., 2014). The study of global-
local processes is also of direct practical interest, as it provides insight
into how individuals allocate their attention to visual information
across a wide variety of contexts (e.g., reading, learning at school, see,
e.g., Krakowski et al., 2016) and, more generally, how human beings
react to the visual world (see, e.g., Fredrickson and Branigan, 2005;
Hegdé, 2008; Poirel et al., 2012).

To our knowledge, although some previous studies have
investigated the impact of screens on attentional processes (e.g., Brasel
and Gips, 2011), no study has examined the combined effect of
medium (i.e., paper sheet vs. screen display) and inclination (flat vs.
tilted, as is usually the case for paper and computer screen,
respectively) on attentional processes during global-local processing.
Using Navons classical paradigm with compound stimuli, we
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hypothesized faster global RTs than local RTs (i.e., global advantage)
and faster RTs for neutral trials than for incongruent trials (i.e.,
compound stimuli composed of a letter at one level and a nonletter at
the other level, minimizing interference, and compound stimuli
composed of different large and small letters, respectively, see Poirel
etal.,, 2008a, 2008b; Beaucousin et al., 2011), particularly during local
tasks (i.e., global interference effect). In line with the literature on
screen effects during reading (Delgado et al., 2018), we also expect
slower RTs in the screen condition than in the paper condition, due to
a potentially greater attentional efficiency when performing task on
paper. This effect was expected to be associated with a stronger global
interference effect in the screen condition than in the paper condition.
The present study was also designed to explore the potential
confounding variable of inclination when comparing paper and screen
performance, given that a computer screen is typically inclined
whereas a sheet of paper is usually flat on a desk. We therefore varied
the inclination of the medium (screen and paper) and, in line with the
results of Salmerdn et al. (2023), we hypothesized that performance
would be better under flat than under tilted conditions, regardless of
the support.

2 Materials and methods
2.1 Participants

Sixty-eight healthy volunteer participants from the Institut de
Psychologie of Université Paris Cité (20.22 + 3.87 years, mean *
standard deviation) participated in the experiment. All participants
provided written informed consent in accordance with the Declaration
of Helsinki (BMJ 1991; 302:1194). The participants were randomly
assigned to one of the two media (paper or screen) and to one of the
two inclination conditions (tilted 110° or flat).

2.2 Instruments and procedure

For each group, participants had to name series of letters either at
the global or local level of compound stimuli, from left to right and
from top to bottom, according to the instructions (i.e., global or local
conditions, see Figure 1A). The stimuli were randomly positioned in
a grid, with 66 trials composed of 3 different letters and nonletters
(Figures 1B,C) for each grid, spread over 6 rows and 11 columns.
Given the black frame around the computer screen and the impact of
a frame on hierarchical attentional processes (Bouhassoun et al.,
2022), a black frame was also added to the paper version. Each grid
was printed on an A4 white paper sheet (paper condition) or were
presented via Microsoft PowerPoint®© software (screen condition) on
a personal laptop with a 15-in. screen. Four different conditions were
tested using a between-subject design, in order to experimentally
manipulate the type of support and its inclination. We used the same
screen for the inclined condition as for the flat condition (instead of
using two screens, such as a computer and a tablet). For the paper
condition, stimuli were presented flat on the table or tilted, with the
paper placed on the computer screen (device switched off). The tilt
angle of 110° was maintained throughout for both screen and paper
experimental conditions, as well as the participant’s distance from the
apparatus, approximately 50 cm, so that the participant could be
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comfortable during the task. The instructions induced processing at
the required hierarchical level, which could be local (i.e., participants
had to name the small letters as quickly and as accurately as possible)
or global (i.e., participants had to name the large letters as quickly and
as accurately as possible; see Figure 1). After general instruction and
a training session, each experimental condition was presented using
the 4 grids of 66 trials each (i.e., local neutral, global neutral, local
interference, and global interference). The order of the conditions
presented was randomized between participants. The participants
performed the task by naming each stimulus from left to right and
from top to bottom, and RTs were recorded from the first
denomination to the last item. RTs were then recorded for each
condition, manually by the experimenter and reported for each
participant, to the nearest tenth of a second. The experimenter had at
his disposal a grid for reading the stimuli according to the
experimental conditions, in order to check the veracity of the trials
and reported corrected errors (i.e., the number of errors that were
corrected instantaneously) and uncorrected errors for each trial.

2.3 Sample size determination

To evaluate the statistical validity of this analysis, we performed
an a priori power analysis using G*Power 3.1 (Faul et al., 2007) with a
2 (level: global or local) x 2 (type of trial: neutral or incongruent) x 2
(media: paper or screen) x 2 (inclination: tilted or flat) mixed-design.
The analysis indicated that a sample size of 36 participants (9 per
group) was sufficient to detect a medium effect size (f=0.25) with a
power of 0.80 and an « level of 0.05. The a priori power analysis was
conducted assuming a medium effect size, in line with Cohen’s (2013)
conventions and with the small-to-medium effects typically reported
in studies comparing paper and screen (Delgado et al.,, 2018) and
studies using global-local visual-processing task (e.g., Gerlach and
Poirel, 2020).

3 Results

Analyses were performed only on RTs (Table 1), given the floor
effect observed on the number of corrected and uncorrected errors.
All data and materials used within this study will be made available,
upon request.

RTs were analyzed via R (R Core Team, 2022) with the package
bruceR (Bao, 2023) to compute mixed-design ANOVA, and ggplot2
(Wickham, 2016) was used to visualize the data. We conducted 2 (level:
global or local) x 2 (type of trial: neutral or incongruent) x 2 (media:
paper or screen) x 2 (inclination: tilted or flat) mixed-design ANOVA
(Table 2). We used an adjusted t test with Bonferroni correction when
we compared two means. The four-way mixed-design ANOVA
revealed a main effect of the level and type of trial. The participants
processed global letters faster than local letters, F (1, 64) = 49.685,
P <0.001, 7°p = 0.437, and they processed neutral trials faster than
incongruent trials, F (1, 64) = 105.315, p < 0.001, ’p = 0.622. There
was no main effect of media and no main effect of inclination (both Fs
< 1). Inclination x Trial Type x Level interaction was not modulated
by the media (F < 1), but we observed a significant inclination X trial
type x level interaction, F (1, 64) = 15.948, p < 0.001, 7°p = 0.199. On
the one hand, the ANOVA on the tilted condition revealed a classic
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FIGURE 1
Presentations of the stimuli. The trials, an example of which is shown in interferent (A), consist of 66 stimuli (6 rows and 11 columns), delimited by boxes.
The stimuli can be neutral (B), i.e., with a single nameable level (global or local), or interfering (C), i.e., with two nameable levels (global and local).

TABLE 1 Reaction times (in seconds, mean and standard deviation) according to experimental conditions.

Variable? Paper Screen
With inclinaison Without inclinaison With inclinaison Without inclinaison
M SD M SD M M SD
Trial type and level
Neutral Global 33.0 6.6 335 4.2 333 6.4 33.0 53
Local 35.1 6.6 363 3.6 35.1 5.7 343 43
Interference Global 35.0 6.9 38.6 6.7 373 8.1 38.9 6.4
Local 415 7.7 40.9 5.1 423 7.3 389 5.4

“Within subject variables are included in rows, while between-subjects variables are included in columns. N = 68.

global advantage, F (1, 32) = 61.911, p < 0.001, °’p = 0.659 as well as a
trial type x level interaction, F (1, 32) = 23.951, p < 0.001, 1°p = 0.428.
Participants were significantly more slowed down by the interfering
letter in the local condition (i.e., global interference) than in the global
condition (i.e., local interference) (local incongruent minus local
neutral vs. global incongruent minus global neutral, p <0.001). In
contrast, the ANOVA on the flat condition also revealed a global

Frontiers in Psychology

04

advantage effect F (1, 32) = 7.055, p = 0.012, °p = 0.181, as well as an
interference characterized by a main effect of trial type, F (1,
32) =54.509, p < 0.001, 5’p = 0.630, but no trial type x level interaction.
F (1, 32) = 1.031, p = 0.318, °p = 0.031. In this case, global and local
interference effects were similar (local incongruent minus local neutral
vs. global incongruent minus global neutral, p > 0.05; see Figure 2).
Finally, statistical analyses revealed small but statistically significant
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TABLE 2 2x2x2x2 mixed-ANOVA on reaction times (RTs).

10.3389/fpsyg.2025.1701298

Effect Dfl Df2 MS F n’p p

Media 1 64 0.418 0,004 0.000 0.953
Inclinaison 1 64 3.639 0,031 0.000 0.861
Media x Inclinaison 1 64 62.842 0,532 0.008 0.469
TrialType 1 64 1682.545 105,315 0.662 <0.001
Media x TrialType 1 64 13.297 0,832 0.013 0.365
Inclinaison x TrialType 1 64 0.163 0,010 0.000 0.920
Media x Inclinaison x TrialType 1 64 4.738 0,297 0.005 0.588
Level 1 64 502.928 49,685 0.437 <0.001
Media x Level 1 64 34.835 3,441 0.051 0.068
Inclinaison x Level 1 64 87.804 8,674 0.119 0.004
Media x Inclinaison x Level 1 64 4275 0,422 0.007 0.518
TrialType x Level 1 64 37.489 6,092 0.087 0.016
Media x Trial Type x Level 1 64 3.510 0,570 0.009 0.453
Inclinaison x TrialType x Level 1 64 98.136 15,948 0.199 <0.001
Media x Inclinaison x TrialType x Level 1 64 0.244 0,040 0.001 0.843

differences in global interference between tilted and flat conditions,
(66) =2.12, p =0.038, d = 0.51, and in local interference between flat
and tilted conditions, ¢ (66) = —2.13, p = 0.037, d = —0.52. Given the
small effect sizes and the p-values being close to the 0.05 threshold,
these results should be interpreted with caution.

4 Discussion

In the present study, we compared different media and their
inclination to investigate whether global-local visual-attentional
processing varied according to screen, paper and orientation. Using a
classic global-local task with a compound stimulus experiment, we
replicated the well-known Global Precedence Effect (GPE, Navon,
1977; Poirel et al., 2008a), either with a screen or paper presentation.
Interestingly, we did not observe an impact of the media (i.e., screen
or paper), since no main effect or interaction including media was
found on the RTs. Instead, the main result observed here suggests that
inclination plays a key role during the visuo-attentional task. Indeed,
as mentioned above, the classical GPE reported in the literature was
observed when the medium was tilted (i.e., global information was
processed faster than local information, and interference from global
information was stronger than from local information, see Gerlach
and Poirel, 2018), but not when the medium was flat. Indeed, in the
flat condition, although a global advantage was observed (i.e., global
information was processed faster than local information), we also
found equivalent global-to-local and local-to-global interference
effects. These results suggest that some aspects of participants’ visuo-
attentional processes are modulated by inclination per se, but not by
the medium. Serences and Kastner (2014) suggested that bottom-up
stimulus-driven modulations are involved in the early processes of
visual attention in primary brain areas such as the V1 region. It
therefore seems conceivable that the inclination of the medium
affected these brain regions and modulated the GPE, depending on
the inclination of the material presented during visuospatial
processing. Moreover, the present results reinforce the view that a
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within-device effect may occur (rather than a device effect), depending
on whether the device is used in a flat or a tilted position, as previously
suggested by Salmerodn et al. (2023).

Because prior work has not directly examined whether inclination
and type of support jointly modulate global and local processing, the
present findings provide the first indication that global and local
interference may differ in their sensitivity to display inclination. In the
tilted condition, participants showed stronger global interference,
whereas in the flat condition local interference was more pronounced.
Changes in display orientation are known to influence perceived
verticality and the alignment of reference frames (Bagust et al., 2013;
Goodenough et al,, 1979; Morgan et al., 2015), which may in turn
modulate how attention is distributed across hierarchical levels. In our
study, tilt appears to favor a more classical global-precedence effect,
whereas a flat orientation reduces the asymmetry between global and
local interference, possibly by facilitating access to local information or
reducing the salience of the global frame. Although not mutually
exclusive, these hypotheses require further experimental testing to be
disentangled. Interestingly, we did not observe any main effect or
interaction involving the medium (paper vs. screen). This absence of a
medium effect aligns with the small and context-dependent differences
reported in studies of reading performance, which tend to emerge under
specific conditions such as long expository texts, time pressure, or
scrolling, rather than at visuo-attentional stages (Clinton, 2019; Delgado
etal, 2018; Salmerdn et al,, 2023). Under the conditions implemented
here, inclination appears to exert a stronger influence on global and local
interference effects than the nature of the medium itself. It is therefore
possible that the way we use materials in daily life, and the way they are
presented as early as the school years, may influence attentional
processing, in our case, global-local visual processing. Indeed, the
position of materials during common activities, such as adults reading a
book or schoolchildren working at a desk, may shape visuo-attentional
processing from early age. Childhood is a transitional period during
which the ability to process global and local visual information develops
with age (Poirel et al., 2008a), and this developmental period is also
associated with learning school material typically presented in a flat
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Response time (RTs) in seconds as function of trial type (Neutral or Interference), Level (Global or Local) and Inclination (Tilted or Flat). ns > 0.05,
* < 0.05. Adjusted t-test with Bonferroni correction were performed and reported when comparing two conditions.

position. It seems conceivable that this mode of presentation could
promote greater sensitivity to local information in children, in line with
findings showing that children under 6 years of age exhibit a local
precedence effect (see Poirel et al., 2008b, 2011, 2012). Although this
assumption needs to be confirmed by future studies involving children,
this habituation effect may have a potential impact on how children
process visual information when it is presented flat than tilted. Using the
flat position for reading in daily life, and beginning this practice during
childhood, may thus contribute to the persistence of a local-to-global
interference effect in adults when material is presented flat. Consequently,
this additional process modulates the GPE observed during natural
scene observation, where visual input is mainly encountered in a “tilted”
position. Finally, many psychology experiments present stimuli on a
computer screen. This tilted position may have masked the potential
local interference effect observed in the present study, which was not
reported in previous work. Future studies should therefore consider the
potential impact of medium orientation alongside the characteristics of
the medium itself. In particular, in line with evidence showing variations
in cognitive ability between paper and tablet (e.g., Mangen et al., 2019),
the orientation of the material may also influence the findings reported
in previous studies.

The present study nevertheless has several limitations. First, daily
screen time, as well as daily reading habits, which could potentially
influence attentional resources, were not considered. Second, although
we controlled viewing distance and the physical size of stimuli as closely
as possible, both on screen and on paper, and in both flat and tilted
conditions, slight postural variations (head tilt, trunk position) may have

Frontiers in Psychology

altered the actual visual angle at which the stimuli were perceived. This
may have contributed, at least in part, to the effects attributed to the tilt
condition. Future work would benefit from precisely measuring and
calibrating this angle, for instance with a headrest. Moreover, it would be
useful to examine multiple tilt angles (rather than only 0 and 110°) to
more accurately assess the effect of medium inclination on cognitive
processes. Furthermore, the present study used a between-subjects
design. Although the observed differences are attributed to the
manipulated factors, we cannot fully rule out the possibility of
unmeasured group differences. Future research should employ
alternative designs with appropriate covariates to replicate these findings
and more clearly isolate the specific contributions of medium and
orientation to global-local processing. Future work should also examine
several school-age groups to determine how global-local attentional
processing develops under tilted and flat conditions. For example, a
longitudinal follow-up would be particularly relevant for advancing
research on this topic.

5 Conclusion

In conclusion, the present experiment did not reveal differences
between paper and screens during global/local processing, but it does
suggest for the first time a potential effect of inclination on the global
precedence phenomenon. The inclination factor should therefore be
taken into account in future studies on digital media in order to
provide a more fine-grained understanding of how humans process
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the visual world and how factors such as inclination influence
cognitive processes more broadly.
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