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Abstract
[bookmark: _Hlk165997003]Background: The increased availability of digital technologies and online reading materials are changing children’s reading and learning practices. This study examines young readers’ comprehension of expository text presented in different media (print vs digital), and whether this is affected by text structure, as well as print and digital reading habits.
Methods: Students in grades 4 to 6 (N = 120) from different primary and secondary schools in Germany read two expository texts, either in the print or digital medium. One text had a linear structure, the other was hierarchical. Reading comprehension of each text was assessed with six multiple-choice questions. Word recognition, vocabulary, print exposure, print and digital reading habits, and perceived difficulty of the texts and questions were assessed. Generalised Linear Mixed Models were used to investigate the impact of medium (a between-participant factor) and text structure (a within-participant factor) on reading comprehension. 
[bookmark: _Hlk154137622][bookmark: _Hlk154137976]Results: Comprehension was lower in the digital condition, even after accounting for important predictors of reading comprehension, such as word recognition and vocabulary. No effect of text structure was evident. Print exposure had a positive influence on reading comprehension. Participants' estimated difficulty reflected their actual performance in the digital condition, but not in the print condition. 
Conclusions: The study provides evidence of a screen inferiority effect in comprehension of expository texts in young readers, highlighting challenges posed by the digital medium for reading and learning.
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Implications for Practice
  What is already known about this topic? 
· Children’s reading and learning practices are changing, due to the increase in digital technologies and online reading materials. 
· Few studies have examined young readers’ comprehension of text read on screens versus traditional printed materials.
	What this paper adds 
· We compared reading comprehension from texts presented on screen and paper for German students aged 9 to 12 years.  
· Students obtained higher comprehension scores when reading from print. 
· Students’ leisure-time reading was associated with higher comprehension scores.
    Implications for theory, policy or practice
· Digital reading may pose challenges for learning from text.
· The small, but significant, advantage for comprehension with print may have a substantial impact on learning across time and multiple texts.


Effects of Medium, Text Structure and Participant Characteristics on Reading Comprehension in Young Readers
The integration of digital technologies in the classroom is reshaping education and learning practices (OECD, 2023), and more and more people engage in reading activities on screens (Mackey, 2020). Of note, there is an established “screen inferiority effect” - poorer reading comprehension when reading from screens as compared to reading print (Ackerman & Lauterman, 2012), that has been reproduced across different samples and age groups (Clinton, 2019; Delgado et al., 2018; Kong et al., 2018; Öztop & Nayci, 2021). However, few studies have compared print and digital reading in young readers; for example, in the meta-analysis of Delgado et al., (2018), only 13 out of 54 studies focused on readers aged 9 to 12, and the results were contradictory. We report an investigation of the effect of reading medium on reading comprehension in young readers. In light of the inconclusive findings from previous work, our study provides much-needed information on this topic. In addition, few studies have examined performance in relation to print and digital reading habits (only 4 studies in readers aged 9 to 12 years: see Supplementary Materials for details). Notably, we used a comprehensive assessment of print and digital reading habits. To address this knowledge gap, we controlled for the potential influence of participant characteristics known to predict reading comprehension, namely word recognition and vocabulary knowledge, as well as print exposure, perceived difficulty of text and questions, and explored the association between performance and print and digital reading habits.
Influence of Medium: What We Know About the Screen Inferiority Effect in Young Readers
[bookmark: _Hlk145071156]Meta-analyses comparing text comprehension for reading on screens and print find an advantage for comprehension in the print medium (Clinton, 2019; Delgado et al., 2018; Kong et al., 2018). As noted, few studies have examined this contrast in younger readers (e.g., N = 9 in Delgado et al., 2018), and their results are contradictory; some find an advantage for print reading, whereas others find a benefit for screen reading (Delgado et al., 2018; summary of study size and effects in Supplementary Materials). Subsequent research with this age group also reports contradictory findings: poorer performance for reading on screen (Dahan Golan et al., 2018; Halamish & Elbaz, 2020), or no overall effect of medium (Ronconi et al., 2022; Ruffini et al., 2023). 
One explanation of the screen inferiority effect is the shallowing hypothesis. This proposes that frequent digital media use fosters less reflective and more morally shallow thinking (Annisette & Lafreniere, 2017). Applied to reading, the mechanism by which digital reading results in poorer comprehension is that the digital medium promotes superficial engagement with textual information (Delgado & Salmerón, 2021). Support comes from a study in which adult digital readers engaged in more shallow processing, with a greater focus on details rather than abstractions (Kaufman & Flanagan, 2016). However, there are also reports indicating that engagement with digital reading activities, such as online information-seeking, is associated with enhanced digital reading performance (OECD, 2011). 
Reading experience and exposure to digital devices may influence print and digital reading comprehension more broadly. In general, print exposure (a proxy measure of leisure-time reading) is associated with better word reading, vocabulary, and comprehension in children, due to greater opportunities to learn and practice these skills for more avid readers (Cipielewski & Stanovich, 1992; Mol & Bus, 2011). In line with these findings, print reading habits are associated with better reading outcomes (Mol & Bus, 2011; Torppa et al., 2020), but certain forms of digital reading such as emails or blogs are negatively associated with print reading comprehension in children, as well as in adults (Altamura et al., 2025). Such findings may be attributed to the ‘shallowing’ hypothesis, but additional mechanisms have been proposed.   
One such mechanism explored in the current study is that children might underestimate the difficulty of texts read digitally, due to limited experience with digital reading for educational purposes (Rideout & Robb, 2020). Research with readers aged between 10 and 14 years shows that they overestimate their performance in the digital medium (Halamish & Elbaz, 2020; Ronconi et al., 2022). As a result, they might allocate insufficient mental resources for processing in this condition, as proposed for adults (Ackerman & Goldsmith, 2011). 
Influence of Medium on Comprehension of Different Text Structures  
There is no consensus about whether comprehension of some discourse structures may be more affected by the medium of presentation than others. Discourse structure elements of expository text include sequence, comparison, and causation, and certain types of content feature specific discourse structure elements more prominently than others. For example, historical texts typically adhere to a chronological sequence of events, whereas natural science texts more typically feature causal chains (Meyer & Freedle, 1984; Meyer & Ray, 2011). Readers of expository text have been shown to struggle to identify main ideas due to the variability in how these ideas are presented (Butterfuss et al., 2024; Englert & Mariage, 2020). A linear structure comprising a description or sequence of events may limit readers’ ability to distinguish between essential and non-essential information, in contrast to a hierarchically structured text that features comparisons and causal chains, which help readers to create clear connections between ideas and easily identify important information (Butterfuss et al., 2024; Meyer & Freedle, 1984). Reading in the digital medium involves additional cognitive demands induced by scrolling, which can affect processing (Sanchez & Wiley, 2009). As a result, the disadvantage for linear structures may be more pronounced when reading digitally. We examined this proposal in the current study. 
Influence of Participant Characteristics on Print and Digital Reading Comprehension
It has been proposed that digital reading requires greater cognitive resources than print reading (Sanchez & Wiley, 2009; Wästlund et al., 2008). If so, individuals with stronger reading abilities in general and greater exposure to digital reading materials may be less impacted by the medium. However, of the 13 studies that have contrasted print vs. digital reading comprehension in 9- to 12-year-olds, six used a between-participant design and did not control for known predictors of reading comprehension. Among the remaining studies in young readers, four controlled for these skills: word reading and language ability were found to influence performance in three of them (Florit et al., 2022, 2023; Mangen et al., 2013), whilst one did not find any significant influence of word reading or working memory in 8th graders (Ronconi et al., 2022). Of note, none of these studies examined the age range of participants in the current study: 9- to 12-year-olds, a critical period for the development of reading fluency and the focus on reading to learn. These other studies examined samples younger (Florit et al., 2022, 2023) and older (Mangen et al., 2013; Ronconi et al., 2022) than the age range of this study. Thus, there is currently a sparse and inconclusive knowledge base: it is not clear the extent to which medium differences (where found) were not also influenced by these critical reading-related skills. 
The influence of gender on comprehension performance is also considered in the current study. Girls outperform boys on a range of reading comprehension tasks in the elementary and higher grades (Chiu & McBride-Chang, 2006; Mullis et al., 2023). Importantly, boys were found to overestimate their comprehension performance and reduce their reading time in the digital medium more than girls (Ronconi et al., 2022). 
Aim and Rationale of the Study
This study provides a much-needed comparison between print and digital reading comprehension for readers aged 9 to 12 years. To address the shortcomings of previous research, we examined the potential influence of word recognition, vocabulary, print exposure, perceived difficulty of texts and questions, and print and digital reading habits. A novel addition to the research base was to contrast performance across two expository text structures (linear vs. hierarchical).
Hypotheses
We predicted better comprehension performance in the print than digital medium across ages, in line with previous research (Clinton, 2019; Delgado et al., 2018; Støle et al., 2020) and controlling for word recognition and vocabulary. We predicted a more pronounced medium effect for the linear text, due to combined challenges of scrolling (an effect of medium; Sanchez & Wiley, 2009; Wästlund et al., 2008) and greater signalling of main ideas and causality in hierarchical than linear text (an effect of text structure; Butterfuss et al., 2024; Meyer & Freedle, 1984). In line with other work, we predicted a positive association between (general) print exposure, reading habits and reading comprehension (Mol & Bus, 2011). To explore the specific relationship between digital reading habits and comprehension, we examined the interaction between the medium and these variables. We predicted a positive effect of digital reading habits on reading comprehension of digital texts, in line with previous research (OECD, 2011). In addition to pre-registered analyses, we explored the relation between perceived difficulty and comprehension in both media. In the absence of previous research, no a priori predictions about this relationship were made.
[bookmark: _Hlk151892467]Methods
Participants
One hundred and twenty 4th to 6th graders (61 female; 9 to 12.7 years) from different primary and secondary schools in the area of Göttingen participated in this study. Twenty-eight children (23% of the sample) were tested in local schools, the rest in the lab at the University of Göttingen. Descriptives are reported in Table 1. Children with a known reading or learning difficulty were excluded from the study. Caregivers provided informed consent. The Ethics Committee for Research of the University of Latvia approved the project (No. 30-95/3). This study was conducted in accordance with the Ethical Principles of Psychologists and Code of Conduct of the American Psychological Association.
<Table 1 about here>
Measures
[bookmark: _Hlk159409751]Reading Comprehension
Participants read two texts differing in text structure (linear vs. hierarchical) and content (history vs. palaeontology, respectively). The structure of the history text was linear, characterised by presenting events in a chronological sequence. The structure of the palaeontology text was hierarchical, introducing different concepts and definitions, comparing them, and highlighting consequences of events described. Texts are provided in Supplementary Materials. Coh-Metrix (Graesser et al., 2004) was used to evaluate the structure of the two texts. Machine-translated versions of the German texts (edited by first author) were analysed. Texts did not differ in surface-level structure: referential cohesion and syntactic complexity. Critically, they differed on several metrics for text-level structure: deep cohesion, use of causal verbs, and temporality, confirming their different linear and hierarchical structures (see Table 2).  
The text analysis tools RATTE (Regensburger Analysetool für Texte; J. Wild & Pissarek, n.d.) was used to compare the two texts on key readability and linguistic metrics. The two texts did not differ for length (word count, number of sentences, average words per sentence), readability, and word familiarity (compared to the childlex-Korpus: online database for grade 1 to 6; Schroeder et al., 2015) (see Table 2). 
<Table 2 about here>
Reading comprehension of the texts was assessed with six experimenter-designed multiple-choice questions for each text, presented in randomised order in both the print and digital medium. The medium for presentation of text and questions was the same; participants who read the text in print, also answered the questions in print and vice-versa. The questions referred to explicit information presented in the text. Each question had four answer options of which only one was correct. Participants scored one point if the selected answer was correct. McDonald’s Omega indicated good internal consistency for both texts (0.88 for linear; 0.78 for hierarchical).
Ratings of Perceived Difficulty
After each text was presented, but before the multiple-choice questions were displayed, participants rated the difficulty of the text on a 5-point Likert-scale (1 = very difficult to 5 = very easy). After providing responses to all comprehension questions, participants rated the overall difficulty of answering the questions using the same 5-point scale. A composite score for text and question difficulty, consisting of the sum of these two, was calculated.
Word Recognition
[bookmark: _Hlk188691108]Participants completed a test of silent word recognition, the Word Chain Test (Jacobson, 1995; Scorza et al., 2019). On a computer, they saw ten strings of five words, not separated by spaces. They had one minute to separate the strings into words by clicking with the mouse. The words were taken from the SLRT (Salzburger Lese- und Rechtschreibtest; Salzburg reading and spelling test; Landerl, Wimmer, & Moser, 1997). One point was awarded for each correctly separated word. Errors carried no penalty, because lines placed mistakenly could not be deleted. The use of a timed measure of word recognition is supported by findings that timed (fluency) measures are more sensitive to capture variability in word reading in transparent orthographies like German (Landerl, Wimmer, & Frith, 1997; Ziegler & Goswami, 2005, see also Florit & Cain, 2011), as opposed to untimed measures.
Vocabulary
Participants completed a semantic fluency test to assess depth of vocabulary (Tannenbaum et al., 2006; Whiteside et al., 2016). Participants were given three category prompts (animals, foods, professions), separately. For each, they had one minute to provide as many exemplars as they could. Responses were automatically transcribed, edited, and scored by two independent scorers. Repeated words or synonyms (e.g., Krankenschwester and Krankenpfleger for female and male nurse) were considered invalid. Superordinate categories (e.g., fish) were excluded if subordinate categories (e.g., whale, manta ray etc.) were provided. Variations of the same response (e.g., pasta with tomato sauce, pasta with cheese sauce, etc.) were scored once. One point was awarded for each valid response, summed to provide a total score for analysis. 
Print Exposure
Participants completed Form A of the K-TRT (Children Title Recognition Test) to assess print exposure, which has been validated for German readers (Schroeder et al., 2016). This test comprises a list of 30 book titles, 20 real titles and 10 foils. After consulting a librarian and loan records, three original titles were replaced by more popular options for this age group. Due to an oversight, the version in this study included 21 real titles and 9 foils. The analysis score was the proportion of correctly identified real titles minus the proportion of erroneously selected foils (to adjust for guessing or socially desirable responding). The test had good internal consistency (α = 0.76; comparable to Schroeder et al., 2016).
Reading Habits and Digital Device Use
Participants completed a questionnaire to explore frequency and preference for print or digital reading materials, as well as the availability and use of digital devices, such as computers, tablets, and smartphones. Participants rated frequency of engagement with print and digital reading materials, as well as the use of digital devices on a 5-point Likert scale ranging from 1 (almost never) to 5 (several times a day). A factor analysis on the items of the reading habits and digital device use questionnaire (KMO = 0.64; Bartlett’s χ²(66) = 245.37, p < .001; cumulative variance explained = 0.49) identified four distinct factors: Print reading (encompassing fiction, non-fiction, magazines, and comics in the print medium); digital fiction reading (encompassing fiction and use of e-book readers); digital mixed genre reading (non-fiction, blogs, and comics); and leisure activities on smartphone (smartphone use for games, social media, and YouTube videos) (Tüchler & Cain, under review). We used the factor scores in our analyses. See Supplementary Materials for factor structure and loadings. 
Design and Procedure
[bookmark: _Hlk151131272]The study had a mixed design combining within-participant and between-participant factors: Text structure was manipulated within participants, and medium across two groups. Thus, each child was assessed on both text types within the same medium. The within-participants design with respect to the text structure was chosen to account for variability in children’s reading skills, allowing for random intercepts and slopes for participants and items. Participants within each grade were randomly assigned to print or digital conditions, with genders balanced across conditions, and text presentation order counterbalanced. 
In the print condition, participants read the text on two A4 pages and answered questions afterwards. In the digital condition, participants viewed the texts on a computer screen and used a computer mouse to scroll and read the entire text, before answering the questions. The digital texts spanned two screens. The texts were written in Fira Sans, 12pt. The print condition had margins of 2.54 cm (1 in) top and bottom, and 5 cm (1.97 in) left and right. The digital condition had margins of 2.54 cm (1 in) top and bottom, and 5 cm (1.97 in) left, and 7 cm (2.76 in) right. In both conditions, reading time was not limited. Children were not permitted to return to the text once they had finished reading it. 
The study design, research questions, hypotheses, and analytic methods were pre-registered on the Open Science Framework under the following link: https://osf.io/7sqve/?view_only=d0e1e29e9cc8466d9d811a5115735478.
 
Results 
Descriptive Statistics and Interrelations for Participant Variables
[bookmark: _Hlk188614701]The print and digital groups were comparable in word recognition, vocabulary, print exposure, perceived difficulty (composite score) and age (see Table 3). Correlations between variables are shown in Table 4. For participants in both print and digital reading conditions, there were large positive correlations between comprehension of linear and hierarchical texts. In both conditions, there were moderate, positive, correlations between comprehension of linear text and word recognition and vocabulary. Whilst vocabulary was moderately and significantly associated with hierarchical text comprehension for print, this was not the case for digital. The associations between comprehension and print exposure indicated a significant association for both linear and hierarchical texts. For digital readers only, the factors for digital mixed genre and leisure activities on smartphones shared small to moderate, negative, associations with comprehension. 
<Table 3 about here>
<Table 4 about here>
Analysis
To test our hypotheses, we used Generalised Linear Mixed Models (GLMM; Baayen, 2008) with binomial error structure and logit link function, starting with the maximal random effects structure and focusing on conservative inference over model parsimony (Barr et al., 2013). The outcome variable was success in answering multiple-choice comprehension questions. Fixed effects included medium, text structure, print exposure, word recognition, vocabulary, age, gender, item order, and testing location. Random effects comprised random intercepts for participant and item, with random slopes for text structure and item order within participants, and for medium, word recognition, vocabulary, print exposure, age, gender, testing location, and item order within item. With a maximum Variance Inflation Factor of 1.4, there was no indication of collinearity (cf. Zuur et al., 2010). We fitted the model in R (version 4.1.3, R Core Team 2022) using the function glmer of the lme4 package (version 1.1.-31; Bates et al., 2015). Prior to fitting the model, we z-transformed word recognition and vocabulary scores, as well as age and item order for easier interpretable estimates (Schielzeth, 2010). We employed Bound Optimization By Quadratic Approximation optimiser (Bates et al., 2015), excluded correlations between random slopes and intercepts, and increased iterations to 100,000 to ensure convergence.
We tested the hypotheses concerning the influence of medium, text structure, and print exposure within a single model. To mitigate the risk of  “cryptic multiple testing” (Forstmeier & Schielzeth, 2011), we compared the full model with the null model. The comparison showed that the full model was significantly different from the null model (χ2(4) = 21.90, p < .001), supporting the relevance of the test predictors medium, text structure, print exposure and age in explaining outcomes. Model results are reported in Table 5. 
To test the hypothesis that the effect of presentation medium is more pronounced for the linear text, we fitted a model including the interaction of presentation medium and text structure and employed the criterion of a p-value p < .10 for inclusion of the interaction, as preregistered. The interaction did not meet the set significance threshold (β = 0.10, SE = 0.33, p = 0.760). Hence, we removed the interaction and fitted a model with medium and text structure as main effects, as preregistered. 
Two separate models were fitted to test the hypotheses on the influence of digital reading habits and device use on reading comprehension. The first model explored the association of reading habits device use and reading comprehension. Given our primary interest in the general influence of these variables, the medium (i.e., digital vs. print) was not included in this model. The second model included interactions between medium and the digital reading factors to test the hypothesis of a positive association of digital reading habits on reading comprehension of digital texts. This approach was chosen over a subset analysis in order to ensure more stable estimates (Kontopantelis et al., 2018). Additionally, an exploratory model including an interaction term investigated whether the association of perceived difficulty with reading comprehension differed by medium. 
<Table 5 about here>
Effect of Medium, Text Structure and Print Exposure on Reading Comprehension
[bookmark: _Hlk165962826][bookmark: _Hlk199916487][bookmark: _Hlk159594794]Reading comprehension scores were lower in the digital medium (see Table 3). Specifically, the digital medium was negatively associated with the probability of answering a comprehension question correctly (β = −0.40, SE = 0.20, p < 0.05), even when controlling for individual differences in reading-related skills (word recognition, vocabulary) and print exposure, as well as testing location, gender, and age (see Figure 1). There was a positive influence of print exposure on reading comprehension (see Figure 2). No other significant effects were found, indicating no influence of text structure, testing location (school vs. lab), item order, age, or gender. Descriptive analyses showed a gender difference in the digital condition in favour of girls (Ms = 0.68 and 0.58, SDs = 0.21 and 0.24), but comparable performance in the print condition (Ms = 0.69 and 0.69, SDs = 0.20 and 0.21). 
The variance of the random intercept of participant was sizeable (τ00  = 0.60), indicating substantial variability in baseline comprehension performance across participants. The random intercept of item ID (0.68) indicated variation in difficulty of items. There was no evidence of a primacy or recency effect in question accuracy; item order was included in the model and did not show a significant influence on comprehension (see Table 5). 
<Figure 1 about here>
<Figure 2 about here>
Effect of Print Exposure, Print and Digital Reading Habits and Device Use on Reading Comprehension
[bookmark: _Hlk179639847]In a separate model, we explored the relation between comprehension and the four reading experience factors: print reading, digital fiction and mixed genre reading, leisure activities on smartphone, and print exposure, for the whole sample. We fitted a model with these predictors as main effects, controlling for word recognition, vocabulary, test location, gender and age. Leisure activities on smartphones (β = −0.26, SE = 0.11, p < 0.05), print exposure (β = 0.40, SE = 0.11,  p < 0.001), and age (β = 0.34,  SE = 0.13,  p < 0.01) had a significant effect on the probability to correctly answer a comprehension question. A model incorporating an interaction between medium and digital fiction and mixed genre reading factors, yielded a significant interaction between the digital mixed genre reading factor and medium (β = -0.57, SE = 0.24, p < 0.05). The direction of the interaction indicates a detrimental association between this type of reading and comprehension in the digital medium. 
Relation Between Perceived Difficulty and Comprehension in the Print vs. Digital Medium
[bookmark: _Hlk160438901]In addition to the preregistered analyses, we conducted an exploratory analysis on the relation between medium (print vs digital), perceived difficulty (composite score), and comprehension. Hierarchical texts were perceived as more difficult than linear texts (t(119) = 10.25, p < .001), but there was no difference in perceived difficulty between the print and digital conditions (t(119) = 1.59, p = .12). There was an interaction between medium and perceived difficulty (β = -0.38, SE = 0.12, p < 0.05). Perceived difficulty was associated with comprehension in the digital (β = -0.27, SE = 0.08, p < 0.001) but not the print medium (β = 0.04, SE = 0.10, p = 0.686). Participants’ estimation of difficulty in the digital condition better matched their actual performance, indicating that those who scored lower tended to perceive texts as more challenging. Both model specifications, using print and digital medium as reference categories, are reported in the Supplementary Materials.
Discussion
[bookmark: _Hlk152235445]This study extends our understanding of the effects of medium, text structure, and participant characteristics on reading comprehension in an age group with a scant research base. In line with previous research in this age group (Dahan Golan et al., 2018; Halamish & Elbaz, 2020), we found a small, but significant, screen inferiority effect: Readers in the digital condition demonstrated poorer reading comprehension compared to peers in the print condition. The effect was found for both linear and hierarchical expository text structures, indicating a robust influence of the medium. Extending previous research, this effect was evident after controlling for critical influences of reading in this age group (age, gender, word recognition, vocabulary). The sample size was comparable or larger than in other recent studies on the topic (Dahan Golan et al., 2018; Halamish & Elbaz, 2020; Ruffini et al., 2023) indicating a sufficiently powered study to detect a robust, if small, effect. 
Contrary to predictions, we did not find evidence for an interaction between reading medium and text structure; differences in text structure had a comparable influence on comprehension across the two media. There was no evidence that linear text was more difficult in the digital condition. It is conceivable that differences in comprehension of different text structures are only evident for texts longer than those used in this study. Future research should examine comprehension of texts that differ in length to discover under what conditions, if any, text structure influences screen inferiority.
[bookmark: _Hlk153296532]Print exposure positively influenced reading comprehension. In contrast, self-reported reading habits, whether in print or digital, did not influence comprehension over other variables (age, gender, word recognition, vocabulary), with one notable exception: Digital readers who reported frequent engagement with digital mixed genre reading showed poorer comprehension, indicated by a negative interaction between this factor and the medium. Note that mixed genre reading included blogs and comics as well as non-fiction; the latter two may require fewer verbal cognitive processing resources than reading literature and readers who frequently engage with such materials may develop reading habits characterised by more superficial processing. This finding aligns with a mechanism proposed to explain the screen inferiority effect in adults, which is that the digital medium promotes shallow processing of text (Delgado & Salmerón, 2021). The relationship in our study was evident when controlling for reading-related skills (word recognition, vocabulary) indicating a medium specific effect. As this is the first study to examine this potential mechanism in young readers, future research is needed to test the reproducibility of this effect for this age group. This should involve an analysis of the types of cognitive processing demanded by various forms of digital reading materials designed for and available to young readers.
Another potential mechanism to explain the screen inferiority effect is a mismatch between difficulty estimation and resource allocation, proposed by Ronconi et al. (2022). We found no difference in perceived difficulty between media. Our measure indicated sensitivity, because readers estimated the hierarchical text to be more difficult than the linear text. In contrast to Ronconi et al. (2022), there was no evidence for a mismatch between difficulty estimation and performance in the digital condition; participants' difficulty estimations more accurately reflected their actual performance in the digital than print condition. Thus, underestimation of the difficulty of digitally read text does not seem to contribute to the screen inferiority effect observed in this study. More studies are required to determine the relationship between medium effects, difficulty estimation and performance judgments in young readers.
Limitations
In addition to the limitations discussed above, we note the following. First, our sampling strategy aimed to include as many participants as possible from local schools to achieve a representative sample. However, only a third were tested in schools, the remainder were recruited through and tested in the lab. Therefore, our participants may not fully represent typical pupils in grades 4 to 6, rather children who have an affinity for reading and are willing to participate in studies during their free time, and also those from higher socioeconomic status, which may influence comprehension (Buckingham et al., 2014). Another limitation stems from the use of computers with a mouse; device familiarity may have influenced our findings, and using a tablet might have resulted in different outcomes, as suggested by previous studies (Florit et al., 2025). However, we note that our finding of a screen inferiority effect aligns with studies that have compared print and digital reading in this age group when scrolling was required (Higgins et al., 2005; Jeong, 2012; Lenhard et al., 2017; Støle et al., 2020). Future studies should investigate the effect of other presentation formats within the digital medium, such as comparing paging and scrolling, to understand their impact.
Despite ensuring comparability in text characteristics such as readability, word complexity, syntactic structure, and referential cohesion, a potential confound was that text structure was associated with the topic. Second, we included only literal comprehension questions, not inferential ones, which limits the scope of the construct assessed. However, literal comprehension forms the basis for more complex processes like inference-making and integration (Kintsch, 1998) and evidence suggests both question types measure reading comprehension (Basaraba et al., 2013). 
A strength of our study was to control for important predictors of reading comprehension such as word recognition and vocabulary, which mitigates the risk of misattributing differences in reading comprehension to the medium when they stem from these additional important influences. However, we were not able to assess and account for other known predictors of reading comprehension, such as prior knowledge (Best et al., 2008) and interest in the topic (Baldwin et al., 1985). We recommend that future studies in this field address these limitations.
Conclusions
The study advances knowledge about print and digital reading comprehension in young readers across the period when they transition from learning to read to reading to learn. We found evidence for the screen inferiority effect; poorer reading comprehension when reading on screen. This was evident across two different expository text structures when controlling for reading-related skills (word recognition, vocabulary), and was evident across gender and age. This indicates a robust and generalisable finding. Although the observed effect size was small, our evidence for a screen inferiority effect is essential for educators to consider. The small effect size found here is common in the field of education (Kraft, 2020), and equivalent to a decrease of 0.6 of a question in question-answering accuracy for digital texts. The cumulative effect across multiple texts, and over time, may have substantial implications for learning. Thus, these findings provide evidence of the challenges introduced by the digital medium for reading and learning.
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