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Introduction: Although it could be expected that the COVID-19 pandemic impacted preschool children’s abilities associated with later reading skills, research has not yet addressed the topic. Our study focused on the impact of the pandemic on phonological awareness (PA) and rapid automatized naming (RAN) abilities that have been shown to reliably predict later reading skills.

Methods: A cohort of 82 typically developing European Portuguese children (mean age = 64.5 months, SD = 3.47), enrolled in their last year of preschool and dramatically affected by COVID-19 lockdowns, were assessed for PA and RAN skills.

Results: Compared to pre-pandemic normative data, our findings revealed lower average scores on the PA subtest (t = −10.85; p < 0.001; d = 1.62) and comparable average scores on the RAN task. A year later, the same group of children still exhibited lower scores on PA skills (t = 2.87; p = 0.005; d = 0.41). Furthermore, their word reading performance was also below the expected according to the normative pre-pandemic dataset (t = −2.69; p = 0.008; d = 0.29). A further comparison between the preschoolers affected by the pandemic and a post-pandemic cohort from the same school setting (N = 25; mean age = 72.08 months, SD = 3.30) highlighted that the pandemic cohort had lower PA average scores than their post-pandemic peers (t = 12.27; p < 0.001; d = 2.66).

Discussion: These findings underscore the enduring impact of disrupted learning environments on pre-reading abilities among preschoolers. Consequently, they contribute to further the understanding of the effects of the pandemic on the learning progress of young children.
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Introduction

Previous research has identified several pre-reading abilities associated with later reading skills. Specifically, phonological awareness (PA; i.e., the ability to identify and manipulate phonological segments in spoken words) and rapid automatized naming (RAN; i.e., the ability to name as quickly as possible an array of highly familiar visual stimuli such as digits, pictured objects, or colors) have been recognized as crucial pre-reading abilities. These two distinct verbal skills play a pivotal role in children’s reading development, facilitating comprehension and automatizing the mappings between spoken language and the writing system. Despite the undeniable value of reading and writing in contemporary nations, many children still struggle to master these fundamental skills. Thus, understanding the development of pre-reading skills in early childhood is critical for designing and evaluating early reading interventions.

On March 2020, the World Health Organization declared COVID-19 a global pandemic. To slow the spread of the virus, countries such as Portugal imposed lockdowns and decided to close educational facilities, causing the most significant learning disruption in recent history affecting 1.6 billion students (United Nations, 2020). Previous research has already shown that periods of school closure could lead to irregular sleeping patterns, longer screen time, and less favorable diets that negatively affect child development (Wang et al., 2015; Brazendale et al., 2017). In the particular case of school closure associated with the pandemic, research also found that parents reported higher levels of stress than usual, given the added challenge of educating and caring for children at home and helping them to cope with uncertainty and change (American Psychological Association, 2020; Adams et al., 2021). Thus, the pandemic is a myriad of interactive factors affecting children’s families, teachers, social lives, and access to services, contributing to difficulties among children with impact on learning and developmental losses (Ananat and Gassman-Pines, 2020; Rothstein, 2020; Bacher-Hicks and Goodman, 2021). The present study specifically examined the impact of the COVID-19 lockdown on pre-reading skills that reliably predict the developing reading abilities of preschool children, namely PA and RAN.

Research has suggested that the COVID-19 pandemic had a worldwide negative impact on school achievements and could lead to learning losses. These learning losses occur when knowledge and skill gains do not progress at the same level and pace in two subsequent years (Pier et al., 2021). For instance, in cohorts of Uruguayan children, the pandemic had a negative effect on school readiness for those who attended preschool (González et al., 2022). In the Netherlands, the closure of elementary schools for 8 weeks resulted in national examination results showing that students learned less than in a typical year across all three subject areas: maths, spelling, and reading (Engzell et al., 2021). Similarly, in Belgium, scores in maths and Dutch (reading, writing, and language) were lower in a cohort of children in the last year of primary school exposed to the pandemic than in previous cohorts (Maldonado and De Witte, 2022). The consistent pattern of results highlights that students made little progress while learning from home during the COVID-19 pandemic.

As the costs of COVID-19-related school closure have been observed gradually, we expected that preschool-aged children would be particularly affected. As preschool is a stage of rapid development involving many critical growth phases, environmental changes can negatively affect children’s developmental growth (Ghosh et al., 2020). Therefore, given the novelty and complexity of the pandemic situation, more research is needed to understand the impact of COVID-19 on young children’s development.

During preschool years, children undergo significant cognitive and social development, acquiring knowledge and skills that will play a crucial role in their future learning outcomes, as in the case of literacy. A report by the EU High Level Group of Experts on Literacy emphasized the importance of literacy as a vital life competence. Literacy empowers individuals to develop skills such as reflection, oral expression, critical thinking, and empathy, fostering personal growth, self-confidence, a sense of identity, and enabling full participation in society. Additional studies focusing on preschoolers must be prioritized to understand how the pandemic has affected this specific age group (Benner and Mistry, 2020; Yoshikawa et al., 2020), especially in the case of those abilities associated with later reading skills. In particular, PA and RAN have been identified as pre-reading abilities that are critical to children’s reading development (Araújo et al., 2015; Marinus and Castles, 2015 for a meta-analysis). Moreover, PA and RAN have been found to explain unique variance in children’s reading skills above and beyond variables such as age and nonverbal IQ (Melby-Lervåg et al., 2012; Norton and Wolf, 2012; Araújo et al., 2015).



The present study

Despite the expected impact of the pandemic context on young children’s abilities associated with later reading skills, there is currently a lack of research on this topic. This study aims to fill this gap by investigating the potential effects of the COVID-19 pandemic on pre-reading abilities, with a particular focus on PA and RAN. In Portugal, severe lockdowns affected all schools (nurseries included) in 2020 and 2021, and schools were fully closed during more than 4 months. First, we assessed Portuguese preschoolers (ages 5–6) during the COVID-19 pandemic in 2021, and the data obtained was compared with the pre-pandemic normative data available for this age range. Based on the existing literature, our first hypothesis (H1) posited that preschoolers during the COVID-19 pandemic (Time 1; T1) would show lower scores on PA and RAN tasks compared to pre-pandemic normative data available for this age group.

Furthermore, the same cohort was reevaluated 1 year later (ages 6–7), during their 1st Grade, when pandemic-related restrictions were already over (all restrictions ended by March, 2022). This methodological design allowed for the evaluation of developments in PA and RAN. Word reading skills were also examined during this second assessment to explore potential delays compared with the pre-pandemic normative data for this age range. Two additional hypotheses were formulated: consistent with existing literature, we expected lower scores on this second assessment (Time 2, T2) for the cohort affected by the pandemic, both for PA and RAN skills (H2), as well as for word reading skills (H3).

In 2023, a post-pandemic cohort of Portuguese preschoolers (ages 5–6) from the same school settings as the children assessed at T1 underwent assessments on PA and RAN. This new cohort was evaluated under conditions without the influence of the pandemic, providing a comparison with the group assessed during the pandemic at T1. By including this new cohort, we aimed to gain insight into the potential effects of the pandemic on pre-reading abilities and determine whether any differences exist between the two groups. In particular, we tested a final hypothesis (H4), which proposed that the pandemic-affected cohort (assessed at T1) and the post-pandemic cohort of Portuguese preschoolers would reveal significant differences between PA and RAN skills, with the post-pandemic cohort showing higher scores than the pandemic cohort. This comparison could help us better understand the impact of the pandemic on children’s pre-reading skills and contribute to a more comprehensive analysis of the potential effects on their overall reading development.

Therefore, the current study will contribute to further the understanding of the effects of the COVID-19 pandemic on the learning progress of young children. We hope to provide valuable insights that can assist educators, parents, and policymakers in taking informed decisions to support the continued development of essential reading skills for the youngest members of our society.


Context of the study

The measures related to the pandemic varied from country to country. In Portugal, a state of emergency was declared in March 2020. After the initial lockdown, preschool children were allowed to return to school in June 2020; however, the number of children attending preschool until the end of the school year remained relatively small (Woodland et al., 2021). The first approach of the Portuguese National Institute of Health during the gradual lifting of restrictions was restrictive, aimed at safeguarding the rights of children.

In September 2020, a new school year started, and children of all ages returned to school. Unfortunately, in January 2021, schools had to close again. Preschool children were only able to return to in-person teaching in March 2021. In between the two major lockdowns, due to the pandemic schools had to accomplish several health recommendations and simultaneously avoid creating a new form of lockdown in which children could not play with their colleagues. Consequently, schools had to reorganize spaces and practices to promote children’s well-being and play opportunities that ensure their health and safety (Moreira et al., 2020), such as reducing the number of children per room, maintaining distance between children, conducting outdoor activities, and implementing routine cleaning and disinfection multiple times per day, beyond the mandatory use of face masks among adults and children from age 10 (Direção Geral da Educação, 2020).




Methods


Participants

The participants in this study consisted of two groups of children recruited from two private schools in the Porto Metropolitan Area, which is located in the North of Portugal and centered on the district of Porto. Although the participants were part of a larger project examining the relationship between executive functions and language development, the hypotheses, measures, and analyses presented in this paper are specific to this study. The recruitment of participants adhered to ethical principles proposed by the Declaration of Helsinki (developed by the World Medical Association). All procedures described in this study were approved by the schools’ boards and the Ethical Committee for Research (CEI) of the School of Arts and Humanities of the University of Lisbon.

All children in both groups were native speakers of European Portuguese and none of the participants had been referred for cognitive impairments or language difficulties, based on reports from preschool and primary school teachers. The participants’ inclusion in the study was based on obtaining verbal agreement from the children and their parent’s written consent.

The first group included 82 typically developing European Portuguese children (41 girls; mean age = 64.5 months, SD = 3.47) enrolled in their final year of preschool, who were affected by the COVID-19 pandemic lockdowns. One year later, during their 1st grade, this group was re-evaluated when pandemic-related restrictions were already over. A 4.9% attrition between Time 1 (T1) and Time 2 (T2) was observed due to some families’ relocation. Average performance scores on a measure of non-verbal intelligence, the Portuguese version of the Raven’s Coloured Progressive Matrices (Raven, 1995), were collected at T1 (M = 18.25, SD = 4.35) and at T2 (M = 25.55, SD = 4.44). These scores indicated that the average performance was within the age-appropriate range according to available norms (Portuguese adaptation and norms by Simões, 2000) at T1; at T2, the average score was one standard deviation above the mean (Simões, 2000).

The second group consisted of a new cohort of preschoolers (N = 25) assessed in 2023 (13 girls, mean age = 72.08 months, SD = 3.30). This group provided a comparison group not exposed to the pandemic context during preschool. Performance scores on the non-verbal intelligence measure, the Portuguese version of the Raven’s Coloured Progressive Matrices (Raven, 1995), showed that the average performance (M = 22.76, SD = 5.95) was within the age-appropriate range according to Portuguese norms (Simões, 2000).



Measures at time 1 (T1)


Phonological awareness

Phonological awareness was assessed using the Syllable Segmentation Task from the Battery of Phonological Tests (Silva, 2002). This task evaluated the individual’s ability to segment spoken words into syllabic units in European Portuguese. It was developed following the procedures described by Rosner and Simon (1971) and consisted of 14 items, preceded by two examples. In this task, the children were asked to name the word represented in a drawing. Then, they should delete a syllable from the word and spell the resulting pseudoword (e.g., how “nota” is spelled without the “no”). Half of the words in the test were disyllabic words and the other half trisyllabic words. Each correct answer was scored with one point. Higher scores indicated higher phonological awareness skills (Cronbach’s alpha = 0.89; Silva, 2002). This type of test is considered highly reliable for determining children’s metalinguistic ability to manipulate syllabic units (Gombert, 1990).



Rapid automatized naming

To assess the individual’s ability to recognize a visual symbol and name it accurately and rapidly, we used the Naming Speed – Colors subtest of the Coimbra Neuropsychological Assessment Battery (BANC; Simões et al., 2016), an assessment tool for European Portuguese speaking children. In this task, children were required to name, as quickly as possible, visual stimuli randomly displayed on a card. The stimuli included yellow, blue, red, black, and green circles. Before the experimental trial, training was conducted to ensure that the children understood the task. The final score was based on the time required to name all the stimuli items. Lower scores were associated with faster naming speed (test–retest reliability r = 0.82; Simões et al., 2016).




Measures at time 2 (T2)

At T2, the same measures used at T1 were re-administered, along with a word reading task: the Word Reading subtest of the Reading Evaluation Battery for European Portuguese (ALEPE—Avaliação da Leitura em Português Europeu; Sucena and Castro, 2011). This subtest included four training items and 18 experimental words, which varied in orthographic complexity (i.e., simple, complex, and irregular). Each item was presented in isolation, and the child was asked to read it aloud. Correct answers were scored with one point and percentage of correct answers was calculated. Higher scores are associated with word reading accuracy. Cronbach’s alphas for the ALEPE Word Reading Subtest ranged between 0.46 for first graders and 0.72 for 2nd, 3rd, and 4th graders (Sucena and Castro, 2011).



Procedure

The study was conducted over two phases: T1 from November to December 2021 and T2 from January to May 2023. During T1, the children performed PA and RAN tasks. Subsequently, at T2, the same group of children participated in the follow-up assessment where they completed the same tasks of T1 and additional assessments of word reading. In May/June 2023, the post-pandemic cohort of preschoolers completed the same PA and RAN tasks as those administered at T1. The timeline of the study is presented in Figure 1.
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FIGURE 1
 Timeline of the study.


The assessments were conducted by trained researchers in the school settings, ensuring a quiet environment to promote participants’ comfort and engagement. The measures at T1 were individually administered during a 25-min session (task order: RAN and PA). The measures at T2 were individually administered in a session lasting 35 min (task order: RAN, PA, and word reading).



Data analysis

We used the parametric independent samples t-tests to compare two independent groups after assessing the assumptions required for their validity. Although the data was not normally distributed, the skewness and kurtosis values were within acceptable ranges. Specifically, these values ranged between −2 and + 2, indicating acceptability for establishing a normal univariate distribution (George and Mallery, 2010).




Results

We first addressed our hypothesis (H1) that preschoolers during the COVID-19 pandemic (at T1) would show lower scores on PA and RAN tasks compared to pre-pandemic normative data for this age group (from Silva, 2002; Simões et al., 2016). As shown in Table 1, the mean average obtained for PA skills from preschoolers during the COVID-19 pandemic (T1) was significantly lower than the pre-pandemic normative data available for this age group (t = −10.85; p < 0.001; Cohen’s d = 1.62). However, no significant differences were observed for RAN performance.



TABLE 1 Descriptive statistics and independent t-test results for the pandemic cohort and pre-pandemic normative data (T1 and T2).
[image: Table1]

We then addressed our second hypothesis (H2), which posited that a year later and under conditions unaffected by the pandemic’s influence, the same cohort of children would show lower scores both for PA and RAN skills compared to pre-pandemic normative data for the same age group. At T2 the same cohort of children showed significantly lower scores in the subtest PA (t = 2.87; p = 0.005; Cohen’s d = 0.41), but no differences in the RAN task when compared with the pre-pandemic normative data (see Table 1).

The data collected during the second assessment of the cohort affected by the pandemic (T2) was also used to test hypothesis three (H3), according to which lower scores for word reading skills were expected for the cohort affected by the pandemic. The data revealed that the pandemic cohort’s word reading skills were lower than the pre-pandemic normative data collected for the same age range (t = −2.69; p = 0.008; Cohen’s d = 0.29; see Table 1).

Lastly, our final hypothesis (H4) was that the pandemic-affected cohort (assessed at T1) and the post-pandemic cohort of preschoolers would show significant differences in their PA and RAN skills was addressed. A comparison between the post-pandemic cohort and the cohort affected by the pandemic (assessed at T1) revealed that the post-pandemic cohort exhibited significantly better PA skills (t = 12.27; p < 0.001; Cohen’s d = 2.66), but the performance on the RAN task was equivalent (see Table 2).



TABLE 2 Descriptive statistics and independent t-test results for the pandemic and post-pandemic cohorts.
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Discussion

Our study focused on the impact of the COVID-19 pandemic on critical abilities associated with later reading skills. Specifically, we explored phonological awareness (PA), rapid automatized naming (RAN), and word reading skills among Portuguese preschool and school-age children. Four hypotheses were put forward: H1 posited that at the first assessment (time 1) preschoolers during the COVID-19 pandemic would show lower scores on PA and RAN tasks compared to same age pre-pandemic normative data; similarly, H2 advanced that the cohort affected by the pandemic would exhibit lower scores at the second assessment (Time 2) for both for PA and RAN skills compared to same age pre-pandemic normative data; H3 postulated that a similar difference would be found for word reading skills; finally, H4 proposed that the pandemic-affected cohort (assessed at Time 1) would show lower scores in PA and RAN skills than the post-pandemic cohort of Portuguese preschoolers.

As hypothesized, our findings revealed lower mean scores in the PA subtest among preschoolers assessed during the pandemic compared to pre-pandemic normative data, confirming H1. The large effect size underscored the significance of this finding. However, in contrast to our initial hypothesis, the pandemic and the pre-pandemic cohorts revealed equivalent performance in the RAN task, suggesting a particular impact of the pandemic on PA skills. Secondly, our findings showed the persistence of lower scores for PA abilities within the pandemic cohort assessed a year later, even under conditions free of pandemic influence, pointing to the enduring effects of disrupted learning environments. This result supported H2. The moderate effect size emphasizes the relevance of this finding. Taken together, these results underscore the need for ongoing efforts to mitigate the potential long-term consequences of low PA skills on language development. Furthermore, at this second assessment, lower word reading scores compared to the pre-pandemic normative data were found, confirming H3. This result provides further insight into the far-reaching impact of the pandemic on reading abilities. Despite its smaller effect size, this result aligns with concerns about the overarching impact of disrupted learning environments on reading abilities. Lastly, our findings revealed significantly lower scores in the PA subtest for the pandemic group in comparison with a post-pandemic group of the same age (in line with H4), while demonstrating equivalent performance in the RAN task across both groups (contrary to H4). Again, the large effect size emphasizes the disparity in PA skills between the two cohorts.

These outcomes support previous findings suggesting a specific pandemic-induced impact to pre-reading abilities such as PA (González et al., 2022). However, it appeared that RAN abilities remained largely unaffected. These unforeseen findings could be related to the intricate nature of rapid naming, which engages numerous cognitive operations shared with reading skills. These operations encompass attentional processes, bi-hemispheric visual mechanisms, the integration of visual and orthographic attributes, phonological and lexical retrieval, the assimilation and incorporation of semantic information, and ultimately, the formulation of motor plans (Wolf and Bowers, 1999). This multi-componential model could explain the reason behind the minor impact of the pandemic on RAN skills. Indeed, Denckla and Cutting (1999) conducted a thorough examination of the historical evolution of the RAN construct, along with studies probing the relationship between RAN and other cognitive predictors of reading—such as phonological awareness, memory span, orthographic awareness, processing speed, and articulation. Their investigation revealed that while processing speed could account for a considerable portion of the effects of RAN on word reading, none of these variables could comprehensively explain the complexity of RAN itself or its correlation with reading, thus supporting a multi-componential model. Närhi et al. (2005) also found supporting evidence for the complexity of factors behind RAN. Their study demonstrated that RAN exhibited independent associations with diverse cognitive processes, such as processing speed, verbal acuity, and motor skills, as well as with pseudoword decoding proficiency in children with learning disabilities. Differently from RAN, PA has been clearly directly associated with a language-based ability.

Overall, our findings indicate that the pandemic had a detrimental effect on the PA skills of preschool children and word reading abilities in their 1st Grade. Indeed, school closure imposes a substantial risk burden, that can adversely impact children’s well-being in multiple ways. These include physiological effects (such as irregular sleep patterns and less favorable diets; Wang et al., 2015; Brazendale et al., 2017) and psychological risks (such as heightened negative emotions and decreased discipline; Scarpellini et al., 2021). It is plausible that the particular outcome related to PA skills is interconnected with challenges encountered in remote learning scenarios, disruptions to established educational and communication routines, and reduced linguistic interactions, all of which can be attributed to the pandemic. Importantly, the social interactions between kindergarten educators and children changed during the pandemic (Crimon et al., 2022; Mitsven et al., 2022). These interactions typically encompass activities like storytelling, daily topics of discussion, socio-dramatic play, group social games, outdoor activities, and meals. Previous research has consistently demonstrated that such interactions support language development across various domains (Vaknin-Nusbaum and Nevo, 2017; Nevo and Vaknin-Nusbaum, 2018a,b). Attendance at educational institutions before formal reading and writing instruction holds great importance, and its significance has been underscored by the positive correlation observed between such attendance and many outcomes, including children’s overall well-being, socio-emotional development, executive functions, and the development of academic skills (Barnett et al., 2018; Ansari et al., 2020; Pramling Samuelsson et al., 2020).

Furthermore, as several studies have suggested that using face masks during the COVID-19 pandemic has led to additional challenges for children, impacting speech understanding and also speech production, it is also reasonable that this factor impacted PA development. Indeed, educators, teachers, and researchers have raised concerns regarding the adverse impact that the use of face masks has on the healthy development of children’s social lives, their interactions with others, the growth of language and communication skills, including sound recognition and vocal self-perception, as well as the development of speech skills (Goldin et al., 2020; Wolfe et al., 2020; Atcherson et al., 2021; Green et al., 2021; Lipps et al., 2021; Swaminathan and Meera, 2021; Thibodeau et al., 2021; Frota et al., 2022, 2023; Lalonde et al., 2022; Maftei et al., 2022; Mitsven et al., 2022; Orena et al., 2022; Ribeiro et al., 2022).

By and large, the worldwide impact of the COVID-19 pandemic on learning progress has been a topic of significant interest and concern. Researchers have sought to unravel the complexities of this issue, shedding light on different aspects of the pandemic’s effect on education. Among these, a recent systematic review conducted by Betthäuser et al. (2023) grasped the full extent of the pandemic’s effect on learning progress across various countries. The authors found a worldwide significant slowdown during the COVID-19 pandemic. However, the pandemic impact varied depending on the specific context being examined, including regional variations and differences in educational infrastructure and resources. Within this line of research, our study underscores the consistency of these concerns with empirical evidence from the Portuguese context, highlighting the importance of addressing the challenges posed by the pandemic on the educational front.



Conclusion and recommendations

Our findings contribute to the understanding of the effects of the COVID-19 pandemic on the learning progress of young children and suggest that prolonged school disruptions may impact children’s phonological and word-reading abilities. However, further research is needed to gain a deeper understanding of the specific effects of the pandemic on various aspects of language development in young children. Acknowledging the limitations of our study is crucial. Firstly, the pandemic group was not assessed before the lockdown, which hindered our ability to determine the extent of the negative impacts on pre-reading skills observed in these participants. Secondly, the pandemic and post-pandemic groups were assessed at slightly different points in the school year, potentially contributing to the differences in PA scores. Lastly, differences in the children’s socioeconomic status could contribute to variations among the sample groups. The participants in our sample were recruited from private schools, while the normative data, which served as a point of comparison, were collected from private and public settings.

In conclusion, the current study provided new insights into the complex relationship between the COVID-19 pandemic and child development. On the one hand, our findings highlighted the need to interpret carefully test results related to phonological awareness and reading skills in the coming years to avoid diagnostic errors with potential adverse consequences. On the other hand, our findings have implications for educational strategies and interventions to support young learners and mitigate potential long-term impacts on their literacy skills. The observed effects on phonological awareness and word reading abilities emphasize the urgency of comprehensive interventions to support children’s holistic growth as well as language development, particularly in the face of unprecedented challenges. It is crucial to have well-planned and well-funded policy initiatives to address these deficits. Policymakers, educational institutions, and families should collaborate to identify opportunities that complement and extend established school-based learning. Moreover, it is vital to gather empirical evidence to evaluate the effectiveness of interventions designed to mitigate these learning deficits. If such interventions demonstrate their effectiveness and the ongoing efforts in education policy are sustained and expanded, the disruptions experienced during the pandemic may eventually be viewed as a chance to enhance the overall quality of education provided to children and support their language development.
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