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Abstract: This study investigates causal-comparative relationships between COVID-19 

learning loss in reading and math for 3rd grade through 8th grade students and Appalachian 

status of schools across Ohio. This study further explored potential differences in learning 

recovery for Appalachian and non-Appalachian schools and potential factors that may impact 

recovery. Archival data was collected from the Ohio Department of Education and Workforce 

to support analysis of differences in average proficiency on Ohio State Testing results. The 

initial investigation occurred without adjustment or differentiation for socio-economic status, 

operationalized as eligibility for free or reduced-price lunch, and was then adjusted by this 

variable for enhanced analysis. The study analyzed additional information about Educational 

Services Center delivery models for interventions and staff support. The analysis revealed no 

significant difference in learning loss between Appalachian and non-Appalachian schools, 

although Appalachian schools demonstrated more negative decline on average over the study 

period. The study revealed statistically significant gains in reading in an Appalachian County 

with an Educational Service Center that utilizes a direct service delivery model for professional 

development and emphasizes targeted interventions. No significant gains were made in math 

from this same county. The analysis supports the need for future research into service model 

approaches and their potential impact on preventing learning loss and aiding in learning 

recovery.  
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1. Introduction 

The COVID-19 pandemic ushered in unprecedented disruptions to education 

worldwide, with significant repercussions for students’ academic performance, 

particularly in the realms of mathematics and reading. Several studies and reports have 

documented the multifaceted impact of the pandemic on these critical subjects, 

shedding light on the challenges faced by students across various demographics. 

Ninety percent of the world’s student population faced disruptions in education due to 

COVID-19-related school closures. The abrupt shift to virtual platforms and non-

virtual alternatives has created challenges in providing equitable access to reading 

materials, especially for students in low-income households who may lack adequate 

digital resources [1]. 

Research conducted by the Organization for Economic Co-operation and 

Development indicates that the pandemic has exacerbated existing inequalities in 

educational outcomes, with disadvantaged students experiencing a more significant 

decline in reading proficiency compared to their more privileged counterparts [2]. The 
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limited availability of internet connectivity, reduced access to direct instruction, and 

diminished opportunities for interactive reading experiences have contributed to a 

concerning decline in literacy skills among students during the pandemic. 

In the realm of mathematics, the impact of COVID-19 has been equally profound. 

A study published found that the closure of schools and the shift to remote learning 

resulted in a decrease in students’ mathematical achievement, with a disproportionate 

impact on vulnerable populations [3]. The study highlighted the importance of in-

person instruction and the challenges associated with adapting direct and collaborative 

approaches to an online format or worse yet, to worksheet packets for urban areas 

where internet connectivity was unavailable to families.  

Overall, researchers have found that the impact of COVID-19 on learning is 

profound, however these negative impacts hit the most vulnerable groups the hardest 

[4–6]. The impact on students in Appalachia has been particularly pronounced. 

Appalachia, a region encompassing parts of thirteen states in the eastern United States, 

is known for its unique challenges, including economic disparities and limited access 

to resources. The pandemic has exacerbated these pre-existing issues, creating a 

perfect storm that has disproportionately affected students in poverty who were 

already suffering from widespread achievement gaps [7,8].  

A study in collaboration with various education agencies delved into the specific 

challenges faced by students in the region during the pandemic [9]. The findings 

underscored the complex interplay of factors contributing to the negative impact on 

math and reading outcomes, with poverty emerging as a central determinant. The shift 

to remote learning exposed the digital divide in Appalachia, where at least 24% 

students lacked access to reliable internet connectivity and devices necessary for 

virtual education, significantly limiting students’ ability to engage in online math and 

reading instruction [9]. Students in poverty were more likely to face these connectivity 

challenges, compounding the educational inequalities that existed before the 

pandemic. 

A study highlighted the challenges faced by rural schools, including those in 

Appalachia, in adapting to online math instruction [10,11]. Teachers in rural areas 

often had less access to technology before COVID-19, and most lacked professional 

development opportunities to transition to virtual teaching effectively. For students in 

poverty, who may already face barriers to quality education, the sudden shift to online 

learning intensified the struggle to grasp complex mathematical concepts. 

Additionally, the absence of in-person instruction in math, a subject that often requires 

direct learning and immediate feedback, has left students in Appalachia, particularly 

those in poverty, without the necessary support. The report emphasized the importance 

of face-to-face interactions for effective math education, citing the challenges 

associated with virtual instruction in conveying abstract mathematical concepts [9]. 

This gap in understanding could have long-term consequences for students’ 

mathematical proficiency. 

Students in Appalachia faced similarly complex challenges in developing reading 

skills during the pandemic. The limited access to physical books and resources, a 

common issue in rural areas, was exacerbated by the closure of school libraries. A 

study highlighted the importance of school libraries in promoting reading skills, 

particularly for students in poor rural communities [12]. The closure of these vital 
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resources further hindered the development of reading proficiency, particularly for 

students in poverty who lack alternative access to books [13]. Likewise, COVID-19 

disruptions negatively impacted the social and emotional aspects of reading education. 

Reading often involves group activities, shared reading experiences, and discussions 

that foster a love for literature. Research has emphasized the importance of social 

engagement in promoting reading skills [14]. Isolation caused by the pandemic has 

diminished students’ motivation to read [15]. Students in poverty, who may already 

face social and emotional challenges, are particularly vulnerable to these negative 

consequences. 

The negative impacts of COVID-19 on math and reading outcomes for students 

in Appalachia, especially those in poverty, can be attributed to a confluence of factors. 

The digital divide, economic disparities, limited access to resources, and the unique 

challenges of remote learning have collectively created a formidable barrier to 

educational success in the region. Efforts to address these challenges must be 

multifaceted, considering the specific needs of students in poverty and leveraging 

community resources to bridge the gaps. 

To mitigate the impact on math and reading education, targeted interventions 

during and after the initial impact of COVID-19 were essential [16]. Future 

investments in broadband infrastructure can help address the digital divide, ensuring 

that all students have equitable access to online resources [17]. Professional 

development opportunities for educators in rural areas can enhance their ability to 

deliver effective virtual instruction, particularly in subjects like math that require 

specialized teaching methods. Additionally, community partnerships and initiatives to 

provide books and reading materials to students in need can contribute to fostering a 

positive reading culture [18]. Policy interventions are also crucial to address the root 

causes of educational disparities in Appalachia. Increased funding for schools in 

impoverished areas, targeted support for families facing financial hardships, and 

initiatives to promote community engagement in education can collectively contribute 

to creating a more equitable educational landscape. These interventions should be 

informed by a nuanced understanding of the challenges unique to Appalachia, 

considering the region’s economic, cultural, and geographical factors. 

Papadakis et al. [19] study how cloud and AR can reduce COVID-19-related 

educational disruptions in remote and poor areas like Appalachia. The essay discusses 

how different technologies work together to provide scalable, interactive, and 

immersive learning environments that solve interrupted quality education [19]. 

Augmented reality provides realistic, practical simulations to supplement cloud-based 

solutions that centralize and disseminate educational resources to distant areas without 

physical infrastructure. This method is essential for educational recovery, especially 

in rural places.  

Cloud platforms make educational content available to all [19]. Rural areas with 

poor educational infrastructure need this. Appalachian towns can reduce economic 

inequality by reducing their reliance on textbooks and typical classroom settings. 

Gamified and visual storytelling in AR promotes student retention by 25%–30% [19]. 

Papadakis et al. [19] stresses the importance of educator professional 

development to optimize these technologies’ benefits. Targeted training is needed in 

rural Appalachia, where 60% of teachers feel unable to use digital technologies [19]. 
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These initiatives should teach educators how to use AR and cloud-based technologies 

and encourage the creation of culturally relevant content that connects with local 

communities [19]. AR apps based on Appalachian culture could boost academic 

performance and community pride [19]. 

2. Federal response 

In response to the known impacts on literacy and mathematics, federal and state 

governments have taken significant steps, allocating billions of dollars to state 

education agencies (SEAs) through three pivotal stimulus packages: the Coronavirus 

Response and Relief Supplemental Appropriations Act (CRRSA); the Coronavirus 

Aid, Relief, and Economic Security (CARES) Act; and the American Rescue Plan Act 

(ARP), which made the largest contribution to the Elementary and Secondary School 

Emergency Relief (ESSER) Fund [20].  

The Elementary and Secondary School Emergency Relief (ESSER) funds 

distributed over three relief packages, were utilized to disseminate nearly $200 billion 

in federal aid for schools, which Congress allocated in response to the COVID-19 

pandemic and the significant disruptions to education it caused. The amount of 

financing allocated through Title I, the main program for elementary and secondary 

schools in the US Department of Education, is around 12 times more than the average 

level. This equates to nearly $3500 per student, while the average spending per student 

in the US is approximately $13,000. Each of the three stimulus programs distributed 

funding to SEAs utilizing the Title I, Part A (Title I) formula of the Elementary and 

Secondary Education Act [20]. This mechanism ensured that the school districts with 

the greatest disadvantages received larger amounts of funding, on average [20]. The 

funds were allocated with the purpose of providing financial support for operational 

needs, offering mental wellness services to students, and addressing the challenges 

faced in learning for the period of 2021–2022 and beyond [20].  

2.1. ESSER I: Coronavirus aid relief, and economic security (CARES) 

act 

Congress allocated $13.2 billion from the $30.75 billion Education Stabilization 

Fund, which was established under the Coronavirus Aid Relief, and Economic 

Security (CARES) Act, specifically for the Elementary and Secondary School 

Emergency Relief Fund (ESSER) Fund on 27 March 2020. The Department granted 

these funds to State educational agencies (SEAs) with the intention of providing 

emergency relief to local educational agencies (LEAs), including charter schools that 

function as LEAs. The objective is to address the ongoing impact of COVID-19 on 

elementary and secondary schools nationwide. The allocation of ESSER Fund awards 

to State Education Agencies (SEAs) is proportional to the amount of funds each state 

received under Part A of Title I of the Elementary and Secondary Education Act of 

1965, as amended, in fiscal year 2019 (Elementary and Secondary School Emergency 

Relief Fund—Office of Elementary and Secondary Education) [21].  
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2.1.1. ESSER II: Coronavirus response and relief supplemental appropriations 

(CRRSA) act 

On 27 December 2020, the Coronavirus Response and Relief Supplemental 

Appropriations (CRRSA) Act, 2021, was ratified. It gave the Elementary and 

Secondary School Emergency Relief (ESSER II) Fund an extra $54.3 billion. The 

allocation of ESSER II Fund awards to State Educational Agencies (SEAs) is based 

on the same proportion as the monies each state received under Part A of Title I of the 

Elementary and Secondary Education Act of 1965, as amended, in fiscal year 2020 

(Elementary and Secondary School Emergency Relief Fund—Office of Elementary 

and Secondary Education) [21].  

2.1.2. ESSER III: American rescue plan  

The American Rescue Plan Elementary and Secondary School Emergency Relief 

(ARP ESSER) Fund, created under the American Rescue Plan (ARP) Act of 2021 

(Public Law 117-2), which was enacted on 11 March 2021, provides approximately 

$122 billion to States and school districts (Elementary and Secondary School 

Emergency Relief Fund—Office of Elementary and Secondary Education) [21]. This 

initiative aims to assist in the secure resumption and uninterrupted functioning of 

schools while also addressing the widespread impact of the COVID-19 pandemic on 

children across the country. The ARP Act allocates funds for diverse purposes, 

including but not limited to $1.75 billion for non-public schools, $3 billion for special 

education, $850 million for the Outlying Areas, and additional funds for homeless 

children and youth, tribal educational organizations, Native Hawaiians, and Alaska 

Natives [22].  

The primary goals of educational investments under ARP, to be allocated by 

September 2024 and implemented by January 2025, are to support the safe reopening 

and ongoing functioning of schools while addressing the impact of the COVID-19 

pandemic on the nation’s youth. Districts are obligated to prioritize efforts to mitigate 

the disproportionate effects of the COVID-19 pandemic on underrepresented student 

populations when allocating 20 percent of district funds for addressing learning 

setbacks [22]. 

2.2. State of Ohio 

Ohio was granted a sum of $4,475,243,513 as part of the ARP Elementary and 

Secondary School Emergency Relief (ESSER) fund. The state received an initial 

payout of $2,981,378,065 on 24 March 2021, followed by an additional release of 

$1,493,865,448 on 15 July 2021[23]. Ohio’s plan for ARP ESSER centers around 

major needs, given the initial statewide enrollment of 1,645,412 students for the 2020–

2021 school year. These include offering assistance for the intellectual, social, and 

emotional requirements of students and educators, as well as investing in academic 

resources, connection, and enhancing different educational chances, regardless of 

whether they are in-person, remote, hybrid, or blended [23]. 

In 2021, the Ohio Department of Education (ODE) emphasized the need for schools 

and districts in the state to offer secure and complete in-person learning choices to all 

students who want to take part, prioritizing the safe reopening of schools and ensuring 

their continued safe operation. To achieve this, the state actively offers immunization to 
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children between the ages of 12 and 18 through different channels, including pediatricians, 

school partnerships, and summer food service program sites [23]. Schools have the 

authority to offer vaccination chances to children through designated providers 

throughout extended or summer learning periods and in the future school year [23].  

In addition, ODE utilizes state-level data to identify and tackle patterns that relate to 

children who have been significantly impacted by the COVID-19 pandemic and develop 

long term plans to address their needs [23]. Every district is required to delineate its 

strategy for mitigating the effects of the pandemic on particular student demographics. 

ODE addresses the social, emotional, and mental health needs of students and educators 

by using trauma-informed and culturally responsive methods [23]. 

As students resume their academic pursuits during both the summer and the 

2021–2022 academic year, ODE implements mental health support derived from data 

obtained from the Ohio Healthy Youth Environments Survey [23]. In addition, the 

ODE works together with the Governor’s office, the Ohio Department of Medicaid, 

and programs from the Ohio Department of Mental Health and Addiction to strengthen 

school-based initiatives and enhance resources for the mental and physical well-being 

of children [23]. 

3. Methods 

The current causal-comparative investigation initially examined school districts 

in five counties located in eastern Ohio that are considered in the Appalachian zone 

between the years of 2019 and 2023. Specifically, this investigation seeks to 

understand if the impacts of COVID-19 were similar across all counties and what if 

any differences existed. Data for this investigation was extract from the Ohio 

Department of Education and Workforce. All counties have urban, rural, and suburban 

communities, with a mix of socio-economic status. Each county has a dedicated 

Educational Service Center, that is supported with state funding. Each county has a 

career-technical or vocational education option available, as well as a mix of schools 

with and without open enrollment. According to the Fordham Institute, NE Ohio has 

a sizeable home-school population, public and private charter schools, and non-funded 

private schools [24]. There is a variety of each in the of the five counties. The data was 

extracted for 3rd grade through 8th grade. In Ohio, these students participate in annual 

state-mandated reading and mathematics testing. 

Following the initial investigation, additional data was collected for non-

Appalachian districts/counties (n = 171 school districts) to examine if there were 

differences in the recovery for the non-Appalachian schools relative to those identified 

as Appalachian. This data was examined specifically for third-grade student test scores 

from 2019 to 2023 from counties listing at least five school districts. Third grade is an 

important test grade since Ohio is a Third Grade Reading Guarantee state. Currently, 

sixteen states and the District of Columbia have some form of a third-grade reading 

guarantees in place [25]. 

4. Results 

The initial analysis included 3rd through 8th grade change in average proficiency. 

The data, derived from available estimated test scores, were extracted and reported 
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without adjustment or differentiation for the 2019–2023 periods. Additionally, an 

analysis was conducted to examine the performance of school districts in the five 

surrounding Appalachian counties. Table 1 provides the results based on the available 

data from these counties. 

Table 1. Data by county: changes in average reading and math scores. 

County Number of Districts  Average Reading Difference 2019–2023 Average Math Difference 2019–2023 

1 7 −0.26 −0.42 

2 13 −0.26 −0.44 

3 5 −0.14 −0.30 

4 16 +0.12 −0.05 

5 11 +0.08 −0.05 

Note: the lower the average value, the better the performance of the county schools in reaching pre-

pandemic reading levels. Average values were provided on the ODEW webpage and are weighted 

accordingly. 

To further enhance the comparison across school districts, socio-economic 

factors were considered, particularly the percentage of students eligible for free or 

reduced-price lunch. A General Linear Model was used for this analysis in which the 

percentage of free and reduced lunches was introduced as a covariate. Generalized 

Linear Models (GLM) are used to model the relationship between a dependent variable 

and one or more independent variables, incorporating different distribution families 

and link functions. Introducing a covariate, such as socioeconomic status (SES), helps 

control for its potential confounding effects, allowing for a more accurate estimation 

of the relationship between the primary variables of interest. 

Table 2 provides the reading and math differences in performance, when 

controlling for percent free/reduced lunch. 

Table 2. Data by county: changes in average reading and math scores adjusted for average socio-economic status. 

County Number of Districts  Average Reading Difference 2019–2023 Average Math Difference 2019–2023 

1 7 −0.14 −0.42 

2 13 −0.16 −0.43 

3 5 −0.12 −0.31 

4 16 −0.03 −0.05 

5 11 +0.11 −0.05 

Note: Average values were provided on the ODEW webpage and are weighted accordingly.  

When controlling for socio-economic status, as measured by free/reduced-price 

lunch percentages, County #5 served schools demonstrated significant gains in reading 

compared to other Appalachian counties. These differences across counties are 

statistically significant. In contrast, when adjusting for socio-economic factors in 

mathematics performance, no additional improvements were observed, relative to the 

analysis without the inclusion of percentage of students receiving free/reduced 

lunches. 
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Third grade guarantee 

A Multivariate Linear Model was conducted that examined if there were 

differences by Appalachian designation and county, using third grade data only. A 

Multivariate Linear Model (MLM) can be used to simultaneously examine reading 

and math test results, allowing for the analysis of both outcomes across students from 

the Appalachian area and non-Appalachian regions. By including county as a factor in 

the model, MLM accounts for variations in performance that might be influenced by 

local educational and socioeconomic conditions. This approach enables the 

exploration of whether geographic region (Appalachian or not) and county-level 

factors have distinct impacts on both reading and math scores, while controlling for 

potential confounders. 

Results indicate that the differences are not statistically significant across the 

county/Educational Service Centers or the Appalachian designation of the school 

district, p > 0.05, when examining change in third grade performance on reading and 

math state achievement tests between 2019 and 2023. However, while the differences 

between groups (Appalachian M = −0.61 and Non-Appalachian M = −0.36) in reading 

and between groups (Appalachian M = −0.51 and Non-Appalachian M = −0.24) in 

mathematics, reveal that the overall change is more negative on average for 

Appalachian schools. The one county (County #5) with the highest levels of recovery 

between the years 2019 to 2023 on the 3rd through 8th grade data also demonstrated 

the highest levels of recovery in math, and the third highest level of recovery in 

reading, when examining only third grade results. 

5. Discussion 

The analysis examined changes in average reading and math proficiency for 3rd 

to 8th graders from 2019–2023 across five Appalachian counties. Initial results 

showed variability in performance, with some counties recovering better than others. 

After adjusting for socio-economic factors, particularly free or reduced-price lunch 

eligibility, County #5 showed significant gains in reading, but no notable 

improvements were observed in math across counties. The second analysis examining 

only third grade data revealed no statistically significant differences between 

Appalachian and non-Appalachian schools, although Appalachian schools generally 

experienced greater declines. Noteworthy, for the second analysis, County #5 

demonstrated the strongest recovery in both reading and math performance. 

The analysis of student performance from 2019 to 2023 revealed an overall 

decline in both reading and math scores for students in grades 3 through 8, with mixed 

results across counties. While most counties experienced a decline in academic 

achievement, particularly those with higher percentages of students eligible for free or 

reduced-price lunch, County #5 demonstrated notable recovery, especially in reading. 

This suggests that socio-economic factors may have amplified the impact of the 

pandemic on academic outcomes. Adjusting for socio-economic status, County #5 

continued to show improvement in reading, but this adjustment did not significantly 

influence math recovery, highlighting that socio-economic factors may have played a 

more substantial role in reading recovery than in math. Furthermore, a multivariate 

linear model examining third-grade performance revealed no statistically significant 
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differences based on Appalachian designation, though there was a trend indicating that 

Appalachian schools experienced greater declines in both reading and math. This 

could reflect unique challenges faced by Appalachian districts, such as resource 

constraints and socio-economic factors, which warrant further investigation. The 

findings suggest that while County #5’s success in recovery may be attributed to 

effective interventions, broader strategies are needed to address the challenges faced 

by other districts, particularly those in Appalachian regions.  

Data was requested from each of the five county ESCs to understand the 

differences in outcomes. After analyzing requested information from the multiple 

educational service centers across various counties, it was evident that the county with 

consistently better outcomes operated an educational service center that emphasized 

targeted interventions and professional development through direct service delivery. 

Although this approach necessitates significant investments in personnel, 

transportation, and strategic planning, the results, particularly in the county’s post-

COVID recovery rates, are outstanding. These findings suggest that focused, hands-

on support can yield substantial improvements in educational outcomes, even in 

challenging circumstances. 

The five counties analyzed shared common elements as outlined in the literature 

and received additional funding for local Educational Service Center support. The 

findings suggest that County #5’s service delivery model may mitigate adverse 

outcomes. Prior research highlights the success of this model in training and 

empowering educators. Brock’s [23] study demonstrated that targeted interventions 

under the Striving Readers grant led to substantial gains for at-risk high school 

students, whose reading levels entering high school were at the elementary grade level. 

This evidence underscores the potential of strategic service delivery in improving 

educational outcomes during challenging circumstances. 

Limitations to these findings are consistent with all causal-comparative research. 

Causal-comparative research is valuable for exploring relationships between 

variables, but it has several limitations. First, it lacks randomization, meaning 

participating schools are not randomly assigned to groups, which increases the 

potential for bias and confounding variables that can distort causal conclusions. 

Additionally, since this research compares pre-existing groups, there may be 

uncontrolled variables influencing the results, complicating the determination of 

cause-and-effect relationships. Furthermore, without random group assignment, 

researchers cannot ensure comparability between groups, and pre-existing differences 

may affect the outcomes. Finally, causal-comparative studies often have limited 

external validity, as their findings may not generalize well to other populations or 

settings, particularly when the groups being compared are not representative of the 

broader population. These factors make it challenging to draw definitive causal 

conclusions. 

Future research should focus on the long-term effects of the pandemic, further 

exploration of socio-economic factors, and identifying best practices for intervention. 

Specifically, case studies of successful districts, such as County #5, could provide 

valuable insights into effective recovery strategies, while a deeper understanding of 

regional challenges in Appalachian schools could help inform targeted interventions. 

Ultimately, these findings underscore the need for continued research to understand 
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the persistent learning gaps and develop strategies to support students, particularly 

those from lower socio-economic backgrounds, in their recovery. 

6. Conclusion 

The COVID-19 pandemic significantly disrupted children’s education, leading to 

learning losses and widening disparities, particularly among vulnerable students [24,25]. 

Key barriers to digital inclusion for people with learning disabilities included cost, 

access, and environment [26]. To mitigate these impacts, research suggests 

implementing RAPID actions: Reach every child, assess learning levels, prioritize 

fundamentals, increase instruction efficiency, and develop psychosocial wellbeing [24]. 

Educators sought information on digital and distance learning, with video content use 

increasing dramatically [27]. Successful strategies included higher engagement, 

community mobilization, and inclusive remote learning approaches [28]. A nexus of 

interconnected support involving students, parents, and teachers was crucial for 

maintaining engagement, especially for low-income and immigrant students [29]. These 

findings emphasize the need for innovative curricula, community-focused pedagogy, 

and consistent support systems. 
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