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Abstract 
 

  

Conventional thinking has it that performance in Winston-Salem Forsyth County Schools (WS/FCS) is 

related to the school’s percentage of student race composition. That is, a school comprised of a high 

percentage of a certain student race will have a predictable performance outcome as compared to another 

school with a different percentage student race composition. While student race composition might be a 

contributing factor in this, our hypothesis is that school performance outcome is a result of more factors 

than just the student race composition. This master’s project aims to use a data-driven approach to explore 

the true factors contributing to public school performance in WS/FCS. 
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Introduction  
 

The Winston-Salem/Forsyth County Schools (WS/FCS) was established in 1963 through the consolidation 

of the Winston-Salem and Forsyth County school districts. Ranked as the fourth-largest system in North 

Carolina and the 78th largest in the United States, WS/FCS caters to approximately 53,000 students, aiming 

to deliver a high-quality education to every individual. Comprising of 42 elementary schools, 14 middle 

schools, 15 high schools, and 9 special schools, the school system boasts a total of 80 educational 

institutions. Across the entire district, the student population is composed of various racial and ethnic 

backgrounds. Specifically, 36.7 percent of the students identify as white, while 28.5 percent are African 

American. Additionally, 27.4 percent of the students are Hispanic, 4.5 percent are multiracial, and 2.6 

percent are Asian. Lastly, a small fraction, less than 1 percent, of the student body identifies as American 

Indian, WSFCS USA News (2024). 

 

Educational outcomes in Forsyth County from early childhood to career are influenced by various factors 

within educational institutions like childcare facilities and the WS/FCS district, as well as external factors 

impacting students’ daily lives and educational policies The Forsyth Promise. (2020). The educational 

achievements in Forsyth County, spanning from early childhood to professional life, exhibit notable 

disparities based on race. African American and Hispanic/Latino students consistently face considerable 

challenges across various indicators, performing notably poorer compared to their White counterparts, 

Banerjee, P. A. (2016). This enduring situation is deeply rooted in the historical legacy of WS/FCS. There 

exists a notable disparity in local educational outcomes based on socioeconomic status, with economically 

vulnerable individuals experiencing considerably poorer outcomes compared to their economically secure 

counterparts, Banerjee, P. A. (2016). 
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School systems across America, including WSFCS have experienced significant disruption due to the 

COVID-19 pandemic. The onset of COVID-19 in the spring caught school systems off guard, leaving them 

understandably overwhelmed and ill-prepared to address the situation. In numerous communities, schools 

serve as central points for various support services, including school meals, mental health counseling, and 

childcare. For many households, particularly those with low incomes, students often face challenges such 

as limited access to the internet, devices, and a designated, quiet environment conducive to studying, Dorn, 

E., Hancock, B., Sarakatsannis, J., & Viruleg, E. (2020). In response to this disruption, educational systems 

swiftly adjusted their operational models at every level. It was estimated that approximately 60 percent of 

K–12 students commenced the 2020–21 academic year entirely through remote learning. An additional 20 

percent engaged in a hybrid model that combined both remote and in-person instruction, while the final 20 

percent returned to full-time, in-person classroom settings, Dorn, E., Hancock, B., Sarakatsannis, J., & 

Viruleg, E. (2020). Consequently, various assessment measures of student achievement and educational 

outcomes have become less dependable or completely inaccessible due to the Covid-19 pandemic, The 

Forsyth Promise. (2020). There has been a decline in educational outcomes across the spectrum, and 

existing racial and socioeconomic disparities have worsened. Black and Hispanic students were less likely 

to have access to the prerequisites of learning—devices, internet access, and live contact with teachers. Left 

unaddressed, those opportunity gaps translated into wider achievement gaps, Dorn, E., Hancock, B., 

Sarakatsannis, J., & Viruleg, E. (2020). 

 

Academic performance is a critical aspect of K-12 education, shaping students’ future opportunities and 

success. A few concerns would be, what factors should school board officials observe when evaluating a 

school’s needs to meet high performance? Could such factors be a race composition, teacher/student ratios, 

and other resources? Such factors could have a huge impact on a student’s success and overall school 

performance. For example, could schools with a higher proportion of students from historically 

marginalized racial groups face such challenges? 

 

The primary objective of WS/FCS is to actively involve every student in exceptional and pertinent 

educational encounters, ensuring that they complete their studies equipped with essential interpersonal, 

academic, and professional proficiencies, enabling them to thrive in the global arena and make meaningful 

contributions to society. The ultimate aspiration of WS/FCS is to establish itself as the preeminent 

institution for learning and employment, driven by a commitment to excellence, cooperation, and 

embracing diversity, The Forsyth Promise. (2020). 

 

Problem Statement 

 

According to Accountability Data Release (2023), 864 schools in North Carolina have been identified as 

low performing, up from 488 in 2018-19. In WS/FCS, 35 schools were identified as low performing in the 

2021-22 school year, up from 21 in the 2018-19 school year. Of the 35 low performing schools, 29 of them 

still met growth 2022-2023. The report indicates that some schools in the WS/FCS district are still failing 

to meet or exceed growth in academic performance from previously accounted years by the North Carolina 

Department of Public Instruction (NCDPI). This is certainly a big concern not only for students, educators, 

and other stake holders but particularly for parents who constantly strive for a better future for their children. 

 

Dataset 

 

Our Dataset was obtained from the NCDPI which is responsible for implementing the state’s public-school 

laws for pre-kindergarten through 12th grade public schools at the direction of the State Board of Education 

and the Superintendent of Public Instruction. Within this database we acquired data sets from accountability 

reporting, 2022-2023 Accountability Data Release (2023) which is usually used by the state’s authorities 
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to assist in research of North Carolina accountability reporting and testing measures at the school and/or 

district level. 

 

Literature Review and Background 
 

Discrimination and prejudice are deeply ingrained in numerous systems and policies both in the United 

States and around the globe. Extensive research has shed light on the specific effects of racial discrimination 

and bias, revealing their presence in various aspects of life, Quintana, S. M., & Mahgoub, L. (2016).  It is 

crucial to not only rely on literature but also acknowledge the lived experiences of individuals, groups, and 

cultures who continue to face different forms of discrimination and suffer harm because of discriminatory 

practices. In the context of this discussion, our focus is on the impact of racial discrimination and bias on 

the education system, student discipline, and the subsequent effects on educational outcomes.  

 

The current state of the education system in the United States does not adequately support the fair growth 

and development of all students, particularly those with intersecting identities such as class, race, ethnicity, 

nationality, and ability. For instance, a student who is both African American and experiencing poverty, 

while also having a disability, may face additional challenges, Quintana, S. M., & Mahgoub, L. (2016).  

Several factors contribute to this, including school discipline policies, general educational policies, negative 

teacher-student interactions, and biases embedded within educational practices. These factors can have a 

detrimental effect on students’ experiences and hinder their ability to thrive and succeed in school, The 

Forsyth Promise. (2020).   

 

Extensive evidence has shown that Black and Brown students are more likely to face harsh disciplinary 

measures compared to their white peers. Experts attribute this disparity to the presence of implicit bias and 

the complex dynamics that unfold between students, school administrators, teachers, and school security 

when disciplinary incidents occur, Quintana, S. M., & Mahgoub, L. (2016). Implicit bias refers to the 

unconscious influence of attitudes and stereotypes on our understanding and decision-making processes. 

Consequently, when a student finds themselves in trouble, multiple factors come into play that can influence 

how the infraction is perceived by the administration, security personnel, and/or teachers. This, in turn, 

affects the disciplinary measures imposed on the student and the long-lasting consequences they may face. 

 

When a child experiences hunger, instability at home, or their family lacks the financial means to meet their 

basic needs, they face obstacles that hinder their success in education and in life, Assari, S., Mardani, A., 

Maleki, M., Boyce, S., & Bazargan, M. (2021). To gain a comprehensive understanding of the educational 

outcomes within our community, it is essential to examine not only what happens within the classroom, but 

also the external factors that influence these outcomes. Within our community, numerous children and 

students of all ages are either set up for success or failure even before they enter a classroom. The barriers 

to educational success encompass both present and historical circumstances that have long-lasting effects 

on the well-being of individuals, families, and the overall educational outcomes of the community.   

 

However, relying solely on numerical data does not always provide a complete picture. Therefore, we are 

committed to offering additional context and narratives that shed light on the intricate and interconnected 

factors that shape the learning process within our community. This approach, combined with data analysis, 

is crucial for gaining a deeper understanding of how elements such as bias, discrimination, and housing 

instability impact not only individuals and families, but also the community. 

 

According to the WS/FCS Superintendent Tricia McManus, the State Board of Education, and the North 

Carolina Department of Public Instruction, only “25% of the schools did not meet or exceed growth, and 

four schools came off of the state’s low performing list, even amidst the COVID challenges they faced over 
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the last two years”. Such observations are encouraging news and a big welcome to the NCDPI and the 

WS/FCS who are striving to see better performance results from their school districts. Given their 

sentiments in various literature reviews, it goes without saying that such authorities would want to see 

results even better than these, hence there remains more work to be done.  

 

Last September, the state convened an advisory group of about 45 stakeholders from across the state, 

including teachers, principals, legislators, and parents, to try to answer the question: What does high quality 

education look like in North Carolina? It is reported that according to statistics from last school year, about 

83% of the student population at Petree Elementary were economically disadvantaged and 96% were 

students of color, Diaz, A., Simmons, D., & Laissle, A. (2023). Schools with high levels of poverty face 

challenges. Teachers are working with students who may not only be below grade level but could also be 

dealing with trauma and other issues that come with having a low socio-economic status. According to a 

statewide survey they conducted, most respondents said student growth should be a bigger part of that 

picture but that is not the only factor they want considered, Diaz, A., Simmons, D., & Laissle, A. (2023). 

 

Grading Criteria 

 

The overall achievement growth of a school is determined by its School Performance Grade (SPG) and its 

School Growth Status (SGS) as determined by the Education Value-Added Assessment System (EVAAS) 

which is the State Board of Education adopted model for measuring growth for schools’ accountability and 

educator effectiveness North Carolina Department of Public Instruction. (2017). Using this model, School 

Performance Score (SPS) is calculated by adding the school’s achievement score (SA) with the school’s 

growth score (SG) and multiplied by their perspective percentages (SPS= SA (.8) + SG (.2)). If a school 

has a SPG of a D or F and a growth status not exceeding expectation (NOTMET/MET), then its performance 

is deemed low, The Forsyth Promise (2020).  

 

Methodology 
 

From our research and extracted dataset, we conduct complex statistical calculations, create data 

visualizations, manipulate, analyze data, and complete other data-related tasks. In Python, libraries such as 

pandas and NumPy provide powerful tools for data cleaning, making it easier to handle tasks such as data 

imputation, transformation, and validation. By leveraging these tools, we can efficiently clean and prepare 

our data for further analysis or modeling. 

 

Data Acquisition 

 

Data acquisition involves the systematic collection, extraction, transformation, and storage of raw data from 

various sources, ensuring that the data is accessible and suitable for further analysis and processing. This 

process is critical because it forms the foundation for meaningful insights and decision-making based on 

the acquired data. Such an example of unstructured state can be seen in Figure 1 that shows a snapshot of 

a few data retrieval for PK-5 student-teacher ratio by demographics, Accountability Data Release (2023). 

It can be clearly observed that other than just what can be directly read from the captioning, the data is 

poorly organized or completely unstructured for any statistical analysis with other data points, that is, within 

the same database there was more relevant information and data that could help with our argument but 

could not be due to its unstructured state. 
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Figure 1: School demographics with enrollment and student-teacher ratios 

 

 

The same organizational and statistical usability issue can be observed in Figure 2 for enrollment by gender 

and student diversity. It is not possible to observe any relationships or interdependencies within the data 

points. 

 

 
Figure 2: School Demographics with gender and student diversity  
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In Figure 3, we show a snapshot of our WSFCS data obtained from the state’s archives (2022-2023 

Accountability Data Release. (2023).) after extracting, organizing, and structuring it into a relevant dataset 

stored in tables consisting of interconnected rows and columns (data frame). Here the structured data is 

now neatly arranged and recorded, facilitating easy retrieval and processing. It is simpler to locate relevant 

information and even distinguish the connections among its components. 

 

 
Figure 3: Dataset 

 

Cleaned data is essential for preparing it for analysis, visualization, and modeling. Data cleaning involves 

tasks such as handling missing values, removing duplicates, standardizing formats, and correcting errors, 

which are necessary for subsequent data processing steps. Here are a few examples showing how we 

cleaned the data with coding in Jupyter notebook. In Figure 4 below we can see that drop() function is a 

pre-defined method in Pandas which enables the deletion of single or multiple rows or columns from a Data 

frame. It produces a fresh data devoid of the discarded rows or columns, and without altering the initial data 

frame. 

 

 
Figure 4: Dropping Columns 
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Figure 5 shows the Data frame preview, which shows the index on the left side. In this instance, a basic 

integer index is being used, which is the default when importing data from a CSV or Excel file into a Pandas 

Data frame. To drop a specific row from the data frame – specify its index value to the Pandas drop function. 

 

 

 
Figure 5: Dropping Rows/Irrelevant Data 

 

Python offers the preprocessing library, which includes the normalize function for data normalization. This 

function accepts an array as input and scales its values to fall within the range of 0 to 1. Subsequently, it 

produces an output array that maintains the original dimensions of the input. In figure 6 below, we can see 

how normalization makes the features more consistent with each other, which allows the model to predict 

outputs more accurately. 

 

 

 
Figure 6: Normalizing Numerical Comparisons 
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Data Analysis and Visualization 

 

The data analysis and visualization process included systematically applying statistical and/or logical 

techniques to describe, illustrate, condense, recap, and evaluate data. Python offers a variety of charting 

libraries such as Matplotlib, Seaborn, and other data visualization tools. Each of these libraries comes with 

unique features that allow users to create visually appealing and personalized plots to present data in a clear 

and effective manner. Here are a few comparisons that we visualized and analyzed for further review.  

 

We started by using the heatmap function to show relationship strengths of the involved variables. We 

chose the ‘coolwarm’ color map, which ranges from cool to warm hues, to represent weak to strong 

relationships. Our heatmap in figure 7 indicates negative relationships between black students versus most 

of the positive grade performance variables, unlike the white students which depicts a positive relationship 

with the same variables.  

 

 
Figure 7: Heatmap 

 

The scatter plots in Figure 8 below show the relationship between black and white students (x-axis, 

independent variable) and the school performance grade score and other variables (y-axis, dependent 

variable). It indicates that as the number of white students in schools increase, the school performance 

grades are increasing as well. When analyzing the black students, the results were directly inversed. It 

indicates that as the number of black students in schools increase, the school performance grades are 

decreasing.  

 

On adding a regression line for each plot, we are also able to predict the value of a variable based on the 

value of another variable, which is also a proven way to predict the future scientifically and reliably. From 

the figures we also note that the regression line slopes upward from left to right with white students, and 

exactly opposite for black students indicating that the SPG score increases with the number of white 

students and vice versa for black students. This is an important observation as it informs on the trend of the 



Issues in Information Systems 
Volume 25, Issue 1, pp. 136--147, 2024  

 
 

144 

 

parameter as we increase or decrease students by composition. It is clear from this that the SPG scores 

improve as the white student composition is increased and vice versa for the black student composition. 

 

 
Figure 8: Comparing SPG v Black & White Students 

 

The R-squared values for the graphs indicate a significantly reasonably close relationship between student 

race composition and the SPG score albeit a little stronger for the white students than the black students. 

 

In Figure 9 it shows the exact same trend when comparing white and black students to the EVAAS growth 

score. This result is consistent with the negative relationship we anticipated between school performance 

grades and black students. R-squared for both graphs are between –1 and +1 which means another positive 

relationship, but not as high as the previous graph.  

 

 

 
Figure 9: Comparing EVAAS Growth v Black & White Students  

 

In Figure 10, we can see it depicts the same trend again when comparing white and black students to the 

Overall Achievement score. While the trend for white students versus is positive, these results for black 

students are consistent with the negative relationship we observed between school performance grades and 
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EVAAS growth score. The R-squared values for both graphs indicate another positive and reasonably 

strong relationship. 

 

 
 

Figure 10: Comparing Overall Achievement v Black & White Students + Coding 

 

 

In Figure 11, the same trend is displayed when comparing white and black students to the Teacher/student 

ratios. These results are consistent with the negative relationship we observed between school performance 

grades, EVAAS growth score, and overall achievement score with black students. The R-squared for both 

graphs depict a positive relationship albeit not strong.  

 

 
Figure 11: Comparing Teacher/student Ratio v Black & White Students  

 

 

Predict Future SPG Scores 

 

We used the 80/20 train test for our model. We used the KNeighbors regression technique to predict a 

school’s school performance score based on the students’ race composition. For example, for the 

performance based on a schools’ black and white students’ prediction, the model returned a mean absolute 
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error of 0.2287. This means that the average error of the SPG score predicted by the model is 0.2287. This 

is a minimal error since the SPG scores are in 2digit values (e.g., 80) hence a very reliable prediction. In 

Figure 12 below, we show the code we used to train the model. 

 

 

 
Figure 12: 80/20 Train/Test 

 

 

Conclusion and Future Works 

 
Our data analysis results indicate that student race composition and student-teacher ratio have the most 

significant correlation to school performance. We also observed that schools with higher white student 

composition also had a relatively higher teacher/student racial which is the preferred status for good 

performance. It would therefore be erroneous to conclude that white students tend to be smarter, but it could 

be argued that the displayed results of better performance correlation with white students is due to its 

accompaniment by better teacher/student ratio. We also observed that “other” student category had similar 

trends as the “black” student category in all aspects e.g. school performance, overall achievement, and 

growth score albeit with different correlation strengths. The analysis results also supported our hypothesis 

and the popular belief that student race composition was indeed a (but not the only) contributing factor to 

school performance albeit, as seen in our work, with other confounding factors that favor schools with 

predominantly white students e.g. teacher/student ratio. Our work did not delve into all other possible 

contributing factors e.g. teacher quality, study environments, etc. that could also contribute to such findings 

and conclusions. 

 

 Addressing such factors through targeted policies and interventions can lead to improved educational 

outcomes (Higher SPGS) for all student categories in WS/FCS K-12. Such findings could help parents and 

school board officials examine schools with both high student-teacher ratios and imbalanced race 

composition, and how they face compounded challenges that impact academic success. Also, they could 

help policymakers and educators develop targeted interventions to address low academic performance. 

 

 For future work we wish to extend the scope of our research to statewide and eventually to the national 

dataset. We also formulated some recommendations for WS/FCS from our finds of the research which 

entails, reduce Student-Teacher Ratios by advocating for smaller class sizes and increased teacher 

recruitment to improve individualized instruction and student support. Also, they could increase equity in 

resource allocation by encouraging equitable resource allocation to schools with imbalanced race 

composition, providing additional support and culturally responsive programs. 
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