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Abstract 

Many elementary teachers use formative assessment strategies as common practice, yet 

little information is available regarding specific programs and their influence on student 

achievement. Accordingly, the problem of this quantitative study was that the influence 

of the Istation computer-based reading program on student achievement as measured by 

the English Language Arts Partnership for Assessment of Readiness for College and 

Careers (ELA PARCC) summative assessment is unknown. The purpose was to 

investigate the influence of the Istation program on achievement and the use of specific 

digital learning tools for assessment. Sadler’s framework outlined the formative 

assessment cycle, designed to improve achievement, and guided the research questions of 

how performance on Istation influenced summative assessment. The 6 research questions 

for the study investigated the differences in Istation’s Indicators of Progress (ISIP) scores 

over time and the relationship between the Istation formative and ELA PARCC 

summative assessments. Ex-post facto analyses included a one-way repeated measures 

mixed analysis of variance and a linear regression analysis from a data sample from 175 

Grade 3-5 students who each had a complete data set of 3 formative assessment ISIP 

scores from Istation and 1 summative PARCC score. Key results indicated ISIP scores 

improved over time and Istation can be used to predict student achievement on the ELA 

PARCC. Findings reinforced the potential of the program to offer student feedback and 

teacher data to guide instruction. Such a program can positively impact social change by 

improving essential student ELA skills and performance on the standardized state test 

that will translate to greater success in the future. 
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Chapter 1: Introduction to the Study 

When executed correctly, formative assessments may inform teachers and their 

students about performance and skill progress. Sadler (1989) indicated that designing 

instruction in accordance with the formative assessment process increases student 

achievement on summative assessments. The Istation program is a formative assessment 

that teachers use to assess students at Hagan Elementary School (HES, pseudonym), the 

local district where this study took place. The research problem addressed in this 

dissertation is that the influence of the Istation reading formative assessment program on 

student achievement as measured by the English Language Arts (ELA) Partnership for 

Assessment of Readiness for College and Careers (PARCC) summative assessment is 

unknown. The study was conducted to fill the gap in practice regarding the link between 

specific formative assessments and summative assessment. This endeavor may contribute 

to social change by reinforcing the gap in practice evidenced in the literature relative to 

the use of the Istation digital formative assessment tool to influence student achievement. 

Investigating the use of a computer-based formative assessment program provides data 

analysis for teachers and administrators to apply when deciding whether such programs 

benefit the learner; helps teachers by guiding instruction; and creates a clear cycle 

through formative and summative assessment practices. I have provided a detailed 

description of the problem and purpose of the study and the research methodology and 

framework that guide the research questions. The end of the chapter includes the scope, 

limitations, assumptions, and delimitations of the study.  
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Background 

Effective formative assessment strategies are key factors that, when used 

systematically, may double student growth (Polly et al., 2017). Luo, Lee, and Molina 

(2017) found a strong correlation between Istation individualized formative assessment 

and improved reading scores on the Standardized Test for the Assessment of Reading 

(STAR) in their mixed-methods study conducted with 98 third graders; they 

recommended further research with larger samples, especially if controlled for extraneous 

factors. Putman (2016) found a statistically significant relationship between the influence 

of the Istation reading program on kindergarten literacy achievement and indicated a need 

to conduct further research with other grade levels as these data included kindergarten 

only. Results from a study by Patarapichayatham, Fahle, and Roden (2014) found that 

Istation served as a predictor of how students perform on the State of Texas Assessments 

of Academic Readiness (STAAR) reading test; the authors suggested that additional 

research expand upon these findings. More recent studies found that Istation scores serve 

as a predictor of scores on other state summative tests and support the need for additional 

replication and a study that further isolates Istation’s effect on student preparedness for 

summative exams (Campbell, Lambie, Sutter, Bickham, & Pulse, 2018; 

Patarapichayatham, 2018). Marin (2015) conducted a reading improvement study with 

Texas third graders’ (n = 102) and suggested that Istation’s effectiveness as appropriate 

formative assessment should be investigated in other grade levels and locations. To 

address the gap in practice indicated in the literature, I investigated the influence of the 

Istation reading program on Grades 3-5 students’ preparedness and achievement on New 
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Mexico’s ELA section of the PARCC summative assessment. This study may provide 

information to the stakeholders at the district about the function of the Istation formative 

assessment program to influence the mandated summative assessment. Data from this 

multigrade study in a different geographical location than previous studies may support 

Istation’s influence on summative ELA assessments. This study was needed because 

investigating the problem addressed in this study may improve practice and narrow the 

gap in practice related to formative assessment in the education field. 

Problem Statement 

The research problem addressed in this dissertation was that the influence of the 

Istation reading formative assessment program on student achievement as measured by 

the ELA PARCC summative assessment is unknown. Students spend anywhere from 30 

to 90 minutes a week interacting with the program, followed by a monthly assessment, 

yet the program’s effects on reading proficiency for students in Grades 3-6 is unknown. 

Each year, the school’s population at HES has a reading proficiency of about 30%. The 

district is using Istation to improve this figure, and it is crucial to find out its effects on 

reading proficiency and student growth. In appropriate data-based or data-driven decision 

making (DDDM), data about student learning guide teacher understanding of student 

progress and future instructional and curricular decisions (Bernhardt, 2016). Formative 

assessment requires a clear path from the evaluation of current skills to the level of skills 

that the student needs to have, with a significant emphasis on closing the gap in between 

(Sadler, 1989). Istation’s designers posited that, with systematic use, their computer-

based formative assessment reading program helps elementary students close the gap in 
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knowledge via individualized feedback on monthly assessments (Patarapichayatham, 

2018). To further examine the influence of Istation’s formative assessment on summative 

assessment and to address the gap in practice indicated in the literature, in this study I 

investigated the influence of the Istation reading program on Grades 3-6 students’ 

achievement as measured by the scores on the ELA section of the PARCC summative 

assessment. Data from this multigrade study may provide support that the Istation 

program’s individualized lessons help prepare students for summative ELA assessments 

and improve overall elementary reading skills. While formative assessment has been used 

in the education field for several years, as the education realm moves into automated data 

analysis, the influence of more recent digital assessment tools is significant to the 

curriculum, instruction, and assessment field (Bhagat & Spector, 2017). Recent literature 

included the potential of specific formative assessments, some of which are computer 

based, to improve certain aspects of reading student achievement and provide appropriate 

feedback to the student and teacher (see De Lisle, 2015; Karim, 2015; Petour, 2015). 

Previous researchers suggested further analyzing specific programs to assess the 

effectiveness of each one. 

Purpose of the Study 

The purpose of this quantitative study was to investigate the influence of the 

Istation reading formative assessment program on student achievement as measured by 

the ELA PARCC summative assessment. To address the gap in practice regarding the 

influence of the Istation formative assessment program on summative assessment, it was 

necessary to investigate how the students performed on the Istation Indicators of Progress 
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(ISIP) and whether their end of year ELA PARCC assessment scores deemed them 

proficient or not proficient. The results of the compared proficient or not-proficient 

groups may determine whether Istation’s program offers formative data relative to 

influencing ELA performance. The state deems satisfactory student reading proficiency 

as PARCC scores at or above Level 4. The school administration provides Istation to 

enrich reading proficiency as part of the regular elementary curriculum; they may be able 

to use data from this study to guide program and function decisions about formative 

assessment processes. This research is also consistent with the Sadler (1989) framework 

that guides formative assessment practices and indicates that such individualized 

feedback may close the gap in knowledge between the student’s current and desired 

levels of academic functioning. Specifically, I accessed and analyzed archived ISIP and 

ELA PARCC measures to investigate the effectiveness of the Istation program on reading 

achievement. The original data add to the existing research about the connection between 

formative and summative assessment.  

Research Questions and Hypotheses 

The purpose of this quantitative study was to investigate the influence of the 

Istation reading formative assessment program on student achievement as measured by 

the ELA PARCC summative assessment. Understanding Istation’s effectiveness at 

preparing students to achieve satisfactory summative assessment scores is relative to 

addressing the gap in practice indicated in the literature as well as the theoretical 

framework in this study. The population for this study consisted of 281 students from a 

Title I school in third through sixth grade, although, as described in Chapter 4, the Grade 
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6 student data sets were excluded and removed prior to analysis. Each student in Grades 

3-6 used Istation at least 25 minutes a week. Student data and progress were 

automatically collated into a student Istation report each month. Following each monthly 

formative assessment, the Istation’s computer-based program informs students where 

they are regarding reading comprehension and understanding vocabulary and 

individualizes tasks to close the knowledge gap and move the student toward achieving 

grade-level skills. The state reviews and archives data from the Istation assessment at the 

beginning of the year (BOY), middle of the year (MOY), and end of the year (EOY). At 

the end of the school term, student achievement was cumulatively assessed with the ELA 

PARCC assessment.  

Using Sadler’s three-step process for effective formative assessment, the research 

questions guided the study to investigate whether there was a change in ISIP scores over 

time for students before, during, or after participation in the Istation reading program. 

The function of the Istation reading program aligns with Sadler’s formative assessment 

framework by cycling students monthly through Sadler’s steps: The first involves a 

monthly assessment (where the student is); Step 2 is goal setting (where the student needs 

to be); and Step 3 completes the feedback loop to evaluate goal attainment through 

continuous assessment (how to get students from where they are to where they need to 

be). A monthly assessment identifies current student level and creates a report to the 

teacher that indicates individual strengths and needs. Students complete assigned lessons 

until the next monthly assessment, where the program has filled the gaps in knowledge. 

Following the cycle theoretically better prepares students with individualized feedback 
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for summative reading assessments. This framework informed the research questions and 

analysis for this study by providing a lens through which to analyze student outcomes 

from Istation data. The following research questions guided this study: 

RQ1: Are there statistically significant differences in ISIP scores for Grade 3 

before (BOY), during (MOY), and after (EOY) participation in the Istation reading 

program? 

H01: There are no statistically significant differences in ISIP scores for Grade 3 

before (BOY), during (MOY), and after (EOY) participation in the Istation 

reading program. 

Ha1: There are statistically significant differences in ISIP scores for Grade 3 

before (BOY), during (MOY), and after (EOY) participation in the Istation 

reading program. 

RQ2: Are there statistically significant differences in ISIP scores for Grade 4 

before (BOY), during (MOY), and after (EOY) participation in the Istation reading 

program? 

H02: There are no statistically significant differences in ISIP scores for Grade 4 

before (BOY), during (MOY), and after (EOY) participation in the Istation 

reading program. 

Ha2: There are statistically significant differences in ISIP scores for Grade 4 

before (BOY), during (MOY), and after (EOY) participation in the Istation 

reading program. 
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RQ3: Are there statistically significant differences in ISIP scores for Grade 5 

before (BOY), during (MOY), and after (EOY) participation in the Istation reading 

program? 

H03: There are no statistically significant differences in ISIP scores for Grade 5 

before (BOY), during (MOY), and after (EOY) participation in the Istation 

reading program. 

Ha3: There are statistically significant differences in ISIP scores for Grade 5 

before (BOY), during (MOY), and after (EOY) participation in the Istation 

reading program. 

RQ4: To what extent do Istation formative assessment scores (MOY) predict 

literacy performance as measured by the ELA PARCC summative assessment for Grade 

3? 

H04: The Istation formative assessment does not predict literacy performance as 

measured by the ELA PARCC summative assessment for Grade 3. 

Ha4: The Istation formative assessment does predict literacy performance as 

measured by the ELA PARCC summative assessment for Grade 3.  

RQ5: To what extent do Istation formative assessment scores (MOY) predict 

literacy performance as measured by the ELA PARCC summative assessment for Grade 

4? 

H05: The Istation formative assessment does not predict literacy performance as 

measured by the ELA PARCC summative assessment for Grade 4. 
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Ha5: The Istation formative assessment does predict literacy performance as 

measured by the ELA PARCC summative assessment for Grade 4.  

RQ6: To what extent do Istation formative assessment scores (MOY) predict 

literacy performance as measured by the ELA PARCC summative assessment for Grade 

5? 

H06: The Istation formative assessment does not predict literacy performance as 

measured by the ELA PARCC summative assessment for Grade 5. 

Ha6: The Istation formative assessment does predict literacy performance as 

measured by the ELA PARCC summative assessment for Grade 5.  

I analyzed the quantitative research questions to find out whether the Istation 

scores changed over time and whether they influenced each student’s summative 

assessment (ELA PARCC). The dependent variable for the first three research questions 

in this study was the Istation formative assessment program, while the independent 

variables were the ISIP scores from the three points in time throughout the school year 

(BOY, MOY, EOY). The dependent variable for the last three research questions in this 

study was the ELA PARCC and the independent variable that was investigated as a 

predictor was the MOY ISIP score from the Istation reading program. Determining 

whether these data sets influenced student preparedness for summative assessment may 

confirm the effectiveness of Istation’s formative assessment process, thereby addressing a 

gap in practice identified in the literature. Providing data to support Sadler’s (1989) 

framework is critical to make instructional decisions that close the gap between current 

academic knowledge and the ideal academic goals for a classroom of students.  
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Theoretical Foundation 

Sadler’s (1989) 3-Step process for effective formative assessment was the 

theoretical framework for this study. Sadler (1989) indicated that designing instruction in 

accordance with the formative assessment process increases student achievement on 

summative assessments. Sadler’s research built upon the study by Ramaprasad (1983) 

which discussed the definition of feedback as the input, existence of data, and the gap 

between the actual and referential level of skills. Sadler posited the need to establish 

where the learners are in their learning (Step 1), where they are going (Step 2), and what 

needs to be done to get them there (Step 3). Sadler’s 3-step process frames the formative 

assessment cycle, designed to ultimately improve student achievement (Black & Wiliam, 

1998). Ascertaining that student learning is the output of Sadler’s 3-Step process is an 

important factor. 

Sadler’s 3-Step formative assessment process was an appropriate framework for 

this study because it is unknown whether the Istation formative assessment program 

effectively prepares students for the required summative assessments. Determining the 

alignment between Istation reading scores and student summative scores may provide 

quantitative data indicating that the framework is effectively guiding instruction and 

learning in the classroom. The Istation reading program was designed to follow Sadler’s 

formative assessment framework by cycling students monthly through Sadler’s steps: a 

monthly assessment, goal setting, and completing the feedback loop to evaluate goal 

attainment through continuous assessment (Sadler, 1989). A monthly assessment 

evaluates existing student skills and level (Step 1), and a printed goals-report includes 
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identified skills needed to meet grade-level content standards (Steps 2 and 3). Following 

each assessment, the Istation program software automatically assigns individual lessons 

to help predict what the student needs to fill the gaps in knowledge. Determining whether 

the data sets from Step 3 influence student preparedness for summative assessment may 

confirm the effectiveness of Istation’s formative assessment process, thereby addressing a 

gap identified in the literature. The formative assessment process and the previous works 

that follow the framework proposed by Sadler (1989) are detailed in Chapter 2. Providing 

data to support Sadler’s framework is critical to make instructional decisions that close 

the gap between current academic functioning and the ideal academic goals for a 

classroom of students.  

Nature of the Study 

The focus of this study was to determine the extent of the influence of the Istation 

reading individualized, computer-based, formative assessment program on student 

achievement as measured by the ELA PARCC summative assessment. First, I chose a 

quantitative design using the one-way repeated measures analysis of variance (ANOVA) 

because the study involved measuring each student’s data over the three time points using 

the same measurement at each time point (Laerd Statistics, 2019). Secondly, I chose a 

quantitative design using the linear regression because the study involved investigating 

the relationship between the Istation formative assessment program and the summative 

ELA PARCC summative assessment. The Istation score informs the students where they 

are regarding reading comprehension, spelling, text fluency, and understanding 

vocabulary, and individualizes tasks to close the gap and move the student toward 
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achieving grade level skills. As described in Chapter 4, the analyzed data set consisted of 

scores from 175 students from a Title I school in Grades 3 through 5. For the one-way 

repeated measures ANOVA, the 2017–2018 ISIP score received on the Istation’s 

computer-based program was the dependent variable. The independent variable was the 

ISIP score from each of the three points in time that students took the Istation formative 

assessment in 2017–2018. For the linear regression, the dependent variable was the ELA 

PARCC score and the independent variable was the Istation reading formative assessment 

MOY ISIP score, assessed to see its predictive ability on the ELA PARCC summative 

test.  

Definitions 

Formative assessment: Refers to a wide variety of methods that teachers use to 

conduct in-process evaluations of student comprehension, learning needs, and academic 

progress during a lesson, unit, or course (Great Schools Partnership, 2014). Sadler (1989) 

stated that it is “how judgments about the quality of student responses (performances, 

pieces, or works) can be used to shape and improve the student's competence by short-

circuiting the randomness and inefficiency of trial-and-error learning” (p. 120).  

High-Stakes Assessment: Assessment which is summative in nature and is used to 

rate the performance of a student, teacher, leader, and/or school. This can include state 

end of year assessments (McDowell, Smailes, Sambell, Sambell, & Wakelin, 2008) 

Istation’s Indicators of Progress (ISIP): ISIP is an “Internet- and Web-delivered 

computer-adaptive testing system that provides continuous progress monitoring 
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assessments in the critical domains of reading in prekindergarten through eighth grade” 

(Patarapichayatham et al., 2014, p. 3).  

Partnership for Assessment of Readiness for College and Careers Assessment 

(PARCC): The PARCC is an assessment that a group of states worked together to 

develop. The PARCC measures whether students are on track to be successful in college 

and careers. The statewide standardized examination is used to test students. The PARCC 

is based on the federal Common Core standards, and it tests students on the curriculum 

goals for each respective grade, including the areas of ELA and mathematics in Grades 

3–11 (New Jersey Department of Education, 2015).  

Schoolwide Title I: As part of the Every Student Succeeds Act (ESSA), a Title I 

school receives financial assistance due to the high percentage of children served that 

come from low-income families (New Jersey Department of Education, 2015).  

Summative Assessment: A summative assessment is administered to students at 

the end of an instruction cycle to certify students or curriculum (Black & Wiliam, 2009).  

Assumptions 

To produce reliable results for this study, it is necessary to recognize and share 

assumptions and their potential impact. The first assumption was that the principal of the 

school kept the PARCC data and Istation monthly ISIP scores in a password-protected 

computer. With the Istation program being relatively new to the school (two full years of 

adoption), an assumption was that the teachers administered the test to each student every 

month of the school year and that students were given the opportunity to meet their 

suggested minutes on the Istation program each month. A last assumption is that teachers 
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and administrators ethically proctored the summative ELA PARCC assessment in various 

locations throughout the month-long testing period.  

Scope and Delimitations 

This study was limited to elementary and intermediate school reading. Therefore, 

the results are limited to one content area in multiple grades. Additionally, the scope of 

this study was concentrated on a student population in Grades 3 through 6 in a Title 1 

school district comprising 281 students in a rural southwestern town. (However, due to 

incomplete data sets, I excluded all Grade 6 data sets from the data analysis, adjusting the 

population from 281 to 201 and from Grades 3-6 to 3-5, as discussed in further detail in 

Chapter 4.) Since I work at the school where the study took place, the location and 

number of students in the sample was one of convenience. The study was limited to the 

indicated grade-levels and the reading content area, using archived data. The specific 

focus was chosen because of the limited amount of research regarding the Istation 

formative assessment’s effects on summative assessment for those grade levels. These 

results, provided in Chapter 4, may generalize to other Title I schools with students in 

Grades 3 through 6 in the same region or in similar regions. 

Limitations 

One possible limitation could be that I was working at the school from which 

these data were retrieved. However, since these data are archival, there was no conflict of 

interest. These data that I analyzed were from one Title I school in one school district in 

the Southwest region of the United States. Therefore, the findings may not be 

generalizable to students in these same grades in other regions. Also, through this study I 
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provided information about the influence of Istation’s scores and not necessarily the 

quality of its use. Finally, though I found some articles and dissertations related to the 

Istation program (the independent variable in the study), none of these studies listed such 

measures. To gather this information, I contacted the Istation designers but have not 

received a reply. Therefore, a final limitation was the lack of published validity and 

reliability measures of the Istation program. As I accessed data that were already 

deidentified, there is not a concern for confounding variables such as age, gender, or 

grade level. 

Significance 

This study was important to address the gap in practice relative to the Istation 

individualized computer-based formative assessment’s ability to influence the PARCC 

summative assessment and improve student achievement. The study may benefit the 

education field as it may provide data to indicate Istation’s ability to influence student 

performance in reading on the PARCC summative assessment. The study may contribute 

to addressing the gap in practice related to assessment by offering an understanding of the 

students’ Istation program’s formative assessment scores’ ability to prepare students for 

the end of year summative assessment, the ELA PARCC. HES has students who take the 

PARCC assessment and are using the Istation program without evidence of its ability to 

prepare students to achieve proficiency on the PARCC. Teachers may benefit from this 

information as it may provide formative data for students needing support and offer areas 

for remediation or extension. Teachers may gain a valid, reliable tool to understand 

strengths, areas for growth, and the ability to personalize learning. Black and Wiliam 
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(2009) found that it is crucial for the formative assessment to include interactive 

feedback. Istation’s designer aimed to accomplish this task in its reading formative 

assessment program. The study may help to determine whether there is a significant 

relationship between achievement of the students using the Istation ISIP reading 

formative assessment and interactive feedback versus teacher-led reading formative 

assessment. Results may provide information to the education field about the 

effectiveness of the program and make informed decisions regarding its continued use in 

school districts.  

The study findings may indicate efforts to close the gap in practice at the local 

school by indicating the function of the Istation formative assessment program relative to 

student achievement on the PARCC. Furthermore, because the Istation tool was 

mandated by the state to be used in Grades K-2, the results may inform stakeholders 

about the necessity of the program’s use as an effective formative assessment tool for 

upper elementary students. The effects of closing this gap in practice involve how 

teachers and students use formative assessment data to guide instruction. The study 

contributes to the literature about the program’s use and supports the practical application 

of digital formative assessment use in the education field. This endeavor may contribute 

to social change by reinforcing the gap in practice relative to the use of a digital 

formative assessment tool to influence student achievement. Investigating the use of a 

computer-based formative assessment program provides data analysis for teachers and 

administrators to apply when deciding whether such programs benefit the learner, help 



17 

 

teachers by guiding instruction, and create a clear cycle through formative and 

summative assessment practices. 

Summary 

I investigated the influence of the Istation reading program on student 

preparedness and achievement as measured by the ELA PARCC summative assessment. 

Using Sadler’s three-step process, I determined to what extent the Istation formative 

assessment program scores influence the summative assessment for students attending 

HES. The information gained may contribute to the gap in practice evidence in the 

literature by linking formative to summative assessment. In the next chapter, I explore 

current research to provide a background for the study in the form of a literature review. 
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Chapter 2: Literature Review 

The research problem addressed in this dissertation was that the influence of the 

Istation reading formative assessment program on student achievement as measured by 

the ELA PARCC summative assessment is unknown. The purpose of this quantitative 

study was to investigate the influence of the Istation reading formative assessment 

program on student achievement as measured by the ELA PARCC summative 

assessment. In a mixed methods study with 98 third-grade children, Luo et al. (2017) 

found a strong correlation between Istation individualized formative assessment and 

improved reading scores on the STAR; they recommended further research with larger 

samples, especially if controlled for extraneous factors. Putman (2016) found a 

statistically significant relationship between the effect of the Istation reading program and 

kindergarten literacy achievement and indicated a need to conduct additional studies with 

other grade levels and locations. Results from a study by Patarapichayatham et al. (2014) 

found that Istation served as a predictor of how students perform on the STAAR reading 

test; the authors suggested that additional research expand upon these findings. 

More recent studies found that Istation scores serve as a predictor of scores on 

other state summative tests and support the need for additional replication and a study 

that further isolates Istation’s effect on student preparedness for summative exams 

(Campbell et al., 2018; Patarapichayatham, 2018). Marin (2015) conducted a reading 

improvement study with Texas third graders’ (n = 102) and suggested that Istation’s 

effectiveness as appropriate formative assessment should be investigated in other grade 

levels and locations. In this chapter, I include strategies for the literature search, the 
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theoretical foundation of the study, and a comprehensive literature review related to key 

concepts and variables. The literature review indicates the need for additional research 

regarding the Istation program’s formative assessment’s relationship to summative 

assessment. 

Literature Search Strategy 

The literature presented in this review focuses on formative assessment practices, 

recent changes in the field including the use of computer-based and individualized 

formative assessment for reading, and research on the link between formative and 

summative assessments. Researching the background of formative assessment and how it 

has evolved since its inception helped structure the search and funnel down to the effects 

of specifically the Istation program. In this next section, I include a list of library 

databases and search engines used, key search terms and combinations of search terms, 

and the scope of the literature review in terms of years and types of literature searched. 

Databases and Search Engines Used for Review 

The databases I researched for this literature review include Academic Search 

Complete, ERIC, Education Source, and ProQuest. I also found some dissertations 

related to the program’s influence on ELA achievement for kindergarten through Grade 2 

on the Istation website. The main keyword phrases used to search were Istation, 

formative assessment effectiveness, summative assessment, elementary or primary 

education, and student achievement, Grades K-8, student assessment, the PARCC exam, 

computer-based assessment, computer-based formative assessment, predictors of 

achievement, game-based learning, digital learning, and the works of Black and Wiliam, 
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Ramaprasad, and Sadler. However, since the Istation program was only founded in 1998, 

I also researched how previous formative assessment programs influenced summative 

assessment in the education field. Key phrases included a combination of two or more of 

the following: formative assessment and summative assessment, reading or literacy, and 

computer-based formative assessment, and student achievement.  

Scope of Review 

Other than the formative assessment seminal works of Ramaprasad (1983), Sadler 

(1989), and Black and Wiliam (1998), I limited the search to current, peer-reviewed 

studies from the previous 5 years, 2014–2019. Among these studies are three 

comprehensive literature reviews of several formative assessment studies and four robust 

reviews of computer-based formative assessment. The Black and Wiliam formative 

assessment background paired with the current studies provide the theoretical foundation 

and current need for additional research.  

Theoretical Foundation 

The work of Sadler (1989) and his 3-Step cycle frames the study. Educators and 

policy makers view formative assessment as a primary approach to educational reform 

(Herman, Osmundson, Dai, Ringstaff, & Timms, 2015; Petour, 2015). Educators are 

seeking ways to understand what skills the students have so they can, ultimately, perform 

better on high-stakes assessments. With the focus on formative assessment practices, 

Sadler’s 3-Step cycle aligns with the way the Istation’s designers posit their program 

works to improve student achievement.  
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Origin and Hypotheses of Sadler’s Theory 

Sadler (1989) indicated that designing instruction in accordance with the 

formative assessment process increases student achievement on summative assessments. 

The author built upon the study by Ramaprasad (1983), who defined feedback as the 

input, existence of data, and the gap between the actual and referential level of skills. 

Sadler posited the need to establish where the learners are in their learning (Step 1), 

where they are going (Step 2), and what needs to be done to get them there (Step 3). 

Sadler’s 3-step process frames the formative assessment cycle with the hypothesis that it 

will ultimately improve student achievement (Black & Wiliam, 1998). Sadler shared that 

effective formative assessment used with this cycle can help students fill the gap in 

knowledge. Ascertaining that student learning is the output of Sadler’s 3-Step process is 

an important factor.  

Rationale  

The framework theorized by Sadler (1989) is appropriate because his 3-Step 

formative assessment process outlines the cycle intended to close the gap in knowledge. 

Since Istation’s designers claim to be able to close this gap in knowledge for each student 

via personalized and individualized feedback, the program’s use aligns with the three 

steps the framework outlines: from where the student is, to where they should be, and 

how to get them there. Determining the alignment between Istation reading scores and 

student summative scores would provide quantitative data indicating that the framework 

is effectively guiding instruction and learning in the classroom. The Istation reading 

program was designed to follow Sadler’s formative assessment framework by cycling 
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students monthly through Sadler’s Steps: a monthly assessment, goal setting, and 

completing the feedback loop to evaluate goal attainment through continuous assessment. 

A monthly assessment evaluates existing student skills and level (Step 1), and a printed 

goals report includes identified skills needed to meet grade-level content standards (Steps 

2 and 3). The Istation program software assigns individual lessons to help predict what 

the student needs to fill the gaps in knowledge. Following the cycle theoretically better 

prepares students with individualized feedback for summative reading assessments.  

Application From Previous Literature 

Previous authors of formative assessment studies included Sadler’s 3-Step 

process. In their article about assessment for learning, Calfee, Wilson, Flannery, and 

Kapinus (2014) shared the importance of student involvement and feedback in the 

learning process (Sadler, 1989). Das et al. (2017) conducted research that involved 

medical students using formative assessments. The authors found that feedback is 

important to help the students fill their learning gaps (Das et al., 2017). Dixson and 

Worrell (2016) used Sadler’s specific language to describe how teachers and students can 

use formative assessment to improve student achievement on summative assessment. The 

study in hand is like these studies because I used Sadler’s framework to investigate the 

relationship between student performance on the Istation program formative assessment 

and the ELA PARCC assessment. 

Relevance to Research Questions 

This framework informs the research questions and analysis for this study by 

providing a lens through which to analyze student outcomes from Istation data. 
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Determining whether the data sets from Steps 1-3 influence student preparedness for 

summative assessment may confirm the effectiveness of Istation’s formative assessment 

process, thereby addressing a gap identified in the literature. Finding out whether there is 

a change in ISIP score for students who did or did not receive a proficient score on the 

PARCC builds upon the existing theory of Sadler’s 3-Step formative assessment process 

aimed at closing the gap in knowledge. Providing data to support Sadler’s (1989) 

framework is needed to make instructional decisions that close the gap between current 

academic knowledge and the ideal academic goals for a classroom of students. 

Literature Review Related to Key Concepts and Variable 

Formative assessment is widely used to assess student learning and guide 

instruction. In this section, I include information related to formative assessment in 

general and recent research in the field related to the components of this study: the link to 

summative assessment and student achievement in various areas including a 

comprehensive group of studies specifically about reading, a review of some computer-

based assessments and literacy, and finally the current research on the Istation program 

related to all the above information. The research may indicate the need for the study of 

the specific programs and their ability to influence student achievement. 

Formative Assessment and Feedback 

Formative assessment provides feedback to students to help them learn 

effectively, and it can come in many forms (Black & Wiliam, 2009). Formative 

assessments also inform students and their teachers about what the learning goal is, where 

the students are in relation to that learning goal, and what can be done to improve 
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subsequent performance (Black & Wiliam, 2009; Dixson & Worrell, 2016; Sadler, 1989). 

Recent studies indicated the potential of formative assessment to provide such feedback 

about student performance (De Lisle, 2015; Herman et al., 2015; Karim, 2015). A 

university study by Owen (2016) revealed that it is important to offer students multiple, 

low-stakes, active learning opportunities. The monthly Istation program can be viewed as 

low stakes because it is not part of the student end-of-year portfolio of assessments. 

However, formative assessment is not always congruent with teachers’ pedagogical 

beliefs and practices. Researchers who sought teachers’ perspective and evaluation of 

assessment practices found that even though educators and policy makers historically 

viewed formative assessment as a main approach to educational reform, teachers need to 

have ownership of assessment practices for student success and a clear system for 

feedback (De Lisle, 2015; Herman et al., 2015; Petour, 2015; Sach, 2015). These studies 

indicate the need for additional research in specific practices. 

Formative assessment practices and teachers’ understanding of executing such 

practices are not always alike. A study completed by Cotton (2017) found that students 

rated teachers higher than teachers rated themselves on formative assessment practices. 

Curry, Mwavita, Holter, and Harris (2016) found that formative data use facilitates 

teacher motivation but, to be effective, must be completed under the proper conditions, 

including district-wide support. Clinchot et al. (2017) stated that prescribed assessment 

can miss opportunities to understand students’ reasoning. The authors suggested the need 

for a four-step, responsive formative assessment where information is elicited, noticed, 

interpreted, and acted upon to elicit students’ way of thinking (Clinchot et al., 2017). 
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Srivastava, Waghmare, and Mishra (2018) reported positive effects when investigating 

the use of formative assessment with first-year medical students. Using clearly defined 

formative assessment classroom techniques (FACTs), the effect size for student 

achievement of the treatment group was 1.12 (Srivastava et al., 2018). The authors found 

that the FACTs are useful tools to assess understanding, tailor instructional modifications, 

and facilitate feedback (Srivastava et al., 2018). Drawing on the recent studies and the 

seminal theories of Black and Wiliam (1998) and Sadler (1989; 1998), the researchers 

indicated the need to investigate specific formative assessment strategies in today’s 

classrooms. This research informs the current study because Istation is a specific 

formative assessment program with little data to indicate its effectiveness in the 

classroom setting for students in Grades 3 through 6. 

The Synergy of Formative and Summative Assessment 

Formative and summative assessment should work in tandem to achieve positive 

student outcomes. Dixson and Worrell (2016) stated that formative assessment is “a 

whole set of tools to provide feedback to help students learn more effectively” (p. 154), 

and summative assessments are high stakes because they seek to gather a final snapshot 

of the student’s achievement that school year. However, in the field of education 

research, formative assessment has been coined the good assessment while summative 

assessment has been viewed as bad (Lau, 2016). Buelin, Ernst, Clark, Kelly, and DeLuca 

(2019) used a doctor’s visit analogy to describe the dichotomy. Formative assessment can 

be viewed as a check-up at the doctor to evaluate symptoms, while the summative 

assessment is more like an autopsy (Buelin et al., 2019). Upon reviewing the literature, 
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Lau (2016) cautioned policy makers and stakeholders against this dichotomy. The author 

shared the need to consider the fundamental idea of the two assessments harmoniously 

working to promote student achievement (Lau, 2016). The school where I conducted this 

study purchased an Istation program license for Grades 3 through 6 in hopes that the 

program would improve achievement and overall reading skills for the students. 

Understanding the link between the Istation formative assessment and future summative 

assessments can help teachers understand how to use them in daily practice. 

The Effectiveness of Formative Assessment 

Over several years, many authors published studies about the effects of various 

formative assessment programs leading to significant, and sometimes conflicting, 

information. Some of these researchers investigated the difference in student achievement 

in students who received formative assessment strategies and those who did not. Between 

2014 and 2019, researchers wrote three articles that included meta-analyses of the 

previous literature. Specifically, Klute, Apthorp, Harlacher, and Reale (2017) conducted 

a comprehensive review of 19 studies of elementary schools and their students based on 

the formative assessment framework by Black and Wiliam. Several findings indicated 

that students who participated in formative assessment performed better on measures of 

academic achievement at the elementary level. Alternately, a review of over 160,000 

studies conducted by Apthorp, Klute, Petrites, Harlacher and Real (2016) revealed the 

need for standards to assess whether formative assessment is effective on student 

achievement. Though the studies reviewed had evidence, assigning each study a score of 

having met, partially met, or not met the Procedures and Standards Handbook indicated 
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that many did not necessarily strongly support formative assessment procedures (Apthorp 

et al., 2016). Xu and Brown (2016) looked at several articles regarding teacher 

assessment literacy and found that tensions and other political issues with stakeholders 

impede the progress of teachers becoming versed in assessment practices. The authors 

suggested viewing assessment literacy as a continuum to allow teachers to evolve in their 

assessment practices as opposed to labeling them literate or illiterate (Xu & Brown, 

2016). These reviews of formative assessment provide a base to work from when 

reviewing specific formative assessment programs. 

Specific Formative Assessment and Mathematics 

Some authors of individual studies showed potential for specific formative 

assessment programs and practices to prepare students for summative testing in 

mathematics (Andersson & Palm, 2017; Das et al., 2017; Polly et al., 2017; Ravenel, 

Lambeth, & Spires, 2014). Andersson and Palm (2017) found that following professional 

development on using formative assessment to teach math, Grade 3 students’ math 

achievement improved on the high-stakes test. Similarly, Polly et al. (2017) found that 

the treatment group who received formative assessment on number sense tasks 

demonstrated growth on the summative assessment. That growth was more substantial 

the more times the formative assessment was used to collect data (Polly et al., 2017). Das 

et al. (2017) found that, overall, medical students found their use of formative assessment 

practices helpful to minimize their learning gap. However, the researchers did not 

quantitatively analyze whether their scores improved on summative scores. In Chapter 3, 
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I outline a way to quantitatively assess the connection of student performance on reading 

summative assessment. 

Specific Formative Assessment and Other Subjects 

Additional studies include authors finding improvement in achievement following 

formative assessment in other content areas (Aydin & Ürün, 2016; Huang, 2016; Ozan & 

Kincal, 2018). Aydin and Ürün (2016) found a significant difference between pre- and 

posttest scores with the use of formative assessment in a science unit about space in 

comparison to a control group where teachers did not administer formative assessment 

strategies. A theater arts study by Huang (2016) saw a positive effect of formative tests 

on student achievement and rote memorization of content. The results from a Grade 5 

social studies course with 45 students conducted in Erzurum, Turkey, indicated that 

students in the formative testing experimental group had both a significantly higher 

academic achievement rate and better attitudes about the content (Ozan & Kincal, 2018). 

These studies share the theme that formative assessment practices can be a positive 

addition to various education environments and, in some cases, improve student 

achievement. This research supports the idea that assessing individual programs can 

benefit the stakeholders using them on a regular basis, which is what I investigated in my 

study. 

Alternately, some studies revealed that formative assessment practices do not 

always prepare students for the summative assessment of the specific subject assessed 

(Bulunuz, Bulunuz, Karagöz, & Tavsanli, 2016; Grosas, Raju, Schuett, Chuck, & Millar, 

2016; Pinger, Rakoczy, Besser, & Klieme, 2018). Pinger et al. (2018) found that students 
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who used formative assessment tools did not always show growth in math and that 

students may require more detailed material and guidelines. Rakoczy et al. (2019) found 

feedback to be more useful in a mathematics course for participants in the formative 

assessment condition versus the control, but the learning progress of the groups did not 

differ. Grosas et al. (2016) investigated formative assessment given to postsecondary 

students taking an immunology course. The researchers found that despite overall 

excitement and motivation regarding the formative tests, the students’ scores on the 

summative exam were disappointing (Grosas et al., 2016). Bulunuz et al. (2016) 

conducted a comparison of science formative assessment and summative assessment and 

found that formative multiple-choice questions did not help students’ achievement on the 

summative science exam. Regarding formative assessments for preservice teachers, 

Matthews and Noyes (2016) argued that it is more important to investigate where the 

students are rather than their particular grade on a formative test. In these cases, the 

researchers did not reveal a clear relationship between formative assessment and student 

achievement. 

Other Formative Assessments and Literacy 

Specific to the literacy or reading content area, some studies show academic 

achievement improvement in the key components of literacy (Barefoot, 2017; 

Boumediene & Hamzaoui-Elachachi, 2017; Bulat et al., 2017). Bulat et al. (2017) 

reported that formative assessment is widely used as part of the response to intervention 

model in many low- and middle-income countries as part of their feedback cycle. The 

author noted that formative assessment in the classroom substantially improves literacy 
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outcomes (Bulat et al., 2017). In their study of text comprehension in Algeria, 

Boumediene and Hamzaoui-Elachachi (2017) found that formative assessment processes 

showed significant progress in grammar, textual, functional, and sociolinguistic language. 

Barefoot (2017) and Bennett, Gardner, Cartledge, Ramnath, and Council (2017) found 

significant improvement in their participants when using formative assessment practices. 

Specifically, students taking a library course improved their motivation for conducting 

research versus the control group (Barefoot, 2017). Bennett et al. (2017) saw a positive 

effect of formative testing on fluency and comprehension skills. The researchers also 

found an improvement on the Aimsweb assessment following the treatment (Bennett et 

al., 2017). These researchers saw positive effects when using formative assessment with 

their participants, as the Istation program designers claim to accomplish with their 

formative assessment program. 

Formative Assessment and Diverse Populations 

Formative assessments show an improvement in skills for students of color 

(Council, Cartledge, Green, Barber, & Gardner, 2016; Li, 2016). In a reading intervention 

study for Grade 2 African American students at risk in an urban area, Council et al. 

(2016) conducted a similar study with three African American students in an urban school 

and determined that the students’ reading and behavioral outcomes improved following 

implementation of the formative assessment intervention. Li (2016) found that reading 

achievement improved for black students more than white when using formative 

assessment and found that these results showed potential for formative assessment to 

reduce achievement gaps between students of different races (Li, 2016). Two-thirds of the 
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population at HES are Native American, Latino, or other mixed races. Formative 

assessment practices could improve learning for the diverse population at the school.  

Formative assessment can improve reading comprehension and decoding in 

various grade levels (Dupont, 2018; Gustafson, Nordstrom, Andersson, Falth, & Ingvar, 

2019; Simmons et al., 2015). Dupont (2018) conducted a reading study related to 

formative testing via workstations with Grades 6 and 8 students in France. These 

workstations improved reading comprehension and were believed to help close the gap in 

learning. Similarly, Simmons et al. (2015) saw positive effects of a supplemental 

formative reading intervention program in kindergarten. Students whose scores on the 

tests were above 90% accelerated in their studies while others who had lower than 70% 

achievement repeated lessons until they were able to progress (Simmons et al., 2015). 

The researchers found a steady progression of the curriculum for students taking these 

tests. Finally, the study of a program called LegiLexi in Sweden by Gustafson et al. 

(2019) saw good outcomes for formative assessment: an increase in student ability to 

decode and comprehend texts. These studies indicate the potential of formative 

assessment practices to improve student learning and bring students to where they need to 

be in their learning path, just as Sadler’s framework suggests for a working formative 

assessment cycle.  

Istation’s designers hold that the program individualizes lessons to improve 

reading student achievement. There are two studies that showed little to no effect of 

formative testing on reading student achievement (Faber & Visscher, 2018; Saito & Inoi, 

2017). The software includes a spelling component in its formative assessment and 
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individualized instruction lessons. Formative assessment practices did not affect spelling 

achievement with a population of Grade 3 students (Faber & Visscher, 2018). The study 

indicated the need for future research in the areas of student feedback and differentiated 

instruction. Saito and Inoi (2017) conducted research with junior and senior high school 

students learning English as a foreign language and found that teachers used formative 

assessment to submit as grades while forgetting about the feedback potential for students. 

However, the study indicated a concern in that the teachers used formative assessment to 

varying degrees and shared teacher training, intent, and purposes of the test as 

implications (Saito & Inoi, 2017). Based on the research of recent literacy-based studies, 

it is necessary to conduct further research in formative testing and its effects on reading 

student achievement. Istation is one of the more popular reading formative assessment 

programs with little research of effectiveness on student achievement. 

Computer-Based Formative Assessment 

In a world with technology at everyone’s fingertips, formative assessment via 

computer-based programs continues to grow in the education field. Timmis, Broadfoot, 

Sutherland, and Oldfield (2015) conducted a research review that discusses the 

possibilities of technology-enhanced assessment (TEA) in classrooms. The authors found 

that with the use of TEA, formative and summative assessment can become “more 

relevant to learners,” yet stressed the need to amend policies to avoid “patchy incremental 

change” (Timmis et al., 2015, p. 468). In a review of nine review papers and eight 

empirical studies, Shute and Rahimi (2017) found that complex competencies in various 

content areas can be measured by more recent computer-based assessment for learning. 
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Similarly, Belo, McKenney, Voogt, and Bradley (2016) conducted a review of the 

literature surrounding computer-based formative assessment programs and their effects 

on early literacy. The authors found aspects of specific applications to be helpful, 

including phonics and vocabulary programs, electronic storybooks, tutorials, and 

narrative educational television shows (Belo et al., 2016). Specifically related to teacher 

inquiry, Luckin, Clark, Avramides, Hunter, and Oliver (2016) conducted a literature 

review and share the need to enable teachers to use technology effectively toward student 

growth. Studies in Sweden, China, and Australia explored technology related to 

formative feedback in the elementary setting and found the potential in the use of digital 

learning (Bhagat & Spector, 2017; Cloonan, Hutchison, & Paatsch, 2016; Genlott & 

Grönlund, 2016). These authors shared the suggestion of additional research about 

specific programs and their ability to properly assess learning.  

Computer-based formative assessments often include interactive activities. The 

way the Istation program tests students is via game-based assessments where students 

complete missions within the realm of comprehension, spelling, vocabulary, and text 

fluency. In a study of nursing students who used a game show quiz-style approach to 

formatively assess learning, Aljezawi and Albashtawy (2015) found no difference in 

student achievement in pre- and posttest scores with formative assessment versus lectures 

(Aljezawi & Albashtawy, 2015). However, results indicated that the students who took 

the quiz felt it was a more satisfying instructional method, and their immediate feedback 

indicated an increase in information retention (Aljezawi & Albashtawy, 2015). The 

Istation program’s design also offers immediate feedback in a game-style manner.  
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Learning outcomes are important when considering game-based activities to 

assess learning. When reviewing components of digital game-based learning activities, 

All, Nunez Castellar, and Van Looy (2015) found that the tasks must be related to 

learning outcomes and real-world situations. The authors stated the need for developers 

to be aware of specific learning targets when designing such activities (All et al., 2015). 

The Istation program includes a standards-based component that links each task to a 

similar CCSS learning standard to theoretically help students by filling in the gap in 

knowledge as they go through the prescribed lessons.  

Recent articles indicate that technology can be used to support formative 

assessment of learning standards (Gallagher, 2016; Martin, Polly, Chuang, Lambert, & 

Pugalee, 2016; Zlatovic, Balaban, & Kermek, 2015). Martin et al. (2016) found a 

statistically significant increase in teacher practices to be more student centered. Also, the 

researchers found that technology has the potential to impact instructional decisions and 

provide an easier way to analyze data (Martin et al., 2016). Gallagher (2016) reported 

similar positive effects of technology in helping teachers improve the efficiency of data 

collection and personalize learning. Zlatovic et al. (2015) found that students who 

received postassessment feedback online could steer their future learning strategies. 

These authors shared the use of feedback like Sadler’s Step 3. Istation’s designers also 

claim that the program personalizes learning and provides feedback. 

Teachers and students can benefit from immediate feedback and individualized 

data (Shirley & Irving, 2015; Spector et al., 2016). In the study by Shirley and Irving 

(2015), high school science teachers used online assessments to generate robust evidence 
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of individual student learning that they then could use to make instructional decisions. 

Spector et al. (2016) found that technology helps improve student motivation and 

engagement and can be adapted and differentiated to target student deficiencies. 

Similarly, students receive personalized feedback from the Istation program that then is 

shared with the teacher about progress. These articles provide support for the idea that 

computer-based programs like Istation can offer individualized, efficient data to the 

student and teacher to provide personalized feedback and drive future instruction in 

various content areas.  

Computer-Based Formative Assessment and Literacy 

Based on recent literature, digital formative assessment can improve the specific 

and important content area of student reading and literacy. Buysse et al. (2016) reviewed 

two studies about the formative assessment Recognition & Response. After reviewing the 

teachers’ ability to differentiate instruction and individualize student feedback with 

fidelity, authors found that the Recognition & Response small-group lessons showed 

larger gains than the control group (Buysse et al., 2016). This research supports the idea 

that personalized feedback can help students learn. 

Similarly, in a meta-analysis of computer-based assessments’ affect on student 

achievement in writing skills for students in Grades 1 through 8, Graham, Hebert, and 

Harris (2015) found that formative assessment statistically enhanced writing quality. The 

computer program offered feedback directly to the students, and the authors concluded 

that formative assessment can be beneficial to improving student achievement (Graham 



36 

 

et al., 2015). The Istation designers claim to complete the same individualized feedback 

in the formative assessment program to complete the loop in Sadler’s Step 3 (1989).  

Comprehension is a key component to reading and is evaluated via Istation’s 

formative assessment program. Hooley and Thorpe (2017) found that, following 

formative assessment via an online program, high school students improved content 

comprehension and motivation to read informational texts. Similarly, Gustafson, et al. 

(2019) found that, with full access to the online formative assessment program LegiLexi, 

Grade 3 students improved their comprehension and decoding. The treatment group used 

only the formative assessment tool, and the students improved only in comprehension 

(Gustafson et al., 2019). These researchers indicated the ability of formative assessments 

to improve comprehension for young learners and high schoolers. Little recent research 

exists with reading comprehension via formative assessment for other grades. 

Text fluency is another integral component of reading. Some studies found an 

increase in oral reading fluency when using computer-based formative testing (Bennett et 

al., 2017; Keyes, Cartledge, Gibson, & Robinson-Ervin, 2016). Bennett et al. (2017) and 

Keyes et al. (2016) evaluated Grade 2 students and found that computer-based formative 

testing improved oral reading and fluency. Specifically, five out of six at-risk Grade 2 

students improved their oral reading fluency (Keyes et al., 2016). Bennett et al. saw a 

positive effect on fluency and comprehension with Grade 2 African American students. 

Though they were small studies, the authors indicated the ability of some computer-based 

programs to help improve fluency for young learners. 
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Conversely, some studies show that computer-based measures do not necessarily 

improve reading skills for learners (Clemens et al., 2015; Faber & Visscher, 2018); 

Fenty, Mulcahy, & Washburn, 2015). Researchers found an improvement in fluency, 

letter naming, and letter sound identification via paper-based measures versus computer-

assisted learning (Clemens et al., 2015). Faber and Visscher (2018) assessed Grade 3 

students on spelling achievement via online formative assessment and found that teachers 

need to look at specific student feedback. The researchers saw no improvement in 

spelling achievement via online testing measures (Faber & Visscher, 2018). Fenty et al. 

(2015) found no difference between teacher-led and computer-based fluency instruction 

with 50 Grade 3 students whose fluency development was delayed. These researchers 

suggested that studies need to look at specific programs when assessing the ability of 

formative assessment to improve literacy. These studies indicate the need to further 

evaluate formative assessments via computer-based programs.  

Learners growing up in the 21st century require tools that match their learning. 

Cloonan et al. (2016) conducted a study in Australia and shared that need for educators to 

embrace digital learning tools to help teach literacy to our 21st-century learners. The 

authors reported seven affordances of digital learning to teach literacy, including active 

learning making, differentiated instruction, metacognition, collaborative intelligence, 

recursive feedback, ubiquitous learning, and multimodal knowledge representations 

(Cloonan et al., 2016). The authors showed these affordances in relation to the 

characteristics of effective formative assessment outlined by Black and Wiliam (1998). 

The authors stated that digital assessment offers greater, more diverse opportunities than 
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the standard print-based classrooms (Cloonan et al., 2016). However, the effects of these 

specific digital learning and assessment tools are unknown. 

It is unclear whether all computer-based formative assessments can influence 

student achievement and, as part of the steps of formative assessment by Sadler (1989), 

close the gap for students. The study by Clemens et al. (2015) investigated the effects of a 

computer-based adaptive formative test for 71 students in kindergarten and Grade 1. The 

researchers found that the test to be a statistically significant predictor of end-of-year 

reading-related skills. This article was the only one of its kind in the search from 2014 to 

2019. Further research is needed to evaluate the ability of computer-based formative tests 

to influence student achievement. 

The Istation Program 

Researchers found that the Istation formative assessment program improves 

student achievement on summative assessments in varied locations. In a mixed methods 

study with 98 third-grade children, Luo et al. (2017) found a strong correlation between 

Istation individualized formative assessment and improved reading scores on the STAR; 

they recommended further research with larger samples, especially if controlled for 

extraneous factors. Putman (2016) found a statistically significant relationship between 

the Istation reading program and kindergarten literacy achievement and indicated a need 

to conduct additional studies with other grade levels and locations. Results from a study 

by Patarapichayatham et al. (2014) found that Istation served as a predictor of how 

students perform on the STAAR reading test; the authors suggested that additional 

research expand upon these findings. More recent studies found that Istation scores serve 
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as a predictor of scores on other state summative tests and support the need for additional 

replication and a study that further isolates Istation’s effect on student preparedness for 

summative exams (Campbell et al., 2018; Patarapichayatham, 2018). Marin (2015) 

conducted a reading improvement study with Texas third graders (n = 102) and suggested 

that Istation’s effectiveness as appropriate formative assessment should be investigated in 

other grade levels and locations. Thus far, no research evaluates the influence of the 

Istation program on the PARCC summative assessment. Furthermore, no studies are 

focused on the influence of the program on upper elementary students.  

Conclusions 

Formative assessment is widely accepted in the education community. Despite 

copious amounts of research in the formative assessment realm—including more recent 

online programs, those specific to reading, and both—the connection between specific 

formative assessments such as the Istation program on summative assessment remains 

unknown. One major theme in the literature is that formative assessment is a positive 

practice that is welcomed in most classrooms. A second theme is digital or computer-

based tools are abundant in the education realm. Though computer-based formative 

assessments show some research-based effectiveness, specific programs’ relationship to 

summative assessments are unclear. Istation is one of many programs claiming to help 

teachers and students understand where they are throughout the year as a way to improve 

student achievement. This study may contribute to the existing research about formative 

assessment and its relation to summative assessment and potentially help narrow the gap 

in practice using these tools. 
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Chapter 3: Research Method 

The influence of specific formative assessment programs, like Istation, on student 

achievement remains unknown. Therefore, the purpose of this quantitative study was to 

investigate the influence of the Istation reading formative assessment program on student 

achievement as measured by the ELA PARCC summative assessment. In this chapter, I 

include the methods related to this quantitative study including the setting, research 

design and rationale, population, and data collection and procedures. The chapter 

concludes with a summary of the design, methodology, potential threats to validity, and 

ethical procedures. 

Research Design and Rationale 

To adequately respond to the first three research questions, I used a quantitative 

approach with a one-way within-subjects repeated measures ANOVA with one dependent 

variable (the ISIP score) and one independent variable measured at the three points in 

time the students took the Istation formative assessment: BOY, MOY, and EOY. To 

adequately respond to the second set of questions, I used another quantitative approach 

via a linear regression analysis with one dependent variable (the ELA PARCC) and MOY 

ISIP score as the independent variable. Since the literature did not indicate a need to 

investigate age or gender issues, I ran the ANOVA and regression for all students without 

these potentially confounding variables. In this section, I include information about the 

specific designs I chose and their relation to the research questions. To assess the 

influence of student performance on the Istation program over time and on students’ 

achievement as evidenced by the summative exam, I used the research questions to find 
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whether there is a change in the ISIP scores for students over time and whether the 

Istation formative assessment scores relate to scores on the ELA PARCC.  

Design 

I used a quantitative design and the within-subjects one-way repeated measures 

ANOVA statistical test to examine whether the mean ISIP scores changed over time, thus 

indicating that students were learning with this formative assessment program. I chose a 

quantitative approach over qualitative or mixed methods because it is the most effective 

in identifying the extent to which the independent variables influence groups. The 

dependent variable is the Istation formative assessment program. The independent 

variable is the ISIP score from the three times the students took the Istation reading 

formative assessment program throughout the year (i.e., BOY, MOY, EOY).  

I used a quantitative design and the linear regression model to better understand 

the relationship between formative and summative assessment. If the MOY ISIP score 

(independent variable) can predict the ELA PARCC score (dependent variable), there is 

evidence of the ability of the Istation reading formative assessment program to influence 

student achievement on the ELA PARCC summative assessment. This analysis will offer 

information about the predictive ability of the Istation program and offer benefits to 

teachers to better use the program throughout the year. 

Within-Subjects ANOVA Rationale 

According to Tabachnik and Fidell (2007), an ANOVA is used to determine 

whether there is a statistically significant difference among two or more means. A within-

subjects ANOVA is appropriate when the evaluated means are from the same subjects 
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but “measured on different occasions” (Tabachnik & Fidell, 2007, p. 43). ANOVA 

provides an accurate method to determine the effects of an independent variable on one 

continuous dependent variable (Laerd Statistics, 2019). I investigated whether the Istation 

formative assessment program completes the steps outlined by Sadler (1989) by 

improving student skills over time. The same students completed all three measures. The 

ANOVA helped determine whether there is a change over time based on the three Istation 

assessment points in time (i.e., the independent variable). There were not issues with time 

or resource constraints as I pulled currently existing ex post facto data. 

As formative assessment is widely used in the discipline of education, the 

repeated measures choice is consistent with previous literature investigating the effects of 

student performance on formative assessments related to summative assessment. Finding 

out whether the Istation program student performance influences achievement as 

measured by summative assessment adds to the knowledge of specific formative 

assessments on summative assessments and overall learning in the reading content area. 

Linear Regression Rationale 

The primary goal of the linear regression is to determine whether the independent 

variable can predict the dependent variable (Laerd Statistics, 2019). This analysis may 

reveal whether the linear regression line between two variables is statistically significant, 

how much variation in the dependent variable is explained by the independent variable, 

the direction and magnitude of the relationship, and the predicted values of the dependent 

variables based on values of the independent variable (Laerd Statistics, 2019). In this 

study, the linear regression will determine how much the dependent variable (i.e., ELA 
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PARCC) changes for a one-unit change in the independent variable (i.e., MOY ISIP). 

This analysis is the most appropriate choice because of the data involved and the need to 

assess the influence of the formative assessment on summative assessment. 

Methodology 

To find out whether the Istation reading program influences student achievement 

on the ELA PARCC, I quantitatively analyzed the influence of the Istation formative 

assessment on students who were or were not proficient on the PARCC summative 

assessment. I used archival data from the year all teachers were required to have students 

use the program with fidelity and take the three assessments (i.e., BOY, MOY, EOY). I 

used the student scores from the ELA PARCC exam taken in Spring 2018. In this section, 

I review the sampling procedures for data collection, the instrumentation, and the data 

analysis plan.  

Population Selection and Sampling Procedures 

The population for the archived data set for this study consisted of students from a 

Title I school in Grades 3-6 in the Southwestern United States (N = 281). In this study, I 

included all students who took all three Istation formative assessments (i.e., BOY, MOY, 

EOY) and the ELA PARCC assessment. There were four general education classrooms in 

each grade with about 20 students in each class. The number of students in each class 

fluctuated throughout the year due to late start and early withdrawals. Some students also 

attended special education services throughout the day. If a small group setting was listed 

in the accommodations section of the Individualized Education Plan, these students went 

to a different space for testing. District policy is that all students enrolled in school at 



44 

 

HES during the months of August and/or September take the Istation BOY, those 

enrolled in January take the MOY, and those enrolled in May take the EOY. The teachers 

and administrators gave the ELA PARCC test in April and/or May depending on student 

absences. Each student enrolled in school those months also took the ELA PARCC 

summative exam. If a student was absent, they took the PARCC test on a make-up testing 

day. Any students who took the alternative assessment based on their Individualized 

Education Plans were excluded from this group. 

Sampling Strategy and Size. Quantitative research requires strategies for a 

sample to ensure proper analysis of the data. According to Faul, Erdfelder, Lang, and 

Buchner’s (2007) G*Power software, the calculated power (1-β error probability) for the 

desired sample in this study was 0.903. The post hoc achieved power of 0.903 was 

numerically greater than the threshold value of 0.80, indicating that this analysis required 

a minimum sample size of 73 students (i.e., 0.903 = the achieved power for this statistical 

test at the parameters of effect size equaling 0.15 [medium], alpha at 0.05, total sample 

size equaling 73, and number of predictors equaling 1). Thus, for these statistical 

parameters, there would be sufficient power to support the analysis results if the data 

sample included at least 73 complete student data sets.  

Sampling Frame. All students who were enrolled at HES for all three Istation 

measures and the ELA PARCC in August/September (BOY), January (MOY), May 

(EOY) for Istation and April/May for ELA PARCC assessment for the 2017–2018 school 

year had data sets that were potentially included in this study. As there were 281 students 

enrolled at HES for the indicated dates, this study potentially included data from 281 
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students. Alternately, students were excluded if they were not enrolled for all four tests. 

This process eliminated data from students who either enrolled after September 30 or 

who withdrew from the school before taking all the exams.  

Archival Data 

As I used archived ex post facto data, there were not participants in this study. I 

collected the deidentified archival data from the 2017–2018 Istation reading formative 

assessment program and the same students’ scores on the culminating ELA PARCC 

assessment at HES in Grades 3-6 administered in 2018. All grades were included together 

as, according to the literature, there was no need to compare grade levels. The principal 

of HES agreed to print all data needed for this study. 

I employed a quantitative ex post facto design to investigate the effects of the 

Istation reading formative assessment program on student achievement as measured by 

the ELA PARCC. Performance measures came from archival data reported for Istation 

and PARCC. Each student in Grades 3-6 used Istation reading at least 25 minutes a week. 

Student data and progress are automatically collated into a student Istation report each 

month called the Individual Development Summary on the Istation website. Following 

each monthly formative assessment, the Istation’s computer-based program informs the 

student where they are regarding reading comprehension, understanding vocabulary, and 

spelling achievement, and individualizes tasks to close the gap and move the student 

toward achieving grade-level skills.  

I collected the data from the BOY, MOY, and EOY because these were the data 

for this term and available to the principal and the state from 2017–2018. I included each 
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child who took all three Istation reading formative assessments (i.e., BOY, MOY, EOY) 

and the ELA PARCC summative exam for the 2017–2018 school year. Though most 

students enrolled throughout the school year had a complete set of data, some students 

were not included due to date of enrollment and/or withdrawal.  

Access and Permissions. The beginning, middle, and end of year data are stored 

on the Istation’s website with administrator access. At the end of the school term, student 

achievement is summatively assessed with the ELA PARCC assessment. The PARCC 

data are stored on the principal’s computer and require prior approval to view. I obtained 

superintendent and principal approval to access and use these data for my study. The 

superintendent granted permission for the access and analysis of the data. The school’s 

principal agreed to print and de-identify all the data needed for this study.  

Instrumentation and Operationalization of Constructs  

As the researcher of a quantitative study using archival data, I did not select an 

instrument to gather data. In this section I describe the design of the Istation reading 

formative assessment program, founded in 1998, as it is used by HES (see Owen, 2016). 

This program is appropriate to the study because it is used by all teachers at HES and in 

all schools in the state from kindergarten through Grade 2. Though it is optional, the 

superintendent uses budget funds to continue use of the program for Grades 3-6. The 

information gained from the study may inform administration about future use. 

Istation. According to the Texas Success Training (2013), the Istation program 

was founded in 1998 and has four components: (a) assessments that are individualized 

and automatically available in about 30 minutes or less, (b) instruction, (c) reports that 
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provide regular data, and (d) teacher tools. Assessments are categorized as Early Reading 

(PK-3), consisting of phonemic awareness, vocabulary, and letter knowledge. The 

program has an additional comprehension component for kindergarten. In first and 

second grades, the program assesses and teaches alphabetic decoding. Third grade 

curriculum covers spelling, vocabulary, connected text fluency, and comprehension. The 

advanced assessment is for Grades 4 through 8 and includes “Word Analysis 

(Orthographic Representation), Fluency (Text Fluency Maze – 2 minutes 30 seconds – 

cloze passage), Vocabulary (General and Content), and Comprehension (Main Idea, 

Inference, Cause and Effect, and Critical Judgment)” (Texas Success Training, 2013, p. 

1). Teacher tools contain over 2,000 lessons for paper practice and smart boards that are 

leveled according to difficulty (Texas Success Training, 2013). 

Istation’s designers created this assessment and instructional program to 

determine whether students are building the skills needed to become proficient readers 

and ultimately help them close the gap in knowledge from where they are to where they 

need to be. According to the Texas Success Training (2013), the recommended usage for 

each session is 25 minutes. As students advance in the program, monitoring takes place. 

It is recommended that the extra time for Tier 1 take place at least one time a week for 30 

minutes. For students in Tier 2, an additional time should be provided, which is 

recommended to be at least 2 days a week for 30 minutes each time. Students in Tier 3 

require at least 3 days during a week with at least 30 minutes or more each time for a 

total of 90 minutes or more. Instructional sessions include 12 cycles. The cycles contain 

Earth science, some mathematics, and science content passages, with teachers able to 
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choose between narrative or expository text. In 2013, the designers added new materials 

that included over 15 cycles after the ISIP assessment, which include the 6 + 1 traits, 

persuasive essays, expository, and narrative materials in the writing rules. Social studies 

skills, tailored for older students who are more advanced, are included in a lesson called 

Timeless Tales.  

Previous Publications Involving Istation. Though recent research included the 

use of the Istation program and its influence or ability to predict summative assessment 

scores, these studies did not include reliability and validity values of the program. There 

are currently no published validity measures. I contacted the designers of the program via 

email to further investigate this issue.  

Operationalization of Variables. To properly measure the variables for the 

research questions in this study related to the one-way repeated measures ANOVA, I 

accessed data on the dependent (ISIP score) and three independent variables (i.e., three 

points in time the students took the Istation formative assessment). To properly measure 

the variables for the questions related to the linear regression, I accessed data on the 

dependent (ELA PARCC score) and the independent variable (MOY ISIP score) to test 

predictability. These data came from existing district data sets. In this section, I provide 

detail on the measure for each variable, how the variable score is calculated, and what the 

score represents.  

ELA PARCC Assessment. The dependent variable in this study was student 

scores on the ELA PARCC assessment. The PARCC is a yearly summative assessment 

that students take in Grades 3-8 in both ELA and mathematics ((New Jersey Department 
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of Education, 2015). In this study, the ELA assessment data were used to determine the 

predictive ability or influence of the Istation formative assessment program. The PARCC 

ELA Reading Assessment measures students’ abilities in reading as they relate to the 

grade-level standards and text complexity band for the grade level. The PARCC 

Communications Team (2014) stated:  

The PARCC assessments are designed to measure the academic standards in the 

English language arts/literacy and mathematics Common Core State Standards. 

The standards are the constructs that identify what students should be taught and 

learn at each grade level so that by the time they graduate from high school they 

have the reading, writing, and mathematical knowledge and skills needed to 

succeed in college and/or jobs with career potential. (para. 5)  

The assessment consists of reading multiple complex grade-level passages in both fiction 

and nonfiction. Passages may also contain video and audio as decided upon within certain 

standards. Student comprehension is assessed through multiple question types including 

multiple choice, constructed response, and drag and drop. Students also take information 

from the reading passages to construct extended-response writing in which textual 

evidence is used to demonstrate an understanding of the text.  

The PARCC Measure. PARCC reports student performance in five levels based 

on the knowledge, skills, and practices aligned to the grade-level CCSS that students 

demonstrate within the assessment. The performance levels include:  

• Level 1: Did not yet meet expectations (650–699) 

• Level 2: Partially met expectations (700–724) 
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• Level 3: Approached expectations (725–749) 

• Level 4: Met expectations (750–809) 

• Level 5: Exceeded expectations (810–850) 

Students who attain a Level 4 or 5 are considered proficient (i.e., values range from 750–

850). Proficient students meet grade-level expectations or what the PARCC 

Communications Team (2014) described as what typical students at each level should be 

able to demonstrate based on their command of grade-level standards.  

The PARCC assessment provides educators with data relating to a student’s 

abilities as compared to grade-level expectations in the reading areas of literary text, 

informational text, writing, and vocabulary (PARCC Communications Team, 2014). 

Pearson (2017) stated that gathering construct validity evidence for PARCC is embedded 

in the process by which the PARCC assessment content is developed and validated. At 

each step, “the states involved hundreds of educators, assessment experts, and bias and 

sensitivity experts in review of text, items and tasks for accuracy, appropriateness, 

alignment to the instructional standards” (Pearson, 2017, p. 115). The average internal 

consistency reliability for the ELA assessment is a range of 0.91–0.93 (Pearson, 2017). 

The PARCC assessment received an excellent match to the Common Core State 

Standards criteria for content in ELA (Pearson, 2017). The PARCC assessments meet or 

exceed the depth and complexity required by the criteria through a variety of item types 

that are generally of high quality, measuring grade-level  standards (Pearson, 2017). The 

administrators at HES were state mandated to have each student participate in the 

PARCC assessment for the 2017–2018 school year.  
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PARCC Administration. The teachers and administrators administered the test 

over a 3-day period, and students received up to 90 minutes per session. These 

administration days were not always consecutive as the school environment allows for 

only one school level or grade to take the test at a time. There were up to 12 questions per 

session, with three texts to read and one written component based on the reading. The 

ELA PARCC assessment evaluated grade-level skills that align with the CCSS. Students 

took this assessment during the assessment period, which ran from mid-April to the 

beginning of May 2018.  

Istation ISIP scores. The independent variables in this study were measured by 

student scores from the Istation program’s reading formative assessments that were 

completed at three intervals: the beginning, middle, and end of the 2017–2018 school 

year. The ISIP score measures student overall reading skills, and the student’s score was 

the measured independent variable (i.e., values for Grade 3 range from 196–293; Grade 

4, 1,330–2,200; Grade 5, 1,600–2,600). New assessments are automatically administered 

on the first day of each month and the level of difficulty increases systematically through 

the Istation program. All Istation evaluations are timed, and the program provides a 

report of students who had inactive periods or terminated the program. For instance, one 

assessment affords students 4 minutes and 30 seconds to read a passage. If a student does 

not finish reading the passage, then the student is moved on. Students cannot return to the 

passage to seek the answers; rather, they can only refer to the instruction sessions. The 

school administration reports data on the pre-, mid-, and posttest. The three independent 

variables represent how the student performed on the assessment at three points in time: 
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the beginning of the year (BOY) in August or September 2017, middle of the year 

(MOY) in January 2018, and end of year (EOY) in May 2018.  

Data Analysis Plan 

After gathering the data, I analyzed them following the steps described in this 

detailed analysis plan that includes the identification of the software and processes. Next, 

I list the specific research questions and the hypotheses, an explanation of data cleaning 

and screening procedures, the statistical tests used to test the hypotheses, and how the 

results were interpreted. 

Software. I imported the data into the IBM Statistical Package for the Software 

Sciences (SPSS) 25 software. I manually entered the data for each variable in its own 

column. After entering the data, I used the SPSS program to run general linear model 

repeated measure and regression procedures. 

Data Cleaning and Screening Procedures. After receiving the deidentified data, 

I cross-referenced the data by each subject and ensured the data were placed correctly in 

each box. This process was necessary and is called cleaning and screening. Completing 

this task helped to eliminate the students who did not take all the assessments and were, 

therefore, not included in the sample. These data were screened by cross-referencing 

which students’ data sets were incomplete because they were missing one or more of the 

data points from either of the three Istation assessments and/or the ELA PARCC 

Assessment. This process was accomplished by first working from the list of students 

who took the ELA PARCC and assigning a number starting at 1 to the beginning of that 

row. Then, I gathered the rest of that student’s scores from the BOY, MOY, and EOY and 
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entered those data into the same row. Finally, if a student did not have all data points, I 

deleted that entire row and made a notation on the original form. After the cleaning and 

screening process was complete, to ensure accuracy, I went over the entire list a second 

time. I found no errors. 

Research Questions and Hypotheses. The purpose of this study was to 

investigate the influence of the Istation reading formative assessment program on student 

achievement as measured by the ELA PARCC assessment. To complete this 

investigation, I used quantitative analysis with research questions related to the change in 

student scores on the Istation program over time and the relationship between the Istation 

formative assessment program and the ELA PARCC. I included null and alternate 

hypotheses. The research questions are as follows: 

RQ1: Are there statistically significant differences in ISIP scores for Grade 3 

before (BOY), during (MOY), and after (EOY) participation in the Istation reading 

program? 

H01: There are no statistically significant differences in ISIP scores for Grade 3 

before (BOY), during (MOY), and after (EOY) participation in the Istation 

reading program. 

Ha1: There are statistically significant differences in ISIP scores for Grade 3 

before (BOY), during (MOY), and after (EOY) participation in the Istation 

reading program. 
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RQ2: Are there statistically significant differences in ISIP scores for Grade 4 

before (BOY), during (MOY), and after (EOY) participation in the Istation reading 

program? 

H02: There are no statistically significant differences in ISIP scores for Grade 4 

before (BOY), during (MOY), and after (EOY) participation in the Istation 

reading program. 

Ha2: There are statistically significant differences in ISIP scores for Grade 4 

before (BOY), during (MOY), and after (EOY) participation in the Istation 

reading program. 

RQ3: Are there statistically significant differences in ISIP scores for Grade 5 

before (BOY), during (MOY), and after (EOY) participation in the Istation reading 

program? 

H03: There are no statistically significant differences in ISIP scores for Grade 5 

before (BOY), during (MOY), and after (EOY) participation in the Istation 

reading program. 

Ha3: There are statistically significant differences in ISIP scores for Grade 5 

before (BOY), during (MOY), and after (EOY) participation in the Istation 

reading program. 

RQ4: To what extent do Istation formative assessment scores (MOY) predict 

literacy performance as measured by the ELA PARCC summative assessment for Grade 

3? 
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H04: The Istation formative assessment does not predict literacy performance as 

measured by the ELA PARCC summative assessment for Grade 3. 

Ha4: The Istation formative assessment does predict literacy performance as 

measured by the ELA PARCC summative assessment for Grade 3.  

RQ5: To what extent do Istation formative assessment scores (MOY) predict 

literacy performance as measured by the ELA PARCC summative assessment for Grade 

4? 

H05: The Istation formative assessment does not predict literacy performance as 

measured by the ELA PARCC summative assessment for Grade 4. 

Ha5: The Istation formative assessment does predict literacy performance as 

measured by the ELA PARCC summative assessment for Grade 4.  

RQ6: To what extent do Istation formative assessment scores (MOY) predict 

literacy performance as measured by the ELA PARCC summative assessment for Grade 

5? 

H06: The Istation formative assessment does not predict literacy performance as 

measured by the ELA PARCC summative assessment for Grade 5. 

Ha6: The Istation formative assessment does predict literacy performance as 

measured by the ELA PARCC summative assessment for Grade 5.  

ANOVA assumptions. For a one-way repeated measures ANOVA to be an 

appropriate analysis, the data set must meet five assumptions. The first two require that 

(1) the dependent variable must contain continuous data and (2) the independent variable 

contains at least two categorical levels (Laerd Statistics, 2019). Based on the data set for 
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this study, the dependent variable was the ISIP score, which is tabulated on a continuous 

scale. The within-subjects independent variable has three levels, representing the points 

at which the students took the Istation formative assessment. Therefore, the data set 

should meet these first two assumptions. 

The next three assumptions involve the nature of the data. These assumptions 

require that (3) there are no significant outliers existing in any cell of the data set, (4) the 

dependent variable is normally distributed, and (5) the variance of the dependent variable 

approximates the same in each subject, also known as sphericity (Laerd Statistics, 2019). 

When each of these assumptions is met, it is appropriate to run an ANOVA. Tests are 

necessary to assess whether these assumptions are met with the existing data set. 

Outliers. To address the third assumption regarding potential significant outliers, I 

first needed to identify any outliers by interpreting boxplots. If the outliers existed due to 

a data entry error, I simply fixed this issue by correcting the data and reran all the 

assumption tests. Then, Laerd Statistics (2019) suggested checking for measurement 

error, which relates to an equipment malfunction or out-of-range values. These issues can 

also be addressed by correcting the data. Once these two errors are checked and 

addressed, a third step may be to decide to keep or remove the outliers. 

If necessary, mitigating outliers can be handled in one of two ways. I can keep the 

outliers by transforming the dependent variable to include the outliers or running the one-

way repeated measures with and without the outliers to see whether the results are 

substantially affected (Laerd Statistics, 2019). The second option is to remove the 

outliers. However, proper justification will be necessary because this option is typically 
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viewed as a last resort (Laerd Statistics, 2019). Once these assumptions are met, 

addressing the normal distribution of the dependent variable is next. 

Normal distribution. Normality of the dependent variable is necessary to 

establish statistical significance (Laerd Statistics, 2019). The most common method to do 

so is to run a Shapiro-Wilk test for normality. If data are normally distributed, the 

significance value should be more than 0.05, and I will then move on to assumption five 

(Laerd Statistics, 2019). However, if the data violate the assumption of normality due to a 

significance value of less than 0.05, further identifying of outliers is necessary as 

discussed for Assumption 3 (Laerd Statistics, 2019). Once Assumption 4 is met, it is 

appropriate to move forward and address Assumption 5. 

Sphericity. Finally, Assumption 5 relates to equal variance of the dependent 

variable, known as sphericity. According to Tabachnick and Fidell (2017), sphericity is 

defined as measuring the correlation scores between the dependent variables that occur 

over time to determine whether they are similar. A violation of sphericity can lead to 

invalid results (Laerd Statistics, 2019). Since correlations are more likely to be similar 

between variables that are measured closer together in time, Mauchly’s test can 

determine sphericity. Using Mauchly’s test statistic, sphericity can be either significant (p 

< .05) or nonsignificant (p > .05). If there is a violation of sphericity, additional statistical 

tests can be used to correct for the error (Tabachnick & Fidell, 2007). Once the data meet 

all the five assumptions, it is appropriate to run the ANOVA. 

Interpreting results. The primary goal of the one-way repeated measures 

ANOVA is to determine whether there are any statistically significant differences 
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between the means of three or more levels of a within-subjects factor (Laerd Statistics, 

2019). If there is a statistically significant one-way interaction on the dependent variable, 

I will then interpret results of the Sig values using the output table titled Tests of Within-

Subjects Effects. If the results in the Sig column satisfy p < .05, there is a statistically 

significant interaction. Conversely, if the Sig value shows p > .05, there is not a 

statistically significant interaction. I will then run post hoc tests to further examine the 

difference in means from and to specific time points. These analyses will show whether 

there were statistically significant differences in means between all the time points (i.e., 

BOY, MOY, EOY). 

Linear Regression Assumptions. For a simple linear regression to be an 

appropriate analysis, the data set must meet seven assumptions. The first two are that the 

data must have a (1) continuous dependent variable and (2) continuous independent 

variable (Laerd Statistics, 2019). Based on the data set, the dependent variable is the ELA 

PARCC raw score, which is tabulated on a continuous scale. The MOY ISIP score 

represents the independent variable, also tabulated on a continuous scale. Therefore, the 

data should meet the first two assumptions. 

The next three assumptions involve the nature of the data and can be evaluated by 

following the linear regression procedure in the SPSS program. These assumptions 

include the following: (3) there is a linear relationship between the two variables; (4) the 

data have independence of observations; (5) there are no significant outliers in the data 

set; (6) the data have homoscedasticity; and (7) the residuals (errors) of the regression 

line are approximately normally distributed (Laerd Statistics, 2019). Tests are necessary 
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to assess whether these assumptions are met with the existing data set. When each of 

these assumptions is met, it is appropriate to run a linear regression analysis. 

Linear relationship. To address the third assumption regarding a linear 

relationship between the two variables, I used the SPSS program to run a scatter plot of 

the dependent variable plotted against the independent variable to see if a linear 

relationship exists (Laerd Statistics, 2019). If these results render a straight line, a linear 

relationship exists. However, if these data violate this assumption, they can either be 

transformed to coax them into a linear regression or another analysis can be done, such as 

a polynomial or nonlinear regression. Once the data meet the linear regression 

assumption, it is appropriate to move on to assessing independence of observations. 

Independence of observation. The fourth assumption involves independence of 

observations. According to Laerd Statistics (2019), one residual cannot provide 

information about another residual. Thus, independence means the observations cannot 

overlap. The way to assess independence of observations is by reviewing the data from 

the Durbin-Watson test (Laerd Statistics, 2019). The Durbin-Watson results range from 0 

to 4. If the results of the analysis are close to 2, this assumption is considered met and the 

researcher can then move on to Assumption 5. 

Outliers. To address the fifth assumption, one must check for outliers. These 

outliers can be leverage points or influential cases. According to Laerd Statistics (2019), 

these outliers can all be considered unusual points that significantly differ from the usual 

trend of the data points. Cook’s distances analysis can be used to identify these outliers. 

Any result greater than one requires further inspection. After running this analysis, a 
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separate Cook’s variable will appear in the data set. Further review of these outliers can 

be conducted to see whether removing the outliers improves the regression line and 

reduces the influence of a specific data point.  

Homoscedasticity. The sixth assumption involves homoscedasticity. This 

assumption can be evaluated by inspecting the plot of residual values against predicted 

values (Laerd Statistics, 2019). If there is homoscedasticity, the residuals will be equal 

across the predicted values (Laerd Statistics, 2019). This means there is a constant spread 

and no pattern in the data points, the homoscedasticity assumption is met, and it is 

appropriate to move on to assess the next assumption.  

However, if these data violate the homoscedasticity assumption, there are two 

ways to resolve this issue. Transforming the data could remove heteroscedasticity (Laerd 

Statistics, 2019). A second way to eliminate this concern with the data is to run a 

weighted least-squares regression, a regression with robust standard errors, or a robust 

regression (Laerd Statistics, 2019). Once these data meet the homoscedasticity 

assumption, it is necessary to move on to the next assumption.  

Normal distribution. Finally, to address the seventh assumption, it is necessary to 

evaluate whether the residuals (errors) of the regression line are approximately normally 

distributed. Two methods can be used to make this determination: inspecting a histogram 

or a normal probability plot (Laerd Statistics, 2019). If these data do not appear normally 

distributed, it would be necessary to transform the dependent and possibly the 

independent variable (Laerd Statistics, 2019). As this is the final assumption, once these 

data are approximately normally distributed, it is appropriate to run the linear regression. 
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Interpreting results. The primary goal of the linear regression is to determine 

whether the independent variable can predict the dependent variable. It is effective with 

continuous data and strives to create regression coefficients (Tabachnik & Fidell, 2007). 

In this study, a simple linear regression was performed to create an equation that would 

best quantify the relationship between the independent variable, ISIP MOY reading 

formative assessment score, and the ELA PARCC summative assessment score. 

In this study, the linear regression determined how much the dependent variable 

(ELA PARCC) changes for a 1-unit change in the independent variable (MOY ISIP). I 

performed a quantitative analysis using SPSS Version 25.0, a standard confidence 

interval of 95%, and an alpha of 0.05. The conventional medium effect size of 0.25 was 

used (Cohen, 1992). I interpreted the results using the output tables titled Model 

Summary and ANOVA. The analysis requires evaluation of the effect size via adjusted 

R2, whether the coefficients show a linear relationship between the two variables, and the 

ability of the independent variable (Istation program, ISIP score) to predict the dependent 

variable (ELA PARCC score). 

Threats to Validity 

The main goal of this study was to determine whether there is a relationship 

between the Istation reading formative assessment and the PARCC summative 

assessment. According to the Standards for Educational and Psychological Testing, 

validity is “the degree to which evidence and theory support the interpretation of test 

scores for proposed uses of tests” (American Educational Research Association, 

American Psychological Association, & National Council on Measurement in Education, 
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1999, p. 11). In this next section, I explain the potential threats to external, internal, and 

construct validity as well as how to address them. 

External Validity 

External validity involves generalizability. According to Campbell and Stanley 

(1963), factors that jeopardize external validity include interaction effect of testing, 

interaction effects of selection bias and the experimental variable, reactive effects of 

experimental arrangements, and multiple treatment inference. Because I used ex post 

facto data, there was no treatment or experimental variable. The quantitative design I 

chose eliminated these threats to external validity. 

External validity can be defined as the degree to the generalization of results to 

other populations and locations (Shadish, Cook, & Campbell, 2002). Due to the specific 

population and location chosen, one potential threat could be the sample used since it 

involves the data from the population of one Title I school in one district in a rural area 

from one southwest state. Therefore, the results may only be generalizable to students in 

areas with similar socioeconomic status and type of location. 

Internal Validity 

Internal validity relates to the ability of the design to actually test the hypotheses I 

intended it to test. Campbell and Stanley (1963) listed eight classes of extraneous 

variables that could produce confounding effects on the experimental design. These 

variables include history, maturation, testing, instrumentation, statistical regression, 

selection bias, experimental mortality, and selection maturation (Campbell & Stanley, 
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1963). Most of these threats are eliminated with the use of ex post facto data since there 

is not an experimental design.  

However, one potential threat to internal validity could be under the testing 

category because external factors could have influenced student performance on the 

exams listed as independent and dependent variables. The teachers typically proctor their 

own students’ tests with administrator supervision in two locations based on the testing 

schedule: the technology lab and library. Both locations have student restrooms nearby 

with some distractions that are not documented.  

History is a potential second threat to internal validity for this study. History 

refers to events that could have happened in between the assessments (Campbell & 

Stanley, 1963). Students may have experienced issues in their home or family that could 

have affected their performance and achievement on the Istation formative tests or 

proficiency on the ELA PARCC test. Since these data are not recorded, the outside 

effects on the measures are not included in the study.  

Construct Validity 

Construct validity refers to the concepts of the study. Construct validity reflects 

whether the implemented intervention is the intervention that was intended to be 

implemented and whether the outcomes were measured as it was intended to be measured 

(Trochim, Donnelly, & Arora, 2016). One potential threat to construct validity is an 

inadequate explanation of the constructs. To reduce this threat, I have clearly and 

operationally defined each construct involved in the study. 
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Ethical Procedures 

Ethical issues must be addressed in quantitative research to ensure that potential 

harm is minimized (Creswell, 2009). Since I obtained only archival ex post facto data for 

this study, potential harm was eliminated as it did not involve any interactions with or 

observations of human participants. Prior to beginning this study, I obtained Institutional 

Review Board (IRB) approval. Because the data that were analyzed are existing from 

previous assessments, there was no threat of ethical issues related to recruitment or 

incentives. Therefore, the ethical procedures listed in this section relate to the treatment 

of archival data and two potential ethical issues related to the data gathered.  

Treatment of Archival Data  

The ex post facto data I received was de-identified. During analysis, I was the 

only one with access to the data. The principal could not grant me access to an online 

version or Excel spreadsheet, so she printed all the data by grade level. I stored these data 

in a locked filing cabinet. Upon completion of the analyses, I shredded all documents in 

the school office. 

Other Ethical Issues 

One potential ethical issue was working in the same location the study took place. 

However, since I used ex post facto data, this issue was not a conflict of interest. The 

deidentified data prevented me from knowing how specific students scored on the 

assessments. Another potential issue was that I am one of the teachers that conducted this 

assessment in the 2017–2018 year. However, upon initial gathering, there was no plan of 

using this data, and I only received information on the individual student, so I was not 
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privy to which teacher each student had that year. This alleviated potential bias as I did 

not know which students on the spreadsheet were a part of my classroom at that time. 

Summary 

In this quantitative study, I analyzed archival data to investigate the influence of 

student performance on the Istation reading formative assessment on achievement as 

measured by the ELA PARCC assessment for Grades 3-6 at HES. This chapter included 

justification for using archived data for both a one-way repeated measures ANOVA and a 

linear regression design. Next, I presented the sample and data collection procedures. In 

the data analysis section, I included the procedures for running statistical tests and the 

ways to check for error. Further, I examined potential threats to the study’s internal, 

external, and construct validity and explained how I plan to mitigate the threats. Finally, I 

discussed ethical procedures and how to address each of them. I received approval of the 

proposal from the IRB and received the following approval number: 04-01-20-06668265. 

In Chapters 4 and 5, I provide detailed description of how I executed the data collection 

and statistical analysis of data. 
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Chapter 4: Results 

The purpose of this quantitative study was to investigate the influence of the 

Istation reading formative assessment program on student achievement as measured by 

the ELA PARCC summative assessment. Therefore, the research questions I investigated 

sought to find out whether there was a change in the reading ISIP score over time and 

whether there was a relationship between Istation scores and performance on the ELA 

PARCC. The research questions in this study were as follows:  

RQ1: Are there statistically significant differences in ISIP scores for Grade 3 

before (BOY), during (MOY), and after (EOY) participation in the Istation reading 

program? 

H01: There are no statistically significant differences in ISIP scores for Grade 3 

before (BOY), during (MOY), and after (EOY) participation in the Istation 

reading program. 

Ha1: There are statistically significant differences in ISIP scores for Grade 3 

before (BOY), during (MOY), and after (EOY) participation in the Istation 

reading program. 

RQ2: Are there statistically significant differences in ISIP scores for Grade 4 

before (BOY), during (MOY), and after (EOY) participation in the Istation reading 

program? 

H02: There are no statistically significant differences in ISIP scores for Grade 4 

before (BOY), during (MOY), and after (EOY) participation in the Istation 

reading program. 
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Ha2: There are statistically significant differences in ISIP scores for Grade 4 

before (BOY), during (MOY), and after (EOY) participation in the Istation reading 

program. 

RQ3: Are there statistically significant differences in ISIP scores for Grade 5 

before (BOY), during (MOY), and after (EOY) participation in the Istation reading 

program? 

H03: There are no statistically significant differences in ISIP scores for Grade 5 

before (BOY), during (MOY), and after (EOY) participation in the Istation 

reading program. 

Ha3: There are statistically significant differences in ISIP scores for Grade 5 

before (BOY), during (MOY), and after (EOY) participation in the Istation reading 

program. 

RQ4: To what extent do Istation formative assessment scores (MOY) predict 

literacy performance as measured by the ELA PARCC summative assessment for Grade 

3? 

H04: The Istation formative assessment does not predict literacy performance as 

measured by the ELA PARCC summative assessment for Grade 3. 

Ha4: The Istation formative assessment does predict literacy performance as 

measured by the ELA PARCC summative assessment for Grade 3.  

RQ5: To what extent do Istation formative assessment scores (MOY) predict literacy 

performance as measured by the ELA PARCC summative assessment for Grade 4? 
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H05: The Istation formative assessment does not predict literacy performance as 

measured by the ELA PARCC summative assessment for Grade 4. 

Ha5: The Istation formative assessment does predict literacy performance as 

measured by the ELA PARCC summative assessment for Grade 4.  

RQ6: To what extent do Istation formative assessment scores (MOY) predict 

literacy performance as measured by the ELA PARCC summative assessment for Grade 

5? 

H06: The Istation formative assessment does not predict literacy performance as 

measured by the ELA PARCC summative assessment for Grade 5. 

Ha6: The Istation formative assessment does predict literacy performance as 

measured by the ELA PARCC summative assessment for Grade 5.  

Each of these research questions included grade-level specific and complete sets 

of data based on student scores from the 2017–2018 school year. RQ 1-3 involve the 

Istation program scores and whether a one-way repeated measures ANOVA indicated 

that the scores change over time. Questions 4-6 involve the relationship between the 

Istation formative assessment program and its ability to predict and influence the ELA 

PARCC summative assessment. The rest of this chapter includes data collection, results 

from both statistical tests for Grades 3-5 and an analysis of these results.  

Data Collection 

After receiving IRB approval (#04-01-20-0668265), I collected all data for this 

study following the methodology and best practice. As I used archived ex post facto data, 

I did not have participants in this study. I collected the following de-identified data: (a) 
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Grades 3-6 student formative assessment data from the Istation reading program and (b) 

summative ELA PARCC data from the same students. This section includes a narration 

of the data retrieval process and discrepancies from my data collection plan. Additionally, 

it includes a baseline description of the data, valuable for determining the validity and 

representativeness of the sample.  

Retrieval Process 

Upon validating IRB approval to gather data for this study, the HES principal 

provided me a printed copy of the data set for this study ex post facto in a password-

protected spreadsheet. The Istation data set included 2017–2018 student scores from the 

beginning (BOY), middle (MOY), and end of the school year (EOY) for 270 students.  

The data included in this study were the student’s Istation formative assessment 

scores from the 2017–2018 school year. These were the existing data for this term and 

available to the principal and the state. I included student data sets for each student who 

completed a pre-, midyear, and postformative reading assessment in Istation and the ELA 

PARCC summative exam for the 2017–2018 school year. Though many students enrolled 

throughout the school year had a complete set of data, some were not included due to 

date of enrollment and/or withdrawal. Due to the data available, there was one significant 

discrepancy from the initial proposal. 

Discrepancies in Data From the Plan 

Although data were gathered according to the data collection plan, upon entering 

the data from a spreadsheet provided by the principal, I noted that none of the sixth-grade 

students had a BOY score. As the inaugural Istation assessment was in October of 2017, 
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the sixth-grade students from the data set did not have a BOY score—the pretest given at 

the beginning of the term. Therefore, all sixth-grade student data sets (n = 69) were 

incomplete and excluded, resulting in a data set of 201 rather than 270, representing 

students from Grades 3-5 rather than 3-6. Additionally, when I examined all Grades 3-5 

data sets, another 26 were excluded. Therefore, from the 281 data sets initially retrieved, 

when I eliminated students with a missing data set or who unenrolled, the final sample 

was 175 Grade 3-5 students.  

According to Faul et al. (2007) G*Power software, the post hoc achieved power 

(1-β error probability) for the sample in this study was 0.9991. The post hoc achieved 

power of 0.9991 is numerically greater than the threshold value of 0.80, indicating that 

this analysis has sufficient power to support the results with this statistical test at the 

parameters of effect size equaling 0.15 [medium], alpha at 0.05, total sample size 

equaling 175, and number of predictors equaling 1. Thus, for these statistical parameters, 

there was sufficient power to support the analysis results from the data sample of 175 

complete student data sets.  

One final deviation from the proposed data plan was that, because all students did 

not complete the ELA PARCC prior to the Istation EOY assessment, the MOY rather 

than the EOY was used as the predicting variable in determining the influence of ISIP 

scores on the ELA PARCC. As the MOY and EOY are the same type data, there were no 

negative effects on data analysis or meeting analysis assumptions created by this change. 

The discussion of data results reflects these deviations from the data plan.  
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Sample Description  

The sample included 175 Grade 3-5 student data sets from a rural school in the 

Southwest region of the United States. As this school district was a Title I school, most 

students’ families had a low socioeconomic status, and all students received free 

breakfast and lunch provided by the school. These data included scores from both male 

and female students, although gender was not coded in the data set since it was not a 

variable in this study. Table 1 shows the number of student data sets by grade level and 

the percentage of the sample. 

Table 1 

 

Total Number and Percentage of Student Data Sets by Grade Level  

Grade level Total % 

3 53 31 

4 55 31 

5 57 38 

Total 175 100 

 

HES is a Title I school in the southwest region of the United States. These 

students represented three different grade levels—Grades 3, 4, and 5. This sample (n = 

175) represented 62% of the school’s total population (N = 281). Since Grade 6 was 

eliminated (n = 69), the sample represented 83% of the population in Grades 3-5 (N = 

212). Due to the number of complete data sets and the power (1-β error probability) for 

the desired sample in this study calculated at 0.903, the results can be generalized to the 
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overall population of students at HES in Grades 3-5. Furthermore, due to the diverse 

population of students at HES, the results can be generalized to other schools with similar 

populations. 

Results 

The following data, acquired from the archives at HES, informed the research 

questions for this study. Of the six research questions in this study, I analyzed three with 

a one-way repeated measures ANOVA and three with a linear regression. I conducted a 

one-way repeated measures ANOVA to examine whether there was a change in Grades 

3-5 students’ ISIP scores over time throughout the 2017–2018 school year—before, 

during, and after participation in the Istation reading program. The null hypotheses for 

RQ 1-3 stated that there are no statistically significant differences in ISIP scores before, 

during, and after participation in the Istation reading program. A one-way repeated 

measures ANOVA was appropriate because the teachers administered the Istation test 

three times throughout the school year.  

The second set of questions, RQs 4-6, required a different type of quantitative 

analysis to examine the relationship between the ISIP scores and student performance on 

the ELA PARCC for each of Grades 3, 4, and 5. The null hypotheses stated that the MOY 

ISIP does not predict the ELA PARCC score. Linear regressions are appropriate to 

examine the extent of a relationship, if any, between two variables—an independent 

variable and a dependent variable. Completing this analysis determined the influence of 

the Istation reading program on the ELA PARCC achievement.  
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Description of the Data 

The ex post facto data from 175 HES students included all the Istation scores and 

the ELA PARCC score for each student that was enrolled at HES during the school year 

of 2017–2018. The data set originally included data from 281 students (de-identified and 

numbered) and included the grade level and, if taken, the BOY, MOY, EOY, and ELA 

PARCC scores. If the student was not present for one or more of the assessments, that 

space was left blank on the spreadsheet, and the student data set was excluded from the 

study. The ISIP score for each student was a numeral between 200 and 2,500. The ELA 

PARCC scores from 1 to 5 with the following criteria: did not yet meet expectations (1), 

partially met expectations (2), approached expectations (3), met expectations (4), and 

exceeded expectations (5). The state administration deemed students who scored a 1 

through 3 as not proficient and a 4 or 5 as proficient.  

This complete data set included scores for 175 students. Each of these students 

spent a minimum of 25 minutes on the reading component of the Istation program each 

week. Though the number of students fluctuated throughout the year, at the end of the 

year, the school had 281 students. However, the usable sample obtained for the purpose 

of this study included 175 students. Any student data sets from Grades 3-5, as well as 

Grade 6, were excluded if they were missing a score from one or more of the four tests 

required to have a complete data set. Data in Table 2 detail the number and percentage of 

Grade 3-6 students completing the ISIP at the beginning, middle, and end of the term.  
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Table 2 

 

Number and Percentage of Students by Grade Level Completing the Istation 

ISIP at the Beginning (BOY), Middle (MOY), and End (EOY) of Year  

 Total BOY MOY EOY 

Grade N % N % N % N % 

3 53 31 53 31 53 22 53 22 

4 55 31 55 31 55 23 55 23 

5 67 38 67 38 67 28 67 28 

6 -  0  61 25 61 25 

Total 175  175  236  236  

Note. BOY = beginning of year; MOY = middle of year; EOY = end of year 

Statistical Assumptions for One-Way Repeated Measures ANOVA 

For the one-way repeated measures ANOVA to be an appropriate analysis, five 

assumptions about the data must be met. According to Laerd Statistics (2019), verifying 

that a data set meets these assumptions is key to interpreting the validity of the results. 

However, it is common in real-world data for a data set to fail an assumption (Laerd 

Statistics, 2019). In these instances, it is essential to apply appropriate solutions and 

possibly further testing to overcome the violation of the assumption. The five 

assumptions for a one-way repeated measures ANOVA are as follows: 

1. The dependent variable must contain continuous data. 

2. The within-subjects independent variable must be categorical with three or 

more levels. 
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3. There must be no significant outliers existing in any level of the within-

subjects factor. 

4. The dependent variable must be normally distributed. 

5. Known as sphericity, the variances of the differences between all 

combinations of levels of the within-subjects factor must be equal. (Laerd 

Statistics, 2019, “Assumptions I,” para. 3) 

Assumptions 1–2. According to the first assumption, the dependent variable in 

this study must contain continuous data (Laerd Statistics, 2019). In this study, the Istation 

formative assessment ISIP scores represent the dependent variable, which are tabulated 

on a continuous scale (i.e., values for Grade 3 range from 196–293; Grade 4, 1,330–

2,200; Grade 5, 1,600–2,600). Since the dependent variable is tabulated on a continuous 

scale, this data set meets Assumption 1.  

The second assumption states that the within-subjects factor (i.e., independent 

variable, the Istation reading formative assessment) contains at least three categorical 

levels (Laerd Statistics, 2019). For this study, the three levels of the independent variable 

represent the scores from the three times students took the Istation reading formative 

assessment throughout the year (i.e., BOY, MOY, EOY). As the scores were tabulated on 

a continuous scale and three levels exist, these data met Assumption 2. As the data met 

the first two assumptions, I continued to analyze data relative to Assumptions 3–5 that 

involve the nature of the data. 

Assumption 3. The third assumption review consisted of checking for outliers. 

According to Laerd Statistics (2019), to determine the presence of outliers and normal 
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distribution in the data set, it is necessary to review the boxplots for the data set. To 

analyze the 175 data sets of ISIP scores, I used the Explore: Plots tab in SPSS to create 

boxplots for these data.  

When analyzing outliers with boxplots, according to Laerd Statistics (2019), “Any 

data point that is more than 1.5 box lengths from the edge of their box is classified by 

SPSS Statistics as an outlier” (“Determining If You Have Outliers,” para. 2). Those data 

points that are more than three box-lengths away from the edge of their box are 

considered extreme points and need to be further investigated (Laerd Statistics, 2019). 

The process for determining and problem-solving outliers is organized by research 

question. 

RQ1 Outliers: Third grade ISIP scores. When analyzing the 53 data sets of third 

grade students’ ISIP scores, I used the Explore: Plots tab to create boxplots for the data 

set. In the data set for Grade 3 (n = 53), there were two outliers: data points for students 

13 and 41. Figure 1 includes the boxplots and evaluated outliers. When there are outliers 

in the data set as there were in this study, best practice requires an examination of the 

data set for (a) data entry errors, (b) measurement errors, or (c) genuinely unusual values 

(Laerd Statistics, 2019). Upon examination of these data, there were no entry or 

measurement errors. Therefore, the outliers were determined to be genuinely unusual 

values. With unusual values, best practice involves a process of determining whether the 

outlier should be kept or removed from the data set. 
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Figure 1. Boxplots for Grade 3. 

There are four ways to resolve the problem of outliers. One can consider (a) using 

the nonparametric Friedman test, (b) modifying the outliers, (c) transforming the 

dependent variable, or (d) including the outlier in the analysis anyway (Laerd Statistics, 

2019). As seen in Figure 1, none of the outliers were extreme points because, according 

to Laerd Statistics (2019), extreme points are more than three box-lengths away from the 

edge of their box. Since these outliers were not extreme, I chose to keep the outliers in 

the analyses. I calculated a one-way ANOVA with and without the outliers, compared the 

results, and found that the outliers had no effect on the analysis. The results were 

essentially the same (i.e., no statistically significant difference). Once these identified 

outliers were addressed, I moved on to Assumption 4 to determine the normality of the 

data.  
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RQ2 Outliers: Fourth grade ISIP scores. When analyzing the 55 data sets of 

fourth grade students’ ISIP scores, I used the Explore: Plots tab to create boxplots for the 

data set. In the data set for Grade 4 (n = 55), these data rendered outliers for students 61, 

78, 80, 82, and 85. Figure 2 includes the boxplots and evaluated outliers. Upon 

examination of these data, there were no entry or measurement errors. Therefore, the 

outliers were determined to be genuinely unusual values. With unusual values, best 

practice involves a process of determining whether the outlier should be kept or removed 

from the data set. 

 

Figure 2. Boxplots for Grade 4. 

As seen in Figure 2, none of the outliers were extreme points because, according 

to Laerd Statistics (2019), extreme points are more than three box-lengths away from the 

edge of their box. Since these outliers were not extreme, I chose to keep the outliers in 
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the analyses. I calculated a one-way repeated measures ANOVA with and without the 

outliers, compared the results, and found that the outliers had no effect on the analysis. 

The results were essentially the same because there was no statistically significant 

difference. Once these identified outliers were addressed, I moved on to Assumption 4 to 

determine the normality of the data. 

RQ3 Outliers: Fifth grade ISIP scores. When analyzing the 55 data sets of fifth 

grade students’ ISIP scores, I used the Explore: Plots tab to create boxplots for the data 

set. In the data set for Grade 5 (n = 67), these data rendered outliers for students 145 and 

149. Figure 3 includes the boxplots and evaluated outliers. The reexamination of these 

data found no data entry or measurement errors. Therefore, they include genuinely 

unusual values. Further inspection and resolution of these outliers was the next step.  

 

Figure 3. Boxplots for Grade 5. 

As seen in Figure 3, none of the outliers were extreme points because, according 

to Laerd Statistics (2019), extreme points are more than three box-lengths away from the 
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edge of their box. Since these outliers were not extreme, I chose to keep the outliers in 

the analyses. I calculated a one-way ANOVA with and without the outliers, compared the 

results, and found that the outliers had no effect on the analysis. The results were 

essentially the same (i.e., no statistically significant difference). Once these identified 

outliers were addressed, I moved on to Assumption 4 to determine the normality of the 

data. 

Assumption 4. Normality of the dependent variable is necessary to establish 

statistical significance (Laerd Statistics, 2019). The Grades 3-5 data sets included 53, 55, 

and 67 students, respectively, and I conducted a Shapiro-Wilk test for normality. In the 

Shapiro-Wilk test, if “data are normally distributed (i.e., the assumption of normality is 

met), the significance level . . . should be more than .05 (i.e., p > .05)” (Laerd, 2019, 

“Shapiro-Wilk Test of Normality,” para. 2). The results for normality were different 

depending on grade level, and the BOY, MOY, and EOY for each of those grade levels 

and will be reported under each research question. 

RQ1 Normality: Third grade ISIP scores. The normality assumption was not 

violated for time points BOY and MOY for Grade 3. For the BOY scores, Grade 3 results 

from the Shapiro-Wilk test reported p = .18 and p = .52 for MOY, which were both more 

than the required significance level of p > .05. However, though close, EOY rendered a 

violation of the normality assumption with p = .044, which is less than the required 

significance level of p > .05. 

RQ2 Normality: Fourth grade ISIP scores. The normality assumption was 

violated for EOY in Grade 4 because the Shapiro-Wilk test resulted in p = .023. 
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According to Laerd Statistics (2019), this result is less than the required significance level 

of p > .05. The other two time points, MOY and EOY, were not violated with respective 

results of p = .38 and p = .78, which were both more than the required significance level 

of p > .05. Therefore, the EOY required further investigation regarding normality. 

There are two options for dealing with violations regarding normality of the data. 

These include either (a) transforming the dependent variable or (b) carrying on regardless 

(Laerd Statistics, 2019). It is not unusual to see violations of this assumption with real-

world data because the one-way repeated measures ANOVA is robust to violations of 

normality (Leech, Barrett, Morgan, Clay, & Quick, 2005). Therefore, I chose to carry on 

with these data for Grade 4 and move to testing for the final assumption. 

RQ3 Normality: Fifth grade ISIP scores. When analyzing the 67 data sets for 

Grade 5, I ran the Shapiro-Wilk test again. Running the assumption for Grade 5 rendered 

results that met significance because in each level the significance was p > .05. The BOY 

score was p = .12, MOY was p = .13, and EOY was p = .13. Therefore, the assumption 

for normality was met for all the time points for Grade 5. 

Assumption 5. Finally, Assumption 5 relates to equal variance of the dependent 

variable, known as sphericity. According to Tabachnick and Fidell (2017), sphericity is 

defined as measuring the correlation scores between the dependent variables that occur 

over time to determine whether they are similar. A violation of sphericity can lead to 

invalid results (Laerd Statistics, 2019). Since correlations are more likely to be similar 

between variables that are measured closer together in time, Mauchly’s test can 

determine sphericity. Similarities between variables can lead to a Type I error, which 
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may show a statistically significant result when there is not one (Laerd Statistics, 2019). 

Using Mauchly’s test statistic, sphericity can be either significant, meaning little 

probability of an error (p < .05) or nonsignificant (p > .05). If there is a violation of 

sphericity, additional statistical tests can be used to correct for the error (Tabachnick & 

Fidell, 2007).  

RQ1 Sphericity: Third grade ISIP scores. For Grade 3, Mauchly’s test of 

sphericity indicated that the assumption of sphericity had been violated, χ2(2) = 17.9, p < 

.001. In practice, the assumption of sphericity is considered difficult not to violate 

(Weinfurt, 2000). Further correction to account for this Type I error was necessary via 

either the Greenhouse-Geisser or Huynh-Feldt adjustment. According to Laerd Statistics 

(2019), when ε > 0.75, it is best to use the Huynh-Feldt correction. Furthermore, Abdi 

and Williams (2010) described this correction as more efficient and more powerful than 

the Greenhouse-Geisser correction. Epsilon (ε) was 0.791, as calculated according to the 

Huynh-Feldt adjustment, and was used to correct this one-way repeated measures 

ANOVA. The results were interpreted using this Huynh-Feldt adjustment. 

RQ2 Sphericity: Fourth grade ISIP scores. Upon running the one-way repeated 

measures ANOVA for Grade 4, Mauchly’s test of sphericity indicated that the 

assumption of sphericity had not been violated, χ2(2) = 5.32, p = .07. This means the test 

was not statistically significant and the assumption of sphericity was met. I can interpret 

these data based on the sphericity assumption and no further adjustment is necessary for 

Grade 4. 
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RQ3 Sphericity: Fifth grade ISIP scores. Upon running the one-way repeated 

measures ANOVA for Grade 5, Mauchly’s test of sphericity indicated that the 

assumption of sphericity was not violated, χ2(2) = 4.75, p = .09. Therefore, the sphericity 

assumption was met and there is no need to account for a Type I error. I can interpret 

these data based on the sphericity assumption and no further adjustment is necessary for 

Grade 5. 

Statistical Findings for the One-Way Repeated Measures ANOVA 

Based upon the assumptions for the one-way repeated measures ANOVA and 

data sets for the first three research questions in this study, I calculated the one-way 

repeated measures ANOVA to determine whether there was a change in ISIP scores over 

time. I analyzed these data with descriptive statistics to determine the mean of each 

group’s ISIP score at each point in time from the beginning to the end of the year. A 

summary of the analyses and respective results are listed under each research question. 

RQ1 Results. A one-way repeated measures ANOVA was conducted to 

determine whether there were statistically significant differences in ISIP score over time 

throughout the course of the school year for Grade 3. The assumption of sphericity was 

violated, as assessed by Mauchly’s test of sphericity, χ2(2) = 17.9, p < .001. Therefore, a 

Huynh-Feldt correction was applied ( = 0.791). As seen in Table 3, the Istation program 

elicited statistically significant changes in scores over time, F(1.581, 82.227) = 45.00, p < 

.005, partial 2 = .46, with ISIP scores increasing from both the initial assessment 

(BOY3: M = 138.09, SD = 14.80) to mid-year (MOY3: M = 249.28, SD = 15.64) and the 

initial assessment to end of year (EOY3: M = 250.28, SD = 20.62), but not from MOY3 
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to EOY3. Therefore, the null hypothesis is rejected. Table 3 includes the Grade 3 

statistics for the one-way repeated measures ANOVA.  

Table 3 

 

Grade 3 Mean, Standard Deviation, and Number of Student ISIP Scores (BOY, MOY, 

EOY) from Istation Reading Program 

ISIP M SD N 

BOY3 238.09 14.81 53 

MOY3 249.28 15.65 53 

EOY3 250.28 20.62 53 

Note. BOY = beginning of year; MOY = middle of year; EOY = end of year 

Post hoc analysis with a Bonferroni adjustment revealed the ISIP score was 

statistically significantly increased from BOY3 to MOY3 and from BOY3 to EOY3 (95% 

CI [8.67, 13.71], p < .001). The Bonferroni adjustment also indicated no statistical 

significance for MOY3 to EOY3 (M = 250.28, 95% CI [2.60, 4.60], p = 1.00). This 

finding indicates that the difference between times was significant only from BOY3 to 

MOY3 and BOY3 to EOY3, not from midpoint to end of year. 

RQ2 Results. A one-way repeated measures ANOVA was conducted to 

determine whether there were statistically significant differences in ISIP score over time 

throughout the course of the school year for Grade 4. As seen in Table 4, the Istation 

program elicited statistically significant changes over time, F(2, 108) = 58.14, p < .005, 

partial 2 = .52, with ISIP scores increasing from both the initial assessment (BOY4: M = 

1,785.96, SD = 158.74) to mid-year (MOY4: M = 1,863.60, SD = 170.96), the initial 
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assessment to end of year (EOY4: M = 1,899.89, SD = 158.00), and the mid-year to end 

of year. Therefore, the null hypothesis is rejected.  

Table 4 

 

Grade 4 Mean, Standard Deviation, and Number of Student ISIP Scores (BOY, MOY, 

EOY) from Istation Reading Program 

ISIP M SD N 

BOY4 1,785.96 158.74 55 

MOY4 1,863.60 170.96 55 

EOY4 1,899.89 158.00 55 

 

Post hoc analysis with a Bonferroni adjustment revealed the ISIP score was 

statistically significantly increased from BOY4 to MOY4, from BOY4 to EOY4 (95% CI 

[48.78, 106.50], p < .001), and from MOY4 to EOY4 (M = 1,899.89, 95% CI [14.11, 

58.47], p = .001). These findings indicate that student reading improved with use of 

Istation from the beginning to middle of the year and from the beginning to the end of the 

year. Additionally, in Grade 4 only, there was a significant change from the middle to end 

of year. Therefore, a change in reading from the middle to end of the year can be 

statistically attributed to Istation use.  

RQ3 Results. A one-way repeated measures ANOVA was conducted to 

determine whether there were statistically significant differences in ISIP score over time 

throughout the course of the school year for Grade 5. As seen in Table 5, the Istation 

program elicited statistically significant changes over time, F(2, 130) = 35.85, p < .005, 

partial 2 = .36, with ISIP scores increasing from both the initial assessment (BOY5: M = 
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1,893.88, SD = 169.64) to mid-year (MOY5: M = 1,953.80, SD = 169.63) and the initial 

assessment to end of year (EOY5: M = 1,990.15, SD = 195.70). Therefore, the null 

hypothesis is rejected.  

Table 5 

 

Grade 5 Mean, Standard Deviation, and Number of Student ISIP Scores (BOY, MOY, 

EOY) from Istation Reading Program 

ISIP M SD N 

BOY5 1,893.88 169.64 67 

MOY5 1,953.80 169.63 67 

EOY5 1,990.15 195.70 67 

 

Post hoc analysis with a Bonferroni adjustment revealed the ISIP score was 

statistically significantly increased from BOY5 to MOY5, from BOY5 to EOY5 (95% CI 

[33.90, 85.95], p < .001), but not from MOY5 to EOY5 (M = 1,990.15, 95% CI [4.59, 

68.11], p = .02). These findings indicate that student reading improved with use of 

Istation from the beginning to middle of the year and from the beginning to the end of the 

year. However, any change in reading from the middle to end of the year cannot be 

statistically attributed to Istation use.  

Summary. Overall, results of the ANOVA analyses show that there is a change in 

ISIP scores over time. For Grades 3 and 5, the change over time was statistically 

significant from BOY to MOY and from BOY to EOY but not from MOY to EOY. 

However, the Grade 4 change over time was statistically significant for all time points 
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(BOY  MOY, BOY  EOY, and MOY  EOY). This finding is an indication that the 

students are learning with the use of the Istation reading formative assessment program. 

Linear Regression Statistical Assumptions 

The intent of a linear regression is to analyze the extent of the predictive ability of 

an independent variable on a dependent variable. According to Tabachnik and Fidell 

(2007), “The flexibility of techniques is, then, especially useful to the researcher who is 

interested in real-world or very complicated problems that cannot be meaningfully 

reduced to orthogonal designs in a laboratory setting” (p. 111). It is effective with 

continuous data and strives to create regression coefficients. In this study, a simple linear 

regression was performed to create an equation that would best quantify the relationship 

between the independent variable, ISIP MOY reading formative assessment score, and 

the ELA PARCC summative assessment score dependent variable. 

For the linear regression to be an appropriate analysis, seven assumptions about 

the data must be met. According to Laerd Statistics (2019), verifying that a data set meets 

these assumptions is key to interpreting the validity of the results. However, it is common 

in real-world data for a data set to fail an assumption (Laerd Statistics, 2019). In these 

instances, it is essential to apply appropriate solutions and possibly further testing to 

overcome the violation of the assumption. The seven assumptions for a linear regression 

are as follows: 

1. The data must contain a continuous dependent variable.  

2. The data must have a continuous independent variable. 

3. There is a linear relationship between the two variables. 
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4. There must be independence of observations. 

5. There are no significant outliers.  

6. There is homoscedasticity. 

7. The residuals (errors) of the regression line are approximately normally 

distributed. (Laerd Statistics, 2019) 

Assumptions 1–2. According to the first assumption, the dependent variable in 

this study must contain continuous data (Laerd Statistics, 2019). In this study, each 

student’s ELA PARCC raw score represents the dependent variable (with a range from 

650 to 850). The second assumption involves the requirement of a continuous 

independent variable. Based on this data set, the Istation formative assessment MOY 

score is the independent variable, which is tabulated on a continuous scale (i.e., values for 

Grade 3 range from 196–293; Grade 4, 1,330–2200; Grade 5, 1,600–2,600). As both the 

variables were tabulated on a continuous scale, these data met the first two assumptions. 

The next three assumptions involved the nature of the data. 

Assumption 3. The third assumption involves the need for a linear relationship 

between the independent and dependent variable. According to Laerd Statistics (2019), 

the way to assess a linear relationship is to inspect a scatter plot. If the relationship 

approximately follows a straight line, there is a linear relationship. However, if there is, 

for example, a curved line, there is no linear relationship (Laerd Statistics, 2019). I used 

the Explore tab in SPSS to create scatter plots and then evaluated them for each set of 

grade-level data to verify a linear relationship between the two variables.  
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RQ4 Linear Relationship: Third grade ISIP and ELA PARCC scores. Scatter 

plots for Grade 3 ELA PARCC raw scores compared to the MOY ISIP scores from the 

Istation formative assessment program were plotted. As indicated in Figure 4, visual 

inspection of these data indicated a linear relationship between the variables as the data 

approximately resembled a straight line. This assumption was met; and it was appropriate 

to move on to the fourth assumption: independence of residuals.  

 

Figure 4. Scatter plot for Grade 3. 

RQ5 Linear Relationship: Fourth grade ISIP and ELA PARCC scores. Scatter 

plots comparing Grade 4 ELA PARCC raw scores to the MOY ISIP scores from the 

Istation formative assessment program were plotted. As seen in Figure 5, visual 

inspection of these data indicated a linear relationship between the variables via an 

approximately straight line. This assumption was met, and it was appropriate to move on 

to the fourth assumption. 
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Figure 5. Scatter plot for Grade 4. 

RQ6 Linear Relationship: Fifth grade ISIP and ELA PARCC scores. I used a 

scatter plot to evaluate Grade 5 ELA PARCC raw scores compared to the MOY ISIP 

scores from the Istation formative assessment program. As seen in Figure 6, visual 

inspection of these data indicated an approximately straight line and, therefore, a linear 

relationship between the variables. This assumption was met, and it was appropriate to 

move on to the fourth assumption: independence of residuals.  
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Figure 6. Scatter plot for Grade 5. 

Assumption 4. After evaluation of Assumptions 1–3, it was necessary to run the 

linear regression analysis in SPSS to address the final four assumptions. The fourth 

assumption involved ensuring the data do not overlap or offer information about each 

other, which is known as independence of observations (Laerd Statistics, 2019). Each 

observation must stand alone and must not be related. Independence of observations can 

be assessed by evaluating the Durbin-Watson test. According to Laerd Statistics (2019), 

the Durbin-Watson statistic ranges from 0 to 4, and to evaluate these data to see whether 

there is independence of observations, “it is crucial to find a value of approximately 2, 

which indicates that there is no correlation between residuals” (“Assumptions II,” para. 

5). If the Durbin-Watson results reveal a statistic of approximately 2, this assumption is 

considered met as each piece of these data appears to stand alone. 
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RQ4 Independence of Observation: Third grade ISIP and ELA PARCC scores. 

When analyzing the third grade data sets, I tested for the assumption of independence of 

observations by using the Durbin-Watson tests. Findings revealed a statistic of 2.20, 

which meets the requirement of being close to 2. Therefore, there was independence of 

residuals for the data sets of Grade 3. 

RQ5 Independence of Observation: Fourth grade ISIP and ELA PARCC 

scores. The independence of residuals assumption for Grade 4 was also met. These data, 

as assessed by the Durbin-Watson test, rendered a result of 2.21, which meets the 

requirement of being close to 2. 

RQ6 Independence of Observation: Fifth grade ISIP and ELA PARCC scores. 

There was independence of residuals for the data sets of Grade 5, as assessed by the 

Durbin-Watson statistic of 2.20. This result meets the requirement of being close to 2 as 

well as the assumption. Therefore, it was appropriate to move on to the next assumption.  

Assumption 5. The fifth assumption involves the presence and potential 

mitigation of outliers. Outliers, or unusual points, can be present in data and must be 

evaluated to ensure accuracy of the regression line (Laerd Statistics, 2019). Checking this 

assumption involves diagnosing the regression model for cases in the data that are 

mitigating outliers that exert significant influence on the model. To accomplish this task, 

a Cook’s distance analysis was conducted (Leech et al., 2015). With results over 1, it is 

necessary to further investigate and potentially remove the outliers. When there are 

outliers in the data set—as there were in this study—best practice requires an 

examination of the data set for (a) data entry errors, (b) measurement errors, or (c) 
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genuinely unusual values (Laerd Statistics, 2019). However, if the Cook’s distance 

analysis results are less than 1 for all these data, there are no outliers, and it is appropriate 

to move on to Assumption 6. 

RQ4 Outliers: Third grade ISIP and ELA PARCC scores. To address 

Assumption 5, Cook’s distance was applied to the analysis. For Grade 3, Cook’s distance 

results indicated a minimum of .00 and maximum of .13. This means there were no 

outliers as neither number is over 1. Hence, this assumption was met.  

RQ5 Outliers: Fourth grade ISIP and ELA PARCC scores. The fifth assumption 

involves mitigating outliers. For Grade 4, the results indicated a minimum of .00 and a 

maximum of .91. Though not over 1, the maximum is close to 1, which required further 

investigation. To address the influential outlier in the Grade 4 data, it is necessary to 

review the Cook’s distance variable in SPSS and see which score is the outlier. Upon 

examination of these data, there were no entry or measurement errors. Therefore, the 

outliers were determined to be genuinely unusual values. With unusual values, best 

practice involves determining whether the outlier should be kept or removed from the 

data set. 

To evaluate whether to keep or remove the influential outlier from analysis, I 

removed the outlier (i.e., Case 81) and ran the regression analysis again. The Cook’s 

distance results revealed no other significant influential cases for Grade 4 (minimum of 

.00 and maximum of .21), and the elimination of this case also improved normality, the 

relationship among the residuals, and heteroscedasticity as revealed by the residual plot. 

This visual inspection was justification to exclude Case 81. This plan ensured that the one 
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specific data point did not overly influence the rest of the data set. With this case 

removed, the rest of the results will use this new data set (n = 54), and it was appropriate 

to move to the sixth assumption. 

RQ6 Outliers: Fifth grade ISIP and ELA PARCC scores. To address 

Assumption 5, Cook’s distance was applied to the analysis. For Grade 5, the results 

showed a minimum of .00 and a maximum of .26, indicating there were no excessively 

influential outliers in these data. It was appropriate to move on to Assumption 6. 

Assumption 6. This assumption regards homoscedasticity. This assumption tests 

to see whether the residuals are equal across the predicted values (Laerd Statistics, 2019). 

Evaluating this assumption can be checked via inspection of a scatter plot of the 

residuals. If examination of these data indicate heteroscedasticity, there are ways to 

counteract the patterns in the residuals (Laerd Statistics, 2019). However, if the residuals 

are equal across the predicted values, there is homoscedasticity (Laerd Statistics, 2019). 

This means there is a constant spread and no pattern in these data points, the assumption 

is met, and it is appropriate to move on to assess the next assumption. 

RQ4 Homoscedasticity: Third grade ISIP and ELA PARCC scores. The third 

grade data’s homoscedasticity was assessed with the use of a scatter plot. There was 

homoscedasticity as assessed by visual inspection of a plot of the Grade 3 standardized 

residuals versus standardized predicted values. There was a constant spread of the 

residuals and no pattern existed. Therefore, this assumption was met and it was 

appropriate to move to the seventh assumption. 
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RQ5 Homoscedasticity: Fourth grade ISIP and ELA PARCC scores. The fourth 

grade data’s homoscedasticity was assessed with the use of a scatter plot. There was 

homoscedasticity as assessed by visual inspection of a plot of Grade 4 standardized 

residuals versus standardized predicted values. There was a constant spread of the 

residuals and no pattern existed. Therefore, this assumption was met and it was 

appropriate to move to the seventh assumption. 

RQ6 Homoscedasticity: Fifth grade ISIP and ELA PARCC scores. The fifth 

grade data’s homoscedasticity was assessed with the use of a scatter plot. There was 

homoscedasticity as assessed by visual inspection of a plot of standardized residuals 

versus standardized predicted values. There was a constant spread of the residuals and no 

pattern existed. Therefore, this assumption was met and it was appropriate to move to the 

seventh assumption. 

Assumption 7. The seventh and final assumption involves checking for normality 

of residuals. Two methods, a histogram or a normal probability (P-P) plot, can be used to 

assess residual normality. These plots are generated automatically if selected in the plots 

box when running the linear regression analysis in SPSS. Laerd Statistics (2019) stated 

that a normal P-P plot is one of the best graphical methods to assess normality. If 

residuals are normally distributed, data points will be approximately aligned along the 

diagonal line. However, Laerd Statistics stated that if the data points are not 

approximately aligned along the diagonal line of the P-P plot, it is necessary to 

“transform the dependent variable to try to coax the error residuals to normality” 
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(“Checking for Normality of Residuals,” para. 8). The specific grade-level data’s 

normality as assessed by the normal P-P plot is described under each research question. 

RQ4 Normality: Third grade ISIP and ELA PARCC scores. The seventh and 

final assumption regards the normal distribution of residuals. For Grade 3, residuals were 

normally distributed as assessed by visual inspection of a normal P-P plot. After these 

seven assumptions were met, it was appropriate to further interpret the results. 

RQ5 Normality: Fourth grade ISIP and ELA PARCC scores. The seventh and 

final assumption regards the normal distribution of residuals. For Grade 4, residuals were 

normally distributed as assessed by visual inspection of a normal P-P plot. After these 

seven assumptions were met, it was appropriate to further interpret the results. 

RQ6 Normality: Fifth grade ISIP and ELA PARCC scores. The seventh and 

final assumption regards the normal distribution of residuals. For Grade 5, residuals were 

normally distributed as assessed by visual inspection of a normal P-P plot. After these 

seven assumptions were met, it was appropriate to further interpret the results. 

Statistical Analysis Findings for Linear Regression 

To address the final three research questions regarding the relationship between 

the Istation formative assessment program and its ability to influence the ELA PARCC 

scores, I ran a linear regression analysis. I analyzed these data to identify the percentage 

of variance, evaluate the statistical significance of the model, and interpret the 

coefficients. Finally, I created a regression equation.  

There are important measures to interpret and report in a linear regression model. 

I performed a quantitative analysis using SPSS Version 25.0, a standard confidence 
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interval of 95%, and an alpha of 0.05. The conventional medium effect size of 0.25 was 

used (Cohen, 1992). First, it is necessary to interpret the adjusted R2 because it represents 

the proportion of variance that is explained by the independent variable. The adjusted R2 

is used over the R figure because, “it corrects for the positive bias in order to provide a 

value that you would expect in the population” (Laerd Statistics, 2019, p. 16). I 

interpreted the results using the output tables titled Model Summary and ANOVA. The 

analysis requires evaluation of the effect size via adjusted R2, examination of whether or 

not the coefficients show a linear relationship between the two variables, and evaluation 

of the ability of the independent variable (i.e., Istation program/ISIP score) to predict the 

dependent variable (i.e., ELA PARCC score). 

RQ4 Results. A linear regression was conducted to determine whether the 

Istation formative assessment MOY ISIP Grade 3 student score could predict 

performance on the ELA PARCC summative assessment. The analysis established that, 

for Grade 3, a student’s ISIP score from the MOY Istation formative assessment 

statistically significantly predicts the student’s score on the ELA PARCC summative 

assessment (F[1, 51] = 73.54, p < .001), and the ISIP score accounted for 58.2% of the 

explained variability in the ELA PARCC score as assessed using the adjusted R2 

measure. Therefore, the null hypothesis is rejected. This means that 41.8% of the 

variance in the ELA PARCC is explained by other factors that were not measured in this 

analysis. 

I completed a linear regression to investigate the relationship between the 

independent and the dependent variables. Results rendered an equation that represents the 
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relationship between the independent variable (MOY ISIP sore) and the dependent 

variable (ELA PARCC). Table 6 includes the data used to calculate this equation and the 

regression analysis summary, means, and standard deviations for Grade 3 data. The 

regression equation for MOY that predicts ELA PARCC (Y) was as follows: Y = bX + a. 

The value for a can be found in the B column and is 300.81. Therefore, for Grade 3, the 

predicted ELA PARCC = 1.7(MOY) + 300.81.  

Table 6 

 

Regression Analysis Summary, Means, and Standard Deviations for Reading 

Achievement PARCC and ISIP MOY Scores for Grade 3 (n = 53) 

Variable M SD MOY B SEB  

PARCC score 731.38 35.17 .77* 300.81 50.31  

Independent 

variable 
      

ISIP MOY 249.28 15.65    1.73    .20 .77 

Note. Adjusted R2 = .58, F(1,51) = 73.54 

*p < .001 

 

RQ5 Results. I conducted a linear regression to determine whether the Istation 

formative assessment MOY ISIP Grade 4 student score could predict performance on the 

ELA PARCC summative assessment. This analysis established that, for Grade 4, a 

student’s ISIP score from the MOY Istation formative assessment could statistically 

significantly predict the student’s score on the ELA PARCC summative assessment (F[1, 

52] = 108.00, p < .001), and the ISIP score accounted for 67% of the variance in the ELA 

PARCC score as assessed using the adjusted R2 measure. Therefore, the null hypothesis 
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is rejected as the MOY ISIP score can predict the ELA PARCC score. The regression 

equation was: predicted ELA PARCC = .18(MOY) + 402.60. Table 7 includes the 

regression analysis summary, means, and standard deviations for Grade 4 data. 

Table 7 

 

Regression Analysis Summary, Means, and Standard Deviations for Reading 

Achievement PARCC and ISIP MOY Scores for Grade 4 (n = 54) 

Variable M SD MOY B SEB  

PARCC score 735.91 33.84 .79* 443.28 30.98 735.91 

Independent 

variable 
      

ISIP MOY 1,863.60 170.96  .16 .02 .79 

Note. Adjusted R2 = .62, F(1,52) = 89.98 

*p < .001 

 

RQ6 Results. I conducted a linear regression to determine whether the Istation 

formative assessment MOY ISIP Grade 5 student score could influence performance on 

the ELA PARCC summative assessment. A linear regression established that, for Grade 

5, a student’s ISIP score from the MOY Istation formative assessment could statistically 

significantly predict the student’s score on the ELA PARCC summative assessment (F[1, 

65] = 146.34, p < .001), and the ISIP score accounted for 68.8% of the variance in the 

ELA PARCC score as assessed using the adjusted R2 measure. Therefore, the null 

hypothesis is rejected as the MOY ISIP score can predict the ELA PARCC score. The 

regression equation was: predicted ELA PARCC = .17(MOY) + 402.57. Table 8 includes 

the regression analysis summary, means, and standard deviations for Grade 5 data.  
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Table 8 

 

Regression Analysis Summary, Means, and Standard Deviations for Reading 

Achievement PARCC and ISIP MOY Scores for Grade 5 (n = 67) 

Variable M SD MOY B SEB  

PARCC score 739.57 35.92 .83* 402.57 27.97  

Independent 

variable 
      

ISIP MOY 1,949.01 172.84         .17      .01 .83 

Note. Adjusted R2 = .69, F(1,65) = 146.34  

*p < .001 

 

Summary of linear regression. The linear regression results addressed the 

second set of research questions and provided evidence that a single predictor model that 

includes Istation performance at MOY (i.e., Time 2) can be used to successfully predict 

student achievement on the ELA PARCC. This finding is a strong indication that 

participation in the Istation program may exert a significant influence on students’ 

literacy performance as measured by the ELA PARCC test.  

Summary of Research Questions  

All six research questions were answered to find null hypotheses rejected and 

alternate hypotheses accepted. The Istation formative assessment program elicited a 

change over time for all grades from BOY to EOY and from MOY to EOY for Grade 4. 

Also, the Istation formative assessment was found to be predictive in its ability to 

influence the ELA PARCC summative assessment. These results support both the 

connection between formative and summative assessment and the ability of the Istation 
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formative assessment score to predict the ELA PARCC score, which will be explained in 

detail in Chapter 5. 

Summary 

In this chapter, I outlined the data collection, statistical analyses, and findings to 

the research questions for this study. The study investigated the change in ISIP score over 

time and the overall influence of the reading Istation computer-based formative 

assessment program on summative student achievement on the ELA PARCC. The one-

way repeated measures ANOVA and linear regression analyses were used to address the 

research questions. Results revealed statistically significant changes over time for all time 

points for Grade 4 including BOY to MOY, MOY to EOY, and BOY to EOY. There was 

also statistical significance over time for BOY to MOY and BOY to EOY for Grades 3 

and 5. The linear regression revealed the predictive ability of the MOY on ELA PARCC. 

Chapter 5 includes a more detailed report of the findings and recommendations of the 

study. 
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Chapter 5: Discussion, Conclusions, and Recommendations 

The nature of this study was to determine to what extent the influence of the 

Istation individualized, computer-based, formative assessment program in reading had on 

student achievement in Grades 3–5. The purpose of this quantitative study was to 

investigate the influence of the Istation reading formative assessment program on student 

achievement as measured by the ELA PARCC summative assessment. The study was 

conducted to address the gap in practice regarding the link between formative and 

summative assessment and to add to the quantitative research in the field.  

To respond to the first three research questions, I used a one-way repeated 

measures ANOVA. The dependent variable was the Istation formative assessment 

program. The independent variable was each student’s individual ISIP scores from the 

three points in time throughout the school year the students took the Istation assessment: 

BOY, MOY, and EOY. Key findings included the significant difference in the mean ISIP 

scores and statistically significant changes over time from BOY to MOY, BOY to EOY, 

and MOY to EOY for Grade 4. There was also statistical significance over time from 

BOY to MOY and from BOY to EOY for both Grades 3 and 5. 

To respond to the second set of research questions, I used a linear regression 

analysis. The dependent variable was the ELA PARCC score while the independent 

variable was the Istation formative assessment (MOY ISIP score). Key findings included 

the statistically significant ability of the Istation formative assessment program to 

influence the ELA PARCC scores. In this chapter, I present an interpretation of the 

results situated within the context of the literature review and the theoretical foundation 
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for this study. Also included is a discussion regarding the limitations of the study, 

recommendations, and implications for future research and practice. 

Interpretation of the Findings 

The current study examined the Istation formative assessment program and its 

relationship to summative assessment—specifically, to the ELA PARCC. Teachers and 

administrators historically use formative assessment practices to understand where 

students are and where they need to be on their path of academic achievement and skill 

acquisition. The Istation program’s designers assert that the program individualizes 

student feedback for faster skill acquisition. In this section, I provide interpretations 

based on results of both analyses and then compared these interpretations with the 

research found in the literature review. I also include the connection to Sadler’s 

theoretical framework.  

Comparison to the Literature 

The affirmative answers to the research questions confirmed and aligned with 

research discussed in Chapter 2, supporting formative assessment practices in general (De 

Lisle, 2015; Herman et al., 2015; Karim, 2015). Likewise, the results from this study 

confirmed research that the Istation formative assessment program may influence and 

predict student achievement (Luo et al., 2017; Marin, 2015; Patarapichayatham, 2014). 

This section includes a comparison of the overarching themes in the previous literature 

about the link between formative and summative assessment and specifically the Istation 

program’s ability to influence the ELA PARCC assessment scores and ultimately 

improve student achievement. 
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RQ 1–3: Formative Assessment and Literacy. This study aligns with 

researchers who found an improvement in literacy skills such as the Istation program 

assesses. These skills included grammar, textual, functional, and sociolinguistic language 

(see Barefoot, 2017; Boumediene & Hamzaoui-Elachachi, 2017; Bulat et al., 2017). 

Bennett et al. (2017) found similar positive results with text comprehension and fluency. 

Previous research conducted by Barefoot (2017) revealed specific gains in motivation to 

conduct research when writing, which is also a component of the Istation reading 

program. The one-way repeated measures ANOVA results indicated a statistically 

significant increase in student scores over time for all grades, which was evident from the 

beginning to the middle of the year and the beginning to the end of the year. For all 

grades, there was a statistically significant increase in mean scores from the beginning to 

the middle of the year and the beginning to the end of the year. However, there was only 

a change from the middle to the end of the year in Grade 4. 

These findings from the current study align with the recent studies mentioned 

above because the formative assessment helps close the gap in knowledge from where the 

students are to where they should be (Barefoot, 2017; Boumediene & Hamzaoui-

Elachachi, 2017; Bulat et al., 2017). The beginning score was a baseline, and use of the 

formative assessment Istation improved student scores from the baseline to the midpoint 

and certainly from beginning to end of year. However, there was no previous literature 

addressing instances such as this one, where the increase from MOY to EOY was 

insignificant, except in Grade 4. This finding could indicate the need for future research 

in Istation implementation processes or mitigating factors that may have affected student 
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use of or output from Istation. This research may help teachers understand how students 

learn over time and throughout the year. 

Computer-Based Formative Assessment. The findings from studies on 

computer-based formative assessment are aligned to this study as they both generated 

positive results. Meta-analyses of various computer-based formative assessment learning 

tools found them to be useful to track student achievement and measure progress (see 

Belo et al., 2016; Shute & Rahimi, 2017). Studies completed in Sweden, China, and 

Australia had similar findings, and researchers suggested a significant potential use of 

digital formative assessments (see Bhagat & Spector, 2017; Cloonan et al., 2016; Genlott 

& Grönlund, 2016). The results from this study indicated the Istation computer-based 

formative assessment student scores improve over time and that the tool may predict 

student performance on the summative assessment. These findings reinforce the 

knowledge from previous literature that computer-based assessment has a crucial role in 

elementary education. 

RQ 4–6: Formative and Summative Assessment and Student Achievement. 

There has been an overarching agreement among researchers and educators that 

formative assessment is a helpful tool for student achievement. Meta-analyses conducted 

between 2014 and 2019 found formative assessment to be the preferred method to 

evaluate progress and found summative assessment to be a snapshot of learning (see 

Buelin et al., 2019; Lau, 2016). The link between the two types of assessment continues 

to be investigated in studies concerning specific programs and a variety of content areas. 
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Several researchers found that formative assessment practices prepared students 

for summative assessments. According to Aydin and Ürün (2016), scores from pre- to 

posttest improved with the use of formative assessment. Huang (2016) reported an 

improvement in student achievement and memorization with the use of formative 

assessment. The findings of a study by Ozan and Kincal (2018) indicated similar results, 

with students improving academically and having better attitudes toward learning. 

Simmons et al. (2015) found a steady progression of the curriculum for those students 

who took the formative tests versus the control group. The findings of this study revealed 

a significant ability of the Istation reading program to influence and predict student 

achievement on the ELA PARCC—thus confirming the argument for using formative 

assessment to improve student achievement. 

Istation. Though no research existed regarding the Istation formative assessment 

program’s influence on summative achievement or specifically the ELA PARCC, there 

were studies that involved other similar ELA or reading skill assessment. The study that 

analyzed data from 98 third grade children by Luo et al. (2017) revealed a strong 

correlation between the Istation program and the STAR reading assessment. Other studies 

revealed the ability of the Istation program to predict student achievement (Marin, 2015; 

Patarapichayatham, 2014). Due to the lack of prior research involving the PARCC, the 

findings of this study were the first of their kind in examining the Istation formative 

assessment program and its influence on the ELA PARCC summative assessment. 

Findings revealed that mean scores on the Istation formative assessment program 

changed over time. Also, results indicated that the Istation program scores can predict 
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student performance on the ELA PARCC. A regression equation predicted ELA PARCC 

= 300.81 + 1.7(MOY), showing the ability of formative assessment to influence 

summative assessment. These findings support knowledge of this program as a good 

predictor of other summative assessments like the STAR and STAAR. This finding is 

aligned with the previous literature on the Istation formative assessment program.  

Findings and Sadler’s Formative Assessment Framework 

Sadler’s formative assessment framework guided this study. The formative 

assessment cycle begins with assessing where students are regarding skill level, 

identifying where they need to be, and determining how to close the gap in knowledge to 

get them there (Sadler, 1989). The Istation’s designers claim their program individualizes 

feedback to help learners get where they need to be. Reading skills are assessed monthly 

at HES, and the ability of the Istation program to complete the cycle of feedback outlined 

in Sadler’s work was unknown. Therefore, investigating whether there is a change in 

score over time with the use of the Istation program was one of two major focuses of this 

study. 

The second focus of this study was to see whether the Istation program completes 

the cycle of feedback by closing the gap in knowledge for students. In most elementary 

settings, the summative assessment score typically indicates student skill acquisition and 

achievement. Therefore, investigating the ability of the Istation formative assessment 

program (MOY score) to influence and predict summative achievement on the ELA 

PARCC was necessary to see whether this formative assessment can help teachers guide 
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instruction and improve student achievement. The findings are in alignment with Sadler’s 

framework and previous studies citing Sadler. 

As seen in Tables 3–5, the results of the one-way repeated measures ANOVA for 

Grades 3–5 suggest that Sadler’s formative assessment cycle was completed because 

findings indicate a change over time in student scores using the Istation program. As seen 

in Tables 6–8, the findings from the linear regression analysis and RQ4–6 also indicate 

the effectiveness of the Istation formative assessment to predict student achievement. 

This ability offers teachers the chance to help students gain the skills they need to reach 

grade-level skills. Therefore, it is clear the program analyzed in this study can complete 

the cycle of Sadler’s formative assessment framework.  

Limitations of the Study 

This study was limited to one school building that was part of one Title I school 

district in a rural southwest town. Though the sample represented a diverse population 

with low socioeconomic status, it only represented the students from that one school, 

town, and surrounding areas. Second, the study only examined the scores for Overall 

Reading, which was the general score the Istation program automatically assigned based 

on student performance. Therefore, the subsets of text fluency, comprehension, and 

spelling were not saved in the archives and not included. If these data were available, it 

would have given a better understanding of which areas the students improved in over 

time, and perhaps some of the gaps in knowledge that were not indicative of a statistically 

significant change. This study’s results can be generalized to students in Grades 3–5 but 

not Grade 6 due to the issue with initial BOY scores for that group. Finally, since 
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teachers were not required to keep a log of minutes students interacted with the program 

each month, there was no way to tell whether students got the suggested time in with the 

program to see optimal results.  

Recommendations 

Future research that expands to other elementary settings in other geographic 

regions is recommended. Including larger samples from other schools would also be 

helpful. Future research could expand on sample size and student demographics, as well 

as specific literacy skills such as reading comprehension, text fluency, and spelling to see 

how Istation performs as a formative assessment in those specific areas. Since the current 

study was limited to Grades 3–5, it would be essential to learn more about how the 

Istation program is used to support learners in other grades. 

Future research would be essential to learn more about how the Istation program 

is used in between each monthly assessment. This research could explore the time 

students spent on the program compared to their success in gaining grade-level skills over 

time. Future studies could include the frequency of the assessment and whether monthly 

testing was necessary or if BOY, MOY, and EOY suffice. This study was related to 

reading, but Istation also has a math component. Investigating the math student 

achievement could provide useful information about the efficacy of the program. 

Finally, the current study did not include information about the training teachers 

and students received prior to or during administration of this assessment. Future research 

could include the difference in student performance based on the amount of teacher 

training involved before implementation. Also, it would be helpful to investigate the 
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difference in self-efficacy for teachers who buy-in to the program and those who do not. 

Finally, another worthy endeavor would be investigating the difference in scores for 

students who have received training for use of the program and those who did not to see 

whether there was an improvement in their scores over time. 

Implications 

The results from this study may promote positive social change in a way that can 

inform teachers, parents, school administrators, and policy makers about the effect of 

computer-based formative assessment to improve student literacy and achievement. 

Analyzing these findings allows people teaching in the elementary school setting to 

embrace digital assessments as a helpful tool. These assessments appear to accurately 

gather and analyze data at the individual student level, personalize instruction, and save 

the teacher precious planning time. 

The expectations of the summative assessment design and public education is to 

graduate students that are college or career ready. The use of technology to compete in 

our society is essential. Teaching students to use digital tools for learning is one of the 

pieces to move toward a college- or career-ready population. Furthermore, with the state 

of education in 2020, Istation could be used as a helpful tool for elementary students to 

access during virtual learning. The feedback could be automatically sent to teachers to 

gain a better understanding of student skill levels. This study contributes to the education 

practice because there is now more research-based evidence that the Istation program is a 

useful tool for students and teachers in our ever-changing digital world. 
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Conclusion 

In this study, I sought to determine the relationship between performance on the 

Istation reading formative assessment program and student achievement on the ELA 

PARCC summative assessment. A review of the literature indicated that, overall, there is 

agreement in the field of education about formative assessment being a useful tool for 

teachers (De Lisle, 2015; Herman et al., 2015; Karim, 2015; Owen, 2016). However, 

little research existed looking at specific formative assessments like Istation. I sought to 

fill the gap in practice regarding the link between formative and summative assessment. 

An archived data set comprised of three Istation reading programs and ELA PARCC 

scores were analyzed through a one-way repeated measures ANOVA and linear 

regression. The findings of these statistical analyses indicate that implementation of the 

Istation reading formative assessment program improved student scores over time and the 

program’s MOY score can predict student outcomes on the ELA PARCC. The results of 

this study generated knowledge about whether Istation can be a useful assessment tool 

toward student achievement in Grades 3–5 and worth the financial investment for 

schools. Though future research is needed in these grade levels, this study begins the 

conversation about using Istation to help students on their path to grade-level skill 

acquisition and help teachers to move their students toward success on summative 

achievement. 
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