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Why this study?

More than half of North Carolina’s grade 3 students struggle with reading. The percentage of students scoring 
below proficient in reading at the end of grade 3 was 55 percent in 2017/18 (North Carolina Department of Public 
Instruction, 2018). That percentage has remained largely unchanged, at above 50 percent, since 2013/14, when 
North Carolina passed its K–3 Read to Achieve literacy act.

Read to Achieve required North Carolina schools to use interim assessments of reading proficiency in 
 kindergarten–grade 3 to identify students at risk of not achieving reading proficiency at the end of grade 3. Dis-
tricts administered screening and progress monitoring assessments at the beginning, in the middle, and at the 
end of each school year. This is meant to allow educators the opportunity to quickly identify and place students 
who may be at risk into interventions designed for improving reading proficiency and to track their improvement.

Hoping to accelerate their improvement efforts, the North Carolina Department of Public Instruction partnered 
with the Regional Educational Laboratory Southeast to strengthen the use of interim assessments in their state. 
Interim assessments can yield multiple scores, and teachers may be uncertain about which scores are most rele-
vant to identifying students in need of intervention and which skill areas they are having difficulties in. This study 
identifies which scores provide teachers the most information about at-risk stu-
dents. The department hopes to use that information to build decision trees in 
each grade for teachers to identify students in need of intervention. For details on the study’s 

technical methods, access 
the report’s appendix at 
https://go.usa.gov/xfAZa.
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North Carolina policymakers are interested in which screening and monitoring assessment scores in 
grades K–3 best predict reading proficiency at the end of grade 3 in order to help educators identify at-risk 
students, place them in interventions, and monitor their progress. Since 2013, the state has routinely 
administered screening and monitoring assessments, but the percentage of students scoring proficient in 
reading at the end of grade 3 has remained largely unchanged. 

This study used longitudinal student achievement data, provided by the North Carolina Department 
of Public Instruction, and classification and regression tree analysis to examine how well assessment 
scores from five points in time in grades K–3 predicted proficiency status on the state reading assessment 
at the end of grade 3. The score from only one of the assessments identified more than 80 percent of 
students who scored below proficient at the end of grade 3 as at risk and thus adequately identified 
at-risk students: the North Carolina Beginning-of-Grade 3 English Language Arts/Reading Test. That 
state-developed assessment measures the same content standards at the same difficulty level as the 
state reading assessment at the end of grade 3. The results suggest that more information is needed 
in order to use assessment data from grades K–2 to reliably identify students at risk of not achieving 
reading proficiency at the end of grade 3. Educators might want to consider supplementing screening and 
progress monitoring assessments with informal, curriculum-based assessments that measure student 
vocabulary, syntax, and listening comprehension skills because research has identified those skills as 
important predictors of reading comprehension.

https://go.usa.gov/xfAZa
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Box 1. Key terms

Daze. A measure of a student’s reading fluency and reading comprehension.

First Sound Fluency. A measure of a student’s ability to segment the initial sound (phoneme) in a word. It is a test of early pho-
nemic awareness.

Interim assessments. Screening and progress monitoring assessments administered at the beginning, in the middle, and at the 
end of the school year.

Letter Name Fluency. A measure of a student’s ability to name upper and lower case letters.

mCLASS 3D Reading assessments. The mCLASS 3D Reading assessments consist of Acadience™ Reading (Dynamic Measurement 
Group, 2018; formerly DIBELS Next®) measures and a set of reading comprehension passages called Text Reading and Comprehen-
sion (Amplify, 2015).

North Carolina Beginning-of-Grade 3 English Language Arts/Reading Test (BOG3 assessment). A state-developed assess-
ment that establishes a baseline measure of students’ reading skills at the beginning of grade 3. It is an equivalent form of the 
state reading assessment at the end of grade 3. All students enrolled in grade 3 are expected to participate with or without accom-
modations in the administration of the BOG3 assessment.

Overall percentage of students correctly identified. The number of below-proficient students correctly identified as at risk 
plus the number of proficient students correctly identified as not at risk, divided by the total number of students.

Phoneme Segmentation Fluency. A measure of a student’s ability to segment a spoken word into its component parts or sound 
segments. It is a test of phonemic awareness.

Predictive ability. The percentage of below-proficient students correctly identified as at risk. This percentage is commonly 
referred to as sensitivity.

Research questions

The study addresses two research questions:

1. How well do scores from assessments administered from the middle of kindergarten to the beginning of grade 
3 in North Carolina predict reading proficiency at the end of grade 3?

2. For assessments that correctly predict reading proficiency at the end of grade 3, what decision rules can edu-
cators use to identify students in need of intervention?

The study examined the predictive ability of scores from seven mCLASS 3D Reading interim assessments and one 
state-developed assessment, the North Carolina Beginning-of-Grade 3 English Language Arts/Reading Test (BOG3 
assessment). It relied on data on students with assessment data from the middle of kindergarten in 2014/15 to 
the end of grade 3 in 2017/18. All the assessments are reliable measures of the curriculum taught in North Caroli-
na schools (see table A2 in appendix A; North Carolina Department of Public Instruction, 2014). Administrations of 
the interim assessments at five points in time were examined:
• The middle of the year in kindergarten, selected because the timing allows students to settle into formal 

schooling and because it measures phonemic segmentation fluency, a major predictor of reading proficiency 
(Kaminski & Good, 1996).

• The beginning of the year in grades 1, 2, and 3, selected because the beginning of the year is when instructional 
decisions are made within a grade and allows the most instructional time for at-risk students.

• The middle of the year in grade 1, selected because it is the first time that oral reading fluency, a predictor 
of reading comprehension (Kim, Petscher, Schatschneider, & Foorman, 2010), is measured and because the 
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North Carolina Department of Public Instruction emphasizes oral reading fluency in statewide professional 
development.

The study developed a series of statistical models to determine the relationship between assessment scores and 
scores on the state’s grade 3 reading assessment. The models used in the study included 10 scores from the 
interim assessments as predictors: one each from the First Sound Fluency, Letter Name Fluency, Phoneme Seg-
mentation Fluency, Daze (a timed maze box completion), and Text Reading and Comprehension assessments, two 
from the Nonsense Word Fluency assessment (Correct Letter Sounds and Whole Words Read), and three from 
the Oral Reading Fluency assessment (Words Correct Per Minute, Accuracy, and Retell). Table 1 indicates which 
interim assessment scores from which administrations of the assessments were included in the models.

The BOG3 assessment measures the same content standards at the same difficulty level as the state reading 
assessment at the end of grade 3. It was examined in combination with the beginning-of-the-year interim assess-
ments in grade 3, which it is administered separately from. The BOG3 assessment yields a single composite score, 
which was the only predictor in the model that included that assessment.

The data sources, sample, and methods used in the study are summarized in box 2 and discussed in detail in 
appendix A.

Table 1. Interim assessment scores included in the analysis, by time of administration

Assessment score

Kindergarten 
middle of 
the year

Grade 1 
beginning of 

the year

Grade 1 
middle of 
the year

Grade 2 
beginning of 

the year

Grade 3 
beginning of 

the year

First Sound Fluency ●

Letter Name Fluency ● ●

Phonemic Segmentation Fluency ● ●

Nonsense Word Fluency

Correct Letter Sounds ● ● ● ●

Whole Words Read ● ● ●

Oral Reading Fluency

Words Correct Per Minute ● ● ●

Accuracy ● ● ●

Retell ●

Daze ●

Text Reading and Comprehension ● ● ● ● ●

Source: Authors’ illustration.
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Findings

This section presents key findings of the study. The assessment scores that were examined are specific to North 
Carolina standards and to a single cohort of students and thus may not generalize to nationally normed reading 
assessments or to other student cohorts. In addition, students may have been excluded from the study sample 
because they transferred in or out of the public school system during the study period, because they were 
absent during the testing sessions, or because they were exempt from testing due to learning disabilities or 
limited English proficiency. The demographic characteristics of the statewide population and the study sample 
were very similar (see table A1 in appendix A). However, because the study sample excluded 23 percent of grade 
3 students statewide, including students with disabilities and English learner students not tested on the state 
reading assessment at the end of grade 3, the study findings may not generalize to the statewide population of 
grade 3 students.

Box 2. Data source, sample, and methods

Data source. The study used longitudinal student achievement data for 2014/15–2017/18 obtained through a memorandum of 
agreement between the Regional Educational Laboratory Southeast and the North Carolina Department of Public Instruction.

Sample. The dataset consisted of students who took the state reading assessment at the end of grade 3 in 2017/18 for the first 
time and had data from the middle-of-the-year interim assessments in kindergarten in 2014/15 as well as data from the beginning- 
of-the-year and middle-of-the-year interim assessments in grade 1 in 2015/16, the beginning-of-the-year interim assessments in 
grade 2 in 2016/17, and the beginning-of-the-year interim assessments in grade 3 in 2017/18. These eligibility requirements result-
ed in a study sample of 91,855 students, or about 77 percent of the 120,029 grade 3 students statewide in 2017/18. The demo-
graphic characteristics of the statewide population and the study sample were very similar (see table A1 in appendix A). However, 
because the study sample excludes 23 percent of grade 3 students statewide, the study findings may not generalize to the state-
wide population of grade 3 students.

Methods. Associations between student scores on each assessment and proficiency status on the state reading assessment at 
the end of grade 3 were examined using classification and regression tree models. The dataset was split into a calibration dataset 
used to build the models, consisting of a random sample of 73,607 students (approximately 80 percent of the study sample), and 
a validation dataset used to test the models, consisting of the remaining 18,248 students (approximately 20 percent of the study 
sample). The statistical package rpart (Therneau, & Atkinson, & Ripley, 2019) for use in the R software environment was used for 
the analysis.

The study team tested six models. Five models included scores from a single administration of the interim assessments in 
grades K–3, and one model included scores from beginning-of-the-year interim assessments in grade 3 as well as a composite 
score on the North Carolina Beginning-of-Grade 3 English Language Arts/Reading Test. The study team did not test the BOG3 
assessment individually because it is an equivalent form of the state reading assessment at the end of grade 3 and the predictive 
ability of this assessment alone is already demonstrated in technical studies. However, the predictive ability of the combination of 
scores from the interim assessments and the BOG3 assessment was unknown.

The primary criterion for evaluating each model was the percentage of below-proficient students correctly identified as at 
risk (referred to in this study as predictive ability). The percentage of proficient students correctly identified as not at risk and the 
overall percentage of students correctly identified (the number of below-proficient students correctly identified as at risk plus the 
number of proficient students correctly identified as not at risk, divided by the total number of students) were also considered. 
The study team used a threshold of 80 percent correct for all three criteria. That threshold is in line with previous research that 
has required values of between 80 percent (Piasta, Petscher, & Justice, 2012) and 90 percent (Compton, Fuchs, Fuchs, & Bryant, 
2006; Jenkins, Hudson, & Johnson, 2007).

A more detailed description of the methodology is in appendix A.
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The interim assessments did not adequately identify students at risk of scoring below proficient on 
the state reading assessment at the end of grade 3

The interim assessments, including each of the available scores at the five points in time, correctly identified 
61–69 percent of students who scored below proficient on the state reading assessment at the end of grade 3 as 
at risk (table 2). Those percentages are below the study threshold for adequate predictive ability. The assessments 
performed better in identifying students who scored proficient as not at risk, correctly identifying 73–86 percent. 
The overall percentage of students correctly identified was below 80 percent for all seven assessments. The corre-
sponding decision trees for the models that include these assessments are provided in figures A1–A5 in appendix A.

Only the model that combined the beginning-of-the-year interim assessments in grade 3 with the BOG3 assess-
ment met the study threshold for adequate predictive ability for percentage of below-proficient students correct-
ly identified as at risk and for overall percentage of students correctly identified. The next section discusses those 
findings in detail and provides the corresponding decision tree for that model. The rest of this section discusses 
detailed findings for the models that included a single administration of the interim assessments.

Kindergarten middle-of-the-year interim assessments. The middle-of-the-year interim assessments in kindergar-
ten correctly identified 63 percent of students who scored below proficient on the state reading assessment at 
the end of grade 3 as at risk. They performed slightly better in identifying students who scored proficient as not at 
risk, correctly identifying 73 percent. And they correctly identified 69 percent of students overall.

Grade 1 beginning-of-the-year and middle-of-the-year interim assessments. The beginning-of-the-year interim 
assessments in grade 1 correctly identified a higher percentage of students who scored below proficient on the 
state reading assessment at the end of grade 3 as at risk (66 percent) than the kindergarten assessment did, but 
the middle-of-the-year interim assessments in grade 1 correctly identified a lower percentage (61 percent). Both 
grade 1 assessments correctly identified a higher percentage of students who scored proficient (79 percent and 
86 percent) as not as risk and a higher percentage of students overall (73 percent and 75 percent) than the kinder-
garten assessments did.

Grade 2 beginning-of-the-year interim assessments. The beginning-of-the-year interim assessments in grade 2 
were better than the middle of grade 1 assessments at correctly identifying below-proficient students but (slight-
ly) worse than the beginning of grade 1 assessments. The grade 2 assessments were slightly better than both the 
grade 1 assessments at identifying students overall. The grade 2 assessments correctly identified 65 percent of 

Table 2. Percentage of students correctly identified, by proficiency status and overall and by model, 
2014/15–2017/18

Model

Percentage of below-
proficient students 

correctly identified as 
at risk

Percentage of 
proficient students 
correctly identified 

as not at risk

Overall percentage 
of students correctly 

identified

Kindergarten middle-of-the-year interim assessments 63 73 69

Grade 1 beginning-of-the-year interim assessments 66 79 73

Grade 1 middle-of-the-year interim assessments 61 86 75

Grade 2 beginning-of-the-year interim assessments 65 85 76

Grade 3 beginning-of-the-year interim assessments 69 85 78

Grade 3 beginning-of-the-year interim assessments and BOG3 assessment 83 84 83

BOG3 assessment is the North Carolina Beginning-of-Grade 3 English Language Arts/Reading Test.

Note: Proficiency status refers to score on the state reading assessment at the end of grade 3. Results are based on the validation dataset (n = 18,248).

Source: Authors’ analysis of data from the North Carolina Department of Public Instruction.
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students who scored below proficient as at risk, 85 percent of students who scored proficient as not at risk, and 
76 percent of students overall.

Grade 3 beginning-of-the-year interim assessments. The beginning-of-the-year interim assessments in grade 3 
correctly identified 69 percent of students who scored below proficient on the state reading assessment at the 
end of grade 3 as at risk. This is the highest percentage of all the interim assessments, but it does not meet the 
study threshold for adequate predictive ability. As with the grade 2 assessments, the grade 3 assessments per-
formed better in correctly identifying students who scored proficient as not at risk (85 percent) and correctly 
identifying students overall (78 percent).

The North Carolina Beginning-of-Grade 3 English Language Arts/Reading Test adequately identified 
students at risk of scoring below proficient on the state reading assessment at the end of grade 3

Although the model used in the analysis considered both the beginning-of-the-year interim assessments in grade 3 
and the BOG3 assessment as potential predictors, only the BOG3 assessment was selected by the model to classi-
fy a student’s proficiency status on the state reading assessment at the end of grade 3. This could be because the 
BOG3 assessment is designed to serve as a pretest for the state reading assessment at the end of grade 3 and the 
two are thus better aligned with each other than with the interim assessments. The BOG3 assessment correctly 
identified 83 percent of students who scored below proficient as at risk and 83 percent of students overall.

The BOG3 model had the highest predictive ability and the highest overall percentage of students correctly iden-
tified. Teachers can use these scores, collected at the start of grade 3, to accurately predict 83 out of 100 stu-
dents’ proficiency in reading at the end of grade 3. Based on this analysis, students who score below 432 are at 
risk of not achieving proficiency at the end of grade 3 (figure 1).

Figure 1. North Carolina students who score below 432 on the North Carolina Beginning-of-Grade 3 English 
Language Arts/Reading Test are at risk of scoring below proficient on the state reading assessment at the end 
of grade 3, 2017/18

Score on the North Carolina
Beginning-of-Grade 3 English
Language Arts/Reading Test

< 432

At risk of scoring
below proficient at the

end of grade 3

Not at risk of scoring
below proficient at the

end of grade 3

NoYes

Note: Results are based on the calibration dataset (n = 73,607).

Source: Authors’ analysis based on data from the North Carolina Department of Public Instruction.
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Implications

The study findings suggest that an interim assessment that is well aligned with the state reading assessment at 
the end of grade 3, as the BOG3 assessment is, can better identify North Carolina students who are at risk of 
scoring below proficient in reading at the end of grade 3 than the mCLASS 3D Reading assessments can. It is pos-
sible that the mCLASS 3D Reading assessments are less aligned with the state assessments and this is why they 
performed worse in identifying at-risk students. Formal alignment studies may provide insight into the degree to 
which the interim assessments and the state reading assessment at the end of grade 3 have the same content 
focus or other alignment characteristics.

The inadequate ability of the interim assessments to identify at-risk and not-at-risk students means that a sub-
stantial proportion of students who need interventions may not receive them (Petscher et al., 2019) while the 
limited intervention resources available may be targeted to some students who do not actually need them. More 
information, such as student oral language skills, is needed to reliably identify students in grades K–2 as at risk 
of scoring below proficient on the state reading assessment at the end of grade 3. Several longitudinal studies 
starting as early as preschool (Storch & Whitehurst, 2002) and grade 1 (Kim et al., 2010; Quinn, Wagner, Pet-
scher, & Lopez, 2015) have found vocabulary to be a significant predictor of reading comprehension in grade 
3 or 4. One cross-sectional study from preschool to grade 3 found that vocabulary had an indirect effect on 
grade 3 reading comprehension through word recognition and listening comprehension (Language and Reading 
Research Consortium, 2015). A study of how well the Florida Assessments for Instruction in Reading predicted 
reading achievement in grades 1 and 2 using the same classification and regression tree methodology that the 
current study uses found that two oral language measures — vocabulary and listening comprehension — predicted 
reading achievement better than word identification did (Koon, Petscher, & Foorman 2014). In addition to average 
oral language skills predicting average reading comprehension, use of profile analysis has identified clusters of 
students in elementary school grades with particularly low oral language skills (Foorman, Petscher, Stanley, & 
Truckenmiller, 2017). Finally, there is a large degree of overlap in how oral language and word reading fluency 
predict reading comprehension in the elementary school grades (Foorman, Petscher, & Herrera, 2018; Lonigan, 
Burgess, & Schatschneider, 2018). Thus, it is important to measure oral language in the elementary school grades 
to improve the predictive validity of reading comprehension and to provide instructionally relevant information. 
In addition, strong oral language skills predict comprehension of complex text better than word reading fluency.

None of the predictors examined in this study include measures of oral language. Although the state reading 
assessment at the end of grade 3 does not assess oral language, it does assess reading comprehension, which oral 
language measures help predict, as described above. Thus, the North Carolina Department of Public Instruction 
might want to consider supplementing the interim assessment system with oral language measures to improve 
its ability to correctly identify at-risk students. In addition, educators can supplement progress monitoring assess-
ments with informal, curriculum-based assessments to determine instructional objectives and differentiate 
instruction, which some teachers may already be doing.
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