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The Relationship Between Online 
Formative Assessment and State Test 
Scores Using Multilevel Modeling

INTRODUCTION

The main goal of the current study was to examine 
the relationship between online formative assess-
ments (FAs) and summative, yearly state profi-
ciency test scores. Specifically, the relationship 
between one online formative assessment (FA) 
program in reading, known as the Diagnostic 
Online Reading Assessment (DORA), and state 
test scores in reading (i.e., the Colorado Student 
Assessment Program [CSAP]) was examined in 
four cohorts across elementary, middle, and high 
school in beginning in the 2004/2005 academic 
year and ending in 2009/2010. This investiga-
tion used Hierarchical Linear Growth Modeling 
(HLGM; i.e., Multilevel Modeling) to address 
the following research question: (1) What is the 
relationship between online formative assessment 
score growth and state test score growth?

Formal and informal FAs are one of many 
teaching methods that have been used to increase 
student performance on end-of-course, academic 
year, and other high-stakes achievement tests for 
decades and has a large research base to support 

these practices (e.g., Black & Wiliam, 1998a). 
Additionally, summative assessment data (e.g., 
yearly state proficiency tests) are continually used 
as indicators of school and district performance 
for policymakers and the public. However, these 
summative data are of little use in the day-to-day 
activities of teachers in diagnosing student learn-
ing progress and modifying teaching strategies, 
as is done in the FA process (e.g., Black, 2015). 
Because this collection of abstract theories and 
research methods have transitioned into actual 
teaching practices, it is important to build the 
literature surrounding technology-based methods 
as teachers continue to use FA in the classroom.

The purposes in conducting this study include 
the following: (1) To support the burgeoning litera-
ture outlining the role of technology in general in 
teaching and learning, and (2) To bolster support 
for federal initiatives and administrative demands 
for more efficient ways to meet state standards. 
As technology-based assessment is gradually 
used to support and/or replace traditional forms 
of evaluation, the need to examine the extent to 
which these methods are educationally sound is 
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in high demand. Overall, information presented 
in this study can provide practical implications 
to district-wide implementation of supplemental 
reading instruction in an online environment.

BACKGROUND

E-learning (i.e., learning that is facilitated by 
electronic technologies) is referred to as part of the 
equipment of 21st Century scholarship (Buzzetto-
More & Guy, 2006). However, e-learning is only 
half of the equation as government mandates have 
required schools to use data to inform decision 
making. The use of data has necessitated the de-
velopment of improved information technology 
and access to computers and high-speed Internet 
in schools (Petrides, 2006). Thus, the other half 
of the equation is the use of data rendered from 
e-learning, or e-assessment, which entails using 
electronic technologies to drive student learning 
and assessment as with FA (Ridgway, McCusker, 
& Pead, 2004).

FA can be briefly defined as the use of diag-
nostic formal and informal assessments to provide 
feedback to teachers and students over the course 
of instruction for the purpose of improving per-
formance and achievement (e.g., Black, 2015; 
Boston, 2002). Previous research in this area has 
primarily focused on traditional FA practices 
(e.g., paper-and-pencil quizzes), with the current 
literature beginning to examine the effectiveness 
of Internet-based, automated FA programs (e.g., 
Chua & Don, 2013; Kingston & Nash, 2011). 
The overall consensus from the traditional body 
of literature is that FA is an essential component 
of classroom procedure, and that its proper use 
can raise standards and achievement (e.g., Black 
& Wiliam, 1998a; Carlson, Borman, & Robinson, 
2011; Gulikers, Biemans, Wesselink, & van der 
Wel, 2013; Merino & Beckman, 2010), with the 
latest studies of technology-based FA beginning to 
echo these findings. Many theories have attempted 
to describe FA in terms of multilevel relationships 
(i.e., students, teachers, schools, school districts, 

etc.), with few studies focusing on statistically ac-
counting for these nested associations, and hardly 
any examining technology-based FA practices 
(Black & Wiliam, 2009).

Regarding previous studies of online FA, the 
overwhelming majority of these studies have ex-
amined college-age populations in the university 
setting, usually within one course (e.g., Buchanan, 
2000; Jenkins, 2004). In addition, past and current 
FA research has thoroughly examined the relation-
ship between measures of FA and performance on 
a summative, usually end-of-course or final exam, 
but not state proficiency test scores. This area of 
research is just beginning to use more sophisti-
cated statistical analyses, which is in contrast to 
the many qualitative studies summarizing student 
perceptions of a technology-based platform for 
quizzes/exams (Hunt, Hughes, & Rowe, 2002; 
Peat & Franklin, 2002). Additionally, due to the 
novelty of the mode of online or computerized 
administration, understandably research is lack-
ing in longitudinal data analysis, with few studies 
examining multiple years of data across several 
cohorts.

METHODS

Existing DORA data were provided from one 
school district in Colorado from an online testing 
company, and existing CSAP data were provided 
from the same school district by the Colorado 
Department of Education. The data were selected 
via collaboration with the testing company and 
one school district in Colorado. The selected 
school district was one that gave permission to 
use their student demographic information and 
state test scores. It was necessary to have permis-
sion from both parties as the only way to examine 
correlated growth is to link the data via a shared 
student ID number. Additionally, this particular 
school district was selected because they had fewer 
missing data, with all students having graduated 
or left the school district at the present time. Data 
were linked anonymously producing four cohorts 
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of students across grades 3 through 11. It was 
hypothesized that student FA score growth will 
be significantly and positively related to student 
state test score growth.

The analytical method used was a Two-Level 
Time-Varying Covariate HLGM (Singer & Wil-
lett, 2003). According to Raudenbush and Bryk 
(2002), investigating a relationship with a growth 
trajectory of another variable of interest is common 
practice in multilevel modeling. Time-varying 
covariates are defined as person-level charac-
teristics that are measured and may change over 
time, and are related to the outcome (O’Connell & 
McCoach, 2004). Thus, the measurements across 
time and other Level 1 predictors form a nested 
structure when combined with other student level 
variables (i.e., Level 2).

Time (i.e., in months with one unit being 
every 3 to 6 months) and DORA scores (i.e., the 
time-varying covariate) were used in Level 1. De-
mographic covariates such as gender (i.e., SEX), 
ethnicity (i.e., ETHNIC), SES (i.e., FREERED, 

which is Free/Reduced lunch status), and ESL/
ELL status were incorporated into Level 2 of the 
model. CSAP scores were used as the outcome 
variable (see Table 1). Four models were run us-
ing the DORA subtests (i.e., Word Recognition 
[WR], Oral Vocabulary [OV], Spelling [SP], and 
Reading Comprehension [RC]) as the time-varying 
covariate in separate models. These subtests were 
chosen because they did not have ceiling effects 
compared to the other subtests.

DATA

Existing DORA and CSAP data were used (N = 
208) from 2004/2005 to 2009/2010 for students 
in grades 3 through 11. For the CSAP, students’ 
test scores from the spring of 2005 were the first 
data point. Two state reading test scores were 
obtained before DORA implementation and 
three afterwards. For DORA, students’ test scores 
from fall of 2006 represented the first data point. 

Table 1. Hierarchical linear growth model level 1 and level 2 formulae and explanation of symbols

Formula Component Explanation

Level 1 Model Yti = π0i + π1i(DORA)ti + π2i(Time)ti + eti

    Yti Student’s CSAP score for time t for student i

    (Time)ti Elapsed years/months since DORA implementation

    (DORA)ti Time-varying predictor for a student at a given time point

    π0i Intercept/Student’s initial CSAP score

    π1i Linear growth coefficient (for DORA)

    π2i Growth rate over all years/months

    eti Individual student error

Level 2 Model π0i = β00 + β01(SEX)i + β02(ETHNIC)i + β03(ESLELL)i + β04(FREERED)i + r0i
π1i = β10 + β11(SEX)i + β12(ETHNIC)i + β13(ESLELL)i + β14(FREERED)i + r1i
π2i = β20 + β21(SEX)i + β22(ETHNIC)i + β23(ESLELL)i + β24(FREERED)i + r2i

    π0i Individual-specific CSAP score parameter (initial status)

    π1i Individual-specific CSAP score parameter (DORA growth)

    π2i Individual-specific CSAP score parameter (growth rate)

    β00 Baseline expectation (initial CSAP status) for the demographics coded 0

    β10 Expected change of the CSAP controlling for the DORA time-varying covariate

    β20 Expected change of the CSAP for the demographic predictors coded as 0

    r0i, r1i, r2i Residuals
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Students were tested approximately three times 
during the school year, with a possible total of 
11 DORA assessments for the years investigated 
in the current study. See Table 2 for the sample 
demographic information.

MEASURES

DORA tests were across seven subtests: (1) High-
Frequency Words, Phonics, Phonemic Awareness, 
Word Recognition (WR), Oral Vocabulary (OV), 
Spelling (SP), and Reading Comprehension (RC). 
With the exception of the SP subtest which is a 
generative test, all test items are multiple-choice. 
DORA results are returned as grade-level equiva-
lencies. The CSAP is administered each spring, 
yielding a single, scaled score (i.e., reading score 
in the current study) for each student every year. 
The state scores were based on a scale that ranged 
from 0 to 1000 depending on the grade level as-
sessed, with a score of approximately 550 as the 
cut-point for proficiency each year. At each grade 
level, students are assessed using 40 to 70 mul-
tiple choice items depending on the grade level, 
developed to assess student knowledge of grade-
level indicators, identified as the Colorado Model 
Content Standards for that particular grade level. 
The tests across grades were vertically equated.

RESULTS

The main assumptions in Hierarchical Linear 
Growth Modeling pertain to the functional form 
of the model examining linearity, and the sto-
chastic part of the model involving normality and 
homoscedasticity. Compound symmetry (i.e., a 
sufficient condition for sphericity; Maxwell & 
Delaney, 1990) can be relaxed in a multilevel 
framework (Raudenbush & Bryk, 2002). Linear-
ity, normality, and homogeneity of variance (i.e., 
homoscedasticity), however, are assumptions that 
are typical of any General Linear Model (GLM) 
approach. Thus, these assumptions were checked 

and upheld to ensure unbiased estimates of popu-
lation effects.

The full model-building strategy was imple-
mented for each DORA subtest as the time-
varying covariate (i.e., One-way Random Effects 
Analysis of Variance [ANOVA], Unconditional 
Model, Conditional Growth Model, Full Model; 
Raudenbush & Bryk, 2002; Snijders & Bosker, 
2012). Only the Full Models will be discussed 
below (see Table 3). Each column in the table 
provides the results from one HLGM analysis 
(i.e., one per DORA subtest). The first row in 
the table provides the estimated average student 
DORA scores at Time 0, the standard error for 
these estimates (in parentheses), and whether the 
estimates were significantly greater than zero.

Table 2. Demographic information of the sample 
(N = 208) for grades 3 through 11 across the 
2004/2005 to 2009/2010 academic years

Demographic Information n (%)

Cohort

1 47 (22.6)

2 52 (25.0)

3 48 (23.1)

4 61 (29.3)

Gender

Male 104 (50.0)

Female 104 (50.0)

Ethnicity

White (Non-Hispanic) 142 (68.3)

Hispanic 60 (28.8)

Black (Non-Hispanic) 3 (1.4)

Asian/Pacific Islander 2 (1.0)

American Indian/Alaskan Native 1 (.5)

Free/Reduced Lunch

Eligible 93 (44.7)

Not Eligible 115 (55.3)

English as a Second Language/English 
Language Learner

Yes 26 (12.5)

No 182 (87.5)
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All initial DORA average scores across the 
four subtests were significantly greater than zero. 
The growth rates for all subtests were significantly 
greater than zero. Finally, the DORA and CSAP 
covariation results indicated that student gain in 
DORA over time covaried positively and signifi-
cantly with their CSAP gain on the SP and RC 
subtests. In comparing the growth rates for SP and 
RC, both were significantly positively related to the 
state test in reading. For every one-point increase 
in SP score, there was a 4.16-point increase in the 
state test score, and for every one-point increase 
in RC score, there was a 2.93-point increase in the 
state test score. Therefore, student performance 
on the SP subtest resulted in faster growth on the 
CSAP compared to RC.

DISCUSSION

The goal in this study was to examine if student 
CSAP growth is related to student DORA growth. 
The hypothesis was that student CSAP growth will 
be significantly and positively related to student 
DORA growth. Thus, the relationship of interest 
in addressing this research question is with the 
time-varying covariate and the state reading test. 
The hypothesis was partially supported in the Full 
Models controlling for the demographics in that the 
DORA scores for Spelling and RC were positively 
and significantly related to state reading test scores, 
indicating that these subtests are demonstrating a 
correlated growth in students reading to the state 
testing regardless of demographic status.

Table 3. Hierarchical linear growth models for Colorado Student Assessment Program (CSAP) scores 
and time predicting online formative assessment (Diagnostic Online Reading Assessment [DORA]) 
subtests (N = 208)

Fixed Effects Word Recognition Oral Vocabulary Spelling Reading 
Comprehension

Initial CSAP Status (π0i)

Intercept (β00) 634.38 (4.94)*** 632.19 (5.08)*** 637.47 (4.66)*** 634.33 (4.70)***

Sex (β01) 5.94 (6.27) 9.66 (6.17) 8.40 (5.85) 5.33 (6.03)

Ethnicity (β02) -2.85 (7.80) 4.75 (7.10) -4.49 (7.17) 3.15 (7.32)

ESL/ELL (β03) -36.56 (10.51)** -36.58 (11.23)* -41.19 (10.30)*** -20.37 (11.35)

Free/Reduced Lunch (β04) -16.13 (6.65)* -16.73 (6.44)** -16.24 (6.13)** -16.88 (6.79)*

DORA Growth Rate (π1i)

Intercept (β10) 1.22 (.84) .31 (.84) 4.16 (1.09)*** 2.93 (.66)***

Sex (β11) .78 (1.03) 2.77 (1.18)* 1.81 (1.33) -.14 (.94)

Ethnicity (β12) -1.05 (1.58) 2.99 (1.60) -1.47 (1.57) 1.05 (1.13)

ESL/ELL (β13) 2.01 (1.97) -1.66 (2.23) -2.30 (2.31) 1.91 (1.65)

Free/Reduced Lunch (β14) .44 (1.02) .36 (1.36) -.90 (1.45) -.64 (1.02)

CSAP Growth Rate (π2i)

Intercept (β20) 11.89 (1.45)*** 12.43 (1.52)*** 9.66 (1.52)*** 9.15 (1.39)***

Sex (β21) .78 (1.88) -1.20 (2.03) -.97 (1.99) 1.68 (1.97)

Ethnicity (β22) .13 (2.25) -2.97 (2.18) -.43 (2.24) -2.44 (2.25)

ESL/ELL (β23) -1.18 (3.45) 1.91 (3.58) 2.69 (3.69) -3.67 (3.98)

Free/Reduced Lunch (β24) .61 (1.89) 1.09 (1.96) 2.48 (1.88) 2.42 (2.12)

Note. *p <.05; **p <.01; ***p <.001. The columns are the four DORA reading subtests. ESL/ELL = English as a Second Language/
English Language Learner.
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As noted in the results section, the time-varying 
growth rates for SP and RC from the Full Models 
were both significantly and positively related to 
the state test in reading; however, student perfor-
mance on the SP subtest had faster growth on the 
state test compared to RC. This is an interesting 
finding as typically the RC subtest is viewed as 
the most similar in structure and content to state 
reading tests (Let’s Go Learn, Inc. ©, 2013). The 
RC subtest attempts to access the semantic domain 
of a learner’s reading abilities. Children silently 
read passages of increasing difficulty and answer 
questions about each passage immediately after 
they read it. The questions for each passage are 
broken up into three factual questions, two infer-
ential questions, and one contextual vocabulary 
question. This is typically how many state reading 
tests structure their exams.

As indicated above, the SP subtest surprisingly 
was related to the fastest state test score growth 
rates in students. SP is a generative process as op-
posed to a decoding or meaning-making process as 
seen in most assessments of reading comprehen-
sion, which does not support the finding as noted 
above. Additionally, it is natural for young readers’ 
spelling abilities to lag a few months behind their 
reading comprehension abilities (Bear, Invernizzi, 
Templeton, & Johnston, 2000). Overall, the sig-
nificant findings from the Full Models indicate 
that as modes of online FA, SP and RC online FA 
subtests are related to faster state test score growth 
rates, with SP producing the highest growth rate.

With regards to the non-significant findings 
for WR and OV, it is not alarming to see that the 
WR subtest growth was not correlated with CSAP 
growth, as the testing of word identification skills 
out of context is typically not a skill that is the 
focus of standardized reading assessments (Let’s 
Go Learn, Inc. ©, 2013). As for OV, a significant 
correlation between this subtest and state test score 
growth was expected, as a learner’s knowledge of 
words and what they mean is an important part 
of the reading process (Butler, Marsh, Sheppard, 
& Sheppard, 1985). The knowledge of word 
meanings affects the extent to which the learner 

comprehends what is read, such as in more tra-
ditional standardized reading tests. This subtest 
asks students to select the picture that correctly 
corresponds to a word they hear. This audio-visual 
format may explain the non-significant relation-
ship between the more standardized paper-and-
pencil format for most reading state tests.

SOLUTIONS AND 
RECOMMENDATIONS

Although causal inference is limited, the dem-
onstrated relationship can provide teachers and 
administrators with evidence to warrant the 
continued use of technology-based FA practices. 
Specific to the results, the SP and RC subtests 
are further supported as a learning tool to gauge, 
or perhaps predict, student performance on the 
reading state test. The fact that DORA use was 
significantly and positively related to the state test 
even when student demographics were controlled, 
suggests that DORA SP and RC have something 
additional to offer.

For teachers/educators, focusing on a student’s 
SP and RC growth can potentially add to growth 
on the state reading test. For example, if a teacher 
can raise students’ DORA SP subtest score by one 
point, he or she can expect to see a 4.16-point 
increase on the reading state test on average. And 
if a teacher can raise students’ DORA RC subtest 
score by one point, he or she can expect to have 
a 2.93-point increase on the state test (i.e., every 
three to six months). Thus, if a state reading test is 
given once a year (i.e., every 12 months) and this 
mode of online FA renders a one-point increase 
every three to six months, students’ scores on the 
state test are predicted to grow between 8.32 and 
16.64 points that year.

Teachers (and administrators) will also ben-
efit from the results by garnering support for the 
use of online FA from a practical perspective. 
One major benefit is the ease of disseminating 
feedback to students after an assessment, and 
using the automated, specialized feedback to 
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diagnose problems and quickly remedy these is-
sues in time for the state exam. Buchanan (2000) 
noted that the individualized feedback makes this 
mode of online FA ideal for large, multi-section, 
introductory-level college courses. In the case of 
the current study, this mode can also be deemed 
ideal for large classrooms of elementary, middle, 
and high school students, in which their teachers 
may not have the time or resources to give special-
ized feedback to everyone.

Another implication is the practical advantage 
of ease of assessment for the large number of 
students being tested in the educational system. 
For FA to be most effective, quality feedback 
should be provided at frequent intervals, and 
testing a large number of students frequently 
with specialized feedback can advocate the use 
of a technology-based mode of FA. Implications 
also extend to the cost surrounding mass testing. 
Since a positive relationship was indicated between 
online FA scores and state test scores, this may 
allow administrators to have the necessary sup-
port to purchase site licenses and invest money 
in such programs, which are generally cheaper to 
administer frequently in bulk.

For administrators, the demand for school 
systems, individual schools, and teachers to be 
accountable for student performance has increased 
considerably over the past two decades. This de-
mand for accountability relates to a direct measure-
ment of attainment of educational standards and 
objectives. The results from this research question 
support the use of online FA tools as a way to 
measure and attain various educational standards 
such as having students pass and excel on the 
end-of-year, summative state exam. Overall, these 
results provide some support for administrative 
demands to find more efficient ways to meet state 
standards. The significant and positive relation-
ship between the scores may help get support for 
schools to obtain the funds needed for programs 
to alleviate some constraints of mass assessment.

Society, in general, benefits from these find-
ings by demonstrating how online FA practices 
may have the potential to give educators a more 

efficient and consistent way to make accurate, 
data-driven, informed decisions when evaluating 
student progress. This technology-enhanced ef-
ficiency has the potential to support independent 
student learning and facilitate future lifelong 
learners in our society. Rarely do teacher practices 
and methods have such depth of empirical sup-
port and is considered a universal best practice. 
Because of this widespread acceptance, evidencing 
how technology-based methods of FA influence 
achievement becomes paramount in demonstrat-
ing student learning gains and success in school 
and beyond.

FUTURE RESEARCH DIRECTIONS 
AND LIMITATIONS

Although the usefulness of correlational studies 
and related research questions have a place in the 
research process, causal conclusions cannot be 
stated. Future research should consider implement-
ing a similar design, but also obtain an adequate 
control group. With regards to general threats to 
internal validity, some limitations are apparent 
(Cook & Campbell, 1979). Maturation is a limita-
tion, since the existing data sampled took place 
over months in academic years (Kazdin, 2003). 
Another methodological limitation includes the 
use of one school district. Future studies should 
include multiple school districts from a range 
of rural and urban areas and involve public and 
private schools as well.

With regards to the DORA and CSAP data, the 
DORA data are from 2006/2007 to current and 
the CSAP data range from 2004/2005 to present 
as well. Moreover, there are more DORA time 
points than CSAP time points. Thus, data were 
not collected at the same time points (i.e., it was 
approximated). Generally, HLGMs can accom-
modate time-unstructured data such as the above; 
however, the accuracy and validity of results may 
depend on how closely the data are measured (i.e., 
same time/day compared to several days/weeks 
apart) in a time-varying covariate model (Biesanz, 



The Relationship Between Online Formative Assessment and State Test Scores

5190

Deeb-Sossa, Papadakis, Bollen, & Curran, 2004). 
Although this could be considered problematic, 
analyzing only the data points that “matched” 
compared to all the data did not change the sub-
stantive results.

Analyzing only students in grades 3 through 11 
may be considered another weakness. Students in 
grades Preschool through 2 and grade 12 were not 
included because this study focused on the state 
test and regularly administered FAs, which only 
occur between grades 3 through 10. State testing 
in Colorado begins in grade 3, and grades 11 
and 12 are given college preparatory exams and 
high school exit exams. Additionally, DORA is 
administered more frequently in younger grade 
levels, and at least three time points are necessary 
to analyze the data. Future studies should consider 
analyzing all grade levels with complete data from 
multiple districts.

CONCLUSION

The body of FA literature has unanimously 
heralded the benefits of the diagnostic use of as-
sessment to inform curriculum and instruction, 
and consequently, improve student performance 
and achievement. Previous research in this area 
has primarily focused on traditional FA practices. 
More recently with the technology movement in 
schools, the literature is beginning to examine 
the effectiveness of Internet-based FA, with the 
latest studies of this modern mode FA beginning 
to replicate these findings. The current study at-
tempted to add to this literature base by examining 
one online FA program and its relationship to a 
summative state proficiency test.

It was hypothesized that student online FA 
growth would be related to state test score growth. 
This hypothesis was partially supported in that 
these online FA scores demonstrated a correlated 
growth with the state test scores regardless of 
demographic status. The findings can provide 
some support to the burgeoning literature outlin-
ing the role of online FA in teaching and learn-
ing. Internet-mediated teaching and assessment 

is becoming commonplace in the classroom, and 
is more frequently being used to replace tradi-
tional modes of student assessment. The need to 
examine the extent to which these methods are 
educationally sound is in high demand. Results 
from this study can not only add to the literature 
base theoretically and methodologically, but 
also practically, by bolstering support for federal 
initiatives and administrative demands for more 
efficient, technology-based ways to encourage 
teachers to invest their time in this mode of FA, 
and in turn, meet state standards and increase 
student achievement.
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KEY TERMS AND DEFINITIONS

Covariation: Variation or variance that is 
correlated between two or more variables.

E-Learning: Learning that uses electronic 
technology or media (e.g., the Internet) to access 
education outside of the traditional brick and 
mortar classroom.

Formative Assessment: Formal and informal 
assessment methods conducted by educators 
concurrent with student learning used to adapt 
teaching and learning activities to improve student 
achievement.

Multilevel Modeling: Statistical models (e.g., 
generalizations of linear models such as linear 
regression) of parameters that vary at more than 
one level (e.g., nested data).

Proficiency Test: An exam that evidences 
how competent or skilled a student or learner is 
in a particular activity or field of study.

Summative Assessment: Assessment meth-
ods that are used to evaluate student learning and/
or achievement at the end of an instructional cycle.

Time-Varying Covariate: This statistical term 
(also called a time-dependent covariate) is used in 
multilevel growth modeling or survival analysis, 
and indicates that a covariate in the growth model 
is not constant throughout.


