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Abstract - The NRC (2000) claimed that assessment methods must change to support learning potential, especially in 
constructivist-oriented approaches. Dynamic assessment (DA), one such assessment-as-learning approach that serves as an 
alternative to the accountability orientation, integrates teaching and assessment and seeks to identify the developmental 
trajectory for students and potential factors of achievements. This article reports on the development of an on-line dynamic 
approach for assessing and improving students’ reading comprehension of science texts— The Dynamic Assessment for 
Reading Comprehension of Science Text (DARCST). The DARCST blended assessment and intervention into a holistic 
learning task for grade 5 and 6 students that takes the form of graduated prompt approach against the criteria of reading 
comprehension of science text. Each cluster of items in the DARCST incorporated a unit stimulus (textual material with 
illustration), follow-up items, and a series of instructional prompts associated with each item and targeted reading 
comprehension component.  The research study involved the two steps: The development of the DARCST and the validation 
of the instrument DARCST. The IRT analysis indicated the DARCST was applicable for most students with a wide range of 
reading abilities. Based on the acceptable psychometrics and students’ perceptions, the DARCST appears to be highly 
appropriate for use in middle year science programs where enhanced science reading is a goal.  
 
 
I. INTRODUCTION 
 
The global information world has increased the 
accessibility, variety, and variation of information to 
anyone with a computer, Internet access, and a 
browser. Reading opens a window to this world — 
one where critical reading about new scientific 
findings in popular media and being able to make 
logical inferences independently is crucial to 
broadening one’s perspectives, serve useful purposes 
in citizens’ lives, and enhance capacity to know what 
to believe and do. Yet, many college students who 
had mastered word-reading skills still had difficulty 
comprehending science text [1]. The barriers to 
reading science text imply that students likely lacked 
explicit instruction about science reading in their 
normal science classrooms, which results in many 
young people being unprepared for the challenges of 
a technological work environment and digital 
information age — thereby being science-illiterate 
citizens. Therefore, this study explored the following 
research questions: 
1. What is the quality of the DARCST in terms of 

validity, reliability, item difficulty, and 
reliability? 

2. What patterns of growth trends emerge as a 
result of DARCST across levels of initial reading 
ability? 

 
II. METHODS 
 
This two-part study aimed to develop, validate, and 
verify a dynamic assessment of science text reading 
comprehension. Taiwanese Grades 5 and 6 students 
were the subjects selected to understand scientific 
texts and to document the quality and features of their 
science reading performance.  

2.1. Part 1. Development of the DARCST 
Development of the DARCST was based on a 
learner-centered environment where opportunities for 
feedback and revision and what is assessed were 
consistent with the learning goals. Its goal was to 
raise students’ comprehension of science text. The 
dimensions of DARCST were based on the research 
foundations of the reading comprehension of science 
text (RCST) instrument [2], in which the four 
components of reading comprehension were 
identified as (a) detecting the main idea of the text, 
(b) reasoning from textual information, (c) generating 
inferences from the text, and (d) understanding 
scientific vocabulary. Detecting refers to the ability to 
find key ideas. Reasoning includes the ability to 
identify methods of investigation, analysis, and 
comparison of textual information. Generating 
involves the ability to extract textual information to 
clarify meaning and form explanations, which also 
involves making judgments, predictions, and 
evaluations. Understanding means conceptual 
understanding of the key concept labels (words) in 
the text. Each cluster of items in the DARCST 
incorporated a unit stimulus (textual material with 
illustration) and follow-up items assessing the four 
science comprehension components applied to the 
stimulus materials. 
The unit stimuli were converted to the DA approach 
by adding a series of instructional prompts (IPs) 
associated with each item and a targeted reading 
comprehension component. The 400–500 word 
passages with one or two illustrations were written 
with a bottom-up structure in which the concrete 
phenomena or lower-order concepts are presented 
prior to higher-order, more abstract concepts. 
Linkages and extensions were presented after terms 
were introduced. There was a bar on the right side of 
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the text for re-reading and an icon (▲) at the bottom 
of the screen to activate an oral reading of the 
passage. Students could click the bar to trace the text 
for re-reading or click the icon to listen to the text. 
Although the text topics covered physics, biology, 
and earth science, not all of the content was included 
in the Taiwanese elementary school curricula. Thus, 
the impact of the school science curriculum on 
students’ test performance was not the focus of the 
DARCST; it was considered important that the 
teachers realized that this DA was not checking on 
their teaching. 
 
The IPs were designed to help students’ monitor their 
understanding of the statements in each item while 
using the appropriate reading strategy and generating 
correct answers. All items were written in Chinese 
and formatted as multiple-choice questions requiring 
respondents to select one answer from a list of four 
options. Each item was followed by three sequential 
IPs: IP1 rephrased the question in an oral form, IP2 
showed the reading strategy, and IP3 presented the 
correct answer derived from the reading strategy. 
Students selected and clicked on an option to submit 
it. If the choice was wrong, it was marked with a red 
line and the first IP (hint) appeared on the right side 
of the screen. Then students made a second choice. If 
the second choice was wrong, it was marked with a 
second red line and the second IP (illustration of the 
appropriate strategy) appeared. Then students made a 
third choice. If the third choice was wrong, it was 
marked with a third red line and the third IP 
(illustrated correct choice) appeared. 
 
When the choice is correct, the system automatically 
moves to the next item that considers another of the 
three remaining science reading components. While 
answering the question, students can review the text 
by clicking the bar for re-reading or the icon for an 
oral reading. After finishing the four sets of test items 
for the unit stimulus text, an assessment report is 
presented on the screen with the results of the reading 
performance, time spent reading the text and items, 
number of IPs used for each item, overall diagnostic 
results, and supportive suggestions for each 
comprehension component. The initial version of the 
DARCST involved 14 text units with 73 follow-up 
items and 52 IPs. 
 
2.2. Part 2. Validation of the DARCST 
 
2.2.1. Student Samples 
There were three groups of students from the 
southern part of Taiwan. The first group was for the 
pilot study; their responses to the initial draft of the 
DARCST were used to screen the acceptable items. 
The second group was for the formal administration 
to explore the assumptions, discrimination, and 
internal consistency of each item. The third group 
was for the field test, which explored the growth 

pattern of reading comprehension with the on-line 
DARCST and perceptions of the assessment 
approach. All of the students spoke Mandarin within 
the school setting; they were either native Chinese or 
Taiwanese speakers. All of the students’ parents 
signed an informed consent for participation before 
the research study.  
 
Convenience sampling across five levels of 
urbanization (highly urbanized, moderately 
urbanized, agricultural, newly developing, remote 
areas) was used for the pilot study. The sample 
consisted of 314 students: Grade 5 (n = 94) and 
Grade 6 (n = 220), males (n = 162) and females (n = 
154). For the formal test administration, a 
probability-proportional-to-size (PPS) sampling was 
used to improve accuracy by concentrating the 
sample on areas with a large number of schools and 
school populations having the greatest impact on 
population estimates. The number of schools 
randomly selected reflected the proportion of 10 
elementary schools in the three school districts in the 
southern part of Taiwan; 7 schools were from 
Kaohsiung city and 3 schools were from Pingtung 
county. Each school provided one class of Grade 5 
and one class of Grade 6, and all students in those 
classes were administered the DARCST. The total 
number of students was 480 (253 males, 227 
females). Among these 10 schools, 5 were randomly 
selected for test–retest reliability at 2-week intervals. 
Finally, convenience sampling was applied to the 
third group of students in which 213 (99 males, 114 
females) Grade 5 students were selected for field 
testing. In order to explore the growth patterns of 
learning to read science texts, we analyzed the 
interrelationships between dynamic assessments and 
levels of students’ reading abilities. Using results 
from the initial assessment of the DARCST, the 
students were divided into three levels of reading 
abilities at the initial stage, the top 27% of the class 
was assigned to a high-level group, the bottom 27% 
was assigned to a low-level group, and the remaining 
46% was assigned to a middle-level group. The 
DARCST results of these reading comprehension 
groups were used to establish discriminate validity 
and to document what learning patterns emerged as 
results of DARCST across levels of initial reading 
ability and possible factors related to students’ 
learning outcomes. 
 
2.2.2. Validation Procedures 
The initial DARCST was validated and revised by a 
panel of four experts based on two rules to establish 
construct validity. The experts were asked to 
determine if (a) the descriptions of each stimulus text, 
items, and IPs were correct, clear, and 
understandable; and (b) the statement of each item 
and IP matched the reading comprehension 
component defined. Passages, items, and IPs 
identified to be problematic were revised to address 
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and incorporate the experts’ suggestions. This round 
of deliberations produced the preliminary DARCST. 
 
2.2.3. Pilot Study 
The preliminary DARCST was administered to 314 
Grades 5–6 students. Their responses were used to 
explore the discrimination and internal consistency of 
each item. Problematic items were revised based on 
their responses and the difficulty and discrimination 
indices. Four of the 73 items with discrimination 
indices less than 0.2 were judged to be unsatisfactory 
and were deleted. The remaining 69 items were 
distributed across the 14 stimulus passages with 3 to 
7 items per passage. The passages and distributed 
items were validated again by the same panel of 
experts regarding clarity and understanding by grade 
level. Considering the long duration of the original 
test (14 text units), the test was divided into two 
grade-specific versions based on the experts’ 
recommendations; the Grade 5 version contained six 
units of 28 items and the Grade 6 version contained 
six units of 33 items. Two units of 8 items were 
identified as common units for both versions; these 
units were administered to the second student sample, 
which allowed calibration of the equivalence across 
the versions and determination of item characteristics. 
 
Half of the students from each grade were randomly 
selected as the subsamples for retest to explore test–
retest reliability; the other half were assigned as the 
subsamples testing concurrent validity through taking 
the RCST [2]. To avoid the instructional impact of 
IPs, the scoring procedure only considered students’ 
first choice: one point for correctly answered items 
and no points for incorrectly answered items. These 
student-response data were explored using item 
response theory (IRT) to determine the tests’ and 
items’ characteristics and discrimination between 
students’ ability to comprehend scientific text. There 
are two assumptions of IRT. First, a single latent trait 
accounts for all item covariances (unidimensionality). 
Respondent’s traits and item characteristics are 
referenced to the same scale that allows interpretation 
of the respondent’s ability with reference to the 
characteristics of test items. It also provides a 
theoretical justification for equating scores between 
tests. Second, relations between the latent trait and 
observed response have a specific form that can be 
presented as a logistic curve graph illustrating two 
variables of the measurement: discrimination and 
difficulty. Students’ responses were analyzed using 
PASW Statistics 18.0 for Windows software to 
examine the psychometric characteristics of the two 
versions in terms of stability (test–retest reliability 
coefficient), internal consistency (Cronbach α 
coefficient), internal structure of the test (how the 
different components of the test are related), 
discrimination indices, and difficulty indices [3].. 
Considering the independence of items within a 
testlet, SCORIGHT 2.0 was used to examine the size 

of testlet effects in the DARCST assessment and 
explore if the size depends on type of passage. 

 
III. RESULTS 
 
3.1. Unidimensionality.  
The dataset from the pilot study was first explored for 
the unidimensionality assumption to justify further 
analyses. This assumption was supported; the largest 
eigenvalue of the correlation matrix for both versions 
was over two times larger than the second largest 
eigenvalue (Grade 5 = 3.69, Grade 6 = 3.30), and the 
second largest eigenvalue was hardly distinguishable 
from the smaller eigenvalues. de Ayala (2008) 
suggested that a ratio of eigenvalues larger than 2.0 
supports the unidimensionality assumption [4]. Thus, 
the DARCST test was assumed to target a single 
cognitive process. 
 
3.2. Validation and Reliability.  
The expert panel judged the items to measure reading 
comprehension of the stimulus texts; therefore, the 
construct validity was reasonable. Concurrent validity 
of the DARCST tests was explored with correlations 
to an established measure of the outcome variable 
(i.e., reading comprehension with RCST) using a 
simple correlation. These analyses indicated moderate 
to high correlations between the two datasets for the 
instruments (Grade 5 = .75, Grade 6 = .67). These 
correlations suggest that the measurement of the two 
instruments were associated. Each pair of the four 
components (detecting the main idea of the textual 
information, reasoning from textual information, 
generating inferences from the text, and 
understanding scientific vocabulary) between the two 
instruments were also significantly (p < .01) 
associated (Grade 5 = .30~.65, Grade 6 = .21~.47). 
The test–retest correlations revealed that the test was 
stable over time (Grade 5 = .84, Grade 6 = 0.85). This 
evidence supports the claim that the validity and 
reliability of the test were acceptable. 

 
3.3. Difficulty and Discrimination.  
Estimated discrimination parameters for the DARST 
items ranged from 0.38 to 2.02 with a mean of 1.11, 
which is generally acceptable. Estimated bi difficulty 
parameters for the items of the DARCST ranged from 
-1.49 to 2.22 with a mean of 0.52, indicating that the 
test was somewhat difficult for the students at the 
medium points (de Ayala, 2008). The probability of 
guessing the correct answer for a multiple-choice 
item (ci) was .23 for both versions. IRT attributes for 
the eight common items were: slop parameters (a) 
range 0.51~1.82 with a mean of 0.97, location 
parameters (b) range -0.28~1.69 with a mean of 0.85, 
and guessing parameters (c) range .15~.30 with a 
mean of .23. These results indicate that the common 
items had good discrimination power and had 
difficulty appropriate for the majority of students in 
each grade. The variance of testlet effects of the 14 



International Journal of Advances in Science Engineering and Technology, ISSN(p): 2321 –8991, ISSN(e): 2321 –9009 
Vol-5, Iss-4, Spl. Issue-2 Dec.-2017, http://iraj.in 

Development of an On-Line Dynamic Assessment for Improving Students’ Comprehension of Science Texts 
 

21 

stimulus units ranged from 0.20 to 0.55 with a mean 
of 0.37, which means there were small testlet effects 
among the 14 units that could be ignored [5].The test 
information function (TIF) showed that more 
information was available on the midpoint and upper 
level of the score scale to make an accurate parameter 
estimate than available at the lower point of the 
distribution (Figure 1). The amount of information 
decreases as the ability level moved toward the lower 
end of the score range. The TIF curve implies that the 
test was appropriate for most examinees whose 
ability ranged from approximately -1.08 to 3.0 where 
more information about the parameter is known. 

(Insert Figure 1 about here) 
 

CONCLUSIONS 
 
This study is unique because its innovative way of 
integrating a digital tool to build strong links between 
assessment and instruction—assessment as learning, 
and empirical support for the test psychometrics of 
the DARCST. First, the DARCST takes the form of a 
graduated-prompt approach against the criteria of 
reading comprehension on science text. When 
students encounter difficulty in reading items, 
DARCST provides them IPs using a graduated 
approach. Moreover, DARCST provides diagnostic 
results and recommendations for improving the four 
components of reading comprehension on science on 
a ‘just-in-time’ support in a unit of reading test. It 
blended assessment and instruction into one holistic 
learning task for Grades 5 and 6 students. applicable 
for most students with a wide range of reading ability. 
 
The most promising findings of the current study 
were that, although students with middle- and high-
initial reading ability outperformed students with 
low-initial reading ability, low readers showed stable 
and higher gains in DARCST relative to students with 
average- and high-initial reading ability. However, 
similar findings were found for Grade 7 students on 
mathematical problem solving  [6]. This finding 
supports the emerging perspective based on the 
constructivist claim that most students possess the 
necessary abilities but need supportive environments 
reflective of their learning resources and some prior 
experiences on which to construct understanding of 
science. 
 
It is important to recognize that reading 
comprehension involves recognizing words, 
understanding their meanings, and reasoning [7]. It is 
possible that low-level readers had limits of 
knowledge about the language of science—

conceptual, procedural, and enterprise words that 
hindered their comprehension of science text. In 
addition, they likely had limited experience, difficulty 
remaining focused and recalling information from the 
text, limited auditory processing skills, and difficulty 
analyzing and thinking in visual images that create 
excess cognitive load for them while constructing 
meaning of the texts. The oral reading and IPs of the 
DARCST might help reduce cognitive load while 
reading the texts. Yore et al. proposed an interactive-
constructive model of reading, which pointed out that 
when reading science text, readers interact with 
words, symbols, and genres in the text and then 
connect these to prior related knowledge and 
experiences so as to make sense of what they read 
[8]. However, Vygostky  noted that processing 
printed text is very abstract, symbolic, and unlikely to 
receive elicit feedback from others [9]. These 
cognitive weaknesses in understanding of science 
texts were addressed by the DACRCST by examining 
students’ comprehension of the text and offering 
assistance necessary to successful performance. 
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