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Abstract

Argumentation skills are emphasized by the common core state standards (CCSS)
and are viewed as essential for success in college, career, and life. Our project aims
to develop formative assessment tasks measuring students’ argumentative reading
and writing skills. We used the framework of the Discuss and Debate Ideas key
practice (describing the key argumentation skills) to guide the task development
and gathered evidence of students’ argumentation skills. Specifically, we designed
27 tasks targeting various argumentation skills, spanning three learning progression
(LP) levels aligned with the grade level expectations for argumentation in CCSS.
The goal was to evaluate the potential utility of an LP-based approach to task design
in assessing argumentation skills. We conducted a study with 786 seventh- and
eighth-grade students to examine how well these tasks function and identify patterns
of student performance. We also examined whether student performance patterns
aligned with predicted LP levels, using task progression maps derived from item
response theory (IRT) models. Results suggested that the majority of tasks were
reliable, and that the LP-based tasks were significantly related to students’ reading
skills. Student LP performance was most strongly correlated with reading compre-
hension as measured by the RISE assessment, and was also significantly associated
with foundational reading skills, such as word recognition, decoding, and vocabu-
lary. However, some lower-level LP tasks appeared to be unexpectedly difficult. We
found evidence that such factors as topic, task format, and scoring could have con-
tributed to item difficulty and affected student task performance. Implications for
future LP research are provided.
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Introduction

Argumentation skills are essential to academic success (Graff, 2003) and play a
prominent role in standards-based reform initiatives such as the Common Core State
Standards (CCSS; Council of Chief State School Officers, 2010). The CCSS require
students to learn to construct and evaluate arguments in the English Language Arts
(ELA), history, science, and math. For example, the College and Career Readiness
anchor standards from the ELA writing expects students to “write arguments to sup-
port claims in an analysis of substantive topics or texts using valid reasoning and
relevant and sufficient evidence”.! Engaging in evidence-based argumentation with
multiple sources of information also contributes to the development of disciplinary
literacy that is needed for the development of expertise in subject areas (Ferretti &
De La Paz, 2011; Goldman et al., 2016; Shanahan & Shanahan, 2008).

Because argumentation requires higher order thinking processes, it is a challeng-
ing skill to learn and to teach (Gilbert & Graham, 2010; Kiuhara et al., 2009). The
2012 NAEP 8th grade Writing Report Card (National Center for Educational Sta-
tistics, 2012) shows that only 25% of students’ argumentative essays are at or above
the proficient level. Empirical studies have revealed various problems when students
were required to demonstrate their argumentation skills. For example, students often
fail to include critical components (i.e., position, reason, evidence, counterargu-
ments, and rebuttals) or to present them clearly (e.g., Ferretti et al., 2000). Other
common problems include a lack of supporting evidence, a strong “my-side” bias,
and poor essay organization (Felton & Kuhn, 2001; Ferretti et al., 2009; Kuhn et al.,
1997).

The CCSS provide benchmarks for a variety of ELA skills that students are
expected to master. As a result, teachers need valid and reliable measurements of
students’ argumentation skills that can help them identify student needs and deter-
mine appropriate instructional strategies and classroom practices. To elicit use-
ful information about student skills for formative purposes, it is critical to ground
assessments in disciplinary theories of learning (McNamara, 2011). Our project
therefore aims to develop formative assessment tasks measuring students’ argumen-
tation skills that are grounded in disciplinary-based theories. We adopt an evidence-
centered design process (ECD; Mislevy et al., 2003; Pellegrino et al., 2016; Zieky,
2014) to build explicit validity arguments that link test design decisions to infer-
ences about student skills, informed by argumentation theories and practices.

We build an ELA literacy framework developed as part of the CBAL® research
initiative (Cognitively Based Assessments of, for and as Learning; Bennett, 2010).
Within this framework, argumentation is identified as a key practice — an inte-
grated set of reading, writing, and critical thinking skills that must be coordinated
to achieve specific literacy goals (Deane et al., 2015). Specifically, argumentation
is conceptualized as the practice of Discussing and Debating Ideas, i.e., convinc-
ing an audience through logical argument (Deane & Song, 2015). Within the key

! CCRA.W.1; see http://www.corestandards.org/resources/key-points-in-english-language-arts.
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practice framework, skills are not conceptualized in isolation, but as contributors to
specific activities during specific phases of work, such as considering and evaluating
multiple arguments, developing a thesis and building an argument to support it, or
expressing one’s argument in a specific written form. The key practice framework is
designed to help teachers organize instruction around purpose-driven activities that
integrate different skills, manage complex tasks using tailored instructional support,
and identify targets for learning and assessment grounded in the learning sciences.

The key practices framework also postulates learning progression (LP) for spe-
cific skills, linked to the grade level expectations by standards such as the CCSS.
Formative assessment tasks grounded in a disciplinary-based theory of LP within a
domain can help teachers to make evidence-based inferences about students’ skills
and determine next steps in instruction (Bennett, 2011; Popham, 2008; Sparks &
Deane, 2015). When LP for argumentation is linked with specific tasks, they may
provide teachers with a useful framework for understanding student skill levels
and determining appropriate next steps in instruction (Deane & Song, 2014, 2015).
For example, if a student encountered difficulty in identifying other’s opinions (as
a level-1 skill in the LP), it means that this student lacks the foundational skill of
understanding arguments and the teacher should provide explicit instruction, such as
looking for stance markers in argumentative discourse.

In previous work undertaken as part of the CBAL initiative, multiple scenario-
based assessments (SBAs) were developed to assess the ability to read, analyse,
and produce written arguments (Deane et al., 2011; Deane & Song, 2014; van Rijn
et al., 2014; Bennett et al., 2016). Each SBA was designed to simulate the process
of reading source texts, creating and evaluating arguments, and writing an argument
essay about a specific topic. Within the SBAs that we developed, we found that task
difficulty was closely aligned with LP levels, and that each of the preparatory, or
lead-in tasks contributed significantly to essay score prediction (Deane et al., 2019).
However, due to the amount of reading and writing involved in the SBA design,
only a small number of tasks could be included, focusing on a limited number of LP
levels. Therefore, in this project, we aimed to cover a wider range of argumentation
skills by developing and testing discrete tasks, on a variety of topics, aligned to spe-
cific LP levels.

We used the hypothesized LP in our key practices framework for Discuss and
Debate Ideas (Deane & Song, 2015) to guide task development. We then conducted
a study with several hundred middle school students to evaluate the measurement
properties and performance of these LP-based tasks. We examined the degree to
which the LP could be recovered empirically (i.e., how well patterns of student
performance aligned with the theoretical LP levels specified in the key practices
framework).
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Literature review and theoretical framework
Development of argumentation skills

Argumentation is an inherently social activity involving dialogue between people
who may hold different opinions about a controversial issue in order to achieve
such pragmatic purposes as resolving a difference of opinions (pragma-dialectical
approach; van Eemeren et al., 1996). By elementary- and middle-school age, stu-
dents demonstrate considerable sensitivity to authority figures and can generate
oral arguments that anticipate and address potential criticisms that could be leveled
against them (Ferretti & Lewis, 2019). Writing studies also found that upper-ele-
mentary and middle school students include more argument elements if the writing
task requires students to elaborate their goals for content and audience during plan-
ning and revision (e.g., Midgette et al., 2008).

Argumentation skill development depends critically on how well students can
identify and select relevant evidence and explain how the evidence supports an argu-
ment (Brem & Rips, 2000; Kuhn et al., 1997). Many fifth or sixth graders can elabo-
rate and provide details to support their arguments (Ferretti et al., 2000, 2009). For
example, Kuhn and Crowell (2011) found that sixth graders become more aware of
using relevant evidence to support their claims after training. However, some argu-
mentation skills are challenging even for older students and may not develop before
adulthood unless support is provided. For instance, even high school or college stu-
dents may find it difficult to identify the assumptions behind people’s arguments
or integrate arguments from both sides of an issue (Klaczynski, 2000). Refuting
opposing viewpoints and anticipating counterarguments is a difficult task even for
adults, especially in a written context (Ferretti et al., 2000; Leitao, 2003; Nussbaum
& Kardash, 2005). In a study with 472 students from three middle schools, Song
et al., (2020) found that student performances on CBAL written critique tasks were
generally low. Middle school students are at a critical, but still early stage of argu-
mentation skill development. We are particularly interested in understanding where
the middle schoolers are in that process: that is, what skills have they mastered, and
where do they most need support?

The key practice: discuss and debate ideas

The CBAL key practice Discuss and Debate Ideas focuses on the argumentation
skills required in academic reading and writing. In this key practice, students are
expected to demonstrate skills (e.g., recognizing supporting information) and use
strategies (e.g., asking questions to identify assumptions) to evaluate arguments
from different perspectives and build arguments that support their position (Deane
& Song, 2014). The process involves five distinguishing phases (types of activities
that occur at different points in an extended argumentation process): understand-
ing what is at stake in an issue, gathering relevant information, understanding dif-
ferent perspectives, developing and evaluating arguments, and then presenting
arguments. Informed by a comprehensive review of research in the cognitive and
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learning sciences as well as the pragma-dialectical theory, each phase in our cogni-
tive-developmental model focuses on different combinations of strategies and skills,
as described below.

(1) Understand the issue: context and stakes. First, students should understand the
context and the stakes of the issue to have a meaningful participation in argu-
mentative discourse. They need to know who their audiences are and identify
the audiences’ interests and beliefs, so that they can select appropriate rhetori-
cal strategies to persuade their audiences. The key skill in this phase is appeal
building.

(2) Explore the subject. Students cannot make thoughtful arguments if they lack
prior knowledge about the topic under discussion. They need to gather relevant
information about the topic, which requires inquiry skills classified in another
key practice — Conduct Research and Inquiry (see Sparks & Deane, 2015).

(3) Consider positions. People with sophisticated argumentation skills take into
account different perspectives. However, students usually consider their own
opinion and ignore what others think about the issue. Thoughtful consideration
of alternative perspectives can help students determine which positions are rea-
sonable and defensible. We use the term taking a position to identify this skill.

(4) Create and evaluate arguments. To defend a position, we must present strong
reasons and relevant evidence to ensure that our arguments are logical or plau-
sible. Thus, the critical skill in this phase is called reasons and evidence. This
phase also involves the skills of evaluating other people’s arguments to identify
unwarranted assumptions that could undermine the logic or plausibility of their
arguments, which will eventually strengthen our own arguments.

(5) Organize and present arguments. In this last phase, the critical skill focuses on
presenting the arguments in an appropriate structure, informed by genre expecta-
tions and conventions, whether in informal conversation or in written text. We
use the term framing a case to the skill of organizing and presenting arguments.

This key practice may help teachers gather evidence of student understanding
and scaffold learning opportunities relevant to develop the skills and strategies in
a particular phase. For example, under the phase of consider positions, if students
only present their own position, the teacher could prompt them to consider alter-
native perspectives, and examine the issue from a different angle. For pedagogical
purposes, a teacher might require students to undertake each of these five phases in
sequence. However, the actual process of Discuss and Debate Ideas is flexible and
recursive. Four of these phases in this model are specific to argumentation: appeal
building, taking a position, reasons and evidence, and framing a case. We expect
that the development in each of these skills will be strongly linked to the progress in
the others, thus we perceive them as progress variables. Next, we describe how we
developed the argumentation LP.
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Argumentation learning progression

For the past several years, the CBAL team has sought to capture findings from
argumentation literature and explicitly represent student argument skill devel-
opment through an LP framework. We then test the LP by developing items
intended to measure specific developmental levels (Bennett et al., 2016; Deane &
Song, 2015; van Rijn et al., 2014). We built an argumentation LP that describes
the types of evidence that would yield inferences of increasing sophistication of
argumentation skills (Deane & Song, 2015). The argumentation LP helps estab-
lish the alignment with the subject-specific knowledge and skills described in
the CCSS. For example, CCSS RI5.8 expects Sth graders to identify reasons and
evidence that an author uses to support particular points in a text, while CCSS
RI8.8 expects 8th-grade students to evaluate the soundness of reasoning and the
relevancy and sufficiency of the evidence beyond simply identifying the argument
components. Our argumentation LP also reflects such an advancement: at level
2, students can elaborate their reasons with some awareness of the need for evi-
dence; at level 3, they can provide relevant evidence to support their points in a
relatively logical way; when they move up to level 4, students can reason about
and respond to counterarguments and critical questions. The LP is informed by
the existing literature on argumentation skills as discussed above (e.g., reasons
are developed before evidence, while counterarguments and rebuttals are more
advanced), using available research evidence and prior literature about typical
developmental trajectories for four argumentation skills identified in the frame-
work (see Table 1 for a summary of the LP and its progress variables). The LP
consists of five developmental levels (1: lowest, 5: highest). These five levels
include progress variables that address three modes of cognitive processing: inter-
pretive (reading), expressive (writing), and deliberative (critical thinking). Under
each mode, specific descriptors of the target skills are provided to help inform
the student, task, and evidence model components within an Evidence-Centered
Design approach to assessment development (Mislevy et al., 2003). In summary,
the LP serves multiple purposes in our research: as a description of major cogni-
tive stages along a developmental continuum, as a framework for assessing where
students are in argumentation skills, and as a sketch of how teachers might scaf-
fold the development of argumentation skills step-by-step.

Although the LP is informed by existing studies, there are gaps in the liter-
ature, and other factors could influence the progression for individual students.
Popham (2007) claimed that a universally accepted LP does not exist because
individuals may follow different development trajectories toward mastery. There-
fore, we expect to see individual differences in mastering various sub-skills (i.e.,
progress variables) rather than treating the LP as fixed developmental sequences.
However, the LP generally reflects the relative sophistication of the skills, so most
students will show evidence of mastery of lower-level skills before higher-level
skills. Reaching a higher level typically means that the student gets to a higher
level on multiple progress variables corresponding to the skills at each phase.

LPs are subject to empirical validation, challenge, and potential revision (Ben-
nett, 2011; Corcoran et al., 2009). To validate the LPs, people need to develop
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assessment tasks aligned to the LPs and collect empirical data to observe whether
the performance patterns recover the general model and progress variables. In a
recent study, Sparks et al., (2021) defined and tested their developmental trajecto-
ries for the source evaluation skills in the literacy practice, showing that LP tasks
can yield useful information about students’ literacy skill development. In this
study, we intended to collect empirical evidence for the argumentation LP, and in
what follows we provide a description of the LP-based assessment tasks design.

LP-based assessment tasks

To gather validity evidence for the argumentation LP, we designed a set of assess-
ment tasks around the LP descriptions and progress variables and subjected those
tasks to empirical evaluation. Designing assessment tasks aligned to the LP can
support evidence-based inference about student achievement levels (Mislevy et al.,
2003), which can be used to recommend classroom practices that scaffold students
toward the next level of performance (Furtak, 2012). This approach has a potential
to help solve the problems associated with low performance on traditional essay tests
that provide relatively little information about why students fail to produce strong
arguments (Hillocks, 2002). The assessments described in this paper are designed
to provide information about students’ strengths and weaknesses in argumentation.

The current study

A multidisciplinary team of research scientists and assessment specialists devel-
oped tasks that target the skills identified in the LP framework. The tasks included
a range of items with the selected response (SR) format, the constructed response
(CR) format, and a combination of SR and CR formats. The tasks were designed for
computer delivery, including interactive item formats (e.g., drop-down menu, drag-
and-drop, grid, matching, etc.), digital images, and glossary for unfamiliar words.
Tasks included a variety of topics that assessment specialists judged as relevant and
appropriate for middle schoolers. For example, the Appendix shows three sample
LP-based tasks: School Newsletter is a level-1 task that asks students to identify
supporting reasons for a given position, Protect Ears is a level-2 task that targets
the skill of identifying supporting evidence in a text, and Monsters and Invaders
is a level-3 task that assesses the skill of identifying and explaining logical flaws.
Table 2 lists all the tasks by the LP level with a brief description, number of items,
format, phase, and mode.

As LP levels increase, we expect to see increasing difficulty for students. How-
ever, processing modes may influence the task difficulty level. Expressive tasks can
be more challenging than interpretive or deliberative tasks because they require more
cognitive effort (McFarland et al., 1980). Even if targeting the same level skills,
CR items that require students to generate written responses can be harder than SR
items that merely require comprehension and interpretation of given options. The
LP-based tasks went through content, editorial, and fairness reviews, conducted by
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several experts. We also conducted a pilot study with 74 seventh-grade students and
used the results to improve task design (e.g., clarifying task directions, correcting
keyable distractors, and revising scoring rubrics).

The current study was aimed to gather preliminary validity evidence for the LP-
based tasks. We evaluated how well these LP-based tasks function and explored
the relationship between LP-based tasks and an external measure of students’ ELA
reading skills. We also examined what students’ responses revealed about their argu-
mentation skills, and how their performances might vary by grade level. Further, we
addressed the empirical recovery of the argumentation LP for middle school stu-
dents, by examining the order of the LP levels as they are assigned to the tasks. Our
research questions included:

(1) Do the LP-based tasks provide reliable and valid measurement of students’ argu-
mentation skills?

(2) Are the patterns of student performance on the tasks aligned to the expectations
by the intended LP levels?

(3) What factors in the LP-based item design could affect the task difficulty?

Method
Participants

Seven hundred and sixty students (grade 7: N=433; grade 8: N=327) from two sub-
urban middle schools (School 1: N=386; School 2: N=374) in Western U.S. par-
ticipated in the study. School-level demographic information was collected. The two
schools have similar student demographic profiles. In School 1, roughly 45% of the
students were Caucasian, 30% of the students received free or reduced-price lunch (a
proxy for socioeconomic status), and 5% were English learners. In School 2, roughly
35% of the students were Caucasian; 31% of the students received free or reduced-
price lunch; 6% were English learners. Further, both schools were far above the state
average in the standardized tests in ELA and mathematics, suggesting that most stu-
dents at these schools were performing at or above grade level.

Measures
Argumentation LP tasks

Twenty-seven tasks were organized into three test forms (A, B, C), covering all four
phases of skills and three skill modes. Form A and Form B each contained eight
tasks (18 and 25 items, respectively), and Form C had 11 tasks (18 items), across the
first three LP levels. It took approximately 40 min to complete each form. The forms
were randomly assigned to the students, with 659 students completing two forms
and 101 students completing only one form. The forms had similar numbers of stu-
dents (Form A: 472; Form B: 476; and Form C: 471).
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Reading inventory and scholastic evaluation (RISE)?

The RISE was a computer-administered diagnostic reading assessment for stu-
dents at grades 3—12. It was designed to help identify reading subskills students
may lack so that teachers can provide additional instruction to them. The RISE
contained six subtests, each of which targets a specific reading subskill, including
word recognition and decoding, vocabulary, morphology, sentence processing,
efficiency of basic reading comprehension, and reading comprehension (Sabatini
et al., 2019). It took approximately one hour to complete the RISE, and student
responses were scored by the computer.

Procedure

Students completed the RISE and argumentation LP-based tasks using school
computers. LP-based tasks were presented online, with students randomly
assigned to two forms. School staff were provided with directions for administer-
ing the tasks to students.

Scoring

SR items in LP-based forms were automatically scored, while CR items were
human scored. Each CR item had a unique rubric developed to reflect the quality
of the written response in terms of meeting the task requirements. Two experi-
enced raters received the training to apply each scoring rubric. Training included
review of rubrics, examination of benchmark responses, and practice with group
scoring of sample responses. After the training, the raters scored responses inde-
pendently, and the interrater agreement was measured by computing the kappa
values. All but two of the CR items achieved an acceptable or good agreement
(k>=0.70). The average kappa was 0.83. Scores assigned by the first rater were
used in the analysis. Two items in Voter Turnout had a low interrater agreement
(k=0.46, 0.53, respectively), so a third rater adjudicated the responses. We used
the third rater’s adjudicated scores in the analysis for these two items.

Data analysis

Data analysis first involved computing item-level descriptive statistics for each
of the three test forms (score means and standard deviations, proportion correct,
item-total correlations, Cronbach’s alpha reliability). To assess concurrent valid-
ity, we computed correlations among test forms, and between each test form and
the external measure of ELA reading skills (i.e., RISE). To address questions

2 RISE is now called ReadBasix. https://www.captivoice.com/capti-site/public/entry/diagnostic
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Table 3 LP form statistics

Form N Max. score Obs. range M SD P+ Cronbach’s a
A 472 20.5 1.5-20.0 10.58 3.85 0.52 0.77
B 476 21.0 0.0-20.5 8.99 438 0.43 0.84
C 471 235 0.5-22.5 12.23 4.89 0.52 0.79

Table 4 Item analysis across

LP forms et p* range Mean p* Median p*
A 034 -0.88 0.64 0.59
B 0.19-0.75 0.49 0.45
¢ 0.12-0.86 0.61 0.69

about empirical recovery of the LP, we employed an IRT model (the general-
ized partial credit model) to examine the LP level associated with each task. This
approach involved task progression maps which are essentially generalizations of
Wright maps (Wilson, 2011). These task progression maps have previously been
shown to be effective for describing the recovery of LPs from assessment items in
mathematics and ELA (see Deane & Song, 2014 for a case using ELA argumen-
tation items).

Results

(RQ1) Do the LP-based tasks provide reliable and valid measurement of students’
argumentation skills?

Reliability

Descriptive statistics for each test form are provided in Table 3. Overall Cron-
bach’s alpha (internal consistency) reliability of Form B was good (a=0.84), and
Cronbach’s alphas of Form A and Form C were acceptable (¢=0.77 and 0.79,
respectively). Form B (P*= 0.43) appeared to be more difficult than the other
two forms (P*= 0.52). The correlations among the forms were 0.72 (A&B), 0.70
(A&C), and 0.75 (B&C); after correcting for attenuation, those correlations were
0.89 (A&B), 0.90 (A&C), and 0.93 (B&C). These moderate to strong inter-corre-
lations (all p’s <.001) suggested that the forms measure similar constructs.
Further, item-level performance related to difficulty (p*) were calculated as
mean score divided by the maximum score of each item. Table 4 presents the
range of p* values, and the mean and median p* values in each form. All three
forms had a wide range of the item-level p* values (Form A: 0.34 to 0.88, Form
B: 0.19 to 0.75, and Form C: 0.12 to 0.86), as we intentionally made it this way
in our design. Two most challenging items were: Dinosaur Fossil (p* = 0.19) in
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Table5 Correlations between g " Gage N WRDC VOC MA SEN MZ RC
LP form performance (PCTN)

and RISE score A Al 472 051 059 056 055 064 067
7 270 043 053 056 055 065 0.67

8 202 058 058 049 051 057 0.64

B Al 476 052 062 059 054 062 067

7 266 049 056 057 052 062 0.66

8 210 053 065 059 056 060 0.66

C Al 471 053 055 058 059 064 0.70

7 263 049 050 057 057 063 0.70

8 208 058 059 057 060 063 0.69

WRDC=word recognition and decoding, VOC =vocabulary,
MA =morphology, SEN =sentence processing, MZ = (MAZE) effi-
ciency of basic reading, RC =reading comprehension

Form B, and Curfew (p* = 0.12) in Form C. Both items consisted of two ques-
tions and the answer to the second question was contingent to the answer to the
first question (i.e., if a student answered the first question incorrectly, he would
also answer the second question incorrectly). The easiest items included: four
items in the History Field Trip task (p* = 0.87 or 0.88) in Form A, and Five-
Second Rule (p* = 0.86) in Form C.

Finally, we calculated biserial (or polyserial) correlations between item and cor-
rected total score for each item. The Pizza Party second item in Form B had the low-
est item-total correlation (0.11), while all others exceeded 0.20.

Concurrent validity

Correlations were computed between students’ performance on each LP form
and their RISE Scores (see Table 5). Correlations ranged from 0.51 to 0.70 (all
p’s<.001). Student performance on the LP forms appeared to have highest cor-
relations with reading comprehension scores in the RISE assessments (0.67, 0.67,
0.70, for the three forms, respectively), and relatively moderate correlations with
the measure of efficiency of basic reading comprehension (all above 0.60). Correla-
tions by grade showed the similar trend. However, 8th graders’ LP task performance
appeared to have a slightly higher correlation with word recognition and decoding as
well as vocabulary knowledge, compared to 7th graders.

(RQ2) Are the patterns of student performance on the tasks aligned
to the expectations by the intended LP levels?

To recover the LP, we conducted an IRT analysis that placed and compared the

tasks on a common scale and provided estimates of item difficulty and student abil-
ity. A generalized partial credit model (GPCM; Muraki, 1992) was fitted to the data

@ Springer



Assessing argumentation skills of middle school students:... 17

3 3
24 2
19 149
z I z |
2 | |2 |
< ;4 | < |
. | .
2 2
T T T T T T T T T T T T
0 20 40 60 80 100 0 20 40 60 80 100
Frequency Frequency

Fig. 1 Histogram of student ability estimates derived from the GPCM model (Left panel: seventh grade,
Right panel: eighth grade).

Table 6 Performance (P+and Form MAXscore Grade N Mean score  SD P+
mean scores) by grade

A 20.5 7 270 9.65 3.69 047
8 202 11.81 370 0.58
B 21.0 7 266 8.19 4.07 039
8 210  10.00 453 048
C 235 7 263 11.58 492 049
8 208  13.06 4.72  0.56

using open-source MIRT software developed by Haberman (2013)°. The GPCM
is appropriate for modeling items with partial credit, which many of our LP tasks
included. The model includes an overall discrimination parameter for each item and
item-category-specific intercept parameters for each non-zero score. A predictor for
grade level was included in order to differentiate between seventh- and eighth-grade
students.

We also ran a multidimensional GPCM using the four progress variables as
dimensions and found that the correlations among the four LP variables were
very high (ranging from 0.86 to 0.98), which confirmed that the progress vari-
ables represent the same construct. We therefore chose a unidimensional model
to illustrate further results. We obtained two sets of estimates from the GPCM
analysis: student ability estimates (expected a postiori, or EAP estimates), and
task progression maps based on estimated item parameters.

Student ability estimates reflect the estimated range of ability levels of the
participating students based on their task performance. Figure 1 presents a

3 The program, manual, examples, and source code are freely available at https:/github.com/Educationa
ITestingService/MIRT.
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Fig.2 Task progression map. Each rectangle indicates the student ability interval that is linked to a
50-80% expected task score under the model

histogram of the student ability estimates derived from the GPCM model. The
left panel shows the histogram for seventh-grade students, and the right panel
shows the histogram for eighth-grade students. As it shows, the student ability
estimates roughly ranged from —3 to +3. In the GPCM analysis, eighth-grade
students outperformed seventh-grade students (Cohen’s d=.45). For each form,
eighth graders had a higher mean score than seventh graders, and the difference
was statistically significant (with a small to medium effect size), indicated by the
independent-samples t-tests [Form A: #(470) = —6.28, p<.001; Cohen’s d=.58;
Form B: #(474) = —4.53, p<.001; Cohen’s d=.42; Form C: 1(469) = —3.30,
p <.010; Cohen’s d=.30]. See Table 6 for form-level statistics by grade.

Then we created a task progression map to illustrate alignment among esti-
mates of task difficulty and student ability, taking the LP level and item format into
account. Figure 2 shows the task progression map that included 27 tasks under the
unidimensional GPCM. Each rectangle indicates the student ability interval that is
linked to a 50-80% expected task score under the model (van Rijn et al., 2014). The
task progression map ranged from slightly above —2 to slightly above + 3, mostly
overlapping with the student ability range. As Fig. 2 shows, the intended ordering
of the LP levels did not always align well with the ordering of the task progres-
sion maps. Sometimes, certain higher-level tasks were found to be easier than lower-
level tasks (e.g., History Field Trip, Five Second Rule, Teaching Cursive). Level-3
tasks generally appeared to be more difficult than level-1 and level-2 tasks, but the
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difficulty of level-1 and level-2 tasks were quite similar. We had 17 SR tasks, seven
CR tasks, and three tasks that used the combination of the two formats. All three
formats had a wide range of difficulty. While there was no clear pattern for which
format was more challenging, the easiest tasks appeared to be the SR format.

(RQ3) What factors in the LP-based item design could affect the task difficulty?

Most of the tasks performed well and were discriminating. In this section we
focus on items with notable issues. The second item in Pizza Party was the only
item that did not have adequate item-total correlation (r=.11). This task sets up a
brief context [your class is going to have a party, and you need to convince your
teacher that it will be easy to have a pizza party (item 1) and convince your class-
mates that it will be fun to have a pizza party (item 2)]. The task assesses whether
students can differentiate appeals by their likely effectiveness for different audi-
ences in a familiar context. Students were given five reasons and asked to select
the most convincing reason for each item. Roughly two-thirds of the students suc-
cessfully selected the most convincing reason to the teacher, while only 42% of
the students identified the most convincing reason for their classmates (i.e., our
class thinks pizza is delicious, and we would love being able to choose our own
topping). Ninety-four students (20%) selected the first option (i.e., my cousins
love pizza; we eat it almost every time we go to their house). This option was a
distractor: even though it also supported that the pizza party is fun, it was not the
best answer because it did not directly address to the intended audience. How-
ever, some students might perceive this connecting to their personal experience.

Two tasks were found to be very challenging: Dinosaur Fossil (p* = 0.19) in
Form B, and Curfew (p* = 0.12) in Form C. Both are level-3 tasks. Dinosaur
Fossil targets the Reason and Evidence skill. Students first read a short passage
to identify an unsupported claim. Then from a given list of information, students
need to identify evidence that could support the claim. Curfew targets the Appeal
Building skill. Students are presented with a brief scenario that shows the city
council is considering a curfew. Students are told that they are opposed to the
curfew and need to select the argument that will most likely convince the council
members. Then they need to explain why that argument will be the most appeal-
ing to the intended audience. Both tasks consist of two questions, and if students
could not answer the first question correctly, they would automatically receive a 0
on the task. A significant percentage of students did not answer the first question
correctly, and therefore received no credit for this task.

Our IRT analysis showed that the student ability range and the task difficulty
range were mostly well aligned. Level-3 tasks in general were more difficult
than lower-level tasks except for Teaching Cursive. However, level-1 and level-2
tasks had similar difficulties. There are at least two possible explanations for this.
First, we had fewer level-1 tasks in the forms because middle school students
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are expected to have mastered level 1. Most level-1 tasks in our task pool were
developed for younger students, so the topic and text were not suitable for mid-
dle school students. Therefore, we only included tasks suitable for middle school
level, and these tasks might be at the higher end of level 1 and close to level 2.
Second, the scoring rules may have contributed inappropriately to task difficulty.
For example, the Pajama Day task (level 1) consisted of seven statements, and
for each statement, student need to make a judgment about whether the statement
was helpful or not. The scoring rule was: students receive 2 points if they made
correct judgments on all seven statements, 1 point if they made correct judgments
on six statements, and O if they made 5 or fewer correct judgments. Based on
this scoring rule, the p + value for the Pajama Day task was 0.72. However, with
a closer examination, we found that only one item was somewhat difficult (p* =
0.72), and the remaining six items were very easy (p* > 0.90). Therefore, the cur-
rent scoring method might overestimate the difficulty of this task.

Three tasks appeared to be easier than other tasks at their assigned level: History
Field Trip and Five Second Rule at level 2, and Cursive Writing at level 3. Interest-
ingly, these tasks were designed from the same or similar blueprints as Technology
Effect, Protect Ears, and Foreign Language, respectively. Those tasks appeared to be
harder, especially the Foreign Language task. We suspect that the topics contributed
to the difficulty of the tasks. For example, in Cursive Writing and Foreign Language,
students read a short background article about the given issue. Then they wrote a
paragraph that includes their position on the issue with at least two reasons and a
consideration of the opposing position. The design of the two tasks was parallel,
which makes the choice of topic obvious differentiating variable. Students might be
relatively familiar with cursive writing as a topic, but have very little knowledge
about the relationship between foreign language learning and age.

Discussion

In this project, we collected empirical evidence from several hundred middle school
students to evaluate a set of LP-based items designed to assess ELA argumentation
skills. Our analyses focused on item reliability and validity, student performance
patterns (grade level, RISE measures, LP level), and task alignment to LP levels. We
also analysed factors that could have contributed to task difficulty.

Our reliability and concurrent validity analyses revealed that the assessment tasks
were reliable, with moderate to high correlations observed among forms, adequate
item-total correlations, and adequate correlations with external measures of reading
subskills. These results provided preliminary evidence that the LP-based tasks are
related to students’ general ELA reading skills. Students’ LP performance scores
had the strongest correlation with RISE reading comprehension scores, which
makes sense, since both argumentation and reading comprehension are higher-order
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literacy skills. Argumentation also appeared to presuppose adequate performance on
the RISE subtests for foundational reading skills, such as word recognition, decod-
ing, and vocabulary. This is not surprising, as, for example, Wang and his colleagues
(2019) found that students below a decoding threshold in the RISE test did poorly
on reading comprehension and showed little progress in reading comprehension in
the following years. Therefore, teachers need to provide support to struggling read-
ers to develop foundational reading skills so that they have the capability to grow in
the argumentation space. Engaging struggling readers in an argumentative discourse
might also be a solution. Teachers may have students orally discuss a controversial
issue to facilitate their understanding of the given issue and the development of stu-
dents’ arguments.

As we expected, the eighth graders outperformed seventh graders on all three
assessment forms. The consistently higher performance among eighth graders is
also aligned to our LP theory, as students are expected to develop more sophisti-
cated argumentation skills over time. However, the results only partially confirmed
the items’ hypothesized LP levels. Even though level-3 tasks were generally more
challenging than level-1 and level-2 tasks, our level-1 and level-2 tasks had similar
difficulty ranges, and some tasks were easier or harder than expected. Multiple fac-
tors may have contributed to this variability in the difficulty of items at the same LP
level, including task design, scoring rule, and topic. In terms of design, tasks with
two or more parts could be more challenging, especially when a follow-up ques-
tion connects to a previous question. For example, if a student fails to identify an
unsupported claim, he probably would not identify the evidence that helps support
the right claim. Scores may underestimate student ability when the scoring rule
requires a correct SR response to earn credit for a subsequent CR response (Sparks
et al., 2021). In addition, students’ prior knowledge about the topic could affect
their performance. Even though we used parallel designs for some tasks, student
performance still varied. Knowledge about the topic plays a substantial role in writ-
ing performance (e.g., Bereiter & Scardamalia, 1987; McCutchen et al., 1997), and
impacts students’ reading comprehension (McCarthy et al., 2018; McCrudden et al.,
2016; O’Reilly & Sabatini, 2013). Therefore, lack of topic knowledge can lead to
ineffective argumentation in students’ written responses. We plan to refine the task
design and scoring methods based on the data to minimize the impact of unexpected
factors contributing to task difficulty, and thus achieve a better alignment with the
argumentation LP framework. Since much the item variability related to the topics
and students’ prior knowledge and interest in the topics, we believe we can repli-
cate our success in our prior studies using scenario-based designs (Bennett et al.,
2016; Deane et al., 2019). Combining items designed to measure different LP levels
in a single scenario will allow students to work through a series of tasks with vary-
ing difficulty levels on the same topic. In future work, we will analyse the sources of
item difficulty in greater depth to identify whether revision of the argumentation LP
is necessary.
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One limitation of this study relates to the samples, which were drawn from two
suburban schools in the Western U.S. These samples might not be representative of
schools in other areas. For example, student ability estimates might vary if we col-
lect data in schools that have a large proportion of minorities or English learners.
Another limitation is that the background data was obtained at the school level. If
we had been able to collect individual student background information and prior
year grades or test scores, we would have been able to conduct additional analy-
ses, such as subgroup performance comparisons and examinations of correlations
between LP-based task performance and academic achievement. We did collect
RISE scores, but the RISE assessment only measures foundational reading skills.
Due to time constraints on task administration, we were not able to include LP-based
tasks that required students to compose a complete essay. The only CR tasks were
able to include were short constructed-response items. As a result, we did not pro-
vide independent external measures of writing skills, which might also have affected
student performance on the LP-based tasks. In future investigations, we will either
implement an independent assessment of writing or collect participant’s writing per-
formance in a standardized assessment.

Despite these limitations, we gathered preliminary evidence for the LP
approach. The current study was focused on detecting the overall progression of
the argument construct, and our data suggested that the specific argumentation
skills generally developed at a similar pace. In this study, we examined the vari-
ability of items at the same LP level across tasks and topics and found there is a
considerable variation. However, in earlier studies we found items at different LP
levels in the same scenario showed a progression of difficulty (e.g., Deane et al.,
2019). This suggests much of the variability might be due to the scenario/topic
or to extrinsic sources of variation such as task format or scoring method. We
intend to explore this hypothesis in future research. If this hypothesis is correct, it
should be possible to use LP levels to inform instructors where students may need
support or instruction to be able to move up to the next level (Bennett et al., 2016;
Deane et al., 2019).

The LP-based tasks we developed in this study primarily measure argument-
related reading skills. These skills are important to support source-based argumenta-
tion. Going forward, we will explore ways to align measurement of LP level with
performance on writing tasks, following up on results on our prior studies, but lev-
eraging the variety of item types we developed for this study. It will be particularly
important to conduct classroom observations to understand how teachers can use
information provided by LP-based tasks to determine skill levels and decide next
steps in instruction. Results from such work will have important implications for the
way that LP can be used to interpret student learning achievements and determine
next goals for instruction, as a theoretically grounded formative assessment process
(Sparks et al., 2021).
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Appendix: Sample LP-based tasks

School newsletter (Level 1)

@& CBAL

School Newsletter

Directions: vummmmhwmc-nmmsmmmlmmmmm
olunteered 10 write an article for the 4chool newsietter to inform people about the project. Cick in the box next 1o
each sentence that offers a reason thet supports Martin's idea (Check THREE).

" Many students, teachers, and parents read the newsletter.
" The other school-wide publcation Is the creative writing magazine.
" The eattors of the newsletter have promised 1o put the service project article on the front page.

The also contairs a of the student of the month.

Your class will be accepting donations of food for the next three weeks.

Your class includes several talented writers who would do a good job explaining the project.

Protect ears (Level 2)

@ CBAL e T
Protect Your Ears

Noise is everywhere: at home, at school, on the playground. In fact, noise
is so common you probably don't always notice it. But did you know that it's Heather: My mom says | can listen to my music as loud as | want as
important to protect your hearing, even from everyday noise and sounds long as I'm not bothering anyone else.
—likegimusicoryourfavorite band—hat youractually:enjoy? Joey: Actually, listening to loud music is really bad for you.

That's right: too much noise can be bad for you, and very loud noise Heather: | don't believe it! | listen to loud music a lot. It's really fun—I'm
—especially if you listen to it for prolonged periods of time—can sure it doesn't do any harm.

permanently damage your hearing. Scientists have found that exp! to

sounds of 85 decibels and above is not safe for your ears. While normal What evidence from the article could Joey use to convince Heather that
conversation usually measures only about 60 decibels, a gas lawnmower he is correct?

emits sounds of around 90 decibels, and music at a rock concert can
measure 115 decibels and above. Such sounds may not only damage your
hearing: they can also make it hard for you to concentrate, keep you from

Select two parts of the article that support Joey's argument. To select a
section from the article, click on it and then click in one of the boxes

falling asleep, and lead to headaches and feelings of frustration. below.
What can you do? First of all, you can wear hearing protectors, such as Evidence from the article
earplugs or earmuffs, whenever you are exposed to very loud noise. P

Earplugs are inserted directly into your ears, while earmuffs fit over them.
Both types of hearing protectors have been proven to be very effective, as
long as they fit well.

Here are some more ways to take care of your hearing and your health:
« Do your homework in a quiet place.
« Turn down the volume when you watch TV or listen to music.
« Tell your parents or teacher if you are having a hard time hearing. A
- Ifyou can, walk away from very loud noise.
- Teach your friends and family about the importance of protecting
'your hearing!

If you change your mind, click on the undo button.
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Monsters and invaders (Level 3)

@& CBAL e ()] ]
| piscussion || Tips Directions: Find three with flawed logic on the left and

select their numbers in the drop-down menus below. In one or two
sentences, explain why the logic of each statement you selected is

1 P ’» Brad: There must be a Loch Ness monster because the flawed. Click TIPS to see an example of a logically flawed statement
e legend has lasted so long. and several explanations
o N '
2| *»© E.J.: Brad, people believed in mermaids for centuries, too. Explain why the logic in this statement is flawed.
ﬁ’ Select... v

Brad: But in 1933, a newspaper published a photo of Loch
Ness with a big animal's neck coming out of the water. A
respected doctor sold the photo to the newspaper, which
makes the photo more believable, because the doctor wouldn't
have wanted to lose his good reputation

©w
i
N

£
179

Explain why the logic in this statement is flawed:

E.J.: But in 1994, a researcher found evidence that the 1933 Select... v
photo was very likely to be of a toy submarine. If that photo
was a fake, then there is no Loch Ness monster.

Brad: You'e wrong, E.J. There must be a Loch Ness monster

e
5 EII because that same researcher continued to believe in it ) )
N A Explain why the logic in this statement is flawed:
| E.J.: Well, the case for Nessie would be stronger if scientists Select... ¥
6 az had actually found evidence of a large, unidentified animal in
¢
[ the lake.
7| &% Br_ad _Veal! | agree. Only by ex_ploring the entire lake can
t-.‘i scientists find out whether Nessie really exists.
o~
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