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Abstract

ANALYZING THE LEVELS OF SCIENTIFIC PROFICIENCY IN THE 8TH GRADE
SCIENCE STAAR EXAM

by
Jayme Kelly Del Mario

Ph.D. Science in Education, 2024

We need decision-makers who can couple science content with diverse cognitive levels.
Large-scale assessments (LSA) like the science Programme for International Student
Assessments (PISA) are global education program markers. The PISA boasts a comprehensive
range of cognitive levels, and the United States (U.S.) consistently participates in it. Comparable
to other countries, the U.S. exceeds spending on education while never reaching top ranks for
science programs. Moreover, the U.S. neglects applying PISA models towards state-mandated
LSA. Thus, this quantitative research study uses descriptive statistics enlightening Texas
education officials on the span of cognitive levels exhibited within their science assessments
from a global perspective. The PISA 2015 LSP framework is optimized into a codebook and
trialed for interrater reliability (IRR). Subsequently, 10 8" grade science STAAR exams were
coded. Results indicate high cognitive level deficiencies and overall trends and implications of

these findings are addressed



Chapter 1: Introduction

Science education has a duty to enhance student content knowledge, but it must also take
on the larger tasks of developing young minds to become capable of thinking like scientists.
Students face complex problems that require the intermeshing of content with procedural and
epistemic knowledge. Having a combination of content and scientific reasoning can help
students make more responsible decisions. Moreover, teaching students to think like scientists is
a value the world should place in high regards for future generations. DeBoer (2000) maintains
that the skills and content learned in striving to meet this goal can help students in the real world
and thus enhance their general employment prospects and strengthen public awareness and
acumen of science. This was certainly the case in the 1990’s for citizens living in Woburn,
Massachusetts. These citizens noticed a high rate of cancer in the population and used their
knowledge of the town to generate science understandings and practices which lead to them
pinpointing the water supply as the cause for the problem. Subsequently they resolved the issues
with the water and changed the upward trajectory of the cancer rates in their community (Brown,
1992). With instances such as these many curriculum products have begun emphasizing
curriculum products that support students taking on more inquiry-based problem solving just as
expected by real scientists.

To support students in reaching these goals, large scale science assessments (LSA) are
commonly used to track the progress of many science programs. The Science Programme for
International Student Assessment (PISA) and Trends in International Mathematics and Science
Standards (TIMSS) are among the two most established large-scale international science exams
(Neidorf, 2016). These exams have been postured as the two most popular international
evaluators science programs. The exams claim to place emphasis on how students integrate their

science knowledge to think through scientific problems; otherwise known as scientific



proficiency (Ikeda & Echazarra, 2020; Teig, 2019). The United States (U.S.) has been part of this
exam since 2003. In comparison to many other wealthy countries, the U.S. has spent
approximately $115,180 per student in an academic year. This is 20% more than both Germany
and Canada, and almost 50% more than Estonia (Organization for Economic Cooperation and
Development (OECD), 2016). Yet, the U.S. science PISA scores consistently rank lower than
these and approximately 20 other countries (Irwin et al., 2023). Following the demands of the No
Child Left Behind Act (NCLB) of 2001 (NCLB, 2002), states had a reactionary attempt to
increase the effectiveness of their school programs fiscally present an increase in spending per
student by US$570 (Dee & Jacob, 2010). However, Hodges (2018) declared that approximately
82% of this funding went towards hiring more teachers and increasing educator salaries. Despite
the amount of funds being spent on individual students, these state assessments have a huge
impact on what and how U.S. students learn science. Teaching students how to think through
complex scientific problems remains one of the primary goals in science education, and
assessment reform may just be the ticket to the science program advancement the U.S. seeks.

Assessments can be valuable in helping educators understand students’ grasps of content
knowledge, and help stakeholders understand a students’ cognitive level. Assessment creators
who wish to understand the intellectual levels of students must consider the key cognitive
characteristics they desire to see as they create test items. Cognitive validity is the assurance that
assessment items possess questions aligned to what is known about student learning, and the
progression of knowledge and skills they are expected to acquire. The knowledge and skills
referenced within cognitive validity are synonymous to the skills marked as staples within the
field of study the assessment is based upon (Pellegrino et al., 2016). For science education this
lies within the science and engineering practices outlined by the Next Generation Science

Standards (NGSS) (NGSS Lead States, 2013). Cognitive validity is a highlighting feature within



LSA such as PISA and TIMSS (Teig, 2019). For the past 20 years the U.S. has utilized data from
these LSA to help reform science programs nationally. The OECD United States Country Note
(OECD, 2022) shows how these exams have helped the U.S. to understand how best practices in
science education are directly linked to quality curriculum and assessment. In many cases the
level of cognition in assessment items bolsters high order thinking and inquiry skills in students
(Cheng & Hou, 2015; Ledbetter, 2012; National Research Council (NRC), 2003). Many
educators are beginning to understand the importance of providing higher order thinking reforms
to support the development of young minds. However, there is still a great number of educators
who are pragmatically unsure of how to do this in the classroom (DiBiase & McDonald, 2015;
Haynes et al., 2016; Said & Aziz, 2024). While the U.S. has used the results from these LSA for
consideration towards the creation of their own state-wide science programs, the explicit
alignment between cognitive levels of thinking and the question items that present on individual
state assessments is non-existent. The emphasis that the NGSS places on science and engineering
practices and their support of a few content specific levels of thinking help stakeholders to
visualize the desired end goal for maturing young minds (Kaldaras et al., 2021; NGSS Lead
States, 2013). However, these actions do not specifically speak to the levels of sophistication
students can expect to develop in the process towards learning to think like a scientist, or more
notably becoming scientifically proficient (Shepard et al., 2013). Current levels of thinking
endorsed by the NGSS are not sufficient in mapping the complexities involved in thinking and
learning (Hammer & Sikorski, 2015). Moreover, they give no consideration to a specific level of
thought necessary to recount the maturation in scientific thinking on assessment items. Arguably,
if LSA lack items that analyze the learner's progression towards obtaining scientific proficiency
the U.S. could be maintaining science programs insufficient to learners needs. The U.S. must

evaluate its state level exams to ensure they have science curriculum that will meet these



demands. Nevertheless, evaluating the cognitive validity of assessment is no arbitrary task. To
truly analyze the cognitive levels within LSA, one must understand how students' ability to think
like scientist matures throughout their learning process. Stakeholders have increasingly become
aware of models that detail how learning advances from a fundamental level to make this
maturation process more transparent. The 2007 NRC report defines these models as learning
progressions (LP) (NCR, 2007). Over time these LPs have been contextualized in the science
education community to display how students successively form more sophisticated capacities
for both content knowledge and scientific inquiry skills (Wiser et al., 2012). This is an ideology
in which PISA is well versed. To help stakeholders comprehend how students are successively
advancing towards scientific proficiency, the PISA has developed a scale that maps the levels of
sophistication possible within exam questions. Unfortunately, no state has gone on record
directly stating their connection to any LP, let alone the levels of scientific proficiency (a LP
designed by PISA) in the process of formulating their standards or exam items (Alonzo, 2012).
Problem statement

The U.S. spends more than many other countries on education yet notoriously preforms
middle of the ranks and below other developing countries on large-scale international science
assessments (DeSilver, 2017; OECD, 2022). While the U.S. is a consistent participant in large
scale international science assessments such as PISA, many states have overlooked the LP that it
uses to showcase the escalating levels of maturation in scientific thinking within exam items.
The U.S. is already utilizing these exams to check their science programs and student proficiency
levels, but they do not align when it comes to designing state level assessments. This becomes a
troublesome line of inquiry to explore because if states are not explicitly connecting their
assessment items to any legitimate LP for science literacy, determining a student's true

bandwidth for scientific proficiency can be difficult. Therefore, state exams may not be



supportive in overcoming the chronic disparity of lower than desired rankings on international
large-scale assessments as they should be.

Positionality
Prior to enrolling in the science education program at Texas Christian University (TCU),

I had already worked as an undergraduate researcher in the Microbiology department at
Oklahoma State University (OSU) and graduate there with my bachelor's in science in Biology
with a minor in Microbiology. I also obtained my Masters of Science degree in Interdisciplinary
Studies in Biological and Physical Sciences. Additionally, I had teaching experience as both a
full high school science teacher at Duncanville High School and college adjunct professor for a
few different Dallas Colleges. Thus, I was extremely familiar with the process of preparing for
and taking LSA and I truly hated them. I noticed how I would perform better on individual
course assessments and completely bomb the LSA. I was convinced that something was wrong
with the way these LSA were written. So, when I enrolled as a first year Ph.D. student at TCU, I
can recall still being skeptical about LSA science assessments. Having gone through so many
hours of science learning and teaching, I had a wealth of science content knowledge and
educational experience, but internally I was struggling to be successful on LSA. I didn’t know it
then, but I was allowing my personal experiences and difficulties with these exams to drive my
skepticism regarding the purpose and legitimacy of these exams. Upon enrolling in my doctoral
program, I was oblivious to the personal issues I had against LSA. Although my course work in
the program was not directly tied to LSA, the flexibility I experienced in these classes allowed
me to pursue my own research interest. Then as my career advanced and I became a science
education administrator, (coaching teachers, then administrators, and now writing science
curriculum), I began to see science assessments in a new light. Subsequently, I discovered how
many of these LSA had validity factors I had never considered. Simply put, many of these exams

went beyond the science content and were attempting to measure cognitive validity, or scientific



proficiency. Uncovering this allowed me to shift my thinking regarding science education.
Moreover, it provided me with the foundation for formulating my own epistemologies of how
science should both be taught, tested, and evaluated.

Unbeknownst to me, my interest in science assessments has long been apparent.
Fortunately, the cynicism I had towards these exams was reframed because of how I allowed
assessments to be centered focus throughout my time in the Ph.D. program. In retrospect, |
believe I was widely unprepared for these LSA because I was never trained to think like a
scientist. This has led me to call into question how well states are currently meeting this demand
for future scientists. I am excited to embark upon analyzing the 8 grade science State of Texas
Assessments of Academic Readiness (STAAR) exam for levels of scientific proficiency, but
above all, I am beyond grateful for the ways in which my science education program helped to
shift my thinking. If it were not for my doctoral program, I would still be oblivious to
understanding a truly scientifically literate mind.

Statement of Purpose
This study analyzes the cognitive validity within the released 8™ grade science STAAR

items using the PISA framework for the seven levels of science proficiency (LSP). While the 8
grade science STAAR has never explicitly endorsed the PISA LSP framework, Campbell and
Hughes (2020) implied that through the Science Teachers Association of Texas updates to the
Texas Education Agency (TEA) the state of Texas has made concessions or at least some
considerations that directly align to the NGSS when creating their own standards. The NGSS
were founded in part by deliberating on the results of the science PISA which has assess not only
the science content, but the ways in which students apply their knowledge to help uncover
scientific problems otherwise known as scientific proficiency (Spatz et al., 2019).

To contextualize LSA, TIMMS, PISA, and the NAEP are all described in this

dissertation. However, the PISA assessment is the only international LSA that utilizes a definite



LP for pinpointing the interrelations between levels of cognition by analyzing distinct LSP
within science assessment items (Aydin-Ceran, 2021). Therefore, it is the PISA that will be the
highlighting point of focus for this study. The PISA LP exists to help all stakeholders understand
student capacity within this lane, but it can also help assessment creators to understand the
proficiency levels necessary to answer assessment items. The PISA is one of the most prominent
LSA the U.S. uses to evaluate their science programs globally, but U.S. students are consistently
underperforming other major first world countries year after year (Poland & Plevyak, 2015).
Thus, it becomes even more important for the U.S. to reflect not only on the results of the
science PISA to help reform their science programs, but also the very frameworks that lays at the
foundation of these assessments namely the levels of scientific proficiency, as they create their
own assessment items. The major driving this dissertation are:

(a) What Programme for International Science Assessments (PISA) Level of Scientific

Proficiency (LSPs) are seen within the 8th grade STAAR,

(b) How are these Levels of Scientific Proficiency represented across individual

assessments, and

(c) How are these Levels of Scientific Proficiency represented across the four reporting

categories?

Significance of the Study
In the educational community, it is a well-known fact that teachers often align their

instruction to the assessment with the highest accountability measures (DeBoer, 2002). Often this
can lead to teachers emphasizing instruction with more quantifiable content knowledge and
lower cognitive demands (Blazard & Pollard, 2017). Although the science community may aim
to make scientific proficiency the major focus for instruction, as these high stakes assessments
remain, teachers will continue to reference them in high regard as key instructional tools.

Therefore, assessments that lack various cognitive levels of proficiency can result in instructional



deficiencies. To date no state within the U.S. has made an explicit LP outlining the levels of
scientific proficiency within their science assessment items. Every state in the country has the
autonomy to dictate their own science standards, subsequently variations among state exam
items exist. Therefore, states individually deciding upon the structure, content, and complexity of
inquiry required by students within their exam items, has led to a lack of alignment within the
U.S. science assessments. All things considered; one should understand that Texas is not a
unique outlier. When reviewing the Texas Education Agencies 8" grade STAAR assessment, its
purpose, and its accompanied companion items which aim to explain the exam’s structure, there
is no mention of any expected maturation of thinking or even the degree of complexity students
can expect to see in the exam items. The details provided by the TEA regarding this assessment
do not proclaim any international exam alignment to their own state assessments. The researcher
has denoted a clear deficiency of literature attempting to further understand the relationships
between these state- ran LSA and international LSA. Therefore, it is not surprising to note a lack
of research regarding the level of scientific thought complexity within state exam items
compared to national LSA. The proposed research analyzing the 8™ grade science STAAR will
help to fill these gaps in literature by intertwining the state and national realms of LSA to better
understand how well Texas is doing in developing exam items that demand students to insist
upon more variational levels of knowledge on LSA. The use of a large-scale international
framework to explore a state-wide science assessment will allow readers to gain a more
comprehensive evaluation of a sample state population within the U.S. to better understand how
well our science programs are preforming.

Definitions of Key Terminology
The following key terms are instrumental in understanding the topic of measuring the range of

thinking within the science assessment items on major science exams.



Science literacy

The passive ability to interpret science concepts presented throughout various forms of media.
Science proficiency

Recognizing how one’s own knowledge of science concepts can help them to engage in inquiry
when faced with a problem.

Scientifically proficient

The active line of inquiry where a person both recognizes and applies their own knowledge of
science concepts to come to an understanding when faced with a problem where science can be
applied.

Construct/Assessment Validity

The inclusion of the purpose and ideologies the assessment is designed to measure within the
exam items and student results. At bare minimum this should incorporate accountability for
cognitive, content, and inferential validity, but may also extend to other forms of validity dealing
with decreasing or eliminating student population biases.

Cognitive Validity

A type of construct/assessment validity that presents when the assessment items possess
questions that are aligned to what is generally known about student learning and the progression
of knowledge and skills. Additionally, this kind of validity should appear within the assessment
results to reflect the student’s level of cognition.

Content Validity

The idea that assessment items are aligned to the science content or curriculum the assessment
creators declare it is supposed to measure.

Learning progression



The general sophistication of thinking that can be expected amongst students as they develop to

becoming scientifically proficient.
Large-scale assessments

In the context of grade school science, this is an assessment that has been dispersed to a large

group of students with unwavering standards for the science content being tested, administrative

dissemination, and scoring procedures provided for every student assessed.

Code

A marker or identifier which consolidates information into a more concise format for further
analysis.

Coding

The process of sorting the data based upon a marker or code name.

Code/Encryption Book

A template that more specifically outlines how each marker or code falls within the respective
consolidated label.

Interrater Reliability/ Intercoder Reliability

The ability for the coding results of the two raters to be reproduced from one rater to the next.
Typically obtained by ensuring there is 80% agreement from at least 30% of the total items
coded.

Percent agreement

The proportion of items that are matched or coded is the same. Typically, researchers should aim

for 80% agreement in the items they both coded.

Reporting categories

10



In the context of the STAAR assessment these content specific markers detail the specific
science area being tested. For the 8™ grade STAAR they include: (a) Matter and Energy, (b)

Force Motion and Energy, (c) Earth and Space, and (d) Organisms and Environment.

11



Chapter 2: Literature Review

Classroom specific formative assessments characteristically allow teachers and students
to quickly analyze levels of understanding and instructional effectiveness so educators can
modify teaching and learning strategies. By contrast, LSA are uniquely summative in nature and
provide more efficient and holistic information for science program decision makers. By nature,
the broader character of LSA affords stakeholders the ability to see student progress on a larger
scale. Additionally, LSA provides educational authorities with important information to more
responsibly determine directional needs and best approaches to reform science programs. With
the major goal to enhance U.S. science programs and overall ranking, the researcher of this study
aimed to understand how a global view of the various levels of scientific proficiency were being
analyzed in the United States. Certain databases and key words were employed as strategies to
denote prior research done with this focus. The search conducted with the strategies below

helped to uncover an educational science disparity within LSA research:

Databases:

e Education Resources Information Center (ERIC)
e Journal Storage (JSTOR)
e Google Scholar

Keywords:
o "science proficiency assessments United States"

o '"cognitive complexity science assessments"
o “large-scale science assessments cognitive evaluation”

With the lack of educational science research regarding LSA and scientific cognitive levels being
highlighted from the search, this chapter reviews the historical progression of LSA globally and

nationally before narrowing the focus to LSA in Texas. Following this, controversial issues

12



impeding successful assessment validity are presented. Finally, the chapter ends by describing
how current epistemologies of LSA help vindicate research focusing on the cognitive rather than
content-based constructs.

History of Large-Scale Assessments (LSA)
Global LSA

Global assessments are unique in offering a vast array of information on science
programs around the world. Data resulting from these assessments can help researchers better
understand the differences and work to bridge the gaps in scientific literacy across the globe.
While many of these global LSA examine students understand in areas other than science, the
following will review the most prominent science specific subdivisions of two major global LSA
by synopsizing how they emphasize content domains, percent dedications, calendar years, and
cognitive differences to more explicitly capture why there should be a stronger focus on the

science PISA.

PISA vs TIMSS

Since the year 2006 two major science assessments have provided routine international
comparison data on science programs: the Science PISA and the TIMSS (Zhai & Pellegrino,
2023). These two foremost assessments methodologically differ in their approaches and
distribution. TIMSS collects a wide range of information about international science programs
by utilizing parent and school leadership survey data. In 2015 PISA incorporated surveys for a
wider view of science programs however, their surveys differ by excluding parent data and
providing surveys to students and principals (NCES, 2020). TIMSS and PISA assess students in
mathematics and science content, but only PISA has an additional focus on reading literacy
(Rindermann & Baumeister, 2015). PISA analyzes science, mathematics, and reading literacy

content, but does so by alternating the year in which they focus on one content’s data. This
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flexibility allows for a deeper analysis of each subject domain on a three-year rotation. In 2025
PISA will focus on science as their major domain. When a domain is selected as the major PISA
data focus; two thirds of the total items are from that domain. If science is not the primary
domain, 8% of students will have either mathematics or science items incorporated into on one
third of their assessments (Nohara & Goldstein, 2001).

The science sections of the TIMSS and PISA differ in distribution of student populations.
TIMSS tends to analyze the number of schooling years a student has obtained alongside the age
of the student to examine comparative data and measures score in science every four years with
school age students at 4th and 8™ grade. By contrast the PISA specifically uses 15-year-old
students to amass its analytical data. While both exams seem to be comparative in their
assessments of life science, there remains a content specific difference between the two
assessments. The TIMSS generally compares physical science data while the PISA places more
emphasis on examining students’ knowledge of earth science (Rindermann & Baumeister, 2015).
Broadly the science section of TIMSS is more inclined to analyze explicit science content with
question items that individually analyze how students know, reason, and apply their knowledge,
but the PISA science segment provides question items that highlight how students intermesh
knowing, reasoning, and applying science content knowledge by problem solving in a real-world
context. Nevertheless, this literature review is focused on the science section of PISA in lieu of
the TIMSS as the review aims to understand how assessment items test scientific proficiency, not
non-interrelated and bucketed cognitive levels of science content.

Science PISA Item Types and Structure

The PISA is uniquely structured. Rather than displaying stand-alone items, the science

PISA questions are arranged into interlacing units where students are tasked with real-world

scientifically contextual problems. Since these questions tend to merge units, certain scientific
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concepts tested within the exam items can often build upon or relate to one another. Historically,
the assessment has utilized various stimuli within the question items: images, chart, graphs, and
passages among other things (Bybee et al., 2009). The science PISA has used multiple-choice
questions (MCQs) where students select the correct answer from a list of other non-correct
answers. However, a variation of MCQ known as complex multiple-choice question (C-MCQ)
has also been utilized in approximately a third of science PISA (Psalidas et al., 2008). C-MCQs
still opt for students to select a correct answer, but this is typically in a yes-or-no, true-or-false,
or correct-or-incorrect answer format. One third of the assessment consists of a specialized type
of constructed response known as short constructed response (S-CR). This alternative form of
constructed response (CR) asks students to write in their response to a question, but the correct
responses are more likely to be a specific number, word, or phrase. Standard CR items tend to
come before the rest of the assessment items where students are asked to provide a detailed
justification or explanation for their responses (Le Hebel et al., 2017). Nohara and Goldstein
(2001) denoted that the PISA 2018 was primarily computer based with some countries
opting to utilize paper if the technology was not available. During that 2018 exam 60-
65% was MCQ and 35-40% was CR.
National: U.S. LSA

The U.S. did not initiate LSA. The earliest exam can be traced to 210 B.C. in China with
the administration of a test known as the Chinese Civil Service examination. This assessment
was used to select the most skilled civil servants for hire (Madaus & Kellaghan, 1993, as cited in
Klassen, 2006). Prior to coming to the U.S., ideologies of a fully formed LSA slowly developed
in Europe between 1750-1792 when there was a shift from verbal to written assessments, and
then another shift to scale scoring (Klassen, 2006). Later in 1845 the U.S. heeded the movement

towards educational assessment that was already underway in Europe when Horace Mann
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(serving as the secretary of the Massachusetts Board of Education) organized an educational
assessment initiative (Klassen, 2006). Mann’s push for this initiative was rooted in (a) increasing
the bar of rigor in education, (b) posturing school leadership teams to eliminate teachers with
insufficient educational approaches, and (c) eradicating corporal punishment in educational
settings (Klassen, 2006). Ironically apart from the corporal punishment rationale, the purpose for

promoting high-stakes assessments has not changed much since then.
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Governing Entities of Education in the U.S.

Changes leading to LSA education reform did not result from problems in science education,
instead the U.S. political discussions involving several class, gender, and racial views lead to
establishing of more educational reform. One of the many diversity inequities brought to the
forefront was related to the inequities in education nationwide. Although a multitude of
legislative acts arose as attempts to countermeasure these educational injustices, variations in
implementation across state lines remained (Hall, 2005). The act of Congress that was signed by
President Abraham Lincoln in 1863. This act helped establish the National Academy of Sciences

(NAS), which was created to keep science and technology innovations and research current

within the U.S. In 1959 the NAS surfaced to help remedy the country's educational inequities

(DeBoer, 2000). This committee utilized their time at the Woods Hole Conference in
Massachusetts to create assessments and curriculum materials as a turnkey solution to the teacher
shortage and teacher incompetence issues.

Following the events of World War II, the government recognized a link between
advancements in science and national security (Roberts & Bybee, 2014). Subsequentially the
U.S. became increasingly aware of its civic duties to ensure that the next generation of scholars
were ready for careers in science. Many schools were taxed with personnel shortages because
there was an overwhelming influx of students. Thus, government intervention was crucial at this
time (Rudolph, 2002) and the National Assessment of Educational Progress (NAEP) emerged in
the 1960’s as the first U.S. national assessment.

The NAERP is specifically used to analyze science achievement in students from the 4, 8,
and 12" grade. According to Koretz (2008), this assessment was designed to provide the “public
and policymakers with a description of student achievement and information about trends in

performance over time” (p. 55). To date the NAEP has never gone on record claiming to be
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linked to any accountability measures. Nevertheless, this has not stopped many U.S. school
districts from utilizing the results of this LSA to make inferences about the effectiveness of their
school programs (Featherston, 2011).

In 1965 President Lydon B. Johnson signed the Elementary and Secondary Education Act
(ESEA) which was brought on alongside a plethora of other progressive educational legislature
at that time to increase innovation in learning and decrease the achievement gap between
advantaged and disadvantaged students (Halperin, 1975). This body of legislation made a large
impact as it was the first act to require every state to test their students in mathematics, reading,
and science (TEA, 2024a). Then following the events of the Civil Rights Act, desegregation and
a few policy changes were not enough to significantly minimize disparities in educational rigor
(Hall, 2005).

In 1972 the government sought a way to keep states from excluding students from testing
directly tied to federal funding. This allowed for the rise of Title IX, which effectively prohibited
the discrimination of students based upon race or gender in testing; helping to ensure all students
were given the opportunities to access testing (Kadzielski, 1977). In 1994 the Improving
America's Schools Act (IASA) pushed states to have state standards tied to their own testing
which they were to use as a marker for student achievement. This act also led to the government
holding underperforming schools accountable. Much later the U.S. adopted the NCLB in efforts
to ameliorate these national inequities once more with the goal in mind to avoid overbearing
national mandates but also streamline approaches towards obtaining federal funds. The NCLB
required states to create their own standards and assessments that would serve as their metric
indicator for evaluating their school’s performance (NCLB, 2002).

From 2007-2008 updates to the NCLB required that all states test science in three grade

bands throughout a child’s K-12 institutionalization (Goertz, 2005). Today research resulting in a
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multitude of conceptual models and frameworks has led to the creation of a plethora of science
educational standards and assessments. Many states have opted to form an alliance utilizing the
assessments provided by the NGSS. Other states have elected to create their own standards and
assessments. Several of these states standards and assessments are still heavily grounded in the
major ideas distinguished in the NGSS. There is a list of the science assessments given within
each state (see Table A.1 in Appendix A). The abundant history of high-stakes science
assessments, the ways in which contextual issues have impacted the educational focus of science
curriculum decisions, and the need for having accountability measures to maintain rigor amongst
science education are paramount to understand when conducting research in this area. With this
knowledge researchers can more responsibly engage in inquiry surrounding high-stakes
assessments. Additionally, they may better comprehend the purpose and implications involved in
creating these exams. A researcher's familiarity with this history as well as their knowledge on
nationally recognized LSAs (later to be discussed) can provided direction for focusing queries
into how well state assessments are preparing students to be competitive scientific thinkers on an
international level.

NAEP Science Exam Types and Structure. The NAEP science exam analysis science
achievement of 4, 8%, and 12 grade students in three main categories: (a) earth science, (b) life
science, and (c) physical science (Neidorf et al., 2016). NAEP generally values comprehension
of science concepts, scientific inquiry, and non-content specific reasoning (Forbes et al.,2020).
The hands-on performance task is another defining feature of the assessment. These tasks ask
students to design their own experiments after being provided with prescribed materials. Another
unique characteristic of the NAEP is the incorporation of questions with Nature of Science
premises. Tasks such as this measure how well students understand the enterprise of science.

Structurally the exam varies by grade level. A comparative study of the assessments given
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between 2005-2007 found that NAEP science assessments more heavily test earth science
opposed to both life science and physical science in the fourth grade and eighth grade (Neidorf et
al., 2016). An algorithmic sampling procedure allows for a randomized selection of questions to
be selected from a pool of related content. However, no matter the selection of questions from
within the block, students are tested for no more than 50 minutes. MCQs and CR are only two
item types offered throughout the exam, and they are equally distributed at a 50/50 ratio (Zhai &
Pellegrino, 2023).
Texas LSA
State adopted LSA can take a great deal of time, funding, and research to create. Thus,

increasing the rigor of these assessments by tying them to educational reform and decisions
regarding the future of individual students have become a common factor in state led LSA
discussions. When assessments serve as requirement to advance for individual students, they are
deemed as high stakes assessments. These sorts of exams have become a customary part of
educational reform across the U.S. following the NCLB (Bach, 2020). Davis and Wilson’s
(2015) outlined Texas assessments over the years and advocated for transparency in the
paradigm shifts that took place in these assessments. They highlighted the advancements of
Texas assessments. These were generally advancements that Texas put in motion to increase
rigor and alliance across the state and to assist students in being more equipped for the college or
career of their choosing (Bach, 2020). “The shift from basic skills to minimum skills to academic
skills, then to knowledge and skills, and most recently to academic readiness” (Davis & Wilson,
2015, p. 358) clearly summates these changes.

In 1986 a passing score on the Texas Educational Assessment of Minimum Skills (TEAMS)
was required to graduate (TEA, 2024b). In 1990 the Texas Assessment of Academic Skills

(TAAS) replaced TEAMS. Then upon the release of the NCLB; standard guidelines required
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states to review, evaluate, and reform educational standards and assessments every twelve years.
States were given time to implement these changes, so in 2003 Texas onboarded the Texas
Assessment of Knowledge and Skills (TAKS) to replace the TAAS. Then in 2012 the State of
Texas Assessment and Academic Readiness (STAAR) was announced as the TAKS successor.

Parameters of the NCLB mimic that of the Title I mandates with the stipulation that science
be tested at least once from the following three check points: 3™ grade to 5% grade, 6™ through 8t
grade, and finally 9" through 12" grade (NCLB, 2002). Initially the STAAR had 15 secondary
level assessments serving as a gateway requirement for graduation (Bach, 2020). These exams
were collectively known as the end of course (EOC) assessments. The participating EOC science
assessments encompassed Biology, Chemistry, and Physics. However, a year after the
deployment of these EOC, the Texas legislature found themselves under pressure to decrease the
quantity of assessments, so they reduced the total down to just five keeping Biology as the only
science content (TEA, n.d.a).

Each of the three state mandated science assessments are divided into content specific
reporting categories. 5 and 8" grade science students have four categories: Matter and Energy,
Force Motion and Energy, Earth and Space, and Organisms and Environment. The Biology
STAAR is divided into five reporting categories: cell structure and function, mechanisms of
genetics, biological evolution and classification, biological processes and systems, and
interdependence within environmental systems. In 2017 the STAAR also adopted four
performance level categories: masters, meets, approaches, and did not meet. Each of these
categories detail the likelihood of student success in the next grade level and their cognitive level
of reasoning in certain situations. Subsequently, performance level descriptors (PLDs) emerged.

PLD focused on how the specified science content (or the reporting categories) will be tested
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(TEA, 2019). More specifically the PLDs display the level of reasoning a student has obtained
by applying their knowledge and skills in a certain manner (see Table A.2 in Appendix A).
The Curation and Creation of Science STAAR Items

Although Texas has its own state assessments, it receives support from outside entities.
Beginning in 1980 Pearson Education, a company based in London, was the state’s only testing
supplier. Then from 2016-2021, Texas split the contract between Pearson Education and the
Educational Testing Service (ETS), a company based out of New Jersey. In 2021 Texas
reallocated this contract to both Pearson Education and Cambium Assessments (centered in
Washington, D.C.). Today all science STAAR assessment items are written by the trifecta
collaboration of TEA, Pearson Education, and invited Texas educators (Swaby, 2021). Educators
involved in the creation of science STAAR items have either completed an application of interest
provided by TEA or have been nominated by school leadership. TEA (n.d.b) states that these
educators are selected based on content area expertise, classroom experience, and diversity
measures. However, rather than writing the assessment items, the teachers selected review items
already created by the contracted vendors, Pearson Education and Cambium Assessments.
8th Grade Science STAAR Item Types and Structure

Prior to 2021 the 8™ grade science STAAR was strictly a MCQ examination. Research
supporting variations in assessing students to increase assessment rigor and analysis (Federer et
al., 2015), led the 86 Texas Legislature passing House Bill 3906 (HB 3906) (Texas House of
Representatives, 2019) which required Texas to implement various item types into the STAAR.
Specifically, the bill mandated the science STAAR (among the other subject areas) included
cross curricular passages and evidence-based writing. Hence, these state obligations resulted in a
new version of the STAAR distributed in the 2022-2023 academic year (TEA, 2024¢). Another

mandated change brought about by this House Bill was the obligation for schools to only offer
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online testing. Thus in 2022 the TEA presented their first round of exams with MCQs making up
the majority, but no more than 75% of the exam in an online format. The remaining 25% of the
assessment now includes: (a) text entry where students can write numerical value, singular word,
or short expression answer, (b) hot spot items where students use the mouse feature to click on
the correct area of an image thus selecting their answer, (c¢) drag and drop where students
appraise a multitude of answers and use their mouse to drag their select answer into the correct
location, (d) multipart where students respond to a question that has dual parts, (¢) multiselect
where students select many correct answers up to a specified limit, and (f) S-CR.

LSA Controversial Issues

The Construct Conundrum
An important aspect of any assessment is the validity it provides. Analyzing assessment

validity (or the inclusion of the purpose and ideologies the assessment is designed to measure
within the exam items and student results) can be done in a variety of ways. One perspective
view of assessments could be to look at the way assessment items are written. Alternatively,
assessments can be analyzed by how they are scored, or what content or context the assessment
is based upon. Some stakeholders may utilize the scores as data to denote patterns of bias
favoring certain student populations. All these approaches to analyzing exam information can be
assessed to unveil potential issues with an exams assessment validity. When developing
assessment items creators must be cognizant of what thinking patterns, content knowledge, or
skills they wish to evaluate in students. Regardless of the decisions the exam creators make, the
items on the assessment should directly align with the major purpose and ideologies of the exam.
Assessments focusing on a construct (the specific pattern of thinking or learning, which can be
knowledge, skills, or abilities) has long been a desired yet neglected focus of most LSA (Glaser
et al., 1997). Because assessment validity and construct validity are so intertwined, they will be

interchangeably referenced in this review as construct validity.
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Difficulties of Analyzing Construct Validity.

Included in the notion of assessment constructs are considerations to how students
organize, represent, and generate strategies and self-monitoring skills to individually contribution
to team-based problem solving (Glaser et al., 1997). This further explains the complexities that
researchers experience when analyzing assessments as they work through these same mental
exercises to analyze assessment items. Scherer (2009) recognized these approaches towards
exploring assessment validity and resolved to analyze the internal composition of science
assessments. It is within the structure of exam items that Scherer pinpointed how questions can
be configured to properly assess students’ cognitive abilities. By doing this they hoped to
provide researchers, exam creators, and others in the field with a more systematic way to analyze
assessments.

Chudowsky and Pellegrino (2003) maintained that the most significant aspect blocking
LSA from being fully understood is the lack of construct transparency within them. The influx of
LSA across multiple states has certainly contributed to this uncertainty, but the U.S. did not
initiate the issues with LSA altogether. Yet, the continual disparaging rankings of U.S. students
on LSA in comparison to other countries should be just cause for researchers to take a step back
to address issues that may fuel this problem. Mosher (2004) argued that even the NAEP (viewed
as the epitome of large-scale U.S. assessments) overlooks properly measuring its proposed
constructs: organization of the subject matter, content knowledge, and skills. Therefore, when
conducting research surrounding construct validity, it becomes increasingly imperative for
researchers to denote a more specific area of focus within the construct.

Epistemologies of LSA

Shifting from Construct to Cognitive Validity
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Cognitive validity is the type of construct/assessment validity that presents when the
assessment items possess questions that are aligned to what is generally known about student
learning and the progression of knowledge and skills within the content area being test. This kind
of validity should also appear within the results of the assessment to reflect the student’s current
level of cognition. Bennett (2017) recognized cognition and learning as the desired constructs to
be assessed on LSA. Messick (1989) attempted to define construct validity, more specifically
denoting it as the value of assessment results alongside the ideals and principles the assessment
is founded upon. However, because many LSA lack the explicit naming of these foundational
ideals and principles, there is still some vagueness surrounding the specific elements of construct
validity LSA should desire. In lieu of being cognitively evaluative assessments items which are
created without a clear construct in mind are at risk of becoming rather ad hoc and content
driven. Subsequentially this can lead to further debates about the validity of the circulating
assessments (Loevinger, 1957).

Cognitive Measurements

There are a multitude of assessment frameworks that measure the cognitive demands
necessary in assessment items (e.g., Ahmed & Pollitt, 1999; Anderson & Krathwohl, 2001;
Porter & Smithson, 2001; Webb, 2007). Amhed and Pollitt (1999) provided a framework that
analyzed the difficulty with question items based upon four dimensions: complexity (quantity of
operations in a question), abstraction (tangible idea or those of which are more abstract in
nature), resources (the stimuli the items use to enhance the understanding or data students must
interpret within a question), and the strategy (or thinking pathways students must engage in to
answer the question). However, Webb’s (2007) Depth of Knowledge (DOK) framework avoided
ties to analyzing the difficulty in assessment items and instead looks at the type of thinking that

is needed to answer the question. On the lower levels of DOK students use more content
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knowledge to answer questions recalling information as facts, while the higher levels of DOK
demands students to interrelate concepts. As previously discussed, the science STAAR exam
also has PLDs that attempt to map out the level of cognition obtained by students applying their
knowledge in certain situations. However, instead of being aligned to general scientific
cognition, the PLDs are content specific (by reporting categories), and they do not evenly
disperse the content throughout each mastery level (see Appendix A.2).

Like the DOK framework, the 2015 Framework for LSP progressively scales scientific
literacy competencies within science assessment items but does so on a larger seven levels
hierarchy (see Table A.3 in Appendix A). PISA’s LSP framework has science questions ranked
by the levels of cognitive proficiency from the lowest level 1b, to the highest at level 6. At level
1b students are expected to recall patterns or terms based on science content knowledge (see
Figure 1). Examples of the PISA levels are shown using released STAAR items for which full

copyright reprint permission was obtained.
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Figure 1

Question #34 from the 2013 Released 8" Grade Science STAAR Exam

34 Plants use energy from sunlight, water, and carbon dioxide to produce sugar. Which structure
is found only in plant cells and helps plants capture energy from sunlight?

F
G
H

J

Vacuole
Nucleus
Chloroplast

Cell membrane

Note. Question #34 from the 2013 released 8 grade science STAAR identified as a 1b level

question by the researcher in this study. Reproduced with permission from the Texas Education

Agency. Copyright © 2013 by the Texas Education Agency. All rights reserved.

In level 1a students use everyday content knowledge (scientific or otherwise) and

processing skills to select scientific explanations. Students may be given up to two variables in

the absence or presence of graphs or charts for guided assistance but ultimately, they are engaged

in low level intellectual tasks that demand the identification of simple causations or correlation

patterns. Level 1a students can select the best scientific explanation for given data in familiar

personal, local, and global contexts (see figure 2).
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Figure 2
Question #5 from the 2021 Released 8th Grade Science STAAR Exam

5 Tiny organisms called Daphnia live in lakes and ponds where they consume algae. A lake with
a stable population of algae and Daphnia was contaminated by pollution, resulting in the
death of many algae.

Which graph shows the most likely trend in the Daphnia population in the lake shortly before
and after the pollution event?
Daphnia in Lake Daphnia in Lake

¥
\ Pollution
event

A
h Pollution
event

b -

Daphnia Population
(9]

Daphnia Population

Time Time

Daphnia in Lake Daphnia in Lake

0 Pollution
event

0 Pollution
event

Daphnia Population
Daphnia Population

 J
Y

Time Time

Note. Question #5 from the 2021 released 8™ grade science STAAR identified as a level 1a
question by the researcher in this study. Reproduced with permission from the Texas Education
Agency. Copyright © 2021 by the Texas Education Agency. All rights reserved.

Level 2 (see Figure 3) questions ask students to recognize scientific explanations via the
given data. Through simplistic experimental design the students will be asked to draw

conclusions from these data.
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Figure 3

Question #2 From the 2021 Released 8" Grade Science STAAR Exam

2 A steel ball is at one end of a box that is moving forward as shown. The box suddenly stops.

\r_’\_?

~L—

According to Newton'’s first law, what happens to the steel ball just after the box stops?

Because of friction, the ball continues rolling forward at the same speed.

Because of friction, the ball rolls forward at an increased speed.

I 6 m

Because of inertia, the ball continues rolling forward at the same speed.

L]

Because of inertia, the ball rolls forward at an increased speed.

Note. The TEA website. Question #2 from the 2021 released 8" grade science STAAR identified
as a level 2 question by the researcher in this study. Reproduced with permission from the Texas

Education Agency. Copyright © 2021 by the Texas Education Agency. All rights reserved.

Level 3 (see Figure 4) questions have the students use more complex knowledge to detail
causes of customary science content. Students may be led by noteworthy hints, but inevitably

they can distinguish between scientific and non-scientific claims.
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Figure 4
Question #28 from the 2021 Released 8" Grade Science STAAR Exam

28 A skater pushes off a wall and skates backward for a few meters before stopping.

Which statement best describes an action-reaction force pair in this situation?
The wall pushes on the skater when the skater pushes on the wall.
G The wheels slow down, and the skater stops.

H The skater exerts a force on the wall, and the wheels exert a force on the floor and begin
to turn.

J The friction of the floor decreases when the wheels roll on the floor.

Note. The TEA website. Question #2 from the 2021released 8" grade science STAAR identified
as a level 3 question by the researcher in this study. Reproduced with permission from the Texas

Education Agency. Copyright © 2021 by the Texas Education Agency. All rights reserved.

Level 4 questions ask for students to utilize more difficult or conceptual knowledge to
formulate explanations that may go beyond the data given and provide justification of the

selection (see Figure 5).
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Figure 5
Question #3 from the 2014 Released 8" Grade Science STAAR Exam

3 Before the Industrial Revolution in England, the peppered moth was commonly found on tree
trunks that had light-colored lichen on the bark. Most of the peppered moths were a light
gray-brown color similar to that of the lichen. A few of the moths had a mutation that made
them a dark gray-brown color.

Before Industrial Revolution During Industrial Revolution

Light tree Dark tree

During the Industrial Revolution, coal-burning factories produced black soot that covered the
trees and killed the lichen in and near cities. In these areas the number of dark peppered
moths increased, while the number of light peppered moths decreased. What contributed to
this change?

The soot-covered trees camouflaged the dark moths.
The dark moths preyed on the light moths.

Bird populations increased in the areas near the factories.

o N0 W P

The dark moths laid fewer eggs than the light moths.
Note. The TEA website. Question #3 from the 2014 released 8™ grade science STAAR identified

as a level 4 question by the researcher in this study. Reproduced with permission from the Texas

Education Agency. Copyright © 2014 by the Texas Education Agency. All rights reserved.

Level 5 questions (see Figure 6) have the students use theoretical ideas to identify
compounded scientific topics with multiple causes. Students at this level will be asked to apply

higher-level thinking to account for their selected reasoning and to determine their conjectures.
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At this level, students may even be able to recognize the limits and uncertainty within data
points.
Figure 6

Question #15 from the 2023 Released 8" Grade Science STAAR

15 Student 1 claims that whenever the color of a substance changes, a
chemical change has occurred.

Student 2 claims that food coloring can change the color of a
substance without causing a chemical change.

To test their claims, the students add red food coloring to a glass of
water. The students observe that the clear water turns a light pink
color. Their teacher then runs a test to show that the pink solution
contains both water molecules and food-coloring molecules.

Based on these findings, which student is correct?

(A) Student 1, because the food-coloring molecules were found in the
pink solution

Student 1, because the state of matter changed when the food
coloring was added

(c) Student 2, because no new substance was formed when there was
a color change
®

Student 2, because the red food coloring caused the water to
change to a pink color

Note. The TEA website. Question #15 from the 2023 released 8th grade science STAAR
identified as a level 5 question by the researcher in this study. Reproduced with permission from
the Texas Education Agency. Copyright © 2023 by the Texas Education Agency. All rights
reserved.

The highest-ranking science proficiency questioning is level 6 (see Figure 7). At this
question level students can intermesh science understandings so that they might explain the
hypothesis and make scientific projections. Students at this level may be asked to delineate
between useful and non-useful information while interpreting data points. Additionally, level 6

questions may have students decipher between various scientific stand points based on
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theoretical evidence while using high level thinking to analyze competing experiments for

answer justification.

Figure 7

Question #14 from a Singapore Primary 6th Grade Science Preliminary School Exam

14 Ali wanted to find out if the presence of light causes the amount of oxygen to increase.

Which of the following tables should Ali use to carry out his experiment?

(1

)

Variables | Set-up A | Set-upB
Amount of
soil (cm?) 60 80
Amount of
water (cm?) 80 100
Amount of
light (units) 30 30
Surrounding
temperature 15 25
(°C)
Variables | Set-up A | Set-up B
Amount of
soil (cm?) 80 80
Amount of
water (cm?) 100 100
Amount of
light (units) 0 30
Surrounding
temperature 15 25
(°C)

Note. Question #14 of the 2023 Anglo-Chinese School Primary School Exam identified as a

(2)

(4)

level 6 question by the researcher in this study.

Variables Set-up A | Set-up B
Amount of
soil (cm?) 80 80
Amount of
water (cm?) 100 100
Amount of
light (units) %0 0
Surrounding
temperature 25 25
(°C)
Variables Set-up A | Set-upB
Amount of
soil (cm?) 80 80
Amount of
water (cm?) 100 . 100
Amount of
light (units) 0 0
Surrounding
temperature 25 15
(°c) ‘
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Why We Should Focus on PISA

These ideologies surrounding validity have caused many educational researchers and
teachers to take sides favoring one assessment and its structured results over another. Thus, while
multiple countries still participate in the PISA assessment, other countries like the U.S. and
Russia have already gone on record denoting their alignment to the TIMSS validity construct.
Pentin et al. (2018) declared Russia’s partiality to the TIMSS science assessment due to its
familiar alignment with their current curriculum. Additionally, Schneider (2009) drew upon the
U.S.’s favorability to the TIMSS exam with descriptive data showcasing lower student
participation rates on the last few PISA science assessments in contrast to the TIMSS. No matter
which side of the pendulum a country swings, research indicating the lack of inquiry based
scientific problem solving on assessments (Featherston, 2011) is unmistakable. Educators must
consider analyzing an assessment framework that goes against the grade, attempting to measure
interrelated scientific cognitive levels in lieu of science content like that of the science PISA.
This further explains the necessity to focus LSA reform around the PISA instead of the other
international LSA. The science PISA is the sole globally based contributor to viewing students’
scientific proficiency skillsets in lieu of focusing on student science content knowledge. Among
existing LSA, the PISA 2015 framework, which organizes science assessment items across six
distinct levels of sophistication, is uniquely the sole model available which formats around a
learning progression of scientific proficiency (OECD, 2016).
Why Use the PISA LSP Framework

Content knowledge in science education is an unavoidable necessity towards mastering
scientific proficiency, but it is only one component. Students must also learn to evaluate and
interpret information within the field of science. Time and again researcher has shown that the

creation of multiple choice memory and comprehension questions typically exhibit lower levels
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of cognition as compared to questions testing students ability to evaluate and analyze science
content (Braxton, 1993; Braxton & Nordvall, 1985) Therefore while no one negates the
importance of rote memorization in science learning, the literature supports that science content
is already adequately being tested throughout many high-stakes LSA (Featherston, 2011). The
U.S. can thank global and national exams like the TIMSS and NAEP for providing details about
student’s science mastery as these exams afford students several opportunities to present their
understandings of science content. However, literature has shown a lack of LSA focused on
scientific cognitive thinking (Fuchs & Wo6Bmann, 2006) and no studies detailing to what extent
the PISA’s LSP’s are seen within an individual assessment have been found. Indeed, one of the
major issues involving assessment validity is the question of whether science education should
be for future scientists or for future citizens (Bybee et al., 2009). The LSP framework is
grounded in the OECD (2006) which supports science assessments that nurture students' ability
to apply their content knowledge towards a real-world situational context thereby constructing
their own understandings. The LSP framework can measure a student’s progress on complex
inquiry. It does this by presenting seven levels of sophistication showing assessment items
designed to provoke students' applicational use of the science content at various levels of
thinking. The LSP framework is unique because it explicitly names what is necessary to meet
each level of questioning without pinpointing a particular area within the fields of science.
LSA Expected Proficiency Levels

Kampa et al., (2021) studied how the cognitive levels within LSA related to general
cognitive abilities. This study led to the heavy correlation between general and more specified
science cognition. Another study inquired about the percentage distribution cognitive levels
within the PISA itself (Ramdhani et al., 2024). Descriptors from a revised six tier Blooms

Taxonomy was employed in the study to measure the science PISA assessment items. Notably
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all six levels of cognition were not present within the assessment items analyzed, there was a
medium cognitive level dominance, and a lack of high cognitive level dominance. So although
PISA has targeted distributional variations amongst cognitive levels and content focus (OECD,
2019) the most recent inquiries into science assessments have geared more towards
understanding what levels of cognition exist in science assessment rather than analyzing the
assessment items expected levels of proficiency (NRC, 2001). Nevertheless, the science PISA
targeted distributional variations amongst cognitive levels and content focus (OECD, 2019)
along with the habitual mid to low ranking of Texas science programs (Kortez, 2008) has led the
researcher towards expecting to see trends resembling low to mid low scientific proficiency
levels within the Texas LSA. On these grounds, the researcher aimed to analyze the items within
one Texas LSA as a whole, between assessment years, and within certain content foci to either

confirm or deny these PISA expectations from a variety perspective.
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Chapter 3: Methodology

A quantitative, descriptive research design was used to analyze a set of standardized
science assessments for levels of scientific proficiency. Data identification, collection, and
analysis procedures were used to answer the research questions: (a) What Programme for
International Science Assessments (PISA) Levels of Scientific Proficiency (LSPs) are seen
within the 8th grade State of Texas Assessment of Academic Readiness (STAAR) exam? (b)
How are these Levels of Scientific Proficiency represented across individual assessments, and (c)
How are these Levels of Scientific Proficiency represented across reporting categories?

Selecting a descriptive statistical methodology for this study was beneficial because it
helps to summarize the data points within a larger pool. Thus, percentages allow for a more
noticeable description of distributions while frequencies provide a summary of the scores. These
methods of statistical analysis effectively simplify the cognitive load within the analysis process
and make trends in LSP more discernible. The use of descriptive statistics allowed for
frequencies and distributions to be concretely visualized by LSP.

Methods

Data Identification and Retrieval

Data utilized within this study consists of 10 8™ grade science STAAR exams from April
2013-2017, May 2018, and May 2020-2023. The STAAR was selected because of its alignment
to Texas’s current standards (i.e., Texas Essential Knowledge and Skills (TEKS). The STAAR
was obtained from the released assessments archive and the recently released assessments

provided by the TEA website (https://tea.texas.gov/student-assessment/testing/staar/staar-

released-test-questions). The STAAR has various item types, including CR, Multipart, Multi-

select, Hotspot, and Drag & Drop formats. However, only 438 multiple choice questions

presented across all 10 exams were included in this study. Soley multiple choice questions were
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selected because prior to 2023 the 8" grade science STAAR consisted of two question types,
multiple choice questions and two numerical value entry questions (TEA, 2024d). While the
STAAR assessment is provided three times a year (once in spring, once in the summer, and once
in the fall) the highest participation rates occur in the spring as it is the first time that students
take their appropriate grade level assessment. Thus, the researcher used the spring assessment for

this study. The inclusion criteria for the items examined were that they:

Appeared on a Texas state mandated 8™ grade science exam

Represented the spring administration of the STAAR exam

Presented between the years 2013-2023

Consisted of a question stem and four possible multiple choice item selections

An Excel document stored the nomenclature for all 438 science items (see Table B.1 in
Appendix B). Each test item was labeled in a column entitled “Question #” with the test year and
question number (i.e., 2013 Question 1). Beyond the name of each assessment item, three
additional columns organize and collect data. The “LSP code” column contained the LSP code
selected by the coder along with one of six respective colors. There was also a “Reporting
Category” column which served as the only content specific marker of this study, detailing the
specific science content area being tested for each item. These four markers were indicated by
numerical values 1, 2, 3, and 4, respectfully referenced as: (1) Matter and Energy, (2) Force
Motion and Energy, (3) Earth and Space, and (4) Organisms and Environment. Finally, a fourth
column entitled “Notes” was utilized on an ad hoc basis when the researcher wished to add

potentially helpful notes to serve as a reference when coding future assessment items.
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The Codebook
Defining the Codebook

Belur et al. (2021) suggested creating an encryption book to explain qualifying concepts.
Many researchers concur with this recommendation and have used codebooks to make more
objective decisions in their research. Moreover, some attributed increases to their studies quality,
reliability, and validity by using codebooks (Barany et al., 2024; Impedovo et al., 2013).
Horstmann et al. (2020) presents three necessary features of any codebook as (a) readable by
humans, (b) readable by machines, and (¢) consistent. The LSP values provide general
descriptions of scientific proficiency alongside a category, but do not hold to Horstmann’s
necessary consistency codebook feature as these descriptions present a lack of explicit
distinctions between codes. This is problematic for coders using the 2015 LSP framework
because a lack of distinct codes can lead to a codebook that is not functional for effective coding
of science assessment questions. As encrypting items requires an operationalization of the
descriptors (Crabtree & Miller, 1999; Fereday & Muir-Cochrane, 2006; Fonteyn et al., 2008;
MacQueen et al., 1998), a codebook was generated to ensure that the practices employed to
select a specific LSP were clear, reproducible, and unbiased. The meticulous nature of a
codebook can help produce more consistency between coders serving as the initial step in
ascertaining interrater reliability (DeCuir-Gunby et al., 2011). A code can either be created with
an a priori approach, when there are already existing theories or concepts available to draw upon
from the data itself, or from a specified question aligned with the research goals (Ryan &
Bernard, 2003). In this study the LSP framework served as the major concept used to analyze

data for scientific proficiency, but it was operationalized.
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Codebook Development

The use of a theory-guided a priori approach was employed to develop codes from the
LSP framework. To outline the actions taken for codebook development, I detailed three phases
concisely defined as: (a) codebook refinement by Al feedback, (b) expert comparative thematic
discussions, and (c) IRR refinement. While these steps are largely explained, figure 8 serves as a

more explicit explanation of the process.
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Figure 8

Three Step Levels of Scientific Proficiency Codebook Development Process
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Codebook Refinement by Al Feedback Deconstruction. The first step of codebook
development was to use artificial intelligence (Al) to deconstruct the original LSP framework,
essentially breaking it down into simpler and more distinctive parts. I selected the Al natural
language processor (NLP), ChatGPT®, for this step. ChatGPT® was also combined with the
Development, Human Refinement, or the chat to human refinement (CH) method (Barany et al.,
2024). Using the CH method, I provided ChatGPT © with the verbatim language of the Seven
LSP to become more distinct and clearer before prompting it to yield key terms associated with
each level. Subsequently the experts (i.e., the researcher and a secondary science teacher)
reviewed, deliberated, and decided upon common themes provided by the NLP within each LSP
(see Table C.1 in Appendix C). This resulted in key terms which helped to elucidate more

optimized codes. The outside educational expert (Coder #2) and I then discussed the key terms
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and began looking at 8" grade science items from practice tests that they agreed met the criteria
of these terms. I once again prompted ChatGPT® with the verbatim language of the Seven LSP,
alongside the experts generated defining statements to, “create a codebook for a educator to use
on assessment questions with the following information in mind” (see Table C2 in Appendix C).
Expert Comparative Thematic Discussions. While ChatGPT © responses were more
concise than their original language of the Seven LSP, they were still too vague and indistinct for
assessment coding. Consequently, I continued prompting ChatGPT © to simplify the codes and
through discussions with the expert, drew upon the NLP’s common themes thereafter. The PISA
2015 LSP Framework was designed to show how science questions can cognitively progress in
rigor, so the framework builds upon the knowledge and skills needed for higher-level inquiries.
The experts considered this as they identified more explicit key terms from each LSP and
focused their attention on the original comparative language between the levels of the Al
generated identifiers. They discussed similarities noticed from the previous and subsequent
levels before deciding upon the unique characteristics of individual levels. Comparable language
is present in each LSP of the codebook because the levels progress in sophistication, but,
identifying the fundamental differences between the categories was the priority. Therefore,
repetitive statements followed by more distinct descriptors can be found throughout the
codebook to help users contrast between the codes. For example, in the LSP code 2 one of the
qualifying descriptors reads, “Explanations that require identification of evidence supporting a
scientific claim that references previously encountered events (consistent & ubiquitous)” while
LSP code 3 reads, “Explanations that require identification of evidence supporting a scientific

claim that references previously encountered events (common situational or regionally

specific).”
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Interrater Reliability (IRR) Refinement. The discourse about the language of the
evolving codebook allowed the coders to make a draft before using Al technology to upgrade
and better organize their work (Barany et al., 2024). When there is a potential for results to vary
depending on the user's application of a tool it is important to seek IRR with that instrument, a
common practice in statistical research (Lombard et al., 2002). Thus, following ChatGPT ©
organizational work, I sought to decrease ambiguity within the codes while achieving better
confidence in the tool by seeking IRR with the codebook. Since the codebook was designed as a
general science assessment instrument, not bound to a specific grade level or science content, the
coders opted to use a series of 5™ grade science STAAR items to obtain a minimum of 80% IRR
on batches of 21-items at a time. While there is no set standard for IRR attainment in the
quantitative research community, 80% agreement was the selected metric as this is the
percentage that is typically sufficient in most cases (Neuendorf, 2002). To ensure the items had
all seven LSP values, I randomly sorted through previously released Sth grade science STAAR
from 2015- 2023 to find items that aligned to the clarified codes previous generated by the
experts to get three of each of the seven LSP values. The random review of the 5™ grade science
STAAR items to obtain the 21-item pool yielded LSP levels for 1b —5, but not level 6. Thus, I
provided prompts to ChatGPT © which simplified and more clearly demarcated the unaltered
language of the living codebook to develop level 6 items (see Table C3 in Appendix C). The
coders went through eight trial rounds before obtaining 80% IRR but elected to continue for two
additional trial rounds in hopes of decreasing the ambiguity between LSP codes 1a and 2. Each
trial round resulted in further codebook adjustments and/or increased alignment amongst the two
coders (see Appendix D). During trial round eight, the codebook presented terms such as “basic”
and “everyday” which proved to be ineffective descriptors for exact coding. Subsequently, these

terms were later removed from the codebook.
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To assist future coders, I sought to incorporate an exemplary item that aligned to each
LSP value as a final step. At first the items were from 5" grade science STAAR, but they were
later replaced with exemplar 8" grade science STAAR items to better suit the context of this
study. After all discussions and refinements to the codebook, a final IRR of 86% was obtained
with better scoring distinctions between la and 2. The completed codebook, voided of the

exemplary items aligned to each LSP, is shown within table 1.
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Table 1

Fully Optimized Levels of Scientific Proficiency: Without Example Items

1b 1a 2 3 4 5 6
Low Proficiency Mild Proficiency High Proficiency
[ Recal content O & descriptive [ Explanation of [J Explanations that [ considerationof  |[] Multiple causal linksin (] Consider a novel (or
(What) explanation of data or preseme_d data th_at require considerations data and i phenomena new a|:1d unusual)
- graphics requiring summarizes previously 1o data sets from experimentation . ) scientific phenomena
[ Providinga target detection, ?ncou_mereg events DI’E\-‘{I;];.ISI}‘_‘ f“‘;“ ““"dz" mere  \[7] Evaluating experimental
response without region tracking, "plug consistent encountered (common Independent design(s) based on NOS [ Formulate claims by
explanation (Wnat) . - ubiqurtous) scientific situational or variables epistemic knowledge interrelating at least two
& chug” calculations or nquiry or events regionally specific) scientific concepts
counting ; i ; :
[ pefining a term or g events [ consideration of [ Evaluation of alternative (physical, life, earth, and
N |:| Rearrangement of data data sets or experimental designs space)
(DWE;;ELT&Q,EEH [ A descriptive that summarizes [ Explanations that models from P g
) explanation of the previously . require considerations fvems NEVER [ Identification of flaws in ] Making predictions or
. - N encountered scientific of graphical or visual (catastrophic or .
[ No explicit events taking place B N - data or data hypothesis based on
AP o o . nquiry, model, or data referencing rare) encountered . é NOS epistemic
applicational inquiry within &n experiment/ events previously encountered|  events interpretations or v g e
or experimentation procedure/step(s) is events (common (presence of a NOT g
involved su.rrma.r'zed without [ Explanations that situational or ; [ Justification of an statement) [ Analyzing/explaining
prior science require identification of regionally specific) experimental the It N i
knowledge needed evidence supporting a design deesi ‘:?';‘] in competing
scientific claim that [0 Eexplanations that choice(s)/procedur g
A descriptive references previously requi [e identification es from events
0 p ) encountered events of evidence NEVER
explanation of ('"\'_'h)‘_.' (consistent & supporting a scientific (catastrophic or
is summarized within ubiguitous) events claim that references rare) encountered
an “if /then” causal previously events
relationships/scenario |[T] Identifying possible encountered events
without prior science question(s) from (commaon 5”“3"'9’;3" [] Justification of
knowledge nesded. scientific inquiry or or regionally specific) given hypothesis
events that were from events
. previously [ Explanations that NEVER
D A descr |:_:t|ve encountered require recognition of (catastrophic or
explanation is (consistent & patterns in a rare) encountered
summarized for cases ubiquitous) events procedures or events
with no more than 2 previously
variables are rencoumere? e'.;gmsll
presented without common sfuational
or regionally specific)
prior science
knowledge needed.

Training with the Codebook

Codebook training typically follows a certain pattern (Moreno et al., 2011). Traditional
codebook training sessions prompt the creator (or expert) to reiterate the framework and
variables of interest which underlie the purpose of the codebook. Then the expert would provide
the trainee with internalization time to individually read and attempt to use the codebook. During
this time, the training session would allow open-spaced communication in case the trainee had
questions about the tool. Afterwards, the trainee would apply the codes to a set of practice items
and communication between the expert and trainee would again remain fluid while the codebook

continued to be under scrutiny and revisions.
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In this study the expert followed training norms and provided the trainee with the framework
and purpose of the codebook. However, a notable contrast to the traditional training pattern was
that the finalized codebook was not given to the trainee until they obtained 85% Interrater
Reliability (IRR). Instead, I worked in collaboration with a secondary expert. This expert had
over 10 years of science classroom teaching experience and was also enrolled in a doctoral level
science education program. This expert and I collaborated to help develop the codebook.
However, since the I effectively guided led the coding sessions reminding the secondary expert
to align to the purpose and epistemologies guiding the Seven LSP Framework, the secondary
expert will hereto be referenced as the trainee.

Before discussions could take place, both coders separately coded batches of 21 5 grade
science STAAR items (three from each of the seven LSP) onto two separate Excel sheets. Then
they reviewed each other’s answers and conferred on the LSP assignments for each of the items.
Six total columns were used in the training sessions to analyze data for discussions (see Table
B.2 in Appendix B). The first column held the 5" grade science STAAR item numbers. The next
two columns were where the expert and trainee listed their LSP values for each of the items
while the fifth and sixth column was designated for the items reporting category and ad hoc
notes. The fourth column between the trainee’s LSP values and the items reporting category held
a place value of either a one or a zero with conditional formatting. If both the expert and the
trainee’s LSP scores matched for that respective 5™ grade science STAAR item, a one would
automatically populate. In a rating cycle 80% agreement was met once the coders had 17 out of
21 total items matched. However, in the rating cycles where the expert and trainee LSP scores
did not match, an automatic zero would be present. In rating cycles with more than 5 zeros, the

experts would deliberate with the trainee on conflicting LSP assignments until a consensus was
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obtained and repeat another 21-sample item rating cycle until the desired percent agreement was
met.

With the codebook in hand, the expert would review the conflicting LSP codes one-by-one
and then allow the trainee to verbalize their rationale for selecting the incongruent values. The
expert would encourage the trainee to utilize the direct wording alongside their interpretation
when defending their scores. Afterwards the expert would either affirm the trainee’s
interpretation or provide further clarity about the interpretation of the codebook to ensure the
trainee’s thought process surrounding the codes were refocused on the framework’s positions
and purpose. There were times in which training conversations required the trainee’s thoughts
surrounding the codes to be re-positioned. A statement from one of the transcripts detailing how
thoughts were repositioned during sessions is provided in Table D.1 of Appendix D. Other times,
the training sessions demanded both parties to deliberate on the true definition of somewhat
ambiguous terms resulting in the expert and trainee rearranging the codebook to make clear
distinction amongst codes. This situation became apparent in the creation of LSP code 1a and 2
codebook descriptors (see below).

Trainee: Alright! It’s like a non-thinking type of situation—so if you see the data, you’ll

use it, done deal. But with 2, it’s more like, okay, now there’s actual work to do with the
data? Can you rearrange it or move it around? Can you make a point with it?

Expert: Yes! la is straight-up describing what’s already there in front of the student, but

with 2 it’s like more explaining or manipulating the data. There’s more proof the student
actually gets it.

Once the third and final codebook developmental process (the IRR refinement step) was
completed the required 80% of agreement level was acquired and the expert and trainee
reclaimed their positions of coders as they went onto coding items from the 8" grade science

STAAR using the procedures outlined in the data analysis section of this chapter.
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Data Analysis

Following guidelines to reduce coder fatigue (Jochen & Lauf, 2002), I coded all 438
items in increments. Then, Coder #2 conducted 10 rating cycles where they coded up to 14 items
at a time. Each rating cycle with a percent agree less than 80% would result in the raters first
reconciling their discrepancies with the same conversations that took place in the training
sessions. Then the expert and trainee rated a separate pool of released New York Living Systems
Exam items to recalibrate themselves (ensure they were both coding items the same way as
prescribed by the codebook). The expert and trainee would continue recalibrations until they got
to 80% agreement. Once 80% agreement or higher was obtained, they began another cycle of
ratings with the 8 grade science STAAR items. I opted to use this exam since the codebook is
designed to be a universal non-content focused science assessment tool. In the end, the expert
and trainee exceeded their minimum of 80% agreement for 30% of the total items as they
obtained 86% agreement for 32% of the total 8™ grade science assessment items. Simply put,
both coders coded a total of 140 items and 121 of these items matched LSP values which yielded
86% agreement for 32% of the assessment items. Since there was a lack of consistency in the
number of LSPs per assessment, I selected the 32% collaboratively coded items. We resolved
issues with items outside the 86% agreement by discussing each question individually, deciding
upon the correct LSP code, and then recalibrating ourselves using questions from the NY Living
Systems exam until 80% agreement was reached. Figure 9 depicts the percentage of agreement
between matching LSP codes. The full table of the IRR agreement statistics can be found in

Table D.2 of Appendix D.
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Figure 9

Percent Agreement by Matching LSP Codes
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Note. The following graph shows the IRR percent agreement for each of the seven LSPs. LSP
level 2 was the only LSP under 80%. However, the IRR 80% agreement requirement was for all
seven LSPs as a collective. Still level 2 being under this indicates this level may be difficult to
operationalize
Primary Data Analysis

Data were analyzed in phases. In the first phase all 438 STAAR items were coded in
clustered sessions. Therefore, I coded no more than 40 items at a time. To answer the first
research question (What PISA LSPs are seen within the 8" grade science STAAR?) codes were
documented in an LSP value column (previously left blank in the nomenclature Excel sheet).
Once all 438 STAAR items were assigned an appropriate LSP rating, I sorted and arranged the
data so that all the common LSP ratings were clustered. Sorting this way allowed for a better

visual of what PISA LSPs were seen from all the exams combined. Descriptive statistical data
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such as the frequency, percentiles, any potential mode value(s), ratios, as well as any scarcities or
lack of the seven LSPs were also shown by arranging the data in this way. For example, sorting
all test items LSP values into their common groups helped to detail how many times each of the
seven levels arose for all the assessments, or the frequency of each of the LSPs for all ten exams
which were then used to calculate the percentages of each LSP value. Tarrant et al. (2006)
provided a similar example of how looking into the frequencies of exam item characteristics
throughout a five year or more time span can assist researchers in making more informed
decisions about enhancing the quality of science assessments. These LSP frequency values also
helped to spotlight the notable ratio values which reported the number of times each LSP value
emerged throughout all exam years combined alongside the total 438 items from all ten exams.
Simply put, [ was able to determine the possible ratios with a total of 438 assessment items
required to find all pairs of positive integers (a, b) such that a + b =438. Each a, b pair showed a
different possible ratio of two parts. For instance, if LSP 4 was coded 53 times throughout all ten
assessments the ratio reported would be 53:373 because 53 + 385 = 438. In addition to
frequencies, sorting all the exam items into common LSP categories helped uncover LSP values
being tested more often than others, otherwise known as the mode value. Stacey and Turner
(2015) propose that assessment creation should account for comprehensive construct
representation of exam items as they are defined in the assessment framework. Therefore, results
from the data analysis that indicate an LSP mode a value (or values) were used to denote lacking
or over served LSP values arising from the data.

To answer the second research question, (How are these PISA LSPs presented across
individual assessments?), I utilized the same LSP designations clustering previously used for
research question number one but sorted these values once more so that all 438 STAAR items

are grouped by two factors, assessment year and common LSP values. By sorting data in this
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fashion, I was allowed to determine how the PISA LSPs are represented by individual
assessment years. Abd-El-Khalick et al. (2008) showed how looking at frequency characteristics
of science assessment items over approximately a decade can help to present patterns, trends, and
percentages in data. Descriptive statistical data such as this can be ascertained by this two-factor
sorting approach and it helped the researchers to compare data from both year-to-year and within
each isolated assessment. Collectively this information helped to describe the number of times
each of the seven levels arise per year and how these frequencies changed over the ten annual
assessments (both revealing the percentages of assessment items per year and within one
individual assessment).

Finally, to answer the last research question, (How are these LSP presented across
reporting categories?), the LSP assignments coded from research question number one will be
used and sorted for the last time by reporting category such that each question falls into one of
the four content specific focus: (a) Matter and Energy, (b) Force Motion and Energy, (¢) Earth
and Space, and (d) Organisms and Environment. Kara and Cepni (2011) detail how frequencies
reported from science assessment items can be used to analyze to identify evidence of the
science content therein showcasing descriptive statistical data such as the frequencies, mode
value(s), as well as any trends or ratios. Therefore, organizing the seven LSP values coded within
the four reporting categories helped to clarify LSP values that are seen more than others in
certain content areas, or the mode values. It could also help to uncover if a certain reporting
category has a trend for being tested at a higher or lower LSP value than other reporting
categories. For instances if Matter and Energy and Organisms and Environment are tested 42
times throughout all 438 items, but Matter and Energy is coded at a LSP value of 1b 20 times

more than Organisms and Environment, which may be coded at level six 30 out of 42 times
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being tested, I would be able to report trend for Organisms and Environment being tested at a
higher LSP than Matter and Energy.

The sorting and analysis procedures addressed in this section thus far can be further
simplified by noting how the I answered the three research questions by first coding all 438
STAAR items for LSP assignment, and then sorting these values across three different groups:
(a) arrangement by matching LSP scores, (b) arrangement by annual separation, and (c)
arrangement by four content-based reporting categories. I used this trifurcated way of sorting to
obtain the data necessity to answer the studies three foundational research questions and helped
to analyze any possible trends within these groups. Therefore, I coded all 438-8th grade science
STAAR items. Of the 438 items 140 were coded by secondary coder. The coding occurred in 10
cycles with no more than 14 questions at a time. At the end the total percent agreement was 86%

for 32% of the total assessment items.
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Chapter 4: Results

Results are presented by three research perspectives detailing the areas of focus for the
study’s analysis: (1) overall LSP code distributions, (2) yearly trends, and (3) reporting category
specific patterns. Additionally, these research perspectives are individually aligned to one of the
three foundational research questions: (a) What PISA LSPs are seen within the 8th grade
STAAR exam? (b) How are these LSPs represented across individual assessments, and (c) How
are these LSPs represented across reporting categories? After presenting these key findings the
report reveals additional observations and emerging data conceived because of the original study.
Finally, a description of the study’s contextual limitations and conclusive summary is provided.
Overall LSP Code Distribution
Q1: What Programme for International Science Assessments (PISA) Levels of Scientific

Proficiency (LSPs) are seen within the 8th grade STAAR exam?

After compiling an excel sheet with all items and coded LSP values combined, a total of 438
lines produced the percent by LSP (see Table 2 and Figure 10). A summation calculation
uncovered how none of the seven LSP codes scored above 50% of the total assessment items. Of
the low proficiency LSP codes (1b, 1a, and 2), approximately 65% of the assessment items coded
fell within this low proficiency bracket. Approximately 30% of the items were at the LSP 1a
level. LSP code 1b items were slightly lower with approximately 21% of all assessments.

Further summation calculations of the mild proficiency (levels 3 and 4) and high proficiency
(level 5 and 6) LSP codes resulted in approximately 31% and 4% of the assessment items
associated with each of these respective proficiency brackets. While most of the assessment
items were low proficiency, 19% of the assessment was from LSP code 3b, a mild proficiency
score and emerged more than the lower proficiency LSP code 2 items. These LSP code 2 items

accounted for 15% of the total assessment items. By contrast, the high proficiency codes were
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the least frequently coded. Notably LSP code 6 was only coded once amongst all 438 8th grade

science items thereby accounting for less than 1% of the total coded items. However, 4% of the

total assessment items fell within LSP code 5.

Table 2

Distribution Table for the of Levels of Scientific Proficiency Codes by Percentage

LSP Code | Percent
1b 20.78%
1a 29.68%
2 14.84%
3 19.41%
4 11.42%
5 3.65%
6 0.23%
1)
Total 100%
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Figure 10

Distribution Pie Chart for the of Levels of Scientific Proficiency Codes by Percentage
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None of the seven LSP codes scored above 50% of the total assessment items, but approximately
30% of the items were at the LSP 1a level. LSP code 1b items were slightly lower with
approximately 21% of all assessments. Most of the assessment items were low proficiency, but
the mild proficiency LSP code 3 items, which accounted for about 19% of the assessment,
emerged more than the lower proficiency LSP code 2 items. These items accounted for 15% of
the total assessment items. By contrast, the high proficiency codes were the least frequently

coded. Notably LSP code 6 was only coded once amongst all 438 8™ grade science items thereby
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accounting for less than 1% of the total coded items. However, 4% of the total assessment items
fell within LSP code 5.
Yearly Trends in LSP Code Percentages
Q2: How are these levels of scientific proficiency represented across individual assessments?
Heat maps are commonly used as an effective analysis to visualize data across a weekly,
monthly, or in the case of this study, yearly assessment data (Keahey, 2013). Dobashi et al.
(2019) used heat maps in educational assessment research to understand the relationships
between click streaming and student achievement on 13 quizzes. Thus, I in this study generated
the following heat map (see Figure 10) via Excel automatic formatting to showcase the
distribution of LSPs across the ten-year assessments span. From this map patterns and
fluctuations in the use of different LSP codes are made visual. Each assessment year is
designated by its own row, and the individual count of LSP codes are shown alongside a color
block to further enhance these trends. The heat map color block displays a darker tint if the
reported LSP code is densely populated in that assessment compared to the other codes used

within the year. By contrast, a lighter block presents if the use the code is less populated.
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Figure 11

LSP Code Distribution Across Assessment Years
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The results from this map support the results from the distribution percentage data in the
previous section of this chapter, which show that 1a is still the most prevalent code used.
However, the heat map adds detail to this because in years 2013-2015 the 1a codes show
domination as it is the most used LSP value within these years. However, this dominance does
not persist. In fact, it tapers off a bit between 2016-2019. Then in 2021 a stark uptick of level 1b
questions compared to previous years is noted.

Another notable factor brought out by the heat map (Figure 10) was the increase of LSP
variation between 2021-2023. As previously discussed, HB 3906 passed in 2019, but the first
three years of its effective implementation took place between the 2021-2023-time bracket.

Therefore, the bill, which served as a push to increase the quality of Texas state assessments,
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may have been a contributing factor towards the increase variation of low proficiency and mild
proficiency codes ranging between 2021-2023. This variation can also be seen in the stack bar
chart (see Figure 11). While all assessment years are conveyed, a careful focus on the years
between 2021-2023 communicate this variation as the codes between the ranges of 1b and 3
become similar in height or concentration, especially in the last two years.

Figure 12

Stacked Bar Chart of LSP Code Distribution Across All Years
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Reporting Category Specific Patterns

To maintain the purpose and epistemological integrity of the seven LSP framework that is at
the foundation of this study, I designed the optimized LSP codebook to circumvent affiliations
with any specific science content. Nevertheless, discounting content as a factor for notable trends
in data would be ill-advised (Braxton, 1995; Kilgo et al., 2017). Thus, a third research question

was generated to account for a more focused content-based inquiry.
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Q3: How are these levels of scientific proficiency represented across reporting categories?

As is the case with pie charts, stacked bar charts can also help to display isolated data as part of a
larger whole group. However, stack bar charts allow for the added feature of quantitative
comparisons for items spanning many different categories (Xiong et al., 2022). Hence explaining
the rationale for using this style of data visualization multiple times throughout the results. The
distribution of reporting categories by LSP code (seen in Figure 12) reveals how all four
reporting categories were tested to some extent within each LSP value, except for level 6. Even
so, there are still a few noteworthy patterns from each isolated reporting category. Therefore, the

follow sections will be dedicated to expounding upon these individual reporting categories.

59



Figure 13

Count of Reporting Categories by LSP Code
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Note. The following stacked bar chart is indicative of the reporting category data for all 438 8™

grades science STAAR items. It details the number of times a reporting category presented
within each of the seven optimized levels of scientific proficiency. LSP code 6 is solely reported

under Reporting Category 2, Force Motion and Energy.

Matter and Energy

On the 8™ grade science STAAR, Reporting Category 1 is classified more specifically for its
hard science focus on Matter and Energy. The TEA (2024c¢) recounts that the focus of this
reporting category is to assess a student’s understanding of how matter is categorized by
analyzing an item’s physical and chemical properties. Additionally, the Matter and Energy
category shows the examination of a student’s understanding of the conservation of matter,

where matter sustains even after chemical changes.
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Matter and Energy LSP Code 1a Dominance. Figure 12 and Figure E.1 in Appendix E
details how Reporting Category 1, Matter and Energy, is tested throughout all LSP codes with 1a
LSP tested the most. Reporting Category 1 has been tested a total of 110 times between 2013 and
2023 accounting for ~25% of all assessment items. This means there are 46 total LSP code 1a
MCAQ items that fall within Reporting Category 1. Throughout the ten-year span of these
assessments, roughly 42% of the total Reporting Category 1 questions have emphasized
cognitive tasks where students are called to provide descriptive explanations. In this case,
students may be asked to descriptively explain a visual graph or a data set surrounding the
concept of Matter and Energy. These descriptive explanations provided by LSP 1a coded
questions typically require students to perform cognitive skills such as target detection, region
tracking, or performing plug and chug calculations (where there is one variable missing that can
be solved by inputting all the other variables provided by the question stem). Other instances of
LSP 1a questions may ask students to provide a descriptive explanation of events previously
described to them in the item. In this case students focus on the skill of describing an experiment,
procedure, or steps by mere summarization. 1a can also be tested by having the student describe
why an event takes place by using if and then causal relationships (Dunbar, 1993; Kulkarni &
Simon, 1988). At any rate, 1a coded questions will never have more than two variables present
and often require no additional science content knowledge to answer the question correctly
because everything a student needs to answer the question has already been provided in the item
itself. To isolate the 1a LSP codes and yield more context to the questions asked within this
reporting category, the fully optimized LSP codebook has been adapted to provide only the
language of the 1a code descriptors (see Table 3). Additionally, an exemplar 1a question item
within this Reporting Category 1, Matter and Energy is also provided below (see Figure F.1 in

Appendix F).
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Table 3
Optimized Levels of Scientific Proficiency: Isolated for LSP code 1a Descriptors Only

la
Low Proficiency

a a descriptive explanation of data or graphics requiring target detection, region tracking, “plug & chug”
calculations or counting
O Adescriptive explanation of the events taking place within an experiment/ procedure/step(s) is summarized

without prior science knowledge needed.

D A descriptive explanation of (Why) is summarized within an” if /then” causal relationships/scenario without prior
science knowledge needed.

O Adescriptive explanation is summarized for cases with no more than 2 variables are presented without prior

science knowledge needed.

Matter and Energy LSP Code 3 Deficiency. To obtain a complete perspective of the Matter
and Energy reporting category, there must be an analysis of the cognitive skills level(s) that are
not being provided to students within certain reporting categories. I analyzed assessment items
for proficiency levels within the Reporting Category 1 need to understand where this Matter and
Energy content is not present amongst the seven LSPs codes. In Figure E.1 Reporting Category
1, Matter and Energy, is tested the least within the LSP code 3 accounting for only 5% of the
total Reporting Category 1 questions. This equates to only 5 out of the total 110 Reporting
Category 1 questions or ~ 1% of the total 438 MCQ items coded in this study. Therefore,
throughout the ten-year span of these assessments, roughly 5% of the total Reporting Category 1
questions have emphasized questions where students are cognitively challenged to explain
common situations or regionally specific instances. At times this explanation may require
considerations from data sets, graphical, or visual data students may have seen before, like a
chart showing the temperature differences between an ice cube, a plate of water, and water
vapor. In other cases, students may be asked to convey an explanation of a scientific statement
by identifying the evidence supporting the claim. LSP code 3 Matter and Energy questions could

also cognitively push students to recognize patterns in procedures. Here a student could be asked
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about what should happen or will happen next given the properties of certain commonly known
elements. The 1solated LSP 3 codes are provided below (see Table 4). Additionally, an exemplar
LSP code 3 question item within this Reporting Category 1, Matter and Energy is also provided

below (see Figure F.2 in Appendix F).

Table 4

Optimized Levels of Scientific Proficiency: Isolated for LSP code 3 Descriptors Only

3
Mild Proficiency

a Explanations that require considerations to data sets from events previously encountered (common situational or regionally

specific) events
a Explanations that require considerations of graphical or visual data referencing previously encountered events (common
situational or regionally specific)

a Explanations that require identification of evidence supporting a scientific claim that references previously encountered events

(common situational or regionally specific)

a Explanations that require recognition of patterns in a procedures or previously encountered events (common situational or

regionally specific)

Force Motion and Energy

Reporting Category 2 is the only classified hard science discipline tied to the physical
sciences collective named Force Motion and Energy. Again, the TEA (2024c¢) provides more
clarity on this reporting category. This reporting category exists to assess a student’s
understanding of certain relationships between motion and forces like gravity, friction, and
magnetics.

Force Motion and Energy LSP Code 2 Dominance. A review of Figure 12 and Figure E.2
in Appendix E will help to better visualize how level 2 dominates Reporting Category 2, Force
Motion and Energy. This reporting category is tested throughout all LSP codes. Category 2 has

been tested a total of 94 times between 2013 and 2023. This accounts for ~21% of all assessment
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items, or 34 total LSP code 2 Reporting Category 2 MCQ items. So, during the ten-year span of
these assessments, roughly 36% of the total Reporting Category 2 questions have encouraged the
cognitive capabilities of students to explain or rearrange previously summarized related to Force
Motion and Energy. In which case, students may be tasked with reviewing a graph or chart that
summarizes an event then select the answer choice that explains the image in a different way but
is still essentially the same information previously summarized (see Figure F.3). In other cases,
LSP code 2 Reporting Category 2 question may ask the student to explain a consistent or
ubiquitous situation like that of an animal running after being stationary. Some LSP code 2 Force
Motion and Energy questions could also ask student to identify the potential research questions
given an event taking place that happens somewhat consistently such as a question that shows
data of the total seconds taken to roll a ball down an incline with different surfaces like rough
concrete, grass, or a slippery marble tile table. The isolated LSP 2 codes are displayed below (see
Table 5). An LSP code 2 question item within this Reporting Category 2, Force Motion and

Energy is also provided below (see Figure F.3 in Appendix F).
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Table 5

Optimized Levels of Scientific Proficiency: Isolated for LSP code 2 Descriptors Only

2
Low Proficiency

Explanation of presented data that summarizes previously encountered (consistent & ubiquitous) scientific inquiry

or events
Rearrangement of data that summarizes previously encountered scientific inquiry, model, or events

Explanations that require identification of evidence supporting a scientific claim that references previously

encountered events (consistent & ubiquitous) events

0 00 O

Identifying possible question(s) from scientific inquiry or events that were previously encountered (consistent &

ubiquitous) events

Force Motion and Energy LSP Code 6 Deficiency. A thorough review of category 2
should include which LSP code has tested this hard science concept the least. In Figure E.2
Reporting Category 2, Force Motion and Energy, is tested the least within the LSP code 6
accounting for only 1% of the total Reporting Category 2 questions. This equates to only 1 of the
total 94 Reporting Category 2 questions or 0.23% of the total 438 MCQ items coded in this
study. Therefore, throughout the ten-year span of these assessments, roughly 1% of the total
category 2 questions have emphasized questions where students are asked to consider novel or
new scientific ideas they may have never heard of before. LSP code 6 question could also be
those in which assess students’ ability to interrelate scientific concepts or make predictions about
hypothesis based on nature of science views. In some instances, LSP code 6 questions could
even ask students to analyze or explain flaws in competing research designs. Although these
percent values are low for the presence of LSP code 6 within this reporting category, it should be
lost that there was only one LSP code 6 question amongst all 438 items and this is the only
reporting category to meeting the metric descriptor requirements to classify in this high
proficiency tier of the optimized LSP codebook (see Figure F.4 in Appendix F).

Table 6
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Optimized Levels of Scientific Proficiency: Isolated for LSP code 6 Descriptors Only

6
High Proficiency

Consider a novel (or new and unusual) scientific phenomena
Formulate claims by interrelating at least two scientific concepts (physical, life, earth, and space)

Making predictions or hypothesis based on NOS epistemic knowledge

(I Oy Wy

Analyzing/explaining the flaws in competing design(s)

Earth and Space

Earth and Space is the designated hard science discipline for category 3. The TEA
(2024c) provides more detailed information on this reporting category. In this category the focus
shifts to a student’s understanding of the universe with more emphasis on three major solar
bodies, the sun, earth, and moon.

Earth and Space LSP Code 3 Dominance. A review of Figure 12 and Figure E.3 in
Appendix E shows visualization of how level 3 dominates Reporting Category 3, Earth and
Space. This reporting category is assessed throughout all LSP codes. Reporting Category 3 has
been tested a total of 116 times between 2013 and 2023. This accounts for ~7% of all assessment
items, or 34 total Reporting Category 3 LSP code 3 MCQ items. Thus, during the ten-year span
of these assessments, ~29% of the total Reporting Category 3 questions have fortified the
cognitive abilities to explain common situational or regionally specific events previously
expounded upon in the section on Matter and Energy. Table 4.3 shows the optimized LSP code
descriptors within LSP code 3. However, questions coded as LSP code 3 within the Earth and
Space reporting category will emphasize concepts related to the universe (see Figure F.4 in
Appendix F). Here students may be tasked with looking at commonly experienced patterns of the
earth such as the day and night cycles or temperature difference related to the proximity of land

to the equator.
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Earth and Space LSP Code 5 Deficiency. Reviewing the least tested LSP code of all
Reporting Category 3 (Earth and Space) content-based items is made possible by Figure E.3.
This figure shows how LSP code 5 accounts for only 9% of the total Reporting Category 3
questions. This equates to only 3 of the total 34 Reporting Category 3 questions or 0.69% of the
total 438 MCQ items coded in this study. So, throughout the ten-year span of these assessments,
roughly 9% of the total Reporting Category 3 questions have emphasized questions where
students are asked to evaluate experimental designs either based on nature of science concepts or
in relation to more than one alternative option design within the context of Earth and Space. LSP
code 5 questions within the Earth and Space category can also assess students’ abilities to
identify flaws in data or look at multiple causal links in a phenomenon. All of which are hard
cognitive skills to reach since it is listed as a top tier in the high proficiency range. The isolated
LSP 5 optimized codes are provided below (see Table 7). Additionally, an exemplar LSP code 5
question item within this Reporting Category 3, Earth and Space is also provided below (see

Figure F.2 in Appendix F).

Table 7

Optimized Levels of Scientific Proficiency: Isolated for LSP code 5 Descriptors Only

5
High Proficiency

Multiple causal links in phenomena
Evaluating experimental design(s) based on NOS epistemic knowledge

Evaluation of alternative experimental designs

ODo0oo

Identification of flaws in data or data interpretations or (presence of a NOT statement)

Organisms and Environment
Organisms and Environment is the hard science discipline for category 4. The TEA

(2024c) offers the elaborated specifics on this reporting category. With this category exam
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creators seek to understand a student’s knowledge of how body systems are organized, their
function, and how they interact with one another. Students can also be asked questions involving
ecology specific topics such as population and survival events.

Organisms and Environment LSP Code 1a Dominance. A review of Figure 12 and
Figure E.4 in Appendix E shows a visualization of how level 1a dominates Reporting Category
4, Organisms and Environment. Reporting Category 4 has been tested a total of 118 times
between 2013 and 2023, which accounts for ~11% of all assessment items. This analysis breaks
down to a total of 46 LSP code 1a MCQ items within Reporting Category 4. Thus, during the
ten-year span of the coded assessments, ~29% of the total Reporting Category 4 questions
students experience will ask them to demonstrate their cognitive abilities and explain common
situations encountered by certain organisms or ecological environments. Students can expect to
see questions describing key processes within body systems (such as gas exchange) alongside all
the information they need to answer the question within the question stem. Subsequently this
results in students selecting a final summary statement from a list of options (see Figure F.5 in
Appendix F).

Organisms and Environment LSP Code 5 Deficiency. The least tested LSP code of all
reporting category (Organisms and Environment) content-based items is LSP code 5 which
accounts for only ~3% of the total Reporting Category 4 questions. This equates to only 3 out of
the total 118 Reporting Category 4 questions or 0.68% of the total 438 MCQ items coded in this
study. Therefore, throughout the ten-year span of these assessments, roughly ~3% of the total
Reporting Category 4 questions have emphasized questions where students are asked to
showcase their cognitive abilities to evaluate experimental or alternative designs, view multiple
causal links in phenomenon, or identify flaws in data related to organ systems and or

fundamental ecology principles. Students can expect to see data related to ecological

68



environments such as the certain behaviors exhibited by animal species and tasked with decided
which behavior is flawed and thus will cause a negative effect on the species ability to sustain
itself (see Figure F.6 in appendix F).

Summary of Major Research Questions

QI1: What PISA LSPs are seen within the 8th grade STAAR exam?

Findings show that while all LSP codes are present within the 8" grade science STAAR, they
are not evenly distributed. The overall LSP code distributions showed only 4% of the 8" grade
science STAAR is high proficiency. Approximately 65% of the total 438 items are low
proficiency. Finally, a detailed analysis of the low proficiency items suggests a 1a scientific
proficiency bias since ~46% of the LSP code 1b, 1a, and 2 items fall within this bracket.

Q2: How are these LSPs represented across individual assessments?

Results indicate a deficit of the higher proficiency codes throughout all 10 assessments.
There is a notable bias for more low proficiency items between 2013-2015. During this time,
~66% of the items fall within the low proficiency bracket. A trend between 2016-2023 displays
assessment items decreasing in the number of lowest proficiency code 1b items, apart from the
2021 assessment where the number of LSP code 1b items surge upwards again. Another trend
towards a more even distribution amongst codes between the ranges of 1b to 4 presents between
2018-2023. Nevertheless, this shift towards increasing LSP variations still excludes the highest
level 5 and 6 proficiency levels.

Q3: How are these LSPs represented across reporting categories?
The analysis shows a lack of representation from the highest proficiency tier amongst the
following reporting categories: Matter and Energy, Earth and Space, and Organisms and

Environment (three out of the four total reporting categories present). Additionally, while LSP
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code 6 was represented in the Force Motion and Energy reporting category on the 2013
assessment, this was the only time it was seen throughout all 10 assessments.

Matter and Energy. This reporting category representational strengths are immanent
from the analysis. LSP code 1a monopolizes this reporting category. This means that students are
seeing multiple questions where they are asked to provide descriptive explanations of
fundamental chemistry concepts by deconstructing visuals, graphs, experiments, or procedures.
Similarly, students experiencing questions within this reporting category have also seen many
questions where providing a descriptive explanation is maintained, but within the guardrails of a
analyzing the cause and effect(s) of certain fundamental chemistry events with no more than two
variables present. Conversely, Reporting Category 1 is not well represented within LSP codes 2,
3,4,5,and 6.

Force Motion and Energy. There is little variation in how this reporting category is
tested. Results indicate LSP code 2 dominates this reporting category. Thus, students are seeing
multiple assessment questions pertaining to the physical sciences where a summary of consistent
and ubiquitous data, visuals, or descriptive text are provided, and they are asked to rearrange or
explain it. However, if the question is more experimental or observational in nature, the physical
science questions students are experiencing still maintain a consistent and ubiquitous context, but
the student output will shift to identifying evidence or possible questions. By contrast Force
Motion and Energy is not represented well amongst the LSP codes 1b, 4, 5, or 6.

Earth and Space. There is a lack of variation in how the major concepts of scientific
position and patterns within the universe are tested. LSP code 3 dominates this reporting
category. Illustrating that students are experiencing many mild scientific proficiency tasks where
they are asked to explain common or regionally specific situations accompanied by graphs,

visuals, or other descriptive data related the position and patterns of the universe. Additionally,
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students are experiencing many physical science questions geared towards more observational
‘inquiries that maintain a common situation or regionally specific context. However, the student
is prompted to identify evidence or recognize certain patterns in the universe rather than explain
them. Even still, Earth and Space are not well represented amongst the LSP codes 1a, 2, 5, or 6.

Organisms and Environment. Reporting Category 4 is not variationally dispersed. Just
as 1s presented within Matter and Energy, there is a similarly strong level 1a dominance from the
Organisms and Environment category. However, Organisms and Environment the focus shifts to
either organ systems or environmental factors. Thus, many students have seen questions asking
them to produce descriptive explanations of body systems or ecological events by examining
visuals, graphs, experiments, or procedures. Alternatively, students have also seen a plethora of
questions where the production of a descriptive explanation is maintained, but within the set
requirements of analyzing the cause and effect(s) of organisms or environments with no more
than two variables present. Despite this strong LSP code 1a presence with Reporting Category 4,
the category still lacks representation from the LSP codes 2, 4, 5, and 6.
PISA LSP Target Distributions

Ahead of discussing the findings of this study more conclusively, it should be noted that
PISA has recommended distribution projections for the knowledge and content types one should
expect to see within their assessment items (seen below in table 8) (OECD, 2019). While not
directly linked to the 2015 LSP framework, if one was to collapse the seven levels down to their
three proficiency brackets low (1b, 1a, and 2 LSP codes), mild (3 and 4 LSP codes), and high (5
and 6 LSP codes) and equate them to the content, procedural, and epistemic knowledge types as
they are outlined in the table, a more cohesive perspective of the targets may be more visible.
Outside of condescending the codebook to obtain the three proficiency brackets, there is no

Table 8
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Target Distribution of Score Points by Knowledge Type and Content Knowledge Category

Systems
Knowledge types Physical Living Earth & Space Total over systems
Content 20-24% 20-24% 14-18% 54-66%
Procedural 7-11% 7-11% 5-9% 19-31%
Epistemic 4-8% 4-8% 2-6% 10-22%
Total over knowledge types 36% 36% 28% 100%

Note. Target distribution of score points by knowledge type and content knowledge category.
Reproduced from PISA 2015 Assessment and Analytical Framework: Science, Reading,
Mathematic and Financial Literacy, by OECD, 2017, p. 116
(https://doi.org/10.1787/9789264281820-en). © OECD.
Conclusive Summary of Major Findings

The objective of this study was to gain a better understanding of the LSP codes present
within the 8" grade science STAAR. Results indicate the full spectrum of the seven LSP codes
lack uniformity in distribution from all three areas analyzed: (a) all ten assessments combined,
(b) by gradual yearly assessments, and (c) throughout all four reporting categories. In general,

students are experiencing many assessment questions within the low and mild proficiency

brackets of the LSP codebook, but they are not encountering enough high proficiency questions.

Additionally, while all seven LSP codes are found, they are not well represented throughout the

four major content areas.
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Chapter 5: Discussion
The following sections within this chapter are summative discussions of the findings.

Thus, they elaborate on the key takeaways while providing an expert analysis of the three
research questions centralizing this study. These sections provide clarity on the big picture, but
they also unveil possible explanations for the data that is presented. Furthermore, these sections
yield justifications for why those involved in U.S. LSA creation should consider using the PISA
2015 LSP framework to enhance their science items, thereby increasing the cognitive rigor of
their products.
Composition of Typical STAAR

The first research question sought to describe the distribution of LSP. The results from this
question suggest that 8" grade science students in Texas are not being tested enough on higher
scientific proficiency questions. Although all seven levels within the LSP are found on the
released STAAR exams between 2013-2023, these levels are not equitably dispersed or similar
to the targeted distributions outline in Table 8. Moreover, there is a biased tendency to test
students with lower proficiency questions where they are summarizing data in lieu of
formulating claims with interrelated scientific concepts, making predictions, or explaining the
flaws within competing experimental designs. Some may equate these results to the format of the
multiple-choice items (MCQs), leaning on the common misconception that these items lack the
ability to meet high levels of rigor. However, this claim has been refuted by serval education
researchers (Pellegrino, 2016; Tarrant et al., 2006; Warren, 1979). However, a more plausible
explanation may stem from the skillset variation amongst the writers of these assessments.

From the standpoint of a science assessment creator, writing questions which prompt student
summaries of front-loaded information (information that is already provided in the text of the

question stem) can more easily assure that the science content or concept is covered within the
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assessment item. However, when creators write questions urging students to critique or
interrelate science concepts in their claims, they must be more cautious of the language they use.
Since it is the student who needs to acknowledge the cross-cutting concepts in these higher-level
proficiency items, the assessment creators should consider how they will describe the science
concepts without giving the answer away. The same is true for questions that promote students to
critique flaws in experimental designs. When writing these sorts of questions, assessment
creators will have to ensure a span of variables changes amongst these experimental designs and
the changes need to draw upon a science concept. Thus, the assessment creator needs to provide
enough information about the experiments so that the student can distinguish their differences,
while drawing upon the core science concept to isolate flaws. The most experienced assessment
creator may still have trouble producing science items that meet these standards.
Chronological Trends

Results aligned to the second research area (analyzing the LSP variations within yearly
assessments) indicate that while the exam seems to be making strides to increase their cognitive
variation in assessment questions, students still lack opportunities to answer questions at the
highest cognitive levels on the 8" grade science STAAR. LSP codes 1b and 1a are consistently
seen within each assessment year and account for over half of the total coded items. One possible
explanation for this may reside in how the assessment creators epitomize science in grade school
education. Assessment creators may feel that at an 8t grade level, content knowledge sets
precedence over cognitive rigor (DeBoer, 2014; NRC, 2001). This type of thinking might stem
from the lack of a set framework for science education. Although Texas drew upon some of the
major ideas within the Next Generation Science Standards (NGSS), it never truly adopted the
standards and framework as their own. Thus, emphasis may be placed on la and 1b LSP as those

levels tend to test students content recall and summarization skills.
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The 2014 assessment has the highest number of 1a questions (22 items) compared to any
other assessment year and in the assessments between 2013 to 2017 there is a gradual decline of
the lowest proficiency LSP code 1b questions (from 12 items to 6 items). One explanation for
this might be due to the shift in contract vendors. As previously noted in chapter 2, before 2016
Pearson alone held the contract to create the science assessment items for Texas. The decrease in
LSP code 1b items between 2014 and 2015 could suggest broader shifts or evolving priorities to
the assessment development. Additionally, the notable changes after 2016 — when Pearson
Education and ETS the Texas divided the assessment contract coincide with an increase of LSP 3
and 4 codes and the occasional presence of LSP 5 code items. While I cannot assume causality
based upon these coincidental timeframe changes, these events suggest priority shifts within
contract management which could have occurred alongside evolving expectations for item rigor.
This rationale also holds when reviewing the shift that took place after 2016 when the Texas
contract for assessments was split between both Pearson Education and the ETS. Hence, in the
years following the 2016 assessment, there is an uptick of questions representing LSP codes 3
and 4, and intermittent use of the LSP code 5 questions. Still throughout 2013-2023 a lack of
higher proficiency questions still arose, in fact, in 2014 there were no LSP code 5 questions, but
this level does emerge and increase in number again between 2015-2017 assessments. This is
particularly compelling information because it could serve as an indicator of success to increase
rigor in assessment item when large scale educational assessment companies collaborate. Yet,
fact that LSP code 6 items emerged only once throughout all 10 assessments remains as an area
of opportunity for these companies as it indicates they either have had a hard time creating or are
not considering this level of cognitive rigor in the assessment items they produce.

Content Specific Trends
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The results tied to the final research area (analyzing the LSP variations within the four
reporting categories) support the claim that students lack opportunities with diverse cognitive
levels. Amongst the four reporting categories, LSP code 1a has a dominating presence with both
Organisms and Environments and Matter and Energy. LSP codes 3 and 2 are prominently seen in
the Earth and Space as well as the Force Motion and Energy categories respectfully. This is
alarming because it indicates that certain scientific topics are limiting their cognitive range
within assessment items, thereby restraining students' ability to apply their knowledge in a
variety of ways.

Matter and Energy. The overwhelming dominance of LSP codes 1a and 1b within the
Matter and Energy reporting category implies that this content is designed to be tested on a lower
more rudimentary level where students may stop short of summarizing diagrams of atoms and
simple molecules. This may be true, or it could be simply hard to create assessment questions on
Matter and Energy that prompt students to evaluate alternative experimental designs or formulate
claims by interrelating scientific concepts. In the grand scheme of educational advancement
within Texas, this means that students are not coming across Matter and Energy topics on a
cognitive level where they can apply their knowledge to real-world situations while taking the 8"
grade science STAAR.

Force Motion and Energy. Analyzing the Force Motion and Energy reporting category
detailed a variety of questions in the mild proficiency range (LSP codes 3 and 4). This indicates
that the Force Motion and Energy content may be designed to test students on a more
intermediate level. Thus, one could expect to see questions on Force Motion and Energy from
both common situations (like a few men pushing a car up hill) and rare situations (like a monkey
jumping from an airplane) where students are asked to select an appropriate response by

explaining, justifying, or considering described events. Nevertheless, asking students to apply
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their knowledge of Force Motion and Energy towards a phenomenon that has multiple causal
links, or to analyze flaws in competing designs, is a level of cognitive rigor not typically tested
on this assessment. In part this data hints at the possibility that while fundamental Force Motion
and Energy concepts are necessary to understand, emphasis is placed on data/visuals were
students are tasked with explaining or justifying the events described to demonstrate their
applicational knowledge of this reporting category. Thus, Force Motion and Energy questions
that display data and then ask students to select the answer choice that details both the predicted
outcome and the rationale for this selection are rarely encountered on the 8" grade science
STAAR. Furthermore, because studies have shown teachers often spend more instructional time
on what they know will be on these LSA (Blazard & Pollard, 2017; DeBoer, 2002), Texas 8™
grade science classrooms may generally see a deficit in higher proficiency force energy and
motion problems that have students predicting outcomes alongside their rationale as teachers
yield to these assessments as an instructional tool and note the lack of these types of questions.
Earth and Space. Data from the Earth and Space reporting category resembles that of
Force Motion and Energy as it also provides a decent variety of LSP codes within the mild
proficiency range. However, the analysis again details a lack of representation from the high
proficiency LSP codes pertaining to Earth and Space topics. This suggest that students are not
experiencing questions surrounding topics of the universe and patterns of the earth where they
are tasked with analyzing or explaining flaws in competing designs, interrelating topics, or
assessing multiple causal links in phenomenon. For example, in this reporting category,
highlighting mild proficiency over high proficiency items may result in students selecting the
best model of an Earth and Space pattern, such as the rotation of the earth as it orbits the sun. By
contrast raising the cognitive level to the highest proficiency range may result in students

selecting the appropriate rationale for why the selected model is the best fit as opposed to the
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others in portraying this event. The lack of such questioning within this reporting category
insinuates that this tier of cognitive mastery is not a priority for students taking this exam.

Organisms and Environment. The data from the LSP code analysis of the Organisms
and Environment category was like Matter and Energy with most of the questions being from
LSP codes la and 1b (within the confines of the low proficiency range). There were however a
few questions within the mild proficiency range dedicated to this content area, yet there is still a
lack of representation from the highest proficiency LSP codes. This suggests the STAAR exam
wants students to recall key structures, functions, and definitions of organisms and their
environment. Additionally, the STAAR exam may wish for students to explain, justify, or
consider data/visual/textual information concerning this content, but here again interrelating
these concepts to other content areas, using the base knowledge of organisms and their
environment to discuss multiple causal links in phenomenon, or even analyzing flaws in
competing designs appears to not be an important cognitive skillset for the 8" grade science
STAAR.
Conclusion

The amount of money the U.S. spends on education is not reflective of our international
science rankings (DeSilver, 2017; OECD, 2022). Recent pushes to absolve the U.S. Department
of Education all together and instead increase state rights to effectively reform the quality of
their own schools is a strong indicator that educational reform is on the forefront of discussions
in the U.S. Nonetheless, turning things over to the states alone may not resolve our problems in
education if we never address how our state run LSA relate to these international LSAs we are
not performing as desired in. Thus far Texas having control of their own state assessments while
using secondary parties such as Pearson Education and ETS to generate these assessments has

shown to be somewhat helpful in increasing the level of cognitive rigor, but the findings of this
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study detail this remains an area of opportunity. Therefore, I do not recommend a complete
overhaul to Texas’ process of generating LSA, rather I urge decision makers to advocate for
themselves. These educational assessment companies should be pushed to create assessments
with a variety of cognitive levels by ensuring they are more closely aligned to the 2015 PISA
LSP framework. The results from this study show how even when higher proficiency questions
are asked, they are not evenly distributed or at least near the 10 — 22% targeted range across the
four content specific reporting categories as suggested by PISA (2017), and they do not typically
reach the highest cognitive levels included from the LSP. Thus, students are not being given
sufficient opportunities to apply their content knowledge to an array of different cognitive levels.

Still the lack of research in this area is remarkable. The U.S. consistently participates in
these international LSA but are not yet utilizing any of these assessments’ frameworks to openly
reform their exams (DeSilver, 2017; OECD, 2022). Assessing various levels of cognition
alongside science content is a key feature of the science PISA and I latched onto LSP framework
used by this exam to address this problem and the lack of research on this topic. Aiming to
understand the extent to which these LSP are seen within the released 8™ grade science STAAR
exams can help educators uncover how well students are being prepared on an international
level. Holistically the study has spotlight how Texas is making strides in the right direction to
increase the variation of cognitive levels in their 8" grade science assessment, but there is still
work to be done to ensure students are seeing more high scientific proficiency assessment
questions.

Going forward the I am committed to sharing the results of this study with the Texas
Education Agency and analyzing additional science STAAR assessments beyond 2023. I also
have plans to showcase the codebook to peers within the science education community and has

higher hopes to use the instrument to access more state mandated science assessments.
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Ultimately, I hope to enlighten U.S. science assessment officials on how the LSP codes are
represented nationwide and provide them with assessment reform conversations and decisions.
Limitations

One of the limitations of the study was that only multiple-choice question items were
selected. Thus, future research should be conducted to understand the levels of cognition within
the constructive response items implemented within the 2023 and subsequent years.
Additionally, figure 9 LSP code 2 did not obtain 80% agreement. Nevertheless, typical Interrater
Reliability (IRR) measures were employed to meet the minimum requirements of 80%
agreement (both in the creation and then again while using of the codebook) for all LSP
combined on 30% of the 8" grade science STAAR items. While this indicated LSP code 2 may
be difficult to operationalize, the 86% agreement that I obtained for all seven LSPs combined is
well over the 80% agreement typically used in statistical researcher in most situations
(Neuendorf, (2002). Still, future researchers may seek to strengthen this agreement by working to
better operationalize the LSP code 2 descriptors.

Another limitation of the study was the continued evolution of Al. I used the codebook
refinement by Al feedback deconstruction method where the direct wording and language of the
LSP framework was fed into ChatGPT® for it to deconstruct and abbreviate it prior to reviewing,
deliberating, and deciding upon common themes with Coder #2. However, Al does not
reproduce the same results repeatedly when prompted. A series of complex constant revisions to
algorithms, the context of the chat conversation, and other factors are used to provide Al users
with the responses they desire (Barany et al., 2024). Thus, it is quite possible that the codebook
could change slightly if a researcher attempted to provide ChatGPT® with the same verbatim

language of the PISA 2015 LSP framework today. However, using thematic analysis alongside
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the help of a secondary expert provided additional confidence in using Al to generate the
codebook.
Future Research

Although the 8™ grade science STAAR has its own performance level descriptors (PLDs)
focused on the science content (Texas Education Agency, 2019) it is unclear why certain content
areas are stressed more than others within the individual mastery levels. Nonetheless more
research may be required to see if the PLDs emphasis on specified science content limits to the
ways in which students can show scientific proficiency. Thus, future researchers may aim to
analyze the possible relationships between the optimized LSP codes and the PLDs. Moreover,
additional analysis on scientific proficiency or levels of cognition incorporated into science
assessments might code their own individual science assessments with a similar system of
analysis to under the LSP in assessments beyond the 8" grade science STAAR. This action

would be ideal towards contributing to the lack of research in this area.
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Appendix A

United States Grade School Science Assessments and the PISA Framework

A list of the full grade school science assessment names and common acronym abbreviations

were compiled in a table from all 51 states in the US. Additionally, the complete PISA Seven

Levels of Scientific proficiency framework is provided within the confines of this appendix A.

Table A. 1

US Grade School Assessments

Alabama
Alaska
Arizona
Arkansas
California
Colorado
Connecticut
Delaware
Florida
Georgia
Hawaii
Idaho
Illinois
Indiana
lowa
Kansas
Kentucky
Louisiana
Maine
Maryland

Massachusetts

Alabama Comprehensive Assessment Program (ACAP)

Performance Evaluation for Alaska's Schools (PEAKS)

Arizona's Measurement of Educational Readiness to Inform Teaching (AzMERIT)

ACT Aspire

California Science Test (CAST)

Colorado Measures of Academic Success (CMAS)

Next Generation Science Standards (NGSS) Assessment
Delaware Comprehensive Assessment System (DCAS)
Statewide Science Assessment

Georgia Milestones Assessment System

Hawaii State Assessment (HSA)

Idaho Standards Achievement Tests (ISAT)

lllinois Assessment of Readiness (IAR)

Indiana Learning Evaluation Assessment Readiness Network (ILEARN)
lowa Statewide Assessment of Student Progress (ISASP)
Kansas Assessment Program (KAP)

Kentucky Performance Rating for Educational Progress (K-PREP)
Louisiana Educational Assessment Program (LEAP)

Maine Educational Assessment (MEA)

Maryland Integrated Science Assessment (MISA)

Massachusetts Comprehensive Assessment System (MCAS)

4,6,8,11
4,8,10

4, 8, High School
3-10

5, 8, High School
5,8,11

5,8,11

5,8,10

58

5, 8, High School
58,11

57,10

5,8,11

4, 6, High School
58,10

5,8, 11

4,7,11

5, 8, High School
5,8, 11

5,8,11

5, 8, High School
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Michigan
Minnesota
Mississippi
Missouri
Montana
Nebraska

Nevada

New
Hampshire

New Jersey
New Mexico
New York
North Carolina
North Dakota
Ohio
Oklahoma
Oregon
Pennsylvania
Rhode Island
South Carolina
South Dakota
Tennessee
Texas

Utah

Vermont
Virginia
Washington
West Virginia
Wisconsin

Wyoming

Michigan Student Test of Educational Progress (M-STEP)

Minnesota Comprehensive Assessments (MCA)

Mississippi Academic Assessment Program (MAAP)

Missouri Assessment Program (MAP)

Montana Comprehensive Assessment System (MontCAS)

Nebraska Student-Centered Assessment System (NSCAS)

Nevada Proficiency Examination Program

New Hampshire Statewide Assessment System (NH SAS)

New Jersey Student Learning Assessments (NJSLA)

New Mexico Standards-Based Assessment (SBA)

New York State Grades 4 and 8 Science Tests

North Carolina End-of-Grade (EOG) and End-of-Course (EOC) Assessments
North Dakota State Assessment (NDSA)

Ohio’s State Tests in Science

Oklahoma School Testing Program (OSTP)

Oregon Statewide Assessment System (OSAS)

Pennsylvania System of School Assessment (PSSA) and Keystone Exams

Rhode Island Comprehensive Assessment System (RICAS)

South Carolina Palmetto Assessment of State Standards (SCPASS) and End-of-Course
Examination Program (EOCEP)

South Dakota State Test of Educational Progress (DSTEP)
Tennessee Comprehensive Assessment Program (TCAP)
State of Texas Assessments of Academic Readiness (STAAR)
Utah Aspire Plus and Utah Core Assessments

Vermont Science Assessment (VTSA)

Standards of Learning (SOL) Assessments

Washington Comprehensive Assessment of Science (WCAS)
West Virginia General Summative Assessment (WVGSA)
Wisconsin Forward Exam

Wyoming Test of Proficiency and Progress (WY-TOPP)

5,8, 11

5, 8, High School
5, 8, High School
5, 8, High School
5,8,11

58,11

5, 8, High School
58,11

5,8, 11

5,811

4,8

5, 8, High School
4,8,10

5, 8, High School
58,11

58,11

4, 8, High School

58,11

4, 6, 8, High
School

58,11
5, 8, High School
5, 8, High School
5, 8, High School
58,11
5, 8, High School
58,11
58,10
4,8,10

4,8,10
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Table A. 2

Texas Education Agency Performance Level Descriptors

Performance Level Descriptors

Scientific investigation and reasoning skills are not assessed in isolation but are incorporated
into questions that assess science content. These skills focus on safe, environmentally
appropriate, and ethical laboratory and field investigations; wsing scientific metheds and
eguipment in investigations; and using critical thinking, scientific reasoning, and problem
solving to make infarmed decisions,

Students achieving Masters Grade Level Performance can

Interpret the role of valence electrons in the chemical reactivity of elements

Fxplain how the law of conservation of mass relates to evidence of a chemical reaction
Analyze relationships ameng Torce, maotlon, and energy

Explain the electromagnetic spectrum and how it relates to components of the unlverse
Analyze interdependence among organisms and thelr environments

Students achieving Meets Grade Level Performance can

Describe subatoemic particles and their role in determining an element’s identity and
chemical properties

Use physical and chemical properties to identify and classify elements on the periodic
table

Determine the number of atoms in 8 complex chemical formula

Apply Mewton's laws of motion

Relate tides, seasons, and lunar phases to the motion and position of the sun, Earth,
and maon

Describe components of the universe using observable data and models

Analyze convection within the Earth, in cceans, and in weather systems

Examine and evaluate the farmation, weathering, and erosion of Earth's crustal
features

Describe interactions that ccour within ecosystems, among onganisms, and within
arganisms

Racognize how environmental changes affect arganisms

Describe the role of genetic material in govemning the inherited traits of organisms

Students achieving Approaches Grade Level Performance can

Determine the number of atoms of an element in a simple chamical formula
Identify balanced and unbalanced forces

Identify characteristics of groups of stars on a Hertzsprung-Russell diagram
Recognize that sustainability of an ecosystam is related to species diversity
Identify the flow of energy within a living system

' Students achieving Did Not Meet Grade Level Performance can

Recognize components of aterns and the organization of elements on the periadic table
ldentify Mewton's laws of motion

Recognize that the sun is the primary erergy source for Earth’s ccean currants and
weather systems

Identify compaonents of cells, organisms, and ecosystems

Note. Performance level descriptors for the 8™ grade science STAAR exam. From the STAAR

Grade 8 Science Performance Level Descriptors, by Texas Education Agency, 2019,

https://tea.texas.gov/student-assessment/staar/staar-8-science-pld.pdf. Copyright 2019 by Texas

Education Agency. Retrieved in 2025.
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Summary Description of The Seven Levels of Proficiency in Science in PISA 2015

Proficiency level and

Task descriptions
lower cut score

Level 6 At Level 6, students can draw on a range of interrelated scientific ideas and concepts from the physical, life and
Earth and Space sciences and use content, procedural and epistemic knowledge in order to offer explanatory
708 hypotheses of novel scientific phenomena, events and processes or to make predictions. In interpreting data and

evidence, they are able to discriminate between relevant and irrelevant information and can draw on knowledge
external to the normal school curriculum. They can distinguish between arguments that are based on scientific
evidence and theory and those based on other considerations. Level 6 students can evaluate competing designs of
complex experiments, field studies or simulations and justify their choices.

Level 5 At Level 5, students can use abstract scientific ideas or concepts to explain unfamiliar and more complex
phenomena, events and processes involving multiple causal links. They are able to apply more sophisticated
633 epistemic knowledge to evaluate alternative experimental designs and justify their choices and use theoretical

knowledge to interpret information or make predictions. Level 5 students can evaluate ways of exploring a given
question scientifically and identify limitations in interpretations of data sets including sources and the effects of
uncertainty in scientific data.

Level 4 At Level 4, students can use more complex or more abstract content knowledge, which is either provided or
recalled, to construct explanations of more complex or less familiar events and processes. They can conduct
559 experiments involving two or more independent variables in a constrained context. They are able to justify an

experimental design, drawing on elements of procedural and epistemic knowledge. Level 4 students can interpret
data drawn from a moderately complex data set or less familiar context, draw appropriate conclusions that go
beyond the data and provide justifications for their choices.

Level 3 At Level 3, students can draw upon moderately complex content knowledge to identify or construct explanations of
familiar phenomena. In less familiar or more complex situations, they can construct explanations with relevant
154 cueing or support. They can draw on elements of procedural or epistemic knowledge to carry out a simple

experiment in a constrained context. Level 3 students are able to distinguish between scientific and non-scientific
issues and identify the evidence supporting a scientific claim.

Level 2 At Level 2, students are able to draw on everyday content knowledge and basic procedural knowledge to identify
an appropriate scientific explanation, interpret data, and identify the question being addressed in a simple
410 lexperimental design. They can use basic or everyday scientific knowledge to identify a valid conclusion from a

simple data set. Level 2 students demonstrate basic epistemic knowledge by being able to identify questions that
could be investigated scientifically.

Level 1a At Level 1a, students are able to use basic or everyday content and procedural knowledge to recognize or identify
explanations of simple scientific phenomenon. With support, they can undertake structured scientific enquiries
with no more than two variables. They are able to identify simple causal or correlational relationships and interpret

335
graphical and visual data that require a low level of cognitive demand. Level 1a students can select the best
scientific explanation for given data in familiar personal, local and global contexts.

Level 1b At Level 1b, students can use basic or everyday scientific knowledge to recognize aspects of familiar or simple
phenomenon. They are able to identify simple patterns in data, recognize basic scientific terms and follow explicit

61 instructions to carry out a scientific procedure.

Note. Each level of scientific proficiency imaged provides a rounded cut score between 261-708.
Science PISA requires most of the questions within a LSP level to be right, summating to the
minimum cut score listed to qualify for that proficiency level. Reproduced from "PISA 2015
High School Highlights," by National Center for Education Statistics (NCES), 2015, U.S.

Department of Education (https://nces.ed.gov/surveys/pisa/pisa2015/pisa2015highlights 2a.asp).

Copyright 2015 by Organization for Economic Cooperation and Development (OECD), Program

for International Student Assessment (PISA).
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Appendix B

Organizational Formatting of 8" Grade Science Data

The 8™ grade science STAAR items were coded, and data were entered into an excel

spreadsheet. This appendix is intended to provide a visual insight into this coding process.

Table B. 1

Final Organizational Coding Format for Full Data Collection

1 Question# + &  LSP Codev

2 2022_Question 1 2y
3 2022_Question 2 2v
4 2022_Question 3 la ~
5 2022_Question 4 lav~
6 2022_Question 5§ la ~
7 2022_Question 6 la ~
8 2022_Question 7 3v
9 2022_Question 8 3~
10 | 2022_Question 9 3~
1 2022_Question 10 la v
12 | 2022_Question 11 la ~

Reporting Category v

4

1

3

4

Notes v

NOT a MCQ

Note. A sampled section of coded 8™ grade science STAAR data to depict the formatting used

within the study. The Sample above is solely from coder #1 after IRR 80% agreement or higher.
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Table B. 2

Initial Organizational Coding Format for IRR 80% or Higher Agreement

Question # v

2023_Question 1
2023_Question 2
2023_Question 3
2023 _Question 4
2023_Question 5
2023_Question 6
2023_Question 7
2023_Question 8
2023_Question 9
2023_Question 10
2023_Question 11
2023_Question 12
2023_Question 13
2023_Question 14
2023_Question 15

2023_Question 16

Note. A sampled section of coded 8™ grade science STAAR data to depict the formatting used

within the study to obtain 80% IRR agreement. Coder #2 only coded 140 items which can be

LSP
Coder #1

b ~
2w

Coder #2

LSP Code

IRR
Frequencies

0
0
0

- o o ©o o o o

o o o

Reporting -
Category

3
2
1

- W W W A W

w AN A

NOT an MCQ

NOT an MCQ

NOT an MCQ

Notes

verified by the bolded question labels. Items not coded by Coder #2 are left blank.
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Appendix C

Researcher to ChatGPT ©: Prompts and Responses to Create an LSP Codebook

During both the creation of the codebook and codebook training a natural language processor,

ChatGPT ©, was employed. The following figures are a selected sample of the direct prompts and

responses from coder to ChatGPT ©.

Table C. 1

Speaker

Dialogue

Researcher

Using this framework please provide the key terms that are distinct identifiers for each level. Level Lower score limit
Characteristics of tasks 6 708 At Level 6, students can draw on a range of interrelated scientific ideas and concepts
from the physical, life and Earth and Space sciences and use content, procedural and epistemic knowledge in order to
offer explanatory hypotheses of novel scientific phenomena, events and processes or to make predictions. In
interpreting data and evidence, they are able to discriminate between relevant and irrelevant information and can
draw on knowledge external to the normal school curriculum. They can distinguish between arguments that are based
on scientific evidence and theory and those based on other considerations. Level 6 students can evaluate competing
designs of complex experiments, field studies or simulations and justify their choices. 5 633 At Level 5, students can
use abstract scientific ideas or concepts to explain unfamiliar and more complex phenomena, events and processes
involving multiple causal links. They are able to apply more sophisticated epistemic knowledge to evaluate alternative
experimental designs and justify their choices and use theoretical knowledge to interpret information or make
predictions. Level 5 students can evaluate ways of exploring a given question scientifically and identify limitations in
interpretations of data sets including sources and the effects of uncertainty in scientific data. 4 559 At Level 4,
students can use more complex or more abstract content knowledge, which is either provided or recalled, to construct
explanations of more complex or less familiar events and processes. They can conduct experiments involving two or
more independent variables in a constrained context. They are able to justify an experimental design, drawing on
elements of procedural and epistemic knowledge. Level 4 students can interpret data drawn from a moderately
complex data set or less familiar context, draw appropriate conclusions that go beyond the data and provide
justifications for their choices. 3 484 At Level 3, students can draw upon moderately complex content knowledge to
identify or construct explanations of familiar phenomena. In less familiar or more complex situations, they can
construct explanations with relevant cueing or support. They can draw on elements of procedural or epistemic
knowledge to carry out a simple experiment in a constrained context. Level 3 students are able to distinguish between
scientific and non-scientific issues and identify the evidence supporting a scientific claim. 2 410 At Level 2, students are
able to draw on everyday content knowledge and basic procedural knowledge to identify an appropriate scientific
explanation, interpret data, and identify the question being addressed in a simple experimental design. They can use
basic or everyday scientific knowledge to identify a valid conclusion from a simple data set. Level 2 students
demonstrate basic epistemic knowledge by being able to identify questions that can be investigated scientifically. 1a
335 At Level 1a, students are able to use basic or everyday content and procedural knowledge to recognise or identify
explanations of simple scientific phenomenon. With support, they can undertake structured scientific enquiries with
no more than two variables. They are able to identify simple causal or correlational relationships and interpret
graphical and visual data that require a low level of cognitive demand. Level 1a students can select the best scientific
explanation for given data in familiar personal, local and global contexts. 1b 261 At Level 1b, students can use basic or
everyday scientific knowledge to recognise aspects of familiar or simple phenomenon. They are able to identify simple
patterns in data, recognise basic scientific terms and follow explicit instructions to carry out a scientific procedure.

ChatGPT®

Based on the framework provided, here are the key terms that serve as distinct identifiers for each level of science
proficiency:

Level 6:
. Interrelated scientific ideas and concepts
. Content, procedural, and epistemic knowledge
. Explanatory hypotheses for novel scientific phenomena
. Discrimination between relevant and irrelevant information
. Evaluation of competing designs of complex experiments
. Justification of choices based on scientific evidence and theory
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Level 5:

Level 3:

Level 1a:

Level 1b:

Abstract scientific ideas or concepts
Multiple causal links
Evaluation of alternative experimental designs

Interpretation of information or making predictions using theoretical knowledge

Evaluation of ways of exploring a given question scientifically
Identification of limitations in interpretations of data sets

More complex or abstract content knowledge
Construction of explanations for complex or less familiar events and processes
Conducting experiments involving two or more independent variables

Interpretation of data drawn from moderately complex data sets or less familiar contexts

Drawing appropriate conclusions beyond the data and providing justifications

Moderately complex content knowledge

Identification or construction of explanations of familiar phenomena
Distinguishing between scientific and non-scientific issues

Simple experimentation in a constrained context

Identification of evidence supporting a scientific claim

Everyday content knowledge

Basic procedural knowledge

Identifying appropriate scientific explanations

Interpretation of data from simple experimental designs
Identification of questions that can be investigated scientifically

Basic or everyday content and procedural knowledge

Recognition or identification of explanations of simple scientific phenomena
Undertaking structured scientific inquiries with no more than two variables
Identifying simple causal or correlational relationships

Interpretation of graphical and visual data with low cognitive demand

Basic or everyday scientific knowledge

Recognition of aspects of familiar or simple phenomena
Identification of simple patterns in data

Recognition of basic scientific terms

Following explicit instructions to carry out a scientific procedure
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Table C. 2

Speaker

Dialogue

Researcher

create a code book for a educator to use on assessment questions with the following information in mind: LEVEL 1:
RECALL AND REPRODUCTION At this level, we ask students to recall information such as facts, definitions, terms, or
simple procedures. This level asks students to provide basic, rote responses or to perform a well-known procedure or
calculation based on Appendix A.

information they have been provided. A task at this level in mathematics, for example, would be a simple one-step,
well-defined, and straight algorithmic procedure. Keywords: arrange, calculate, define, draw, identify, state, label,
illustrate, measure, quote, recognize, recall, report, use Sample Tasks: Locate or label information in maps, charts,
tables, and graphs Recite facts, terms, and definitions Draw a timeline and place events in order LEVEL 2: SKILLS AND
CONCEPTS At this level, students are required to use their own skills and conceptual knowledge in order to determine
the appropriate approach to a specific problem or activity. Tasks at this level ask students to complete multiple steps
to find a solution. Keywords: categorize, classify, compare, estimate, graph, identify patterns, infer, modify, predict,
show, summarize, use context clues Sample Tasks: Collect and display data Use context clues to find the meaning of
unfamiliar words Describe the cause and effect of a particular event Identify patterns in events or behavior LEVEL 3:
STRATEGIC THINKING At this level, students use reasoning to develop a plan or sequence of steps with some
complexity by planning and using evidence & a higher order level of thinking. Students must draw conclusions from
their observations and justify or explain answers with evidence. Keywords: assess, cite evidence, develop a logical
argument, draw conclusions, explain in terms of concepts, formulate, hypothesize, investigate, revise Sample Tasks:
Identify research questions and design investigations for a scientific problem Develop a scientific model for a complex
situation Support ideas with details and examples LEVEL 4: EXTENDED THINKING At this level, students conduct
investigations and take time to process multiple conditions of the task or problem. This level requires complex
reasoning, developing, or thinking over a period of time as students must design and conduct their own experiments.
Keywords: analyze, apply concepts, compose, connect, create, critique, design, prove, synthesize Sample Tasks: Design
an experiment to solve a specific problem, analyze data, and report solutions Apply a mathematical model to
illuminate a problem or solution Analyze and synthesize information from multiple sources

ChatGPT®

Code Book for Educator Assessment Questions

LEVEL 1: RECALL AND REPRODUCTION At this level, students are asked to recall basic information or perform simple
procedures based on provided information.

Keywords: arrange, calculate, define, draw, identify, state, label, illustrate, measure, quote, recognize, recall, report,
use

Sample Tasks:
1. Locate information in maps, charts, tables, and graphs
2.  Recite facts, terms, and definitions
3.  Draw atimeline and place events in order

LEVEL 2: SKILLS AND CONCEPTS Students are required to use their own skills and conceptual knowledge to solve
problems or complete activities.

Keywords: categorize, classify, compare, estimate, graph, identify patterns, infer, modify, predict, show, summarize,
use context clues

Sample Tasks:

1.  Collect and display data
2. Use context clues to determine word meanings
3. Describe cause and effect relationships

LEVEL 3: STRATEGIC THINKING At this level, students use reasoning to develop plans or sequences of steps, drawing
conclusions and justifying their answers with evidence.

Keywords: assess, cite evidence, develop a logical argument, draw conclusions, explain in terms of concepts,
formulate, hypothesize, investigate, revise

Sample Tasks:

1. Identify research questions and design investigations
2.  Develop scientific models for complex situations
3. Support ideas with evidence and examples
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LEVEL 4: EXTENDED THINKING Students conduct investigations and process complex tasks, requiring deep analysis,
application, and synthesis of information.

Keywords: analyze, apply concepts, compose, connect, create, critique, design, prove, synthesize

Sample Tasks:

1.  Design experiments, analyze data, and report solutions

2. Apply mathematical models to illuminate problems or solutions

3. Analyze and synthesize information from multiple sources
This code book provides educators with a framework for assessing student understanding and skill development
across different levels of cognitive complexity.

LEVEL 5: ADVANCED APPLICATION AND EVALUATION: At this level, students apply abstract scientific concepts to explain
unfamiliar and complex phenomena. They evaluate alternative experimental designs and justify their reasoning using
epistemic knowledge.

Keywords: critique, defend, justify, generalize, synthesize, evaluate, extrapolate, interpret, optimize

Sample Tasks:

(] Evaluate different experimental designs and justify the best approach
(] Use theoretical knowledge to interpret and predict outcomes in new contexts

(] Identify limitations in data interpretations, including uncertainty and bias

LEVEL 6: SCIENTIFIC SYNTHESIS AND INNOVATION: Students integrate multiple scientific ideas across disciplines and
develop novel hypotheses, explanations, and models. They can critique scientific theories, evaluate competing
experimental designs, and apply knowledge beyond the school curriculum.

Keywords: innovate, hypothesize, design, optimize, justify, extrapolate, conceptualize, synthesize, validate, formulate

Sample Tasks:

o Propose and justify a novel hypothesis for an unexplained scientific phenomenon
o Evaluate competing models of a complex system and justify the best representation

o Develop an advanced scientific model or simulation incorporating multiple variables

This code book provides educators with a framework for assessing student understanding and skill development
across different levels of cognitive complexity.
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Table C. 3

Speaker

Dialogue

Researcher

using these descriptions can you make me 3 level 5 questions and 3 level 6 questions that may be something a 5th -
8th grade science student may see on an exam in the state of texas:5 6 Abstract concepts identified with many
different causes Evaluating Three or more correct options Limitations/weaknesses in data Multiple concepts that
compound External knowledge beyond school curriculum Evaluation based on comparison (which one is better and
why) Abstract scientific ideas or concepts Multiple causal links in phenomena Sophisticated epistemic knowledge
Evaluation of alternative experimental designs Identification of limitations in data interpretation Recognition of
sources and effects of uncertainty in scientific data Interrelated scientific ideas and concepts Content, procedural, and
epistemic knowledge Explanatory hypotheses for novel scientific phenomena Discrimination between relevant and
irrelevant information External knowledge beyond the school curriculum Evaluation of competing designs of complex
experiments

ChatGPT®

Certainly! Here are three Level 5 and three Level 6 science questions designed for 5th to 8th-grade students in Texas:

Level 5 Questions:

Question 1: A scientist is studying the impact of different types of soil on plant growth. She notices that plants grown
in sandy soil tend to be shorter, while those in clay soil grow taller but have fewer leaves. She also notices that plants
in loamy soil grow well and are very green.

Which combination of factors is most likely influencing the differences in plant growth?

A. The ability of different soils to retain water and nutrients. B. The color of the soil and the amount of sunlight it
reflects. C. The temperature of the soil and the number of plants growing nearby. D. The pH level of the soil and the
presence of microorganisms.

Explanation: This question requires students to evaluate multiple causal factors and abstract concepts related to soil
properties and their effects on plant growth, combining knowledge from various sources.

Question 2: During a lab experiment, students notice that a balloon rubbed with a wool cloth sticks to a wall. The
teacher explains that this is due to the buildup of static electricity. The students then hypothesize that this effect will
change if the humidity in the room increases.

Which of the following reasons best supports or refutes the students’ hypothesis?

A. Increased humidity will likely increase static electricity, making the balloon stick longer. B. Increased humidity will
likely decrease static electricity because water molecules in the air reduce the charge buildup. C. Humidity has no
effect on static electricity, so the balloon will stick the same amount of time. D. The temperature change that comes
with increased humidity will cause the balloon to deflate, so it won't stick.

Explanation: This question involves evaluating alternative explanations based on the concept of static electricity and
environmental conditions, requiring students to apply their knowledge to a new context.

Question 3: A wildlife biologist is studying how urban environments affect bird migration patterns. She finds that birds
in cities migrate shorter distances compared to those in rural areas.

Which of the following explanations best addresses why urban birds might migrate shorter distances?

A. Urban environments have more food sources available year-round, reducing the need to migrate. B. Urban birds
have adapted to warmer temperatures in cities, reducing the need for migration. C. City lights interfere with birds’
natural navigation, causing them to stay closer to home. D. Noise pollution in cities makes it difficult for birds to
communicate, so they don’t travel as far.
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Explanation: This question asks students to evaluate and compare multiple possible causes for changes in bird
migration, requiring abstract thinking and knowledge about environmental impacts on animal behavior.

Level 6 Questions:

Question 1: A group of engineers is designing a wind turbine to be used in both coastal and inland environments. They
must consider several factors, including wind speed, air density, and turbulence.

Which design is likely the most effective for maximizing energy output in both environments?

A. A design with larger blades to capture more wind, but at the cost of increased turbulence. B. A design with smaller,
more aerodynamic blades to reduce turbulence but decrease energy capture. C. A design that allows the blades to
adjust their angle to maximize energy capture depending on wind conditions. D. A design with heavy, solid blades that
can withstand strong winds but may reduce efficiency in low-wind conditions.

Explanation: This question requires students to evaluate competing designs based on interrelated scientific ideas
about wind energy and environmental factors, using sophisticated reasoning to determine the most effective solution.

Question 2: A researcher observes that the ocean is absorbing more carbon dioxide (CO2) from the atmosphere. She
hypothesizes that this could lead to changes in marine life, such as coral bleaching, due to ocean acidification.

Which of the following experimental designs best tests the effects of increased CO2 on coral health?

A. Growing coral in tanks with different CO2 levels and measuring the pH and health of the coral over time. B.
Observing coral in the wild in areas with naturally high CO2 levels and comparing them to coral in low CO2 areas. C.
Simulating ocean conditions in a lab and adding CO2 to the water while monitoring coral growth, color, and
reproduction. D. Comparing coral health in oceans with different levels of pollution, including CO2, to see which factor
has the greatest impact.

Explanation: This question requires evaluating and selecting an experimental design to test a hypothesis related to
ocean acidification, incorporating knowledge from multiple scientific disciplines and concepts.

Question 3: Astronomers have discovered a new exoplanet that orbits very close to its star, making it extremely hot.
They want to determine whether this planet might have a molten surface like Venus or a solid surface like Earth.

Which method of investigation would be most appropriate for answering this question?

A. Analyzing the light spectrum from the planet to detect specific elements that would indicate a molten surface. B.
Measuring the planet’s distance from its star to estimate its surface temperature and compare it with known molten
planets. C. Observing the planet’s orbit and determining its gravitational interactions to infer the composition of its
core. D. Sending a probe to the planet’s surface to take direct measurements of temperature and surface composition.

Explanation: This question asks students to evaluate the best scientific approach for investigating a novel
phenomenon, requiring the integration of multiple scientific ideas and concepts.
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Appendix D

Codebook Training Discussion between the Researcher and the Trainee

The following are transcript samples from one of the virtual online Zoom® codebook training

sessions. Both tables showcase the kinds of conversations that took place to operationalize and

seek alignment on the language of the codebook.

Table D. 1

Expert and Trainee Dialogue: Trainee Repositions Thinking

Speaker Dialogue

Expert How, I'm asking how I’'m doing it. So okay, 1b basic everyday knowledge. Yes, complex.... wait a minute. Alright. So,
we’re saying, this is basic and everyday science. Scientific content knowledge based upon what cause? | answered
that. Yes, like a 34-year-old woman. Now a 5t grader...And I’'m not sure if I'm still gonna answer that as basic in every
day. But it’s scientific knowledge.

Trainee Yes. Think of like little kids and learning about the planets like they do that very early content. | thought it was lower in
that regard, but | hear what you're saying, because it’s more logical. It should be higher.

Expert And this, this code book. What | struggled with remember, | said this before is that | didn’t want this to be a content
code book. | wanted it to stick to the proficiency level, which sometimes...the proficiency is higher because of content.
And then in this case, | feel like we’re seeing a case where the thing is higher because of the cognition, or the what the
task that they’re asking students to do.

Trainee Right

Expert And so that’s why | think that what’s going to happen here today is we’re have to really define complex.

Trainee Okay, so of 4 we are saying it's more complex and abstract knowledge
they have to think, a little deeper do a little playing in order to figure this out, the answer is not straightforward.
They’re not gonna be able to just look at it and be like, that’s the answer.
Identification or construction of explanation for complex events. So, each of these scales is a different event or part of
the procedure. So, they said that they repeated this process 3 times.
2 or more independent variables. | don’t think that applies because we’re looking at mass only.
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Table D. 2

LSP Code Interrater Reliability Statistics

Number of Number of LSP | Number of LSP Percent
Matching LSP Values for Values for Agreement (%)
Values Coder #1 Coder #2

1b 16 18 17 88.8888888889
la 33 36 38 86.8421052632
2 19 26 24 73.0769230769
3 30 32 34 88.2352941176
4 15 18 17 83.3333333333
5 8 10 10 80

6 0 0 0 0
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Appendix E

Additional Data Visuals from Major Finding
Figure E. 1

Breakdown of Reporting Category 1 Matter and Energy Questions by LSP Codes
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Figure E. 2

Breakdown of Reporting Category 2 Force Motion and Energy Questions by LSP Codes
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Figure E. 3

Breakdown of Reporting Category 3 Earth and Space Questions by LSP Codes.
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Figure E. 4

Breakdown of Reporting Category 4 Organisms and Environment Questions by LSP Codes
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Appendix F

Exemplar Question Items

Figure F. 1

Question 2 from the 2013 8" Grade Science STAAR

A balance and a graduated cylinder are used to determine the density of a mineral sample.
The sample has a mass of 14.7 g and a volume of 2.2 cm’. What is the density of the
mineral sample?

F
G
H

[~

0.15 g/cm’®
32 g/cm?
13 g/cm’

6.7 g/cm’

Note. Question #2 from the 2013 released 8 grade science STAAR identified as a level 1a

question by the researcher in this study. Reproduced with permission from the Texas Education

Agency. Copyright © 2013 by the Texas Education Agency. All rights reserved. This Exemplar

la Matter and Energy report category 1 question requires students to answer one step plug and

chug question. Meeting the requirements for the first descriptor in the la LSP codebook.
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Figure F. 2

Question 29 from the 2021 8" Grade Science STAAR

Fox squirrels are common in Texas. Fox squirrels primarily eat acorns and nuts from trees but
also eat insects. Some predators of fox squirrels include owls, snakes, and bobcats.

Which diagram best represents how energy would flow to and from the fox squirrel?

Bobcats Insects Bobcats Insects
A Snakes q—‘\lhzox squirreI;/—> Owls € Snakes 4—‘\F0x squirreI;/—> Owils
< N ™~
Acorns Nuts Acorns/ Nuts
Bobcats Insects Bobcats Insects
B gnakes —}OX squirreI;/<— Owls D snakes —Vu\Fox squirrel‘s/—> Owls
g N A ™
Acorns Nuts Acorns Nuts

Note. Question #29 from the 2021 released 8™ grade science STAAR identified as a level 1a

question by the researcher in this study. Reproduced with permission from the Texas Education
Agency. Copyright © 2021 by the Texas Education Agency. An exemplar LSP code 3 Reporting
Category 1 Matter and Energy question. Students are familiar with the concept of animal eating

other organisms as shown in this image.
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Figure F. 3

Question 28 from the 2022 8" Grade Science STAAR

The speed of an abject over time is shown in the graph.

Speed vs. Time

Speed (my's)
- N R B

o s 10 15 20 25
Tirme (5)

Which table describes the object’s motion?

Time Description of A
- Time Description of
Interval (s) S oot Interval (s) the Motion
The object’s ST
0-3 speed is The obJe.Ct g
increasin B3 speed Is
¥ 9 i increasing.
The abject's R .
3-18 speed is 3-18 Theato?;;ct s
constant. '
BT The object’s
The object’s 18-23 speed is
18-23 speed is decraasin
decreasing. g
Time Description of Time Description of
Interval (s) the Motion Interval (s) the Motion
The c_)bjept is The quect is
0-3 mGVII‘fq ina 0-3 moving ata
positive constant
direction. speed.
G J
o The object is = The object is
e at rest. >an at rest,
The object is The object is
" moving in a i moving at a
18-23 negative 18-23 constant
direction, speed.

Note. Question #29 from the 2021 released 8™ grade science STAAR identified as a level 1a
question by the researcher in this study. Reproduced with permission from the Texas Education
Agency. Copyright © 2021 by the Texas Education Agency. An exemplar LSP code 2 Reporting
Category 2 Force Motion and Energy question. Students tasked with rearranging previously

summarized data in a different way but is largely still the same information.

113



Figure F. 4

Question 41 from the 2013 8" Grade Science STAAR

Sometimes tectonic plates do not move easily past one another, and the plates become stuck.
Forces build up, and when the plates finally move, tension is released, as shown below.

Plates

Seismic waves

The sudden movement of the plates is caused by —

A the mass of the plates

B the weight of the plates
C unbalanced forces
D

gravitational force

Note. Question #41 from the 2013 released 8™ grade science STAAR identified as a level 1a
question by the researcher in this study. Reproduced with permission from the Texas Education
Agency. Copyright © 2013 by the Texas Education Agency. Depicted as an exemplar LSP code 6

question as it calls on students to interrelate scientific disciplines.
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Figure F. 5

Question 21 from the 2016 8" Grade Science STAAR

A student must complete the column of the table that lists the dates of the full moons.

Dates of New Moons | Dates of Full Moons

February 10
March 11
April 10
May 9

What are the most likely dates of the full moons?
A February 5, March 7, April 5, May 4

B February 15, March 17, April 15, May 14

C February 25, March 27, April 25, May 24
D

February 29, March 31, April 29, May 28

Note. Question #21 from the 2016 released 8™ grade science STAAR identified as a level 1a
question by the researcher in this study. Reproduced with permission from the Texas Education
Agency. Copyright © 2013 by the Texas Education Agency. This question represent exemplar of
LSP code 3 from Reporting Category 3 Earth and Space as the student is assessed recognition of

patterns commonly experienced.
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Figure F.5

Question 50 from the 2013 8" Grade Science STAAR

Some scientists studying aquatic plants notice that flooding often leads to a decrease in the
rate of photosynthesis among aquatic plants. Flooding causes more sediment to be
suspended in the water. The increased sediment concentration decreases the amount of light
that reaches the plants. Why does a decreased rate of photosynthesis lead to a decrease in a
plant population?

F Less water is available for absorption.
G Less tissue is available for plant growth.
H

Less energy is available for reproduction.

i

Less soil is available for leaf development.

Note. Question #21 from the 2013 released 8 grade science STAAR identified as a level 1a
question by the researcher in this study. Reproduced with permission from the Texas Education
Agency. Copyright © 2013 by the Texas Education Agency. This question represent exemplar of

LSP code 1a for Reporting Category 4, Organisms and Environment.
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Figure F. 6

Question 27 from the 2017 8" Grade Science STAAR

Students in a science class visited four local ecosystems. The students observed the species

present in each ecosystem and recorded their observations in the table.

Ecosystem

Observations

1: Grassy lawn on
school property

The grass is mowed often and kept short. Two sparrows
foraged for food in the grass. No other animals were observed.

2: Small pond with
cattails growing
around the edge

Two types of fish were seen in the pond. Tadpoles were
swimming in the shallow areas. Large wading birds were seen
feeding on tadpoles and crayfish.

3: Agricultural field

Wheat plants are the only plants growing in the field. There
were many insects. No predators were observed except for a
single circling hawk.

4: Wooded area
along a stream

Fish, frogs, crayfish, insect larvae, and turtles were seen in the
stream, and wading birds were eating small fish. Raccoon
tracks were seen in the mud. Deer were moving through the
trees. Many birds were seen feeding in the canopy of the
woods.

Based on these observations, which ecosystem is likely to be the least sustainable?

A Ecosystem 1, because it has the fewest species

Ecosystem 2, because it includes both aquatic and terrestrial species

B
C Ecosystem 3, because it has few predators
D

Ecosystem 4, because it supports many animals

Note. Question #27 from the 2017 released 8™ grade science STAAR identified as a level 1a

question by the researcher in this study. Reproduced with permission from the Texas Education

Agency. Copyright © 2017 by the Texas Education Agency. This question represent exemplar of

LSP code 5 for Reporting Category 4, Organisms and Environment.
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