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Recent reforms emphasize a shift in how students should learn and demonstrate
knowledge of science. These reforms call for students to learn content
knowledge using science and engineering practices, creating integrated science
knowledge. While there is existing literature about the development of integrated
science knowledge assessments, few studies examine the character of alternative
integrated science knowledge (AISK) that students demonstrate when responding
to these assessment items. This study describes the AISK middle grade students
demonstrate in response to integrated science tasks. Students completed a pre-
instruction task by making predictions, justifying their predictions about the
geographic range of species’ habitats, and adjusting that prediction based on a
climate change scenario. These findings revealed four areas of AISK: 1) Climate
Data Interpretation and Analysis, 2) Identifying Climate Patterns, 3) Identifying
Causes of Climate Patterns, and 4) Justifying Climate Claims. For each area,

specific patterns in AISK were identified and described. The findings indicate
that integrated assessments can provide insights into students’ struggles
coordinating science content and practices for integrated knowledge products,
and present a continuum to which students’ AISK can be compared. This work
has potential to be used for the development of teaching strategies to support
students’ developing integrated science knowledge.

Introduction

What does it mean to know or understand science knowledge? For many years, individuals in pre-college
science classes were characterized as knowing science knowledge if they could recite definitions of key
scientific terms or recall important scientific formulas. Since the 1990s, there has been a slow shift in terms of
how we characterize science knowledge in the United States (NRC, 1996; NRC, 2012; NGSS Lead Sates, 2013)
and internationally (e.g. United Kingdom Department of Education, 2015; National Curriculum Board, 2009). In
the United States, the Framework for K-12 Science Education (Framework; NRC, 2012) and the Next
Generation Science Standards (NGSS Lead States, 2013) have shifted to an emphasis on science knowledge as
having three interconnected dimensions: (1), disciplinary core ideas (DCIs), (2) science and engineering
practices (SEPs), and (3) crosscutting concepts (CCCs).

The documents used in the United Kingdom (United Kingdom Department of Education, 2015) and in Australia
(National Curriculum Board, 2009) delineate similar components to science knowledge. This shift in how we
describe science knowledge, towards a description of that interconnects science facts and content with science
ways of knowing necessitates a corresponding shift in characterizing an individual’s understanding of science
concepts (Songer & Kali, 2014). While research exists that characterizes students’ knowledge associated with
disciplinary core ideas and science practices (e.g. Gotwals & Songer, 2013), there is a need for additional
research that characterizes students’ misconceptions associated with this newer integrated science knowledge
and that characterizes intermediate and final form integrated science knowledge.

In the United States, the crosscutting concepts and disciplinary core ideas are collectively referred to as the
science content. As presented in the Framework (NRC, 2012), the disciplinary core ideas are the fundamental
aspects of the four disciplines of science: Life Science, Earth and Space Science, Physical Science, and
Engineering Science, whereas, the crosscutting concepts are the broad themes of science that cut across
disciplinary core ideas, such as: systems and system models, energy and matter, consistency and change, etc.
(NRC, 2012).
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The crosscutting concepts (CCCs) will support students in making connections across science disciplines and to
support deeper understanding of science content (NRC, 2012), though little research has empirically examined
classroom practice using the CCCs. The science and engineering practices (SEPs) are the ways of knowing, e.g.,
the means through which the science content is developed. The Framework (NRC, 2012) suggests that students
should be learning science as an integration of science practices, disciplinary core ideas, and crosscutting
concepts (e.g., a three-dimensional product).

Characterizing Integrated Science Knowledge

While integrated science knowledge is the goal, not all integrated products are accurate or complete. Students’
integrated responses, when not complete or accurate, can reveal student’s challenges and struggles. Though
questions remain about what kinds of tasks provide good evidence of students complete and incomplete
integrated science knowledge. A recent document from the National Academy of Science titled, Developing
Assessments for the Next Generation Science Standards (NRC, 2014), states that tasks designed to provide
evidence of integrated science knowledge should have these characteristics:

e “multiple components that reflect the connected use of different scientific practices in the context of
interconnected disciplinary ideas and crosscutting concepts,

o reflect the progressive nature of learning by providing information about where students fall on a
continuum between expected beginning and ending points in a given unit or grade; and

e an interpretive system for evaluating a range of student products that is specific enough to be useful in
helping teachers understand the range of student responses and that provides tools to helping them
decide on next steps in instruction.” (NRC, 2014; p. 130)

The research literature documents that studies describing students’ integrated knowledge on a continuum from
early to late form integrated science knowledge are needed. In particular, we need research that characterize the
products of learning associated with the development of integrated science knowledge.

Alternative Integrated Science Knowledge (AISK)

While many research groups have focused on students’ alterative science knowledge (e.g. Driver et al., 2008;
Minstrell, 2001; Arslan et al., 2012) their contributions primarily focus on the ways that students misunderstand
content only, e.g., without consideration for how students’ might represent misunderstandings in integrated
science knowledge. For example, Driver and colleagues’ work focused on ways of eliciting students’ alternative
science knowledge using images (Driver et al., 2008), though the images are generally ones produced by others
to clarify how students are thinking about a concept. Similarly, Keeley and colleagues (e.g. Keeley & Tucker,
2016) created a series of books focused on prompts to understand which common misconceptions students
demonstrate. While at times these researchers provided insights about how students reason (e.g. Keeley &
Tucker, 2016) and their certainty about their knowledge (Arslan et al., 2012), in general, there is no systematic
documentation of alternative integrated science knowledge (AISK) existing in the literature.

Students’ Scientific Predictions

Scientific predictions consist of evidence generated to support a claim about an unknown or future event that
can be verified at a later time. Two examples of everyday predictions that individuals encounter are daily
weather reports and predictions about the long-term impacts of climate change. Predictions are an important tool
used by scientists. For example, the Intergovernmental Panel on Climate Change (IPCC) generates predictions
about the future impacts of climate change (IPCC, 2014). Despite the common use of scientific predictions,
those outside science often do not understand how predictions are generated or how they should be interpreted
(Pielke et al., 2003).

As students learn about predictions in the classroom, their construction of predictions has traditionally worked
within the model of the scientific method, focusing on the formulation of hypotheses and hypothesis testing
(Davis & Linn 2000; White & Frederiksen, 1998). A second model focuses on having students revisit their
predictions at the end of a lesson, as a tool, which can help make students aware of how their knowledge has
changed during the lesson (Linn, 2006). In this context, predictions can be used as a powerful tool for
characterizing students’ prior knowledge and initial ideas. Here we think about predictions as a measure of
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progress in students’ understanding, where a student’s initial prediction can serve as a marker of the starting
point.

Based loosely on models of decomposing the science and engineering practice of explanation or argument
building explored by a variety of research teams (Songer, Kelcey, Gotwals, 2009; McNeill et al., 2006;
Windschitl et al., 2008), we have adopted a definition of a scientific prediction that identifies the prediction as
the claim, similar to a claim within a scientific argument, and identifies reasoning and/or evidence as the
supporting material for the prediction (see Lee & Songer, 2003). The supporting material might be evidence
from a previous experiment (evidence), a related scientific definition or principle (reasoning), and/or previous
experience with the phenomenon (prior knowledge or experience). Since a student can use any available related
information in support of a prediction a new term is needed; in this case, the term justification is used. Students’
selection of justification to support their scientific predictions involves a similar process to selecting evidence
from data or selecting appropriate reasoning, an area where students traditionally struggle (e.g. Sadler 2004).
Therefore, in these studies, the process of selecting justification involves identifying appropriate evidence,
experience, or scientific principles to support the prediction. While using justification is an important part of
encouraging students to support their thinking, teachers often fail to push students to use justifications to support
their predictions (Arias et al., 2016).

Study Design

This study is designed to answer the research question: What alternative integrated science knowledge do eighth
grade students demonstrate in response to integrated assessment items? This descriptive study focuses on
characterizing the types of information that eighth grade students demonstrate pre-instruction relative to
assessment task prompts that ask students to develop integrated predictions about the effects of climate change
on species habitats. An assessment was developed that required students to demonstrate their knowledge of the
disciplinary core ideas of climate data through three sub-areas of the science practice of interpretation and
analysis: identification, pattern identification, and data manipulation. The assessment questions required a
variety of levels of prior knowledge of scientific and geographic phenomena through the science practices of
interpretation and analysis. This assessment focused on integrated knowledge designed to be a realistic
replication of a classroom task.

Data Analysis Constructs

This assessment was designed to generate evidence of students’ pre-instruction integrated science knowledge
about potential human impacts on species’ habitat due to climate change. The three dimensions of integrated
science knowledge (e.g., DCI, CCC and SEP) that formed the basis for this assessment is illustrated in Table 1.
The assessment was also designed to provide evidence of students’ abilities to develop integrated knowledge
products about the potential effects of climate change (DCI), analyzing data from models (SEP) to find patterns
(CCCs) to support a prediction (SEP) in integrated science knowledge products. If students were completely
successful, they would demonstrate DCIs about climate change’s effect on species habitat (CCC-cause and
effect) through the SEP of using models to make predictions. The specific DCIs, CCCs, and SEPs associated
with various assessment questions are represented in Table 2.

The assessment also focused on the integrated knowledge of temperature and precipitation data through the
science practices of analyzing and interpreting data and drawing on evidence to construct a prediction (Table 2:
Maps 6, 7, and 8). The term “interpreting data” represents the sub-area of the science practice of “interpreting
graphical displays of data” (NGSS Lead States 2013b, p.57), including finding the locations of a value, or range
of values, found on a map. To do this requires the ability to do three things: recognize which of the climate data
ranges on the legend represents a given range of values, identify the color aligned with that range of values, and
find patches of that color on the map. Since the data represented on the map (Figure 1 and Figure 2) was climate
data, the interpretation task requires some knowledge of the disciplinary core knowledge related to climate
integrated with the science practice of interpretation. The term “analyze” includes: “interpret graphical displays
of data... to identify linear and non-linear relationships” (NGSS Lead States 2013b, p.53), and, “use graphical
displays (e.g., maps...) of large data sets to identify temporal and spatial relationships” (NGSS Lead States
2013b, p.53). Part of the analysis task is focused on the identification of patterns (CCC) within the data (Figure
1). Pattern identification tasks within the assessment required students to use the science practice of data
analysis for identifying patterns related to the disciplinary core idea of weather and climate (Table 1). In the
assessment, students were given the definition of a pattern as: “When something is placed in a way that is not
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completely random [statistically random]. There is an order to the way things look.” Pattern recognition requires
that students notice when there is a non-random organization of the data. The recognition of patterns requires
the ability to observe regularity. When students are asked to describe a pattern, that process requires some
geographic or scientific prior knowledge. Describing a pattern or explaining why it might occur requires
knowledge of geography and scientific processes that might cause the pattern. Pattern recognition was
considered a content dependent scientific practice. While students might observe a pattern, it is possible they do
not recognize it as such unless they have supporting scientific content.

Table 1. Integrated science goal understandings that served as the focus of the assessment

Integrated Science
Goal Understandings

Disciplinary Core Idea

Crosscutting Concept

Science Practice

Analyze  data to
identify values and
patterns in temperature

and precipitation
values.

Analyze  data to
support  predictions

about the cause of an
observed pattern.

Analyze data to make
predictions about the
habitat of species with
given climate needs.

Analyze data to
support  predictions
about the  future

location of a species’
habitat based on given
environmental change.

ESS2.D  Weather and
Climate (Grades 3-5):
Climate describes patterns of
typical weather conditions
over different scales and
variation. (p.47)

ESS2.D  Weather and
Climate (Grades 3-5):
Climate describes patterns of
typical weather conditions
over different scales and
variation. (p.47)

LS4.C Adaptation
(Grades 3-5): Particular
organisms can survive only
in particular environments.

(p.45)

LS4.D Biodiversity and
Humans (Grades 3-5):
Populations of organisms live
in a variety of habitats.
Change in those habitats
affects the organisms living
there. (p. 45)

Patterns (Grades 3-5):
Patterns can be used as
evidence to support an
explanation. (p.92)

Cause and Effect
(Grades K-2):
Events have causes that
generate observable
patterns. (p.83)

Cause and Effect
(Grades K-2):
Events have causes that
generate observable
patterns. (p.83)

Cause and Effect
(Grades K-2):
Events have causes that
generate observable

patterns. (p.83)

Analyzing and
Interpreting Data
(Grades 6-8):

Use graphical displays
(maps) of large data sets
to identify temporal and

spatial relationships.
(p.72)

Analyzing and
Interpreting Data
(Grades 6-8):
Use graphical displays

(maps) of large data sets
to identify temporal and

spatial relationships.
(p.72)

Analyzing and
Interpreting Data
(Grades 6-8):
Analyze and interpret

data to provide evidence
for phenomena. (p.57)

Argumentation

(Grades 3-5):
Construct and/or support
an argument with
evidence, data, and/or a

model. (p.63)

Analyzing and
Interpreting Data
(Grades 6-8):
Analyze and interpret

data to provide evidence
for phenomena. (p.57)

Argumentation
(Grades 3-5):
Construct and/or support
an argument  with
evidence, data, and/or a
model. (p.63)

Note: Statements in columns 2-4 of this table are direct quotes of the elaborated dimensions found in NGSS
Volume 2: Appendixes, page numbers refer to the page on which the text can be found. (NGSS Lead States,
2013)
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Using the map above with the precipitation layer turned on, answer questions 14-17.
The Southern Bog Lemming likes predpitation between S0 and 149.9 centimeters.

14) Grcle the area where you woulkd expect to find the Bog Lemming in the United States, on the map above.

15) Gircle the areas where you expect to find the Southern Bog Lemming If the United States were getting drier, SO centimeters less preciptation =
everywhere.

16) Write a the Where would you predict to find the Southern Bog Lemming in the United States if the average
precipitation decreased by SOom?

dataora ific concept or definion that Yyour answer to the sdentific question
17) What two backings do you have to support your prediction? Describe them in complete sentences.

n

2)

Figure 1. A precipitation map, with precipitation classified by 50cm bands of annual average
precipitation. Below the map is an example of one of the question bundle that would
accompany this type of map, in this case it is the question bundle associated with map 7

Map 4

Map: Temp Pattern ID

Bl 2o ¢ thew 249 ©
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Annual Precipitation

Use the map with the temperature layer turned on and the explanation of a patter to answer questions 4-6.

A pattern is when something is placed in a way that is not completely random. There is an order to the way things look.

4) Draw a border around an area with a pattern.

5) In a complete sentence, desaibe how the pattern locks.

6) In complete sentences, describe what might cause that pattern?

Figure 2. A temperature map, with temperature classified by 5 degree celsius bands of annual average
temperature. Below the map is the question bundle that accompanied map 4
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The second type of analysis task includes the adjustment of data values by a constant change to represent
changing environmental conditions (Figure 2). After recognizing magnitude and direction of the change,
students then adjust the values represented by the various colors to reflect the change, and circle the new areas
satisfying the data range. Data adjustment was considered a scientific practice, because it requires students to
visualize a constant change in the data.

Finally, the students were required to apply observations from a map as justification in support of a scientific
prediction in answer to a scientific question (Table 2: Questions 13, 17, and 19). This required the student to
select a supporting observation or pattern from the data represented on the map associated with the answer to a
scientific question and to describe that observation or pattern in words as evidence. Predictions included a claim,
and two justifications. The two justifications could include data, a scientific concept, or a definition that
supports their answer to the scientific question. Because this task was intended to focus on interpretation and
analysis, students’ knowledge of scientific phenomena and political labels was intentionally kept to a minimum
in the assessment task, but it was a component of all aspects of the process.

Implementation of the Assessment

Middle grade students have prior experience with maps in a variety of contexts and circumstances both in and
out of the school environment. In addition, students might have experience with the disciplinary core knowledge
related to human impacts on climate change, species’ habitats, or climate change. These experiences and
knowledge serve as foundational DCI knowledge that students draw on when demonstrated integrated science
knowledge, such as the analysis of climate data or interpreting a climate model.

The assessment tasks utilized an online visualization tool (Peters & Songer, 2013) for the presentation of
geographic visualizations. As shown in Figure 1 and Figure 2, the assessment questions were presented on the
same webpage as the tool. The complete set of assessment items is presented in Table 2, and each change in
webpage is represented by the row labeled with a map number. For each page of the assessment, a single
question, or a set of questions was associated with a single map of temperature or precipitation data. When a
student changed maps, or set of questions, the map would reset to the original settings thereby providing
students with a blank map on which to begin the next question. The exception to this was for map 8, for this
map, students were provided with the circles that they created when answering the questions for maps 6 and 7.
Students completed the assessment tasks on a laptop during a free period. The assessment tasks were designed
so that evidence of students’ integrated science knowledge as well as the errors and incomplete integrated
science knowledge could be demonstrated by requiring students to circle areas on a map that matched the given
criteria, make predictions about future conditions, and to justify their predictions using any prior knowledge
they had. For example, as seen in Figures 1 and 2, students used average temperature and average precipitation
data as evidence in generating scientific predictions about where they might find specific environmental
conditions. In addition to being aligned with the NGSS (Table 1; NGSS Lead States, 2013), these integrated
knowledge tasks are aligned with standards recommendations from the National Council on Geographic
Education (Bednarz et al. 1994).

Additional Considerations in Assessment Task Design

The amount of prior content knowledge related to climate, climate change, species habitat, and biological
evolution required to be complete the assessment tasks was kept to a minimum by providing data within the task
itself to serve as justification for the predictions, and by accepting any accurate response. Students did not need
to know the names of states within the United States, but were expected to be able to pick out the border
between the US and Canada, and the US and Mexico from lines on the map that outlined the individual states
that make up the United States, since questions required students to “circle the areas within the United States”.

Prior to the data collection with this group of students, the assessment tasks were given to a different group of
students of a similar age and classroom to provide valuable information on the validity of the assessment tasks.
These students were asked to think aloud during the process they used to complete the task. Based on challenges
students had understanding and interpreting the assessment questions, several edits to the tasks were made to
improve the tasks relative to the focal constructs.
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Study Population

The students who completed the assessment consisted of six eighth-grade students in a science focused charter
school in the urban center of a large Midwestern city. The school serves students living anywhere in the city
district, which encompasses almost the entire city. The eighth-grade class that year was composed of 96.4%
African-American students, the remaining <4% being made up of other races; 61% of the students were male,
with only 39% female. Less than 10 students in the school were classified as English Language Learners.

The school was a charter school in a very low SES school district. Of the six students interviewed, two students
were female, and one student was of an ethnicity other than African-American. The students were from different
classroom sections, but they had the same science teacher. The teacher selected students who represented a
range of abilities to participate in the study. Students’ abilities were based on their performance in science class.
Since the participants were at the very end of their eighth-grade year, they can be considered students
transitioning from the middle grades (middle school) to upper grades (high school). All the students had been at
the school for two or three years and therefore had experience with a research-based National Science
Foundation sponsored curricular units focused on the development of integrated science knowledge in a variety
of different disciplinary core ideas.

Data Collection

Students completed the assessment individually in their science classroom with the teacher present. The teacher
was in a different part of the room focused on completing other tasks. The assessment consisted of 19 questions
that took from 40 to 70 minutes to complete. The assessment was delivered through an interactive assessment
format made up of clusters of tasks. For all questions, students could interact with the maps on the site by
zooming in and zooming out, turning on and off the precipitation and temperature data layers, and circling areas
on the map to identify particular locations. The assessment task began with an example question, that was
focused on introducing the student to the tools and features of the maps, which asked students to locate and
circle the state they lived in. The example was followed by 19 questions which are the focus of this research
study.

For all pilot and research study interviews, the first author was present as students responded to the questions
and a think aloud protocol (Ericsson & Simon 1993) was used. As students completed the task, the first author
prompted the students to provide information about the process they were using to answer the questions, and
why the students selected the particular answers. The assessment completion was recorded using ScreenFlow
(Telestream 2011) software. ScreenFlow software stores a continuous record of the screen of the computer with
a coordinated record of the ambient noise in the room. Recordings consisted of a continuous screenshot of the
students’ screen activities accompanied by audio of the students’ described responses, the think aloud
description of the process they used for answering the question, and the written responses students provided for
the assessment questions.

Data Analysis

Students’ verbal and written responses were initially transcribed. This process of transcription used both the
audio recording and the coordinated screenshots to determine any context specific verbal responses, such as “it’s
right here,” where the student indicated a location with their cursor. In examining students’ responses to the
assessment tasks, iterative rounds of coding (Miles & Huberman 1994) initially characterized written responses
as correct or incorrect.

The coding was based on a pre-established notion of what were correct and incorrect representations of the DCI,
CCC, and SEP based on preliminary trials of the assessment item with a different group of students. Subsequent
coding used incorrect responses as the basis for the development of codes to characterize type and level of
difficulty that the student has with the assessment task, using grounded theory based coding (Patton 2002). The
codes were grouped into broad categories that reflected the types of AISK represented in the students’
responses. These types of error were then sorted into the categories of errors shown in Table 3. At the end of the
description of the types of errors in Table 3 is a reference to the codes in the codebook (supplemental material)
that make up that code.
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Results
Types of Errors

The integrated science knowledge errors that students demonstrated consisted of different combinations of the
DCI, CCC, and SEP, thus resulting in new types of AISK. The errors were categorized into one of five types:

o Error Type 1: Climate Data Interpretation and Analysis: Earth’s Systems + Analyzing and
Interpreting Data.
o Error Type 2: Identifying Climate Patterns: Earth’s Systems + Pattern + Analyzing and
Interpreting Data.
o Error Type 3: Identifying Causes of Climate Variation: Earth’s Systems + Cause and Effect +
Analyzing and Interpreting Data.
o Error Type 4: Justifying Species Range Predictions: Earth’s Systems + Biological Evolution +
Analyzing and Interpreting Data + Argumentation.
@)
Each type of error was associated with several observed categories of error (Table 3). Each category of error
could be ranked on a hierarchy describing the level of the problem (Table 3, right column). The hierarchies were
determined based on whether there was sufficient information to judge the response, and subsequently whether
the student used appropriate information in generating that response. The types of error, and categories of error,
are elaborated with examples from students’ responses. It is important to note that certain types of errors were
only possible on certain questions (see Table 4). For example, students never made an error in pattern
identification when circling on the map.

Students’ Errors When Making Climate Change Predictions

This paper is focused on the types of errors that students in their attempts to demonstrate integrated science
knowledge, e.g., knowledge statements that include both DCI and SEPs or DCI, SEPs and CCCs in an
integrated statement. Since it is difficult to determine the cause of the error, the sections below focus on
describing the errors, not the cause. The errors selected below focus on the difficulties that students had with
making integrated predictions. By focusing on the errors associated with justifying climate change predictions,
we can concentrate on the ways in which we might support students to develop integrated knowledge.

Error Type 1: Climate Data Interpretation and Analysis: Earth’s Systems (DCI) + Analyzing and Interpreting
Data (SEP)

These errors are associated with interpreting and analyzing the data represented in the maps. These were errors
in which students had difficulty coordinating the DCI and the SEP of data analysis to communicate the
information presented. For example, students circled areas that were smaller or larger than the area with the
specified data or they demonstrated errors in interpreting the climate data represented in the maps.

The early part of the assessment focused on identifying climate values on the map. These assessment items
asked students to identify locations with specified conditions (“Analyzing and Interpreting Data + Earth’s
Systems”, Table 1). In students’ responses, they needed to circle the areas that met the specified conditions.
Often students were inexact in their circling, including other data values in with the correct ones (e.g. Figure 3).
At other times the students circled part of the correct response but did not include all the data in their response
(e.g. Figure 4). These responses were a level 2 error (Table 3), because they included correct areas, but also
included incorrect areas, or were missing some correct areas. All the students who participated in the study did
this at least once (Table 4: Error Type 1, Level 2). A third variation within this error type are the instances
where the students circled areas that did not include the correct values (e.g. Figure 5). There were several
different ways that students might do this. The initial comparison between the key and the map might result in
the student picking the wrong color, a level 1 error (Table 4: Error Type 1, Level 1), or the question might ask a
student to do a data adjustment that resulted in the student picking the wrong color to represent the adjusted data
values, a level 3 error (Table 4: Error Type 1, Level 3).

The climate interpretation and analysis tasks revealed the challenges that students had using the information and
clues in the data to assist them to find the correct areas. The initial tasks, questions 1-3, 10, and 14, asked
students to identify values within a given range. Students were challenged by these initial tasks to identify
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values (Table 4: Error Type 1), while most students included some of the correct values, many students missed
part of the range. It was more common for students to circle some of the correct results than none as shown by a
comparison of rows 1 and 2 in Table 3. There was one student who answered more than half of these questions
correctly, student 6.

Error Type 2: Identifying Climate Patterns: Earth Systems (DCI) + Pattern (CCC) + Analyzing and
Interpreting Data (SEP)

These errors focused on students having difficulty describing a pattern they identified in the data. Many students
referred to the data without reference to locations. Two questions required students to describe the patterns they
identified on the map (Table 2, Questions 5 & 8). The students’ descriptions clarified what the student selected
as being a pattern. In their descriptions, students frequently referred to the colors observed in the maps without
reference to geographic information (Table 3: Incomplete Description of Climate Pattern). Since it was difficult
to determine exactly what part of the data the students were describing, these errors were coded as incomplete
descriptions of the climate pattern, a level 1 error (Table 4: Error Type 2, Level 1). For example, student stated:

The pattern looks like its going from blue orange blue orange — Student 2 (Question 5)
The pattern looks like the readings turned to the right, or laid on their right side. — Student 3
(Question 8)

Based on the descriptions provided by the students, it was difficult to determine to what extent their
observations reflected a pattern as defined in the task: “A pattern is when something is placed in a way that is
not completely random. There is an order to the way things look.” (The definition of a pattern included in the
assessment). While students often accurately described something that could be a pattern, their responses often
lacked connection to the data presented or the disciplinary core knowledge that could be integrated into the
response to support their observation.

Error Type 3: Identifying Causes of Climate Variation: Earth’s Systems (DCI) + Cause and Effect (CCC) +
Analyzing and Interpreting Data (SEP)

There were several responses that indicated a lack of accurate knowledge about the causes of climate variation
(Table 4: Error Type 3). These answers were in response to questions that asked students what might be a cause
of the pattern they observed. In these cases, students’ lack of knowledge about climate became apparent in their
difficulty being able to describe the cause of a pattern. These items asked students to, “in complete sentences,
describe what might cause the pattern” (see Questions 6 and 9, Table 2). This phrasing, including “might”, was
intended to allow students unfamiliar with the cause room for speculation, engaging their prior knowledge.
These responses that showed AISK about what causes variation in climate were level 2 errors (Table 3:
Inaccurate Description of Pattern Cause). Some examples of these responses are:

I think that different types of time zones/dates cause different temperatures. — Student 2 (Question 6)
The air pressure as your higher in the atmosphere rather than going lower. — Student 4 (Question 6)

These responses make clear students” AISK about things that can be classified as a cause of varying climates.
Student 2 seemed to have alternative science knowledge about a places’ positioning on the globe being related
to the temperature, and the reason why we have time zones. Some additional probing of the student’s
understanding would clarify the students’ meaning here. This was the most common difficulty with this question
type (Table 4: Error Type 3, Level 2).

Other students did not sufficiently describe the cause enough to understand whether they were relying on an
alternative science idea (Table 4: Error Type 3, Level 1). For example, for question 6, which asked about the
possible cause of temperature patterns, student 1 wrote, “The higher you go the colder it will get.” In this
response, it is unclear what the student means by “higher”. If they meant further north on the map, then their
response was accurate, but if they meant altitude then that information was unrelated to the task. In this
example, additional information from the student would have clarified the response.
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Figure 3. Map of student 3’s response to question 14. The area that the student circled includes many different
precipitation values, particularly in the area identified in the Pacific Northwest. This is also the case for the area
identified in the Southeast though, since there are three different precipitation values in the area identified

Cities -
[ Torm
Annual Temperature o
& (on I

B 25 ¢ thew 2009 ¢
20 € thru 24.9 C
15 € thru 19.9 C
m C thru 14.9 C
D 5 C thru 9.9 C
8 C thru 4.9 C
-5 C thru -.1 C
-0 c theu 5.1 c
-15 C thru -16.1 C
=28 C thru -15.1 C
I 50 ¢ theu 201 ¢

Annual Precipitation [¥]
Figure 4. Map of student 4’s response to question 10. The area that student 4 circled represents one of two

temperature bands that were specified by the question. This error was continued as the student transformed the
data to represent a changing climate in question 11.

o by A
Annual Temperature L 2
5 Bl i s

-25 C thru 29,9 C
28 C thru 24,9 C

15 C thru 19.9 €
18 C thru 14.9 C

5C thru 9.8 C

8 C thru 4.9 C
--.’o C thru -1 C

=18 C thru -5.1 C

=15 C thru -16.1 C
--28 C thru -15.1 C

-38 C thru -20.1 C | !
A

Annual Precipitation 52

Figure 5. A map showing student 6’s response to question 2. The area that student 6 circled is one temperature
band away from the values specified by the question (15°C to 19.9°C). The student’s response does not include
the correct values.
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Error Type 4: Justifying Climate Claims: Earth’s Systems (DCI) + Argumentation (SEP)

Students also made errors when justifying their climate predictions. These errors were demonstrated when
students provided an incomplete description of their justification (level 1), used unrelated information to support
their prediction (level 2), made a prediction statement as justification (level 3), or an alternative idea about the
DCI material included in their justifications (level 4). In other words, students often used something other than
relevant DCI evidence to support their claim. Many students had difficulty relating the DCI associated with
earth systems with the SEP of argumentation to generate justified predictions based on climate data or in
providing sufficient and accurate justification that was scientific and not personal. For example, students made a
variety of errors in supporting their predictions with accurate DCI climate change knowledge for justification.
Students did not receive instruction about constructing predictions supported by justification, and
correspondingly many of the errors were based on the kinds of DCI information that students provided as
justification. It is possible that some of these errors could be attributed to lack of prior knowledge or insufficient
DCI knowledge to identify appropriate support.

Some students used unrelated personal knowledge as justification for their predictions (Table 4: Error Type 4,
Level 2). One example was: “The areas where tornados are most common.” — Student 6 (Question 17)

Neither tornados nor, more generally, natural disasters were discussed in the task. Weather and climate
phenomena were presented in terms of annual average temperature, and the potential for change in those
averages was presented. Another example demonstrates that, if a student referenced information insufficiently, it
was unclear if the student based their reasoning on personal knowledge or information provided in the task. For
example, in this level 1 answer, the student uses vague terms, making it unclear whether the information used is
from the task: “For the [justification] the bog lemming likes the heat so with less rain level and in dry spots it
would like to stay there.” — Student 5 (Question 17). In this example, the student refers to conditions the animal
prefers such as “likes the heat” and “dry spots.” These phrases are referential to a standard level of temperature,
a normal, which is not clearly defined. In this case, “likes heat” refers to an undefined range of temperatures.
While this may appear to focus on minute details, the students were given ranges of values that the bog lemming
preferred which corresponded to specific colors on the temperature and precipitation map. This student
translated those ranges into a personal value system, not clearly specified, and used that system as a justification
for the prediction._Some students used a claim as justification for a different claim, a level 3 error. An example
from a students’ work is:

The plants and animals would die and travel further like the bog lemming to find food. — Student 4
(Question 17).

This student further provided information about what might happen to other animals, after having made a claim
about what they expected to happen to the bog lemming.

Three students made a level 4 error, an inaccurate description of the science process (Table 4: Error Type 4,
Level 4). In response to question 13, student 4 wrote:

if it became hotter, (5 degrees) the [sic] would travel up to a warmer habitat.

This response uses all the correct principles, except that the student adjusted the temperature inaccurately. If the
average temperature were getting warmer, then the location of the animal’s preferred habitat would be where it
had been previously cooler. This error in adjustment is a scientifically based error (Table 3: Inaccurate
Description of Science Process).

Justifications frequently took the form of a description of the process used, a claim, or personal knowledge. This
could indicate the students’ lack of integrated disciplinary core knowledge related to climate change’s impact on
species habitats, although the species’ habitat preferences were provided as were the climate changes (see
“Directions” in Table 2; or see full assessment in supplemental material). Alternatively, it could be that students
struggled to understand the type of information needed to support their claims when drawing from information
on a map and in the item itself.
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Patterns across Students

In looking across student responses as represented in table 4, there are no clear patterns in the level of error that
a student made across the questions. The errors that student 1 made primarily fall in the category of incorrect or
imprecise identification, which speaks to the necessity of basic identification skills for beginning the
assignment. For most students, there was one level of error that was most common for each error type. There
were several students who got 50% or more questions right for a particular type of question, but for the
questions that they got wrong, there was not a distinguishable pattern in the level of error made.

Discussion

This research shows examples of assessment items and student responses that represent students’ progress on
integrated science knowledge. By asking questions that asked students to analyze data to find patterns and make
predictions about the cause and effect of changing climate, these assessment tasks revealed many different
AISK that students held about the cause of climate change and the effects of these changes on species. A review
of the results across all students and tasks reveals these general patterns:

e The use of maps that showed variation in temperature and precipitation seemed to make the task more
complex, increasing the level of difficulty of the associated tasks.

o While most students were successful with the basic identification tasks with this representation, some
struggled with the introductory questions. Those who were successful with identification were
generally challenged by the questions that required them to make an adjustment, describe a pattern,
make a prediction, or describe a possible cause.

e The application questions were frequently more challenging for the students. As a result, these tasks
elicited a wider range of students’ AISK about climate change, its causes and its associated impacts on
species.

e Students’ errors did tend to clump around a single level or two within an error type, but the level in one
error type did not appear associated with whether a student was successful in a different error type.

A common theme across several types of errors was that students’ responses indicated confusion about the cause
of climate variation as an underlying principle, such as differences in latitude being associated with variation in
the range of temperatures typically experienced. Many students in this study struggled with both the application
of and the mechanism for this information. This kind of foundational knowledge, often initiated at the
elementary levels, is one that teachers might want to use to build a knowledge of climate change. These findings
do more than that, they show us several more specific areas where students demonstrated various alternative
science knowledge about how the science content was visually presented, what the science content represented,
and how to use that information to answer complex questions. Each of these areas is a possible place where a
student might need specific scaffolding (Reiser & Tabek, 2014) to develop deep knowledge related to climate
change. The format of these assessment tasks facilitated seeing the challenges that students faced to express
integrated science knowledge about this content.

This research also characterized the types of AISK that students demonstrate about the interpretation and
analysis of climate data, the identification and explanation of climate patterns using data, and the use of data
justifying predictions. This AISK is different from those described by Driver and colleagues (2008) because
they incorporate content and practices together to reveal deeper challenges that students have using their
knowledge of the DCI than might be represented on an assessment item focused on the DCI alone.

Need Assessment Tasks that Characterize Alternative Integrated Science Knowledge (AISK)

The tasks presented here required students to demonstrate their knowledge of disciplinary core idea and
crosscutting concepts through the science practices and therefore students’ progress towards achieving complete
integrated science knowledge. In several of the questions, students were asked to find patterns and make
predictions about the cause and effect of those patterns. These questions proved difficult for students, and as a
result we were able to generate new typologies of AISK that students demonstrate about climate, climate
change, and species habitat that students expressed during the assessment.

These tasks also provided evidence that while some students are able to draw on appropriate DCI knowledge of
climate, climate change, and species’ habitat to justify their predictions, many students demonstrated a range of
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types of errors that fell short of these ideals. Characterizing these errors is the first step in both understanding
students’ progress towards integrated knowledge and in crafting new teaching and learning strategies to help
students become more successful. Though there has been prior work developing and evaluating integrated
assessments (e.g. Gotwals & Songer, 2013), thus far, the focus has not been on characterizing students’
alternative knowledge relative to a standard (Songer & Kali, 2014).

These findings build on the work of others (e.g. Driver et al., 2008; Keeley & Tucker, 2016) in supporting
teachers to identify common alternative science knowledge that students might hold related to core content.
Driver and Keeley and colleagues (e.g. Keeley & Tucker, 2016; Driver et al., 2008) provided information about
challenges that students demonstrate with disciplinary core ideas and provided valuable assessment tasks for
diagnosing students’ alternative science content knowledge. One conclusion that can be taken away from
Keeley’s formative assessments is the value of a clearly written diagnostic tool that explains students’
responses. Building on that work, these results provide useful information so that teachers can more easily
identify and address students” AISK when developing and demonstrating integrated knowledge. In addition, this
work presents the analysis tools used to interpret the alternative integrated knowledge represented in students’
responses. These analysis tools can serve as a model for diagnosis tools that describe the possible answers you
might receive to these constructed response questions. Building on the work that Keeley has done in developing
formative assessment probes to understand students’ misconceptions and making them available and useful for
teachers, this work suggests the value of an additional type of formative assessment probe that reveals a range of
integrated alternative science knowledge.

Moving Forward

The examples presented here show the need for formative assessments that support teachers to identify the
challenges that students have developing integrated knowledge. This research also shows that students can
express integrated knowledge even when the disciplinary core ideas are challenging for students. When content
is more complex, such as climate change, students’ ability to draw from that content knowledge towards the
creation of integrated knowledge products is considerably more challenging. In such difficult content areas,
asking students to create integrated predictions can be a tool for revealing students’ challenges in successfully
combining the content with science and engineering practices.

These findings also provide examples of AISK that middle grade students demonstrate in response to integrated
assessment items. The work presents a first attempt at an integrated science knowledge continuum to which the
students’ progress can be compared. This work has potential to be used for the development of formative
assessments and teaching strategies to support students’ developing integrated understandings.
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