Downloaded via GRAND VALLEY STATE UNIV on July 2, 2020 at 12:57:42 (UTC).
See https://pubs.acs.org/sharingguidelines for options on how to legitimately share published articles.

This is an open access article published under an ACS AuthorChoice License, which permits
copying and redistribution of the article or any adaptations for non-commercial purposes.

ACSEDITORS'
JOURNAL OF THOICE

GHEMIGALEDUCATION

pubs.acs.org/jchemeduc

Development and Validation of Scientific Practices Assessment
Tasks for the General Chemistry Laboratory

Norda S. Stephenson, Erin M. Duffy, Elizabeth L. Day, Kira Padilla, Deborah G. Herrington,
Melanie M. Cooper, and Justin H. Carmel*

Cite This: J. Chem. Educ. 2020, 97, 884-893 I: I Read Online

ACCESS | [l Metrics & More | Article Recommendations ‘ @ Supporting Information

ABSTRACT: The development of proficiency in the practices used by scientists and engineers is considered an important student
outcome of laboratory instruction. We developed tasks to assess students’ use and development of selected scientific and engineering
practices in the general chemistry laboratory using an adapted evidence-centered design approach. In this paper, we provide a
detailed description of the process of development and validation of these assessment tasks, using one of our tasks to illustrate the
process. The tasks show strong evidence of validity and reliability for revealing students” understanding of scientific and engineering
practices within the research context.
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Bl INTRODUCTION in these documents have been used with general chemistry
students,">'” and the Framework has potential for application at
all levels of chemistry education from K—20.°"** Table 1
provides a listing of the SEPs and their descriptions for grades
9—-12.

The vision of the Framework and the NGSS is to use the SEPs
as a means for students to demonstrate that they are able to

The development of proficiency in the practices used by
scientists and engineers is considered an important student
outcome of laboratory instruction. The college science
laboratory has been identified as an arena which has the
potential to help students develop understandings of the ways
that scientists behave."! With its longer duration, lower

instructor—student ratio, and less formal environment, the apply knowledge for a more coherent and meaningful learning
laboratory is viewed as a place conducive to learning and experience. Making determinations about students’ under-
providing opportunities for students to practice scientist-like standing and proficiency in using the SEPs requires assessment
behaviors such as asking questions, analyzing and inter(})reting that is well-suited to measuring these constructs. However,
data, constructing explanations, and argumentation.z_l How- assessments have traditionally focused on what students know
ever, there has been much imprecision in the vocabulary used to (the science content), rather than what they can do with that
describe the actions and behaviors of scientists, resulting in knowledge (the SEPs),”>*" and so there is a great need for
various descriptions. For example, in addition to the behaviors assessments that incorporate the SEPs. One major challenge
mentioned above, there has been significant research examining with developing assessments targeting the SEPs is that the
students’ proficiency in more amorphous ideas such as critical process is difficult and time-consuming.”**’ The development
thinking," ~"* problem-solving,'* and inquiry."” of high-quality assessments of the SEPs requires an in-depth

The Framework for K-12 Science Education'® and the Next understanding of the practices themselves, knowledge of the
Generation Science Standards (NGSS)17 describe eight scientific inter-relationship between the practices and the chemistry
and engineering practices (SEPs) which detail the performances content, and a “realization that practices are not merely
with which students are expected to gain proficiency in their K— pedagogical strategies”.”® While cognizant of the challenges of
12 experience. These practices—asking questions and defining developing assessments targeting the SEPs, responding to the

problems, developing and using models, using mathematics and
computational thinking, analyzing and interpreting data,
engaging in argument from evidence, planning and carrying
out investigations, constructing explanations and designing
solutions, and obtaining, evaluating and communicating ] ————
information—might be considered the disaggregated compo- Rec.elved: September 24, 2019 ; EHUFMM
nents of scientific inquiry, behaviors that scientists and engineers Rev‘?ed: February 17, 2020 g,
regularly negotiate. These behaviors embody what we want Published: March 14, 2020
students to be able to do with their science content knowledge. ;
While the Framework and the NGSS were primarily intended for =)
a K—12 audience, curricula aligned with the principles set forth

challenge also represents an opportunity to present a more
complete and holistic picture of science that is more reflective of
the scientific enterprise. There is also opportunity to influence
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Table 1. Scientific and Engineering Practices and Their Descriptions”

Scientific and Engineering Practice

Asking questions and defining problems

Developing and using models
the natural world

Planning and carrying out investigations

mathematical, empirical, physical)

Analyzing and interpreting data

Using mathematics and computational
thinking

Constructing explanations and designing
solutions

Engaging in argument from evidence
world

Obtaining, evaluating, and communicating
information

“See ref 17.

Brief Description of Practice

Composing, refining, and evaluating empirically testable questions

Constructing and applying models to predict and demonstrate relationships between systems and their components in
Designing and executing investigations that provide evidence for, and test questions and models (conceptual,

Comparing data sets for consistency, and using models to generate and analyze data

Using mathematical and computational tools to analyze, represent, and model data
Constructing and revising explanations that are supported by multiple sources of evidence consistent with scientific
ideas, principles, and theories

Using appropriate and sufficient scientific reasoning to defend and critique claims and explanations about the natural

Acquiring, assessing and communicating information, evidence, and ideas through multiple channels

curriculum development, instruction, assessment, and ultimately
student learning,

The National Research Council’s introduction of the eight
SEPs in which scientists regularly engage has served to dispel
much of the imprecision which has surrounded the things that
scientists do. Elaboration of the SEPs brings a degree of
consensus and clarity around a construct that was previously
awash with ambiguity and uncertainty, and provides *
enhanced professional language for communicating meaning”.*®
Having this clearer and more consensual understanding of the
practices of scientists and engineers also allows for more
systematic measurement and assessment.”* Our work focuses on
the development and validation of assessment tasks to measure
students’ use and development of the SEPs in the general
chemistry laboratory. We have chosen to “foreground” the SEPs
because they encapsulate the behaviors that we want students to
demonstrate in a general chemistry laboratory and can therefore
serve as standards for assessing what we want to happen in the
laboratory. In this paper, we describe our process of develop-
ment and validation for these items.

Assessment Design Framework

Evidence-centered design (ECD) has been described as a
“principled framework for designing, producing, and delivering
educational assessments”.* The ECD approach is based on the
idea that assessment is an evidentiary argument,”"** borrowin
from Toulmin’s model of argumentation” and Messick’s***
work on validity in assessment. As an evidentiary argument,
assessment consists of claims about what students should know
and do, evidence in the form of observations, behaviors, or
performances that students have the desired knowledge, and
tasks that the student will perform to communicate their
knowledge or elicit the expected evidence.’®*” The three central
components of the ECD are the student model, the evidence
model, and the task model.>"**7*° Table 2 shows these critical
components and provides a brief description of each.

The Framework and the NGSS support the use of an evidence-
centered design approach for developing assessment tasks that
target the SEPs. ECD can enhance the traditional assessment
development process in a number of important ways through the
following:

(i) a demand for specification of evidence (which allows for
easy identification of areas in which students are strong or
deficient)

(ii) arequirement for evidence forms which are directly linked
to claims

885

Table 2. Central Components of the ECD and Their
Descriptions

Central
Component

of ECD” Brief Description of Component

Student Specifies the knowledge/skills that we want students to acquire
Model

Evidence Points to specific performances, observations, and/or behaviors
Model that provide evidence of students’ proficiency in the desired

knowledge
Task Model ~ Provides tasks with which students will engage to demonstrate

their proficiency in the desired knowledge
bSee refs 38—40.

(iii) an emphasis on students’ “demonstrations” of what they
know

(iv) a focus on improving the specificity and transgarency of
assessment and curricular materials developed””**

Pellegrino41 and Harris, Krajcik, Pellegrino, and McElhaney42
have described how the ECD framework can be used to develop
assessment tasks to measure science proficiency. While we also
employ an ECD approach in our work, we use an adaptation of
the ECD framework, focusing on the three main models of the
ECD framework (i.e, student, evidence, and task models).
Harris et al.* designed assessment tasks for use with middle
school science students; we are focused on developing tasks to
assess students’ proficiency in the SEPs in the general chemistry
laboratory.

B METHODOLOGY

Research Design

This report on the development and validation of SEPs
assessment tasks for the general chemistry laboratory forms
part of a larger project which uses a mixed methods design in
understanding students’ use and proficiency in the SEPs in the
general chemistry laboratory.

Below we detail the process that we employed in developing
and validating these assessment tasks. To illustrate aspects of this
process, we share from one of our tasks, the Combustion Task.
Two additional tasks, along with a list of all the tasks developed
and the SEPs addressed by each are included in the Supporting
Information.

Convening the Project Team

A team of experts (n = 7) consisting of four professors and three
postdoctoral researchers with over 40 combined years of

https://dx.doi.org/10.1021/acs.jchemed.9b00897
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Table 3. Alignment between Scientific and Engineering Practices, Key Elements, and Evidence Statements

Scientific and Engineering

Practice (SEP) Key Element: Claim

Engaging in argument
from evidence (EE)

Analyzing and
interpreting data (AI)

Construct a scientific argument showing how data support a claim

Analyze data systematically, either to look for salient patterns or to test
whether data are consistent with an initial hypothesis

Evidence Statements

Make a claim based on data
Identify data that support claim
Explain how data support claim

Use a graph, table, or equation based on data to make a claim
about relationship between variables

Given data, generate a plot/graph (with appropriate axes
labels and units) to illustrate patterns

experience in chemistry education research guided the task
development and validation process. The areas of expertise
within the team include curriculum development, curriculum
materials development, assessment development, laboratory
learning, and quantitative and qualitative data analyses. All
members of the team have intimate knowledge of the general
chemistry curriculum. The establishment of this team (of
experts) is consistent with guidelines and recommendations for
establishing validity for the kinds of assessment tasks developed
through this project."”*’ The team provided content and
construct validity evidence for the tasks as team members made
judgments about the alignment between the key elements,
evidence statements, prompts, and targeted responses.*”*
Recursive feedback from the project team throughout the task
development process continued until a general level of
consensus was achieved. More details about the team are
provided in the Supporting Information.

Defining the Research Parameters

With the establishment of the project team, we progressed to
identifying the SEPs of interest from the Framework and NGSS,
narrowing our focus to a few practices: planning and carrying out
investigations, analyzing and interpreting data, constructing
explanations, and engaging in argument from evidence. This
focus on a few, rather than all the practices, was deliberate and
consistent with our goal to develop quality items that provide
valid and reliable data—a goal that requires substantial time for
achievement. These four practices were chosen by our team of
experts because they involve laboratory work and are practices
that all instructors (traditional and nontraditional) are likely to
expect their students to be able to demonstrate in a general
chemistry laboratory environment.

Having identified our SEPs, we then outlined several criteria
for the tasks we wanted to create. They needed to (i) align
closely with the specific capabilities included in each practice
outlined in the NGSS for grades 9—12, (ii) target the
development of the SEPs, (iii) be embedded in chemistry
contexts, and (iv) avoid heavy content-dependence.

We recognize that there are differences in the general
chemistry laboratory curricula across institutions and so not
all general chemistry students are exposed to the same
experiments. To make our assessment tasks more equitable
and accessible for a wider general chemistry laboratory
population, we tried to provide support for any necessary
chemistry content or techniques so that students who are not
familiar with the contexts in which the tasks are embedded are
not disadvantaged.

Deciding on Appropriate Evidence

We identified the statements about what students should know
and be able to do (that is, the key elements) for each practice of
interest for grade 12 from the NGSS and the Framework. We
chose to use key elements for grade 12 as students near the end
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of their high school careers are not very different from students
early in their university career. The identified key elements
served as the claims in the student model of our ECD
framework. However, given the relative complexity and
bulkiness of these learning goals, they were unpacked to reveal
smaller, more manageable evidence statements that pointed to
specific performances that would provide the evidence that
students possessed the desired understandings. In unpacking the
key elements for each practice, we articulated specific perform-
ances, observations, and behaviors to be demonstrated by
students that would serve as required evidence of proficiency
with the practice.”*” We also considered what evidence is
important and appropriate for proficiency at the level of general
chemistry. Table 3 shows the relationship among the evidence
statements, key elements, and the associated SEP.

Designing Tasks and Scoring Rubrics

Consistent with the ECD framework, we progressed to the
designing of tasks with which the students would interact.
Although we kept the contexts of the tasks largely familiar to
those completing a general chemistry laboratory course, the
tasks and prompts were designed to bear little resemblance to
traditional assessment tasks that students were likely to
encounter in their texts or online. Keeping in mind issues of
cognitive complexity, vocabulary, and educational level, team
members crafted initial drafts of tasks with prompts designed to
elicit the specified evidence. Generally, initial iterations of tasks
were written as multipart, open-ended prompts with simple
sentence structures, and were designed to take no more than 15
min of students’ time for completion.

Analytic scoring rubrics to evaluate students’ responses on
each prompt were developed alongside tasks. The development
of the rubrics was informed by the evidence statements which
specified the performance that would be accepted as evidence
that a student had the requisite skill, the target responses
(expected responses or performances written by the team), prior
rubrics on practices, and levels of sophistication within student
responses.’”*’ Student responses on earlier, more open-ended
versions of the tasks served as the basis for the different levels of
sophistication, highlighting what ideas students have and how
they connect together to create a coherent expression.””"” The
initial iteration of the Combustion Task is shown in Figure 1
below.

Task Testing and Refining

Task testing and refining is a crucial step in the task development
process as it contributes to the validity process by providing
content and response process validity evidence. Content validity
evidence focuses on the extent to which the task prompts align
with the construct (SEP) being measured, and includes
procedures for prompt development and scoring such as use
of an expert panel and pilot testing and revision.””*" Response
process validity evidence “assesses the alignment between

https://dx.doi.org/10.1021/acs.jchemed.9b00897
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magnesium ribbon is burnt in air in a crucible.

Its mass will increase.
Its mass will decrease.

[ ]
[
L ]
e Other.

ii. Explain the reason for your choice.

Phlogiston theory is an early theory to explain combustion (i.e. what happens when substances
burn). In brief, the theory states that all combustible substances contain a substance called
phlogiston, and when these substances burn, phlogiston is released into the air.

A group of students carried out an experiment to investigate what happens when a piece of cleaned

i. Predict what will happen when the magnesium ribbon is burnt in air.

Its mass will remain unchanged.

The table shows some of the data the students collected.

Mass (g)

Mass of crucible

15.216

Mass of crucible + cleaned magnesium ribbon

16.230

Mass of crucible after heating

16.906

ii.

Do the data support or refute the phlogiston theory?
Support your response with evidence.

Figure 1. Initial iteration of Combustion Task.

participant responses or performance and test construct”,45 and
is often obtained through the use of cognitive interviews to
ascertain that students’ interpretations of prompts and the
intended interpretations are in alignment.

The Combustion Task was designed primarily to elicit
evidence of students’ use and understanding of the engaging in
argument from evidence SEP, particularly targeting evidence
statements associated with constructing a scientific argument.
With the exception of the first prompt which was deliberately
written at a low level of difficulty and as a selected response item
to help students feel at ease with the task, the prompts on the
initial iteration of the task (Figure 1) were written as constructed
response items.

Iteration 1 of the Combustion Task (Figure 1) was printed on
Livescribe paper (digital pen and paper technology) and
administered to a small group of students (n = S) similar to
the target population. Using a concurrent think-aloud protocol,
students were instructed to talk aloud about their reasoning as
they responded to the prompts using a Livescribe pen. The use
of the Livescribe paper and pen allowed for students’ written
work to be recorded and connected exactly to their verbal
expressions. After completing the think-alouds, students were
asked to provide feedback through short semistructured
interviews aimed at determining readability and clarity of each
prompt. (Questions posed to students included: Looking back at
the questions you just answered, were you uncertain about what you
were being asked to do in any of these questions? Were there any
terms used in the wording of the questions with which you were
unfamiliar or did not understand? How would you word this
differently to convey the idea that. . .?). Student feedback
responses were summarized immediately following the inter-
views, and were used to improve the readability and clarity of the
prompts.
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Analysis of student responses on this initial iteration of the
task revealed that the prompt designed to aim at the heart of
argumentation (prompt (iii), “Do the data support or refute the
phlogiston theory? Support your response with evidence”, did not
elicit responses that provided evidence of students’ ability to
construct a coherent scientific argument. Some students
provided unhelpful responses (such as “yes” and “no”) to the
first part of the prompt (“do the data support or refute the
phlogiston theory?), which suggested a need for greater clarity in
the structuring of the prompt. In addition, students did not use
the data provided as a part of the task to “support your response
with evidence” as intended: only 1 of 5 students attempted to use
the data provided to carry out any calculation to provide
evidence in support of their claim. Three (3) of the 5 responses
made no reference at all to the masses provided. However,
student feedback indicated that the prompts were of adequate
readability and clarity.

On the basis of our analysis of student responses, we revisited
prompt iii —“Do the data support or refute the phlogiston theory?
Support your response with evidence”. The clarity issue which the
team detected in the first portion of this prompt was fairly easily
resolved by separating the question into parts so that “do the data
support the phlogiston theory” was distinct from “do the data refute
the phlogiston theory”. The team also revisited the second portion
of prompt iii—"support your response with evidence”. Previous
work focused on designing prompts to elicit evidence of student
reasoning has shown that novice learners are often unsure of
what to attend to in answering questions. In investigatin§
students’ reasoning about acid—base reactions, Cooper et al.*
found that it was necessary to separate the explanation prompt
into two separate prompts (describe what is happening and why it
is happening) in order to provide students with more structural
cues about what was expected in their response, and to elicit

https://dx.doi.org/10.1021/acs.jchemed.9b00897
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Phlogiston theory is an early theory to explain combustio

the phlogiston is released into the air.

air in a crucible (heat-resistant dish).

1. If phlogiston theory is valid (true), predict wha

when it is burnt in air.

® |ts mass will increase
® |ts mass will decrease
® |ts mass will remain unchanged

because....
e  phlogiston is added
e  phlogiston is released

The table below shows some of the data the students col

theory states that all combustible materials contain a substance called phlogiston, and when these materials burn,

A group of students carried out an experiment to investigate what happens when a combustible substance is burnt in

matter cannot be created or destroyed
—

n (i.e. what happens when substances burn). In brief, the

t will happen to the mass of the substance in the crucible

Connecting Sentence Frame

Students are alerted that
responses in the first and second
portions of the prompt are
related

lected.

Mass (g)

Mass of empty crucible

15.5

Mass of combustible substance before burning

1.0

Mass of crucible + combustible substance after burning

17.0

3. Based on the data and your calculations above, what h
it was burnt in air?

Its mass increased.
Its mass decreased.
Its mass was unchanged.

4. My calculations
[ ]

support the phlogiston theory because...

. refute the phlogiston theory because ...

2. Use a calculation to show what happened to the mass of the combustible substance after burning.

appened to the mass of the substance in the crucible when

Focusing Sentence Frame

Students are prompted to focus
their reasoning on how their
calculations support/refute the
theorv

Figure 2. Final version of Combustion task showing use of sentence frames.

their thinking.*® We reasoned that a similar type of revision was
needed to our prompt as students appeared to find the claim to
be complex, and so we revised this portion of the prompt to
provide students with more structure about what we expected
them to include in their responses. The need to provide students
with more structure and explicit, careful scaffolding in designing
assessments to elicit evidence of student thinking and under-
standing has also been underscored by a number of other
authors.>*"*> We therefore divided the “support your response
with evidence” prompt into

e “describe/show the calculations you performed on the
data to obtain evidence to support or refute the phlogiston
theory”

“explain how the data support or refute the phlogiston
theory”

After these modifications to the initial iteration of the
Combustion Task, the task (Iteration 2) was administered to
students similar to the intended target population. A random
sample of 30 student responses was selected for closer
examination by the project team. The team focused primarily
on student responses to the modified prompt (“describe/show the

calculations you performed on the data to obtain evidence to support
or refute the phlogiston theory” and “explain how the data support
or refute the phlogiston theory”). Examination revealed that more
than half (®/5,) of student responses did not make reference to
or use the data provided when responding to the prompt
“describe/show the calculations you performed on the data to obtain
evidence to support or refute the phlogiston theory”, and of those
who did, only 1 student actually showed a calculation. In fact, 4
students indicated that “all calculations have already been made
that I would make” and “no calculations were necessary”. The
intended calculation was a simple subtraction (17.0 g—15.5 g),
which we would expect any student in general chemistry to know
how to do. However, the fact that more than !/ , the students
were not doing this indicated to us that our prompt as written
was not adequately eliciting students’ understandings. Student
responses to “explain how the data support or refute the phlogiston
theory” revealed that only "2/, students made a link between the
calculation they were asked to perform and phlogiston theory.
These observations led to revisions on Iteration 2 of the task.
Table 4 summarizes the main modifications made on the first
two iterations of this prompt and provides justification for these
modifications. The multistage, recursive, and iterative process of
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revision and testing was repeated until we had an iteration of the
task that most students interpreted as intended and that elicited
student reasoning. (A similar process was applied in the
development of all tasks.)

The change in the ordering of the final prompt/set of prompts
from the second iteration (see Table 4) to the final task version
(Figure 2) was considered to be a more logical way of organizing
the prompt and also made it more accessible to students. Asking
students to carry out the calculation and then make a claim based
on the result of that calculation provided a more straightforward
approach than in the earlier iteration where students made a
claim about the data and then performed the calculations to
support that claim. The final task version also included the use of
sentence frames as additional scaffolding for the task.*® Focusing
sentence frames help students to zero in on the pertinent aspects
of the task, and connecting sentence frames prompt students to
look for linkages among related components.*® In this task we
used focusing and connecting sentence frames whenever
students failed to recognize that two prompts/parts were
related. While the frames did not make the connection for
students, they helped to focus their attention on key issues and
provided them with better opportunities to demonstrate their
proficiency in the practices. The use of sentence framing with the
Combustion Task is highlighted in Figure 2.

The final task version also shows the simplification of the mass
data that students were provided with (referred to in Table 4), as
well as the removal of the “Other” option under prompt (i)
“Predict what will happen when the magnesium ribbon is burnt in
air” in the initial iteration. This option was removed as it was not
an option that students selected over a number of iterations,
indicating that it was not a good distractor. When compared
with the initial iteration of the task, the final version incorporated
a greater mix of selected and constructed response prompts. The
use of constructed response prompts only, or a combination of
constructed and selected response prompts for assessment tasks
finds support in the literature; the sole use of selected response
prompts is not considered adequate to capture students’
thinking and understanding nor to provide strong evidence of
students’ engagement with the practices.'®*>*"® Selected
response options were used in cases for which we observed
that the majority of students gave a small number of relatively
short answer options. For example, the writing of the second
portion of prompt 1 (Figure 2) with selected response options
arose out of the fact that when students (n = 17) were asked to
explain the reason for their choice of one of the options in the
first portion of the prompt, more than 75% of student responses
surrounded phlogiston being released or added, or mass being
conserved. Therefore, the selected response options were
generated by a reduction of actual student responses (correct
and incorrect) on the open-ended prompts after coding for
frequently recurring responses. These student responses made
the most suitable choices for selected response options as they
use actual student language,54 thereby contributing to the
quality and authenticity of the design process.*® A portion of the
rubric for the final version of the Combustion Task is provided
in Table 5. The full rubric can be found in the Supporting
Information.

In preparation for full implementation of the final task, the
task was administered to students similar to the intended
population. Randomly selected responses (n = 100) were
examined by the project team. This examination showed that on
prompt 2 of the final task (Figure 2)—"“use a calculation to show
what happened to the mass of the combustible substance after
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Table S. Portion of Scoring Rubric for Combustion Task

Target Response

Level 2

Level 1

Level 0

Evidence Statement

Prompts

Its mass will decrease because
phlogiston is released

Consistent and
correct

Consistent but
incorrect

Incorrect and Inconsistent;
Correct but inconsistent

Make a claim based on
theory/model/data

because. . .

If phlogiston theory is valid (true), predict what will happen when the
combustible substance is burnt in air. .

Its mass increased

Consistent with
calculation

Inconsistent with calculation

Make a claim based on
theory/model/data

Based on your calculation, what happened to the mass of the substance in the
crucible when it was burned in air?

https://dx.doi.org/10.1021/acs.jchemed.9b00897
J. Chem. Educ. 2020, 97, 884—893


http://pubs.acs.org/doi/suppl/10.1021/acs.jchemed.9b00897/suppl_file/ed9b00897_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.jchemed.9b00897/suppl_file/ed9b00897_si_001.pdf
pubs.acs.org/jchemeduc?ref=pdf
https://dx.doi.org/10.1021/acs.jchemed.9b00897?ref=pdf

Journal of Chemical Education

pubs.acs.org/jchemeduc

burning’—71 students carried out mathematical calculations;
while on prompt 4 “my calculations support/refute the phlogiston
theory because. . .”, 64 student responses provided reasoning
focused on changes in mass related to their calculations. Analysis
of the responses to the prompt “use a calculation to show what
happened to the mass of the combustible substance after burning”
revealed that just about 25% of the responses were consistent
with the targeted responses while another 20% were only
partially consistent. The remaining responses were not
consistent with the expected responses. This indicates to us
that the scaffolding provided, while helping to elicit more
student thinking, does not overestimate student thinking.

The final tasks were administered to General Chemistry I and
II students across three institutions in the United States (one
large research university in the Southeast, one large research
university in the Midwest, and one large primarily under-
graduate institution in the Midwest) via Qualtrics, an online
survey platform. The tasks were administered during the first 2
weeks and the final 2 weeks of the semester.

Establishing Validity and Reliability

Anchoring our design process in a sound theoretical framework
was a key step in maximizing content and construct validities.
The ECD framework, with its attendant demands for claims,
evidence, and tasks, is well-suited for assessing complex abilities
and knowledge.””*’ Content and construct validity were further
established through close adherence to the descriptions of the
SEPs set forth in the NGSS (Appendix F) and Framework
documents, and the use of our team of experts in developing
each task. Development of the prompts for each task required
several rounds of negotiation among the members of the
development team, consistent with the iterative nature of ECD.
Response process validity was established through the use of
think-alouds. The team and a cohort of students representative
of the target population established face validity.

To establish the reliability of our rubric, five coders
independently scored the same 10 sets of student responses
chosen at random from our data set. Interrater reliability was
computed using Fleiss’ kappa, an extension of Scott’s pi index for
multiple raters, which measures the overall agreement
probability among raters, adjusting for the probability of chance
agreement.”> >’ Our initial round of scoring returned kappa
values that indicated moderate to substantial agreement among
the raters. Following discussion and refinement of our rubric, we
then took a second set of 10 randomly chosen responses and
repeated the scoring process. The resulting kappa values after
this second round were between 0.75 and 1.00 for all prompts,
indicating substantial agreement.*®

B SUMMARY

Students’ development of proficiency in the practices used by
scientists and engineers is an important outcome of laboratory
instruction. We have developed assessment tasks that fore-
ground the SEPs to measure students’ use and development of
the SEPs in the general chemistry laboratory. We have found the
process of designing and developing assessment tasks that allow
students to demonstrate their proficiency in the practices to be
recursive, iterative, and complex. However, without high quality
assessment tasks that demand evidence of what students are able
to do, there will always be questions about whether meaningful
learning has occurred or not.

In this paper we described how we used an adapted ECD
approach in the development and validation of assessment tasks
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targeting the SEPs of constructing explanations and designing
solutions, engaging in argument from evidence, analyzing and
interpreting data, and planning and carrying out investigations
for students in the general chemistry laboratory. The final
versions of the tasks show strong evidence of validity and
reliability, and are therefore more likely to reveal student
thinking and understanding in the SEPs, leading to valid
conclusions. In our next paper we will explore the levels of
sophistication within students’ responses on some of these
assessment tasks and discuss students’ proficiency in our
practices of interest.

B IMPLICATIONS

We believe that the tasks that we have developed are useful as
research tools for assessing the effectiveness of interventions
designed to influence students’ proficiency in the SEPs, as well as
for pinpointing particular areas of weakness within a practice for
more targeted intervention. We also believe that they can
provide important evidence to instructors regarding students’
abilities to use particular SEPs that can be used to inform
laboratory curriculum development and support for students as
we move toward three-dimensional instruction.'®'” Although
this paper addresses the development and validation of these
tasks for use in the general chemistry laboratory, the tasks may
be used across instructional levels.

We do not present these tasks as substitutes for three-
dimensional assessment tasks; they do not invalidate or replace
the need for three-dimensional assessment tasks. Instructors
may use these tasks as scaffolds to prepare students for three-
dimensional assessments, or they can work alongside three-
dimensional assessments in which instructors want to
specifically target students” development and proficiency in the
SEPs. Whether instructors use these assessments as preparatory
or supplementary, we suggest that they be integrated into the
curricula as part of a coherent framework for developing
students’ proficiency in using the SEPs. This is likely to require
some reflection and perhaps reorganization as instructors
consider how, where, and why particular tasks might be
integrated into their existing laboratory curricula. Without a
clear and explicit plan about how these assessments fit into their
instruction, these tasks are unlikely to provide very useful
feedback to instructors, and may send incorrect signals to
students about what is valued in the course.

While the process of developing and validating the assessment
tasks was iterative and required several revisions to identify the
appropriate level of scaffolding, recognizing the importance of
focusing and connecting sentence frames has streamlined this
process for subsequent prompts. Additionally, although a
common concern with the use of such scaffolding is that you
are “giving the answer away” and though it is possible to
overscaffold, student responses indicate that without the
appropriate level of scaffolding we are not fully eliciting evidence
of what they are able to do with respect to each practice.
Moreover, even with scaffolding, students not proficient in the
practices appear unable to provide consistent and/or complete
responses.

B LIMITATIONS

These assessment tasks were developed to be used with students
at the level of general chemistry laboratory (or above) and have
not been tested with other populations. The tasks are, by design,
embedded in chemistry contexts and therefore may not readily
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transfer across science disciplines. Additionally, validity and
reliability can only be established for the data used in this study.
As these tasks are not reliable or valid for all circumstances and
populations, there is a need to re-establish reliability for each
new data set with which the tasks are used.”

Having limited our scope to four of the eight SEPs, we do not
currently have any tasks targeting the practices of asking
questions, developing and using models, mathematics and
computational thinking, and obtaining, evaluating, and
communicating information. The development of tasks in
these practices is a possible future direction for the project.
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