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Abstract
One way to bring about change in higher education is to introduce professional development programs

for higher education, however these programs have been found to be ineffective at promoting positive

change for individuals and departments. To address the need for better programs, I worked on two projects:

one project attempts to identify a way to improve Responsible Conduct of Research training and the other

project is an assessment designed to be distributed in a Thermal and Statistical Physics course that supports

instructors on improving their curriculum.

Many scientists view science as value-free, despite the fact that both epistemic and non-epistemic

values structure scientific inquiry. Current Responsible Conduct of Research training usually focuses on

transmitting knowledge about high-level ethical concepts or rules and is widely regarded as ineffective. We

argue that Responsible Conduct of Research training will be more effective at improving ethical decision

making if it focuses on connecting values to science. Due to the investigation of research ethics education

in physics being relatively new, we pull from philosophy and psychology to define ethical decision making

using the Four Component Model. This model states that in order to make an ethical decision someone

must consider four components: moral sensitivity, moral reasoning, moral motivation, and moral imple-

mentation. For this study we formed a moderated fellowship of fourteen science faculty from different

disciplines who met for ten sessions over the course of a year, where they discussed the values embed-

ded in different scientific norms. We then conducted interviews before and after the year-long fellowship

that involved guided reflection of scenarios where there was some kind of ethical misconduct where the

scientific practice required value judgements (e.g using unpublished data). From this data we looked at

how the fellowship affected the scientists’ ability to recognize ethical dimensions in their work. We found

that this fellowship improves moral sensitivity, but their moral reasoning does not change. We then iden-

tified a more precise approach to looking at scientists’ moral reasoning. This work can inform future

ethical training to align better with what scientists value and introduce useful concepts from philosophy

and psychology to education research in physics.



There are calls to create assessments that focus on gathering evidence that shows both knowledge of

the desired subject and transferable skills between disciplines while providing useful feedback to instruc-

tors. To answer this call, we created a thermal and statistical physics assessment that provides evidence of

student knowledge and skills in a thermal or statistical physics course that also provides actionable feed-

back to instructors. To create tasks, we use a knowledge-in-use framework that focuses on identifying the

evidence we need to see in student answers to claim students are able to do physics, not just know physics.

These “evidence statements” are the observable features students generate that show they have knowledge

to complete a claim.

We need to determine a way to validate the tasks based on the focus towards obtaining evidence of

student abilities when solving tasks. Current literature focuses on bringing in experts to validate whether

the tasks are at the right level for the students. We are looking to expand on literature in Physics Education

Research (PER) by articulating a way to validate tasks that use evidence-centered design through looking

at students’ evidence statements. To validate the assessment, we identified new components to gather

evidence towards validation. Using these new components we introduced a new methodology to validate

assessments that focus on delivering feedback through evidence. We have conducted and analyzed student

think-aloud interviews answering the tasks in a free-response format or in a Coupled Multiple-Response

format. We also conducted faculty interviews to see if the tasks are relevant to their courses. Through

these interviews we developed a new methodology of contributing to the validation of assessments that

focus on faculty feedback.

This dissertation introduces new methodologies for future researchers to improve on Responsible Con-

duct of Research trainings and assessment designed for supporting instructor curriculum. Through these

new methodologies scientists can address the calls for better professional development programs in higher

education.
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Chapter 1

Introduction

There is a need for change in some of the more important practices for educators in higher education.7

For example, current higher education curriculum is reported as not relevant to students, students take a

passive roll, and curriculum focuses on algorithmic problem solving which is driving off students from

higher education.7–9 Looking at responsible conduct of research in higher education shows that physicists

are still committing various types of research misconduct in their work (e.g: falsely reporting authorship,

misreporting data) and some physicists are experiencing harassment from people in their own research

group.10

One way to bring about change in higher education is through professional development.11 There are

many types of professional development programs which include but are not limited to: workshops, written

descriptions of effective practices, online programs, and use of expert or peer consultation with workshops

being one of the more popular options.7 Despite these many ways of introducing change into higher

education, many of the current professional development programs have been found to be ineffective at

producing positive change in higher education, whether it be the results of the programs are confusing to

understand or the programs are not thorough enough to bring about change.10;12–14

To bring about change in professional development programs, we must look to see how professional

development brings about change. Henderson et al. introduced a way to categorize change using two

aspects: aspects of the system needed to be changed (individuals and environments and structures) and

the intended outcome (prescribed or emergent).15 Breaking down the aspects of the system, a change in
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individuals refer to when the change directly impacts personal characteristics of individuals.15 This usually

refers to when instructors or students taking some sort of training to make a change. A change in the

environments and structures refers to a change that impacts the system that are external to the individuals.15

In education this often refers to the individual discipline departments where the instructors and students

are affected or the university where everyone who is a member of the university are effected. For the

intended outcomes, a prescribed change is when the desired final result of the individual or environment

are determined at the beginning of the change process.15 An example of this is training like Responsible

Conduct of Research training where the expected outcome of this training is to reduce the instances of

research misconduct. An emergent change is when the desired final result of the individual or environment

is determined during the change process.15 An example of this would be curriculum development as it is

unknown if the change is successful until after the course is finished.

These aspects can then be used to create four different categories for creating change:15

1. Disseminating: Curriculum and Pedagogy

2. Developing: Reflective Teachers

3. Enacting: Policy

4. Developing: Shared Vision

The category of “Disseminating: Curriculum and Pedagogy” is where there is a prescribed change

for the individual. This is usually where individuals like instructors or students would undergo a training

designed to improve the individual (e.g: Responsible Conduct of Research Training, Title IX training,

etc.). The category of “Developing: Reflective Teachers” is where there is an emergent change for the

individual. An example of this would be instructors trying out a new course modification for the next

semester due to assessments in the class eliciting the student knowledge from the previous class. The

category of “Enacting: Policy” is where there is a prescribed change for the environment and structures.

This is where there would be some sort of policy change within a department or school that would then go

on to effect the individuals for the better. The last category of “Developing: Shared Vision” is where there

is an emergent change for the environment and structures. This is where institutions support stakeholders

to develop new environment features that focus on encouraging new teaching practices.
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With the introduction of the categories of change for professional development, I introduce two projects

designed to address improving professional development at the university level: the Goals and Values in

Science (GVS) project and the Thermal and Statistical Physics Assessment (TaSPA) project. Since both

of these projects involve instructors (individuals) changing over the course of the programs (emergent) we

would categorize these projects in the change category of “Developing: Reflective Teachers”. The GVS

project was an attempt to address the ineffective Responsible Conduct of Research training by introducing

values in science to faculty and seeing how their ethical decision-making improves based on the introduc-

tion of values. The TaSPA project is broken into two parts: the first part is the design and development

of assessment tasks using an evidence-based framework and the second part is validating the task to make

sure feedback given by the assessment is useful for course modifications.

The organization of this dissertation is as follows: Chapter I briefly introduces the projects and my role

on them. Chapter II dives into the relevant literature regarding both of the projects. For the GVS project

I discuss the literature regarding values in science and what are some of the approaches towards ethics

training. For the TaSPA project I discuss the literature regarding designing an assessment with a theory-

of-action framework, what are the historical components to validate an assessment, and what are the three

components to classroom alignment. Chapter III goes in depth on what I did regarding the GVS project

where I used the theory of Rest’s Four Component Model to identify scientists’ ethical decision-making.

Chapter IV is where I discuss designing tasks for the TaSPA by using a knowledge-in-use framework.

Chapter V is where I introduce and apply new components to the validation of the TaSPA. Chapter VI is

the conclusions for the two projects.

1.1 Goals and Values in Science

The first project I worked on was an exploratory study to determine if and how scientists’ ethical decision-

making are affected by value laden discussions targeted for scientists. Throughout the fellowship, we

never explicitly told the scientists how to make better ethical decisions or how should they think about

values. Instead, we introduced the topic of values in science and had the scientists reflect on how values

can affect them in their work. This is why we categorize the GVS project as “Developing: Reflective

Teachers” as the target for the project was individual scientists and the intent of the training was for the
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scientists to reflect more on how values affected ethical decision-making as they discussed the values that

appear in science.

In 2019 the American Physical Society (APS) updated their Guidelines on Ethics to further clarify

physicist’s duties to avoid data fabrication, falsification, plagiarism, and abuse.16 These updates were in

response to the National Academies’ Fostering Integrity in Research report, which identified a need to

improve research integrity training due to the growing importance of information technology in research

and the number of studies being retracted because of irreproducible data.17 While these guidelines are

an important step forward, we suggest that to implement these guidelines appropriately, physicists must

cultivate their ethical decision-making.18

Currently, physicists are primarily exposed to ethics through Responsible Conduct of Research (RCR)

training. This training, often offered in self-paced online modules, tends to focus on topics like authorship,

conflicts of interest, research misconduct, and the protection of human subjects.19 Studies have shown that

this kind of online training is ineffective at improving scientists’ ethical decision-making.13;20;21 Specif-

ically in physics, Kirby and Houle found in 2004 that around 39% of junior members of APS who re-

sponded to the survey had observed or had personal knowledge of at least one ethical violation, such as

data falsification, plagiarism, or authorship showing that ethical training is needed, in physics.12 This sur-

vey was re-administered in 2020 to junior level physicists and grad students. The survey showed mixed

improvement: physicists were undergoing more ethics training (whether at the institution level or with

their supervisors), but the number of misconduct violations did not significantly change.10 Those that did

notice violations reported more violations than in 2003.10 The 2020 study also found that harassment or

abuse (e.g. experiencing inappropriate remarks, treated differently, etc.) of physicists is a common expe-

rience, concentrated among women in physics.10 In sum, there is more to be done to improve physicists’

ethical conduct.

In our study of scientists’ ethical decision-making, we focus on the fact that scientists routinely make

value judgements in science. We define “values in science” to refer to aims, goals, or principles that direct

or influence scientific work and “value judgements” to refer to evaluations of priorities between values

(e.g., deciding trade offs) or of how a value is to be implemented in a decision or action. The idea that

scientists make value judgements in science contrasts with the commonly held belief that social and ethical

values ought not affect the agenda, methodology or dissemination of research.18 However, more recently

4



philosophers of science have argued persuasively that science can never be value free, and pretending

otherwise distorts scientist’s sense of their own ethical responsibilities.22;23 Ethics, after this recognition

of values in science, requires attention to those values and reasoning well about them.

For instance, Douglas has argued that scientists need to attend to non-epistemic values (e.g. conse-

quences on people’s lives) as well as epistemic values (e.g. gaining knowledge) to address the “inductive

risk” of making an error in either accepting or rejecting a claim.23 When talking about epistemic values

vs. non-epistemic values, we define epistemic values as indicators of truth or improving knowledge in

some capacity while non-epistemic values are defined as everything else that is not an epistemic value.24

We keep a very broad definition of non-epistemic values due to the wide range these values cover. Sci-

entists often report the significance of statistical findings by using a ‘p-value’ to indicate the evidential

strength of their data. The choice of a statistical significance level for a p-value (i.e. p < 0.01, p < 0.05,

etc.) implies a trade off between the risk of a false positive result and the risk of a false negative result.

Moreover, choices in experimental design, and sometimes during experiments themselves, influence the

chances of positive or negative results. These trade offs are not merely epistemic, as false positives and

false negatives can differentially affect peoples lives, directly or cumulatively, both within the scientific

community and in the public more broadly (e.g., consider the replication crisis, or the consequences of re-

quiring definitive evidence of a health risk before action). This highlights both that scientists cannot avoid

making value judgements and that the scope of ethics in science involves a broader range of topics than

is traditionally covered in RCR training. Building on this work, we argue that we can improve physicist’s

ethical decision-making by focusing on the values invoked in actual scientific practice.

We define “ethics” to refer to the domain of inquiry concerning ultimately doing the right thing, and

“ethical decision-making” as a process (individual or collective) aimed at doing the right thing.25 While

some invoke a distinction between the adjectives “ethical” and “moral”, we align with the convention

in the philosophical and psychological literature on ethical decision-making that uses these words inter-

changeably.

Rest’s theory of moral development states the Four Component Model of ethical decision-making

identifies four necessary components to making an ethical decision: moral sensitivity (identifying morally

important ideas), moral reasoning (identifying morally right action), moral motivation (intending to do

the morally right action), and moral implementation (acting on morally right action).26;27 (Note that while
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the original name for the second component is “moral judgement”, in this dissertation we call the second

component “moral reasoning”, consistent with some of the literature on this topic).28 In this dissertation,

we focused on the moral sensitivity and moral reasoning components in ethical decision-making. These

components and their definitions will be further explained in Chapter III.

This dissertation reports on an intervention aimed at learning how to use the presence of value judge-

ments in science to help improve scientists’ ethical decision-making. This intervention took the form of

a two-semester fellowship in which scientists from different fields met together to talk about scientific

topics rooted in value judgements. To see if their ethical decision-making changed over the course of the

fellowship, we conducted (one-on-one) interviews with the faculty before and after the fellowship to talk

about their own experience of research ethics and their responses to vignettes describing situations with

multiple ethical concerns identified by RCR training.

The goal of the GVS project was to identify the process of how scientists make ethical decisions in

their work with the end goal of exploring how value laden discussions among scientists improved their

ethical decision-making skills. My role in this project was how to determine if scientists improved on

moral sensitivity and moral reasoning as this is how Rest described how people improve on their ethical

decision-making.29 I determined a new methodology for how to categorize scientists’ moral reasoning as

we believe we needed a more precise methodology. This work adds to the scarce literature regarding how

to improve on scientists’ (including physicists) ethical decision-making.

1.2 Creating Tasks for Thermal and Statistical Physics Assessment

The TaSPA aims to better support faculty instruction in a thermal or statistical physics classroom. Our

target audience for developing the assessment is instructors, who are considered individuals in Henderson

et al. categories of change. We also expect faculty to take the changes recommended by the TaSPA and

implement these changes with the goal of attempting to improve their classroom. These changes are

categorized as an emergent result as the instructors are creating curriculum changes themselves. The

TaSPA is considered a “Developing: Reflective Teachers” change.

One of the main ways to measure student educational progress is to use standardized tests or assess-

ments.4;30;31 This can be seen in Physics where there currently are 117 assessments for all of the topics
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taught in physics.32

While assessments are one of the main ways to evaluate student learning, assessment design can be

improved.4 One way to improve current assessment design is to focus on how a student can do science

instead of of determining how much students learned in a course.33 Another way to improve assessment

design is to make scores easier to understand as many instructors have trouble with interpretation of

assessment scores or the topics being assessed are not relevant to what they teach.14;34

One of the advancements for improving assessments is to focus assessments towards an evidence

centered design framework (ECD). ECD states that when making a claim about student learning from

assessment, there must be observable and defensible evidence to support the claim.3;4;35 There are three

main components to this approach: identifying the knowledge students should have (claim space), identi-

fying what is the evidence we need to see that shows the students have the intended knowledge (evidence

space), and what is the task the students will perform to elicit this evidence (task).3 Once construction of

the claims to be made from the assessment and the evidence from the students are determined, assessment

tasks are designed to elicit evidence from the students.

One framework that incorporates ECD is the Knowledge-in-Use framework (KiU).36 When designing

assessments with KiU, there needs to be an identified learning performance that highlights the proficiencies

required of student performance, focal knowledge, skills, and abilities that articulate the proficiencies of an

assessment task, evidence statements that articulate what to look for in student answers that provide a high

level demonstration of the learning performance, and task features that highlight the aspects of the task

that will elicit the evidence statements from the students.36 By designing tasks through Knowledge-in-Use,

assessment developers can identify claims, evidence, and tasks to improve on instruction in a course.

In this dissertation, I discuss the design process for developing the TaSPA using the KiU framework.

We designed the TaSPA with the goal of developing a thermal and statistical physics assessment that fo-

cuses on giving instructors useful feedback they can use to improve their course. This is done by the

instructors selecting the learning performances that align with their learning goals for their own course

and then receiving feedback with evidence on how well the students performed on each of the selected

learning performances. This feedback is intended to be timely and useful by being fully online and graded

automatically. Evidence of student proficiencies will be highlighted and course modifications are recom-

mended to fix any of the areas where students may need more support. Once finished, the TaSPA will have

7



tasks that are relevant to the course and measure students’ knowledge-in-use of thermal and statistical

physic.32;37

In Chapter IV, I highlight how to create tasks for an assessment designed to illicit evidence for student

knowledge-in-use that is translated into useful feedback for instructors. This includes the process for

developing the tasks, but also developing feedback from the tasks that instructors will receive based on

the evidence collected from the TaSPA. The goal of the work in Chapter IV is to address the need for

assessments to give clear feedback to instructors, introduce the KiU framework to physics, and establish a

theoretical approach for developing feedback.

The process for creating tasks was created by multiple people working on the project and was docu-

mented in a 2020 journal article and briefly written about in a 2023 conference paper.1;37 My role in the

development of tasks was to finish up the development of the assessment, collaborate with others in the

project who were also working on tasks, and finalize in writing the process of developing tasks for TaSPA

as the process has undergone multiple changes all the way up to creating the final tasks. I also finalized the

process for developing feedback for the assessment by identifying which aspect of KiU correlated with

the feedback statements given to instructors.

1.3 Validating Thermal and Statistical Physics Assessment

This part of the dissertation builds upon the previous section’s claim of TaSPA being an approach to pro-

fessional development that brings about change regarding reflective teachers. In this section we introduce

the concept of validation and how we intend to use validation to bring about the best possible feedback for

instructors.

In order to give useful feedback to instructors, we need to make sure that the tasks on the TaSPA are

able to elicit what knowledge-in-use we want the students to have in thermal and statistical physics. This is

usually done through the process of validation. Validation is using evidence and theory to interpret scores

for the intended use of a test.38 For example, if someone were to give an assessment to their students with

the intention of taking the scores from the assessment and using it to improve their classes, one question

they should ask is “do the exam scores accurately reflect my students’ knowledge?”

Historically, validation of assessments contains four components: face validation (assessment is mea-
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suring what is intended at a glance), content validation (assessment measures knowledge on topic it intends

to measure), criterion-related validation (assessment scores are compared to another measure), and con-

struct validation (assessment scores show relation between concept and consequences of scores).39 In a

typical process of validating an assessment, the face validation and content validation of the assessment are

typically conducted during the development phase of the assessment while criterion-related and construct

validation are conducted once the exam is complete.38

As we are currently working on the design of the TaSPA, we will focus on how content validation

is typically considered. Content validation of an assessment means how well do the test items cover the

content domain.39 Content validation usually involves getting around 4-5 experts in the field to determine

if the tasks are at the right level for students and that the tasks cover the topics in the field adequately.39

Additionally student interviews are conducted to make sure the students can answer the tasks and that the

tasks are at the right level for the students.3

While these are the generally accepted components to validate an assessment, these components don’t

exactly work for the main goal of TaSPA which is designing an assessment that will provide useful feed-

back for instructors. For instance, one of the key components of TaSPA is that we are designing with the

idea of identifying student knowledge-in-use in the tasks. The four validation components listed above

only considers student knowledge when validating an assessment. However, we want to make sure the

assessment is validated for assessing student knowledge-in-use. Another way the components need to be

modified is that the original four components consider how student scores reflect student knowledge, but

there is no component that reflects how instructors take these scores and use it to improve on instruction.

Instead of modifying the components ourselves, we looked to the literature and found that there is

a modification to the four original validation components that incorporates both knowledge-in-use into

the validation as well as how the assessment affects instruction. Pelligrino et. al. introduced three new

components of validation: cognitive validation (assessment measures knowledge-in-use of students), in-

structional validation (assessment provides timely and useful instructional information), and inferential

validation (assessment scores provide accurate information about student performance).6 In order for an

assessment to be considered valid, the assessment must contain evidence of all three of the new valida-

tion components.6 Note that while these are different components than the original four components of

validation, they still contain parts of the original components. For example, cognitive validation contains
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some aspects of content validation where both of the components of validation consider evidence of stu-

dent knowledge. However, cognitive validation considers evidence of both knowledge-in-use of students

instead of just knowledge.

To incorporate these new components to validate assessments, we are conducting student and ex-

pert interviews for the tasks to determine if the tasks are comprehensible for students and follow NGSS’

three-dimensional learning.36;40 For student interviews, we ask the students to complete the tasks while

explaining their thoughts out loud. After the interviews are done, we analyzed the results to see if the stu-

dents’ responses align with the predetermined knowledge, skills, and abilities needed to solve the problem

(evidence statements). If their work aligns with the evidence statements, then we can say that the student is

able to use the correct skill to solve the problem. If the students are able to use the right knowledge, skills,

and abilities that were predetermined to solve the problem and get the problem correct, or the students are

not able to use the right skills to solve the problem and they get the problem wrong, then we can say that

the tasks are valid. This validation evidence falls under the component of cognitive validation as we are

determining if the assessment tasks are eliciting both knowledge-in-use from the students.

For expert interviews, we gave physicists who research or taught in an area of thermal or statistical

physics all of the assessment tasks and asked them if the tasks were relevant to the course they taught and

if there are any changes they would make to the tasks themselves. These expert interviews fall under both

cognitive and instructional validation. We consider these interviews cognitive validation as we received

insight into what they believe students should know or do when working through the problems based on

how they taught their class. The interviews are also considered instructional validation as we received

feedback to if the tasks and learning performances were relevant to their classroom which means that the

feedback received from the TaSPA will be relevant to their course.

In Chapter V of this dissertation, I discuss a new methodology to analyze evidence from the TaSPA

that achieves cognitive validation and intructor validation for TaSPA. I introduce a validation table, which

is a novel way to visually show if an assessment task is eliciting both knowledge-in-use from students. I

highlight the questions we asked experts to insure that the tasks are relevant for instructors. This work is

meant to pave the way for future validation of assessments containing tasks that elicit both knowledge-in-

use from students.
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Chapter 2

Literature Review

2.1 GVS

2.1.1 Values in Science

Science cannot be “value free”: in a recent study, Elliot noted that decisions in science are necessarily

made with values in mind.41 Values are involved in science when choosing research questions, handling

data, drawing conclusions, communicating findings, etc. Scientists conducting vaccine trials must make

tradeoffs between production speed, safety for human participants, and the reliability of the efficacy data.

One of the main arguments that science should remain value free is that people will not trust science if

scientists place their own personal values in their research.41;42 While this might be an ideal worth striving

for, it is simply not possible to conduct science without making explicit and implicit value judgements. El-

liot mentions in their paper that there are multiple arguments on why science can never really be value free

with the gap argument (evidential gaps in data are filled by value-laden background assumptions), the error

argument (when scientists face epistemic risks they ought to factor non-epistemic values into decisions),

the aims argument (achieving a non-epistemic aims in science means taking into account non-epistemic

values when using models, theories, and hypothesis), and the conceptual argument (non-epistemic values

are relevant to assessing value-laden concepts).41

Findings from the developmental moral psychology literature show that changes in moral reasoning

are correlated with improvements in ethical conduct in the profession.43 Currently most ethics training
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focuses on applications of ethical theories or codes of ethics, instead of discussing the values embedded in

ordinary scientific practice.13 While scientists receive training in methodologies for distinguishing factual

or theoretical questions, they receive little training in how to adjudicate questions about values such as

whether to replicate data through a third party or spend more money training a graduate student.

In a project looking at the values expressed by scientists’ when discussing decisions within their own

work, Linville et al. found that scientists view the value judgements in science as involving more than

just ethical/epistemic values.5 For example, when tasked with redoing a study or publishing the study

with omitted data, the scientists considered possible funding (economic values) problems with redoing the

study. The conclusions for this paper were that ethical training should focus more on the overall values in

science rather than focusing on ethical theories or guidelines.

2.1.2 Assessing Ethical Decision Making

Historically someone’s ethical decision making is measured through standardized assessments.28 These

assessments are mainly targeted towards the medical/dentistry field. Since these assessments have been

targeted towards the medical/dentistry field, there is little literature on how scientists interact with ethical

decision making.

There are a few assessments that gauge ethical sensitivity. For example, there is the Dental Ethical

Sensitivity Test (DEST) and Hebert et al’s medical ethical sensitivity test.44;45 In both of these measures,

the person taking the test reads a few vignettes and is asked to identify the moral issues in each vignette.

To gauge someone’s moral reasoning, moral psychologists have developed the Defining Issues Test

(DIT) and subsequently developed the DIT-2.13;43 The DIT-2 is the accepted multiple choice format to rank

a set of items based on the scenarios test to measure moral reasoning, which contains 5 moral dilemmas

including ones like stealing food from someone hoarding food and a doctor has to decide to give a frail

and suffering patient an overdose on medicine.46;47

In Rest’s formulation of the DIT-2 there is a hierarchy between the schema; The DIT-2 is scored

based of of someone’s N2 score, which is determined by the degree to which post-conventional items

are prioritized and personal interest items are deprioritized.46 Another way to measure ethical reasoning

capacity is to use the Ethical Decision Making Measure (EDM). This assessment is similar to the DIT
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where the participant is given summaries of ethical scenarios and asked to rate the severity of the violation

in the scenario on a scale of 1 (low) to 7 (high).48

Klinker and Hackmann used a modified version of the DIT-2 to measure school principals’ moral

reasoning. The study looked at 64 different state school principals with different years of employment to

see their level of reasoning when asked about scenarios that could happen to them at their schools. Klinker

and Hackmann found that the principals’ values is one of the main factors that they use in order to make

ethical decisions regarding students’ welfare.49

Moral motivation has received less attention from the psychology literature than the other compo-

nents. You and Bebeau measured moral motivation through the Professional Role Orientation Inventory

(PROI). The PROI assesses a person’s commitment to prioritize professional values over personal values

by measuring their authority/responsibility and a person’s perceptions of self-efficacy by measuring their

agency/autonomy.28;50

Moral implementation is the least investigated component. The sole attempt at measurement was by

You and Bebeau, who used dental students’ scores in a professional problem solving (PPS) class. In the

class students were required to implement action for complex cases that present difficult human interaction

problems that can arise in dental practice.28

While these components can interact with each other, these components are distinct from one another,

meaning that mastery in one of the components does not mean mastery in other components. You and

Bebeau found that after testing students on their proficiency in each of the four components, there was no

correlation between a student’s competence in one component compared to another.28

2.1.3 Approaches to Ethics Training

One of the main ways for scientists to receive ethical training is through self-paced online modules like

the CITI program.48 There are also hybrid options available, but a recent study of university RCR training

requirements found that 82% of research universities with available institutional plans for RCR training

require an online-only ethics training.51 This training has been found to be ineffective improving ethical

decision-making, likely because the online training is wholly didactic, and focuses on applying regulatory

rules to simple, context-free cases.21 Current RCR training is often restricted to passive online readings
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or lectures while it has been found that active learning modalities are more effective than passive learning

modalities.52;53 While it was found that longer ethical training did cause people to have better ethical

decision making, many institutions do not have the resources to have these extended training sessions.13

Some studies have sought to change RCR training to be more grounded in actual scientific practice

instead of passively focusing on what are the rules and regulations of RCR. One of these new methods is

to have a virtue-based approach to teaching ethics. This kind of training involves looking at the ethical

considerations scientists’ encounter on a daily basis and connects RCR to this everyday ethical decision

making.54 This would allow scientists to see the connection between ethical values and the practice of

science, hopefully leading to more robust and consistent ethical conduct.

One way of changing RCR training to be more grounded in scientific practice is to see the causes of

unethical conduct first. Cairns et al.

conducted a phenomenography where scientists were asked what makes other scientists act unethical.

She found that the two biggest perceived factors for unethical conduct are pressure and personal gain.55

These two factors they found line up with what other literature says about what motivates people to act

unethically.

2.2 Creating TaSPA

2.2.1 Theory of Action

There are calls to move the design of assessments towards gathering evidence to make inferences about

student knowledge or skills.3;36 One way to design an assessment towards gathering evidence is by using

a Theory of Action framework. Typically a theory of action contains three major components: assess-

ment components (intended components to bring about change), action strategies (actions to bring about

change), and intended effects (results of intended change).56 A theory of action in assessment is the de-

tailed mechanisms that bring about change in the education system.57 A theory of action for an assessment

might contain the following elements: Intended effects of the assessment, components of assessment with

rationale for the components, interpretive claims of assessment, action mechanisms, and potential unin-

tended negative effects and what might be done to mitigate these effects.57
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Figure 2.1: The theory-of-action for the Thermal and Statistical Physics Assessment (TaSPA) highlighting
the assessment components (on the left) and the intended effects (on the right). The arrow in between
signifies faculty’s uptake of our generated feedback. Note this was created before I started working on the
project, but I still used this to create tasks and feedback.1

Looking now at relating the theory of action literature to the TaSPA, we see in Figure 2.1 the com-

ponents of the theory of action. The Assessment Components are the aspects of the assessment designed

through evidence centered design. Note that in the assessment components, we design our assessment

based on three dimensional learning, knowledge-in-use, and self-regulated learning. We address these

topics in Chapter III. The arrow in Figure 2.1 refers to our action strategies which is the instructors will

receive feedback from the assessment and suggested course modifications to address the scores from the

students. The intended effects are what we intend instructors to do when they receive the feedback. These

changes should create positive changes for everyone involved.
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2.3 Validating TaSPA

2.3.1 Past Validation

The Standards for Educational and Psychological Testing define validity as the degree to which evidence

and theory support the interpreted test scores for the intended use of tests.38 In general, there are five dif-

ferent kinds of evidence to look for when trying to validate an assessment: evidence based on test content

(description of how the test was made), evidence based on response processes (assessing the responses

to see if the nature of the response is engaged by test takers), evidence based on internal structure (de-

gree to which items/components conform to construct), and evidence based on relations to other variables

(comparing scores to another standard indicator).38;58

One way to collect evidence listed above is to identify four different components in the assessment:

face validation, content validation, criterion-related validity, and construct validity.39 The four components

are briefly described in Table 2.1.

Table 2.1: Table showing the four components of validation used in PER and their definitions
Validation Method Description
Face Validation Assessment measures topic at a quick glance
Content Validation Assessment adequately measures the topic that it in-

tends to measure
Criterion-Related Validation Assessment scores are compared to another standard

measure
Construct Validation Assessment scores shows understanding of concept

measured and consequence of uses and interpretations
of results

Face validation is the extent to which a test or measure appears to measure what it purports to mea-

sure.39;59 Since the definition of face validation is similar to the definition of content validation, some

literature combines the two components into one.39

Content validation is defining the domain of the content being covered by the assessment and then

determining if the domain of content is adequately covered by the instrument, or how well the items cover

the content domain in the test.39;59 This kind of validation is done early on in the assessment development

as the assessment creators are still creating items for the assessment.39 Content validation is usually con-

ducted by forming a panel of experts to look at the items and determine if the instructional objectives of
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the assessment are adequate enough for the targeted audience.39;60

Criterion-related validation is comparing measurements obtained from the assessment and comparing

this to an accepted standard indicator of the concept being measured.59 There are two types of criterion-

related validation: predictive validity and concurrent validity.39 Predictive validity indicates how well an

individual’s performance on the criterion compares to their performance on the assessment.39 Experiments

regarding predictive validation typically use the scores received from the assessment and compare them

to the grades received in the class to see if the assessment can be used as a way to predict the success

of the students. Concurrent validity indicates how well an individual’s performance on the criterion at

the time (e.g: grade on an in class assessment) and their performance on the assessment under validation

compare.39

Construct validation is the understanding of the characteristic being measured as well as the conse-

quences and uses of the results.39;59 There are three methods to collect evidence of construct validation:

intervention studies, differential population studies, and related measures studies. Intervention studies

look at how does some intervention effect the assessment scores.39 Differential population studies look at

the differences in scores for different populations.39 Related measures studies look at positive and negative

correlation scores between two different assessments.39

2.3.2 Classroom Alignment

There are three central components that effect student learning: assessment, curriculum learning goals,

and instruction.2;61 These components all work in tandem with each other and have a reciprocal relation

highlighted in Figure 2.2 (e.g: If an instructor decides to change their curriculum’s learning goals for their

course, then the assessment and instruction of the course should change). Classrooms with a high degree

of alignment between curriculum learning goals, assessment, and instruction provide students with the

most opportunities to grow their abilities in their STEM field.61

Curriculum learning goals are the knowledge and skills in a subject matter that teachers teach and stu-

dents learn throughout a course.2 Instruction usually consists of defining content area and the progressions

on how students should learn the content.2 Assessment is the means to measure student outcomes and the

achievements in regards to the students learning in the course.2 In undergraduate physics, this is usually
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done with in-class exams required for a grade (midterms, finals, etc.).

Figure 2.2: Education system triangle highlighting how learning goals of curriculum, assessment, and
instruction connect inspired by Pelligrino’s curriculum-instruction-assessment triad.2

2.4 Summary of Literature Review

Values are important for science and form the basis for how we looked at scientists’ ethical decision

making. Researchers have looked at ethical decision making changing by identifying the components

of the Four Component Model as this has been done by scientists in the medical field, but it is a novel

approach in PER.

The Theory of Action describes how an assessment will bring about change. While this process was

developed for the TaSPA before I was involved, I used the Theory of Action approach to design feedback.

For TaSPA validation, I introduced the typical components of validation collected for an assessment de-

signed to test students’ conceptual understanding in Physics. Collecting evidence using these components

are I then end the literature review with the Classroom Alignment which states that the three components

that effect student learning in a classroom are assessments, curriculum learning goals, and instruction as

these components are the basis to the design of the knowledge-in-use framework.
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In Chapter III, I discuss how we applied values and the Four Component Model to determine how sci-

entists’ ethical decision making changed after an intervention. In Chapter IV, I discuss a new methodology

for creating an assessment that is designed to support instructors by giving feedback intended to improve

curriculum. I highlight my role in developing feedback for the instructors. In Chapter V, I discuss the

new validation methodology designed to collect evidence of both cognitive validation and instructional

validation.
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Chapter 3

Goals and Values in Science

3.1 Theory

3.1.1 Values

Findings from the developmental moral psychology literature show that changes in moral reasoning are

correlated with improvements in ethical conduct in the professions.43 Whereas most ethics training focuses

on applications of ethical theories or codes of ethics, we believe that discussing the values embedded

in ordinary scientific practice is a key pathway to improving moral reasoning among scientists. In this

research, we rely on the “values in science” literature that notes the many ways decision-making about

scientific methods are laden with non-epistemic (e.g. ethical, legal, or economic) values.22;23 There are

few studies about the impact of intentionally engaging scientists in these value-laden discussions.

There are multiple definitions of the concept of “value”. For this study, we adopt the view that an

individual values something, if the individual prefers that thing over some other thing.62 Values can be

“goals”, “aims”, “principles” or anything else individuals want to be realized. Things can be valued

intrinsically, because they are preferred on their own, or instrumentally, because they help achieve other

values. Values that might guide scientific decision-making include finding the truth, getting a publishable

result, saving time or money, helping graduate students, providing benefits to society, or a variety of other

personal, professional, epistemic, or ethical goals. In general, we distinguish “values” from “beliefs” by

suggesting that the latter involves claims about purely factual matters (i.e. what is the case), while the

20



former involves claims about normative ideals (i.e. what ought to be the case). Note that values can be

held by a community as well as individuals, and they need not be mere “opinion” or “taste”. Ethical values

are values, and many people hold some ethical values to apply universally.63

Our main focus in this chapter is on the different values scientists invoke when discussing ethics in

science. While we should generally expect that scientists will be attentive to aspects of their work relevant

to knowledge production, their ability to reason well depends also on their attentiveness to ethical values.

Therefore, we investigated the epistemic, ethical, and other non-epistemic values invoked by scientists

during discussions about research ethics. In this research, we relied on the “values in science” literature

that notes the many ways decision-making about scientific methods are laden with non-epistemic (e.g.

ethical, legal, or economic) values.22;23

We define “epistemic values” as motivating reasons related to the advancement or improvement of

knowledge in some way: e.g., truth, objectivity, empirical accuracy, and testability.24 These can be either

directly related to knowledge (e.g., truth) or promote the attainment of it (e.g., testability).64 We define

“ethical” values as reasons related to the realization of moral principles: e.g., the impact of scientific work

on human welfare, autonomy, or respect for persons. Finally, we define “other” values to encompass all

other values that are not either epistemic or ethical: e.g., communitarian, adherence to legal standards or

codes of conduct, economic, self-interest, and other practical concerns that were otherwise non-epistemic

and non-ethical actions that are necessary for science.

3.1.2 Rest’s theory of moral development

The Four Component Model (FCM) states that in order for someone to behave morally in a situation, they

must demonstrate each of the following components: moral sensitivity, moral reasoning, moral motivation,

and moral implementation.26 These components are not steps that have to be followed in a linear sequence

but are rather processes that collectively and interactively produce ethical action.29 A summary of the four

components for ethical decision making are found in Table 3.1.

Moral sensitivity is the ability to identify the morally salient features of the scenario. This component

is where the person making an ethical decision identifies what is going on in a scenario and how a decision

might affect others.26 For example when scientists want to reproduce their results for a study, they must
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Component Description
Moral Sensitivity Identifying morally salient ideas
Moral Reasoning Identifying morally right action
Moral Motivation Intending to do morally right action
Moral Implementation Acting on morally right action

Table 3.1: This table shows brief definitions of the four components for making an ethical decision

evaluate the ethical dimensions of different alternative actions: training grad students to reproduce the data

or send the data to a third party to reproduce the data and save money.

Moral reasoning is the capacity to identify the morally right action.29 This component interacts with

moral sensitivity since once someone has identified the morally relevant factors of the situation (people

possibly affected, actions available, etc), they must decide which action or actions are morally justifiable.26

Rest et al. developed a set of“Neo-Kohlberg” schemas to classify moral reasoning based on Kohlberg’s

theory of moral development.65 Rest et al. organized moral reasoning into three schemas summarized in

Table 3.2: (1) personal interest, (2) maintaining norms, and (3) post-conventional.65 The personal interest

schema focuses on the personal gains and losses that result from moral action. The maintaining norms

schema involves: generally accepted social norms as a collective, norms apply society-wide, need for

norms to be clear, norms establish a reciprocity, and there is an establishment of a hierarchy. The post-

conventional schema involves reasoning about moral obligations based on shared ideals, fully reciprocal,

and are open to scrutiny.43;66

Moral motivation is the component where someone intends to do what is morally right.29 After some-

one identifies the morally justifiable decision, they must want to act on this decision. Rest argues that in

order for someone to have a high moral motivation, they must prioritize ethical values over other values.26

Moral implementation is the component where a person acts on their plan of action. A person may be

able to identify an action, come up with a morally justifiable action, and place a priority on moral values,

but in the end they could end up not doing any action because of a deficiency in moral implementation

(i.e. non-cognitive barriers to action such as weakness of will, depression, anxiety, post-traumatic stress,

etc.).26
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Neo-Kohlberg Schema Definition
Personal Interest Schema Doing something in hopes of personal gain
Maintaining Norms Schema Doing something to follow set guidelines (e.g.

following the law, following set science stan-
dards)

Post-Conventional Schema Doing something because it is ultimately the
right thing to do

Table 3.2: This table shows brief definitions of the the schema for moral reasoning

3.1.3 Improving Ethical Decision Making

The main reason for using the FCM is that it provides a schematic for identifying the components in a

person’s ethical decision-making. While we can identify values to identify the connection someone makes

between ethics and science, we need to also use the FCM to identify how someone makes a decision

in science. Identifying a person’s components of their ethical decision will allow us to focus research

and interventions to strengthen any deficiencies in any of the components. For example, some research

has identified that an improvement in someone’s moral sensitivity will lead to an overall improvement in

ethical decision making, indicating that training should focus primarily on improving someone’s moral

sensitivity.67;68

Narvaez and Rest claim that a person who fails to make the morally right decision has a deficiency in

one or more of the ethical decision making components.27 For example, someone can identify all of the

morally salient ideas in a scenario but ultimately cannot come up with a reason to make a decision. Since

all components are a necessary part of the process for making an ethical decision, an improvement in one

component does not guarantee an improvement in someone’s ethical decision making.27 However, we

take the position that improving in one or more components is a step in the right direction towards morally

acceptable decisions.

We identify how scientists’ are improving with respect to individual ethical decision making compo-

nents. Since Rest defined moral sensitivity as identifying the morally salient ideas in a scenario and the

literature states that epistemic and non-epistemic values are important for making decisions in science,

we define an improvement in scientists’ moral sensitivity as identifying a greater number of values when

discussing ethically-laden cases.22;23;41 “More values” in this case means both quantitatively more values

but also more relevant values (e.g. instead of invoking purely epistemic values, participants should invoke
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ethical, epistemic, and other values in their sensitivity).

We define an improvement in moral reasoning as reasoning with a higher level schema. As men-

tioned above, in the DIT-2, the post-conventional schema is defined the as the highest level reasoning

schema, followed by the conventional and the personal interest schemas.46 For example, someone’s initial

reasoning for a scenario starts in the self-interest schema but over time the reasoning changes into the

post-conventional schema. This means that their moral reasoning improved. In Rest’s case, he applied

these schema to multiple choice questions. In this study, we applied the same schema to participant’s

open-ended responses to ethical vignettes.

We applied these theories to answer the following research questions:

1. How do discussions of values embedded in science shift scientists’ moral sensitivity?

2. How do discussions of values embedded in science impact scientists’ moral reasoning?

3. How effective is the value-focused training in improving scientists’ overall ethical decision making?

3.2 Methods

3.2.1 Fellowship

Our project is structured around interviews conducted as part of a year-long fellowship for 15 faculty

members in the basic sciences at a midwestern research university. Participants were recruited by email,

word of mouth, and explicit invitations by the fellowship organizers. Recruitment intentionally tried to

promote diversity in terms of gender and academic status.

The fellowship consisted of 10 sessions over the course of an academic year. Each fellowship session

was one and a half hours long, and centered on reading materials given to participants prior to the session.

The fellowship did not explicitly teach the participants about ethics, but was designed to foster directed

exploration and discussion of the role that values play in decisions made within science. The contexts

ranged from foundational methodological decisions, such as the choice of statistical methods, to decisions

about the application of science, such as whether and how to advocate for policy changes. Throughout

the fellowship, the participants were made aware that they were explicitly addressing value questions.
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They knew the context of the research project was about ethics in science, but the research goals were not

discussed.

One moderator ran the sessions and helped guide discussions. Each session focused on a particular

topic meant to highlight the role of values in scientific decision-making. The sessions were designed

to provide some basic conceptual tools for understanding and potentially addressing issues. Participants

were asked to read and come prepared to discuss pre-readings they were provided for each session. During

the sessions, the participants were prompted to discuss topics with open-ended, general questions inviting

them simply to react or discuss what they thought was interesting, as well as with directed questions meant

to elicit discussion of particular topics. At the end of the session, they were asked to write a follow-up

reflection, which asked for general thoughts about the session as well as for answers to specific follow-up

questions. The 15 fellowship participants were split into two groups of 8 and 7 respectively for both for

ease of scheduling and to ensure more chance for discussion for each participant. Halfway through the

fellowship (after five sessions), the groups switched some members for both for scheduling purposes and

to provide broader exposure to other faculty. Meetings were held in person, until the COVID-19 pandemic

required meetings by Zoom for the last three sessions.

The first introductory session introduced participants to ethical theories and other philosophical con-

cepts (such as descriptive and normative distinction). After that, each session focused on a particular topic

or two that highlighted the potential role of values in scientific decision-making, including a number of

topics from the “values in science” literature (e.g., inductive risk, choice of statistical methods, social

structure of science, reproducibility) and topics that highlighted the connection between science and so-

ciety (e.g., advocacy, diversity, public participation in science, public sharing of pre-prints). In the final

sessions, discussion turned inevitably to the COVID-19 pandemic, during which previous concepts were

applied.

These topics were chosen, and sessions were designed to encourage participants to reflect on and com-

municate both the long-term, immediate, intermediate, and instrumental goals of their own work. These

topics highlighted epistemic values (including choices between them, e.g., between avoiding type I or type

II error, or between modeling for predictive accuracy or representational accuracy), as well as relationships

between epistemic goals and ethical values (e.g., in “inductive risk”). This allowed discussions about the

goals of science as a whole, disciplinary standards, general disciplinary goals, and impacts on society.

25



This same fellowship is explored in other works.5;55

3.2.2 Data Collection

Our data for this project comes from 29 individual, semi-structured interviews of fellowship participants

conducted both before and after the fellowship series, respectively called the pre-interview and the post-

interview. All interviews were video and audio recorded. Due to one of the fellowship participants drop-

ping out and being unable to make time for a post-interview, we only analyzed the pre- and post- interviews

for 14 of the 15 participants so we only looked at data from 28 interviews.

In these interviews, the interviewee was asked about the ethics they consider in their own work as well

as several questions to respond to a series of fictional vignettes involving research misconduct (named

“RCR Vignettes”). The interviewer asked questions related to the vignettes to elicit more detailed re-

sponses from the interviewee (e.g. “Can you explain more about ...”). In total, there are three vignettes

with six different ethical dilemmas within these vignettes (dilemmas: student concern with the experiment,

publishing possibly wrong data, faculty taking authorship over student, working a similar experiment with

another group, student getting a hold of unpublished data, hiring diversity). Two of the three vignettes are

adapted from the ethical decision making measures.48 The names and brief descriptions of these vignettes

and dilemmas can be found in Table 3.3. Note that while these vignettes are not specifically related to

physics, these concerns are relevant to physicists.12

We looked at both the categories of interview questions regarding their answers to the ethical consid-

erations in the scientists’ work as well as the answers to the vignettes. We called the first category of

questions general experience questions since they are questions that ask about the participant’s views on,

and experience with, research ethics. The questions for the general experience section included questions

like “What does ethics mean to you”, “What kinds of ethical issues do you run into in your research?”,

“What about publishing? Do you run into any ethical issues in that area?”, and “What about working with

your students/postdocs/mentees? Any sorts of ethical concerns there?”

We called the second category of questions the RCR vignette section, which involved fictional scenarios

where scientists were faced with an ethical choice regarding the conduct of their research. The interviewee

was asked what would they do in that situation, and to describe their reasoning. The RCR vignettes

26



Title Description
Informed consent A professor wants to conduct an experiment where he gives a

placebo shock to participants, but does not tell the participants
about the placebo. The graduate student working on the project
does not want this project to go on.

Publishing concern The previous experiment ends up being conducted and two groups
are working on the data. One group believes that their data is
incorrect, and both groups want to publish the correct data.

Authorship concern The professor promises a grad student that they would be first
author on the project, but he then takes back this promise because
he needs more first authorship.

Review similar experiment A professor is asked to review a project, but the project is very
similar to the one he is working on.

Unpublished data The professor found out that one of his students got a hold of
unpublished data from another student and is trying to use the
data in their own research.

Hiring diversity A professor department is hiring a new faculty member. They can
only bring in three candidates, and they decide to bring in three
male candidates and leave out a female candidate.

Table 3.3: This table shows the vignettes and ethical dilemmas from the interviews.

included three different scenarios with questions regarding the scenarios: the first scenario was about

faulty data, the second scenario was about teams working on a similar project with authorship concerns,

and the third scenario was about diversity in hiring.

These two categories provide different ways of eliciting views about ethics, and could elicit different

aspects about the participants’ reasoning. The first category asks questions that are likely to generate real

examples from their scientific practice but with no focus on particular types of concerns. The second

category might have common reasoning across all of the participants, but because of the artificiality of the

fictional vignettes, might not be as meaningful to participants.

3.2.3 Data Analysis

We transcribed all 28 (14 pre-interview plus 14 post-interview) of the video and audio recordings using

otter.ai as the initial transcriber. We then corrected the responses starting from the first question of the

interview and ended as soon as the questions about vignettes were done. We checked to see if time was a

factor in the changes between moral sensitivity and moral reasoning, and we found that the average inter-
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view length for the vignettes was about thirty minutes for both the pre-interviews and the post-interviews

(the average interview length for the pre-interviews was 29:41 while the average interview length for the

post-interviews was 30:30).

Rest defined that the Four Component Model is the process that people undergo when given a scenario

and the general experience questions did not involve asking the participants a scenario. We looked at the

responses for the RCR vignettes instead of both the general experience questions and the RCR vignettes.

While this method of only looking at the number of values was refined later to include analyzing both

number of values and relevant types of values, I report the results of just the numbers analysis as it helped

me further refine my method for analyzing the scientists’ ethical decision making.

In order to see what types of values scientists appealed to when thinking about research ethics, we

identified the explicit and implicit content of the values they appealed to when discussing the vignettes. We

are primarily interested in the extent to which scientists invoke epistemic, ethical, or other non-epistemic

values. We first took all of the responses from the interviewee and split them up into “quotes”. One

“quote” was the part of the response that expressed a value or values.

We identified values from quotations by identifying expressions that contained normative or evaluative

judgements. A feature of the statement was judged as valued in a statement if it could be fit into a form such

as “The interviewee values...” or “the interviewee has a goal of ...”, whether or not the person explicitly

held that value themselves or was discussing someone else’s values or possible values. For example, if one

of the participants said “I guess that means doing what’s right, in particular situations and what, what’s,

what’s good and right, and most beneficial to whoever might be impacted by whatever the decision is, or

whatever the process is, that’s being done” in response to the question “What does ethics mean to you?”,

we would say that this person values doing what’s right which would be an example of an ethical value.

Moral Sensitivity

We focused on changes in scientist’s “moral sensitivity” by looking at the number of values the scientists

invoked since these are the “morally salient features” of the scenarios that we gave them. We categorized

the values into ethical (appeal to what is the right thing to do), epistemic (appeal to improving knowledge),

RCR (appeal to regulations and guidelines), legal (appeal to threat or punishment by governing entity),
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Category Subcategory Definition
Ethical Ethical, misc. Doing what is right. This subcategory was used when the inter-

viewee valued doing what is right, but it did not fit in the other
subcategories

Rights Treating people in a certain way due to some intrinsic feature
Fairness Treating others in the same way
Social Good Doing something that will benefit society or a group of people
Virtue Fulfilling a character trait that the interviewee found desirable
Interpersonal
Care

Maximizing welfare for one specific person

Responsible Con-
duct of Reason-
ing (RCR)

RCR Favoring regulations set by RCR training (plagiarism, authorship,
etc)

Legal Legal Worrying about threats by government regulations.
Communitarian Communitarian Doing something good for the desire for peer/social approval.
Epistemic Epistemic, misc Advancing or improving science in some way. This subcategory

was used when the interviewee valued improving science, but it
did not fit in the other subcategories

Alethic Pursuing or clarifying knowledge about something
Explanatory Understanding some process
Methodological Understanding a part of the scientific process
Aesthetic Having a theory or explanation that is pleasing to the interviewee
Predictive Conducting science to make predictions about the future
Empirical Disseminating data or proper use of data
Technological Using science to have some technological application

Economic Economic Using fixed resources (time, money, etc)
Self-Interest Self-Interest Action providing some benefit to the interviewee
Practical Practical Actions that must be done for science to be conducted

Table 3.4: This table shows the categories, sub-categories, and definitions for the values used in the
project. This table is inspired by Linville’s values table.5

communitarian (appeal to social approval), economic (appeal on using resources), self interest (appeal

that benefits self), and practical (appeal to actions that must be done for science). Before we even looked

at the interviewee transcripts, we identified a subset of values identified in Kohlberg’s stages of moral

development, which went on to influence the moral reasoning schema. These values are ethical, RCR,

legal, communitarian, and self interest. As we coded the quotes, other values appeared that did not fit

within the original values identified. These values are epistemic, economic, and practical values are not

referenced by Kohlberg. Within the ethical and epistemic categories are sub-categories that further defined

the categories of these values. The definitions for the categories and sub-categories are in Table 3.4.
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We also investigated the number of unique values (i.e. distinct, separate values not mentioned previ-

ously in the scenario). We started by looking at the quotes to see the sub-category of the value for the

quote. If there are two values with the same sub-category within the same scenario, then we would return

to the original transcript and look at the context for the value. For example, if someone values “taking care

of their students” followed by valuing “publishing accurate data” and then said they valued “taking care

of their students” in the same scenario, there would be three total values since stated values three times,

but there would only be two unique values since they are valuing one of them twice. For this analysis, we

considered unique values per person, so if one of the participants said that they value “taking care of their

students” and another participant said that they also value “taking care of their students”, then these would

be considered two different unique values when looking at the data since these values come from two

different people. Since we are saying that Moral Sensitivity is being able to identify the morally salient

features in a scenario, we looked to see if the participants are invoking a wide range of values instead of

repeating the same value over again. Below are example quotes for coding values:

Ethical Example: In this quote the interviewee is responding to the question “What should Dr. Kaylee

do?” about trying to convince other people to bring in a woman to the hiring process:

“So I mean, I guess if they’re all roughly equal I mean he should probably talk to the chair

and get the woman in as a candidate...It’s kind of really important to have the same sort of

representation as the general population. It’s gonna be problematic if you don’t have that.”

- Interviewee 2

The interviewee’s response shows that they think having a diverse representation in the department

is important and that the department should bring in the woman candidate. This shows that they value

the importance in having proper and equal representation in a department and since this would ultimately

benefit other people in the department this would be an ethical value with the subcategory of “fairness”.

Epistemic Example: In this quote, the interviewee is responding to the interviewer’s statement “Tell

me why you shouldn’t throw out data” when following up on the question “What should they do?” regard-

ing the discrepancy between the two group’s data:

“So having data sets that acknowledge all of your data, how it was collected, and then that

it’s been thoroughly vetted so that you’ve done your best effort possible to make sure that
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there haven’t just been mistakes in the synthesis of these data sets. I think it’s integral to

getting that data.” - Interviewee 14

The interviewee responded by saying that all data and the collection and analysis of the data is “in-

tegral” and should not be thrown out. From this quote we see that the interviewee values having proper

collection/analysis of all data which would fall under the epistemic category with the subcategory of “em-

pirical”.

Economic Example: In this quote the interviewee is responding to the interviewer’s statement

“So I would do that no matter what, it’s just then, you know, is there some aspect of that that’s

fundable and worthy. . . ” -Interviewee 9

We interpret that there is something that is “fundable” for the person in the scenario which is an

emphasis on the economic value.

Since we define an improvement in moral sensitivity as participants invoking more epistemic and non-

epistemic values, we are interested in the difference in the number of values between the pre-interviews

and post-interviews. We did not assume any hierarchy among the values, and thus focused on how many

values are invoked and how many values of each category are invoked instead of comparing what it means

for one category of values to be invoked. An analysis of invoking epistemic/ethical values versus RCR

values can be found in Linville et al.5

Due to the low numbers of participants and the uncertainty of our normalized data, we considered

running a parametric statistical test (t-test) vs. a non-parametric statistical test (Wilcoxon signed rank test)

to determine if the changes between the pre-interviews and post-interviews are significant. After running

both kinds of the statistical tests on the data, we found no significant difference in the results so we report

the statistically more powerful parametric statistical tests mentioned below.

We used a paired t-test to determine if there are any significant differences between the pre-interview

values invoked and post-interview values invoked. This test determines if there is a mean difference

between observations for two pairs of data (in our case the pairs would be the pre and post vignettes).69

Due to the low numbers of scientists, we added up all of the scientists’ invoked values per ethical dilemma

for the pre and the post interviews. We then ran a paired t-test on the total values invoked per dilemma and

unique values invoked per dilemma to find the p-value for the differences in values invoked. This allows

us to see if there are any significant differences between the pre and post invoked values. If there are any
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significant differences between the pre and post invoked values, we can then make claims about how the

value focused discussions effected the participants’ moral sensitivity.

Moral Reasoning

Originally we focused on changes in scientist’s “moral reasoning” by looking at how the participants are

invoking Neo-Kohlberg Schema in their reasoning to questions about the vignettes. We identified the

participants’ moral reasoning by classifying a claim made by the participants followed by the reasoning

for that statement.

An example of this identification is found in “they should stop the experiment because harming people

is not the right thing to do”. In this quote, the claim made is that “they should stop the experiment”.

The reasoning following the claim is “harming people is not the right thing to do”. We only applied the

Neo-Kohlberg Schema to the participants’ reasoning and not the claims they were making.

After coding each of the individual participant’s responses, we combined all of the interviewee re-

sponses to see how the scientists’ moral reasoning as a whole changes similar to what we did for the

values coding. Below are examples of coding participant’s moral reasoning:

Post-Conventional Example: In this quote the interviewee is responding to the question “What should

Fowler do?” about being first author on the paper instead of his graduate student:

“I mean, this is why students are doing the work in people’s labs, it’s not for the stipend they

received day to day. It is for the professional accomplishment that they get from authorship

on paper in terms of its ability to step them up into a good post or a good faculty position is

of critical importance to his trainees” - Interviewee 7

In this quote we classify the claim as “students are doing work in people’s labs”. The reasoning is

the “professional accomplishment” they get from being first author. This accomplishment will be for the

benefits of their grad students and is an example of post-conventional reasoning.

Maintaining Norms Example: In this quote the interviewee is responding to the question “What

should Stavenick do?” regarding a grad student using unpublished work in their research:

“So I mean, that would be a discussion along the lines of you, you know, you can’t do this

because you’re not allowed to see this proposal in the first place.” -Interviewee 12
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The claim in the quote is “[the student] can’t do this” study. The reasoning is the grad student is not

allowed to do see the proposal in the first place. The use of “not allowed” is evidence the interviewee is

referencing some rules that prevent the grad student from seeing the unpublished data in the first place.

Since we are identifying an improvement in moral reasoning as participants using higher level schema

in their reasoning after the fellowship, we are analyzing the participants’ percent distribution of schemas

to determine if the participants’ reasoning changed. Since we are now looking at which specific schemas

the participants are using due to the hierarchy of the schemas mentioned in the theory section, a percent-

age breakdown of each schema the participants use will more accurately reflect on their change in moral

reasoning. We acknowledge that for improvement in moral sensitivity we are looking at total number and

types of values and for improvement in moral reasoning we are looking at percent distribution, however

due to the independence of improvement on the components we argue that we can analyze the two com-

ponents for improvements in different ways. We are identifying the participants’ moral reasoning this way

as we are attempting to identify a way of identifying moral reasoning in a more asset based model, which

the DIT and EDM do not fit in.

We used Fisher’s exact test to compare the distributions of schema between pre-interviews and post-

interviews.70 Fisher’s exact test is used to compare the distribution of a categorical variable in a group with

the same variable of another group.71 In our case, the categorical variable is the schema invoked and the

two groups we’re comparing are pre-interviews and the post-interviews. If the Fisher’s exact test shows a

significant difference in the distribution of schemas between the pre- and post-interviews, then we argue

the change was a result of the fellowship.

We also looked at the changes in total reasonings after the fellowship to confirm the independence of

the Four Components through identifying values. Once we get the number for the total schemas invoked

between pre and post-interview per dilemma, we ran a paired t-test to find the p-value for the differences in

the schemas invoked. If the p-value is less than 0.05, we consider the difference significant and conclude

that the number of reasonings between the interviews increased.
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Inter-rater reliability

We determined the agreement of the values and Neo-Kohlberg schema through inter-rater reliability (IRR).

Three people coded the interviewee’s responses. One coded all of the quotes for both values and Neo-

Kohlberg schema and will be labeled the original coder. The other coders received a subset of these

quotes to determine the value and schema of these quotes. For IRR for coding the values in general, the

original coder sent out around 20% of the total value quotes coded (around 121 quotes) and the other two

researchers coded values for these quotes.

We used Fleiss Kappa to determine the rater agreement between the three researchers for the individual

values.72 Calculating out the Fleiss Kappa gives a number between 1.00 and 0.00 where 1.00 means

the coders had perfect agreement between codes and 0.00 means the coders had no agreement between

codes.73;74

The Fleiss Kappa value for the reliability is around 0.53, which according to Landis and Koch is mod-

erate agreement between the coders.75 The two researchers met up with the original coder and discussed

their codes. After discussing the values the coders agreed on the same value for each quote until there was

a 100% agreement between the coders for the values for each quote.

For IRR for the unique values, the coders went through each ethical dilemma and discussed what they

thought were unique values. We looked for agreements in the total number of unique values by discussing

what were the unique values in each dilemma. After going through one of the interviewee dilemmas that

were sent out and the coders reached 100% agreement on each of the unique values, the coders continued

to the next one until 100% agreement was reached for each unique value on all of the dilemmas.

For the IRR for the moral reasoning schema, we used a similar method to the total number of values

where the original coder sent out around 20% of the total reasoning quotes (around 84 quotes) and the

other two researchers coded schema for these quotes. The Fleiss Kappa value for the reliability is around

0.39, which according to Landis and Koch would be a fair agreement between the coders.75 After the

Fleiss Kappa value was calculated, the two researchers met up with the original coder and discussed the

schema they coded. The coders then discussed the agreed upon a schema for a quote and disputed any

differences. After discussion there was a 100% agreement between the coders for each each schema for

the quotes.

34



3.2.4 Limitations

The scope of our conclusions are limited because we have a relatively small number of faculty from

one university in this study. This only allows us to look at a small section of the scientific community

and we therefore hesitate to make broad claims from this. Additionally, we acknowledge that the values

participants’ invoked could have changed due to factors outside the fellowship.

We also acknowledge that due to the one-on-one nature of the interviews, the participants may have

displayed some sort of social approval bias where they mainly talked about doing what is right. This may

raise the total post-conventional reasonings which is outside of our control though we expect both pre and

post interview reasonings are modified the same way.

3.3 Results

3.3.1 Moral Sensitivity

These are the results from when we analyzed both the general experience questions and the RCR vignettes

at the same time. Originally we looked at three value categories: ethical, epistemic, and other. We looked

at ethical and epistemic values while grouping up the other values due to the small amount of times these

other values were invoked individually. This then led to discussions on what does it mean to invoke moral

sensitivity when making a discussion and we came to the conclusion that moral sensitivity includes both

the number of values and the type of values, so we included the individual categories in later work.

GE Pre-Interviews Post-Interviews Total
Ethical 79 144 223
Epistemic 173 97 270
Total 319 284 493

Table 3.5: Contingency table for the general experience questions values.

RV Pre-Interviews Post-Interviews Total
Ethical 105 249 354
Epistemic 63 121 184
Total 168 370 583

Table 3.6: Contingency table for the RCR vignette values.
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Tables 3.5 and 3.6 show the distribution of values that we found for both the general experience section

and the RCR vignettes. The total number of values for the post-interviews is higher than the pre-interviews.

There are more values invoked in the vignettes when compared to the general ethics questions. Breaking

down the numbers, there were more values invoked when talking about general research questions in the

pre-interviews. Our Fisher’s exact test revealed that the percentage of ethical values compared to epistemic

values increased significantly in the general ethics section of the interview after the fellowship (p < 0.001).

When it comes to the vignettes, the post-interviews have over double the values that were invoked

when compared to the pre-interviews. The Fisher’s exact test showed that the percentage of ethical values

compared to epistemic values did not have a significant change in the RCR vignettes (p = 0.28).

Refined Results

Figure 3.1: Total number of invoked values for the pre-interviews and post-interviews.

Table 3.7 shows that the most prevalent values to show up are the ethical values and the epistemic

values. While these two categories show up the most, there is only a change between the pre-interviews

and the post-interviews for the ethical category. The ethical category had the largest increase in number

of values invoked while every other category stayed roughly the same. There is an increased number of
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Participants Pre Value Post Values
Participant 1 30 25
Participant 2 19 28
Participant 3 34 34
Participant 4 23 29
Participant 5 25 45
Participant 6 33 39
Participant 7 21 50
Participant 8 23 32
Participant 9 17 26
Participant 10 26 24
Participant 11 16 22
Participant 12 15 33
Participant 13 16 29
Participant 14 10 28

Table 3.7: Total values invoked per participant from the interviews.

values invoked in the post-interview (443 vs. 308).

We found that the paired t-test for the total number of values from Table 3.7 gives us a p-value of

0.002. More explicitly, the number of post-interview values invoked are significantly higher than the

pre-interview values invoked.

Looking at Table 3.8, we can see that the participants are invoking a variety of values instead of

repeating the same values. The trends here are very similar to what we see when looking at the total

number of values invoked. There is an increase in the total number of unique values invoked (360 vs.

270). Once again, the biggest increase in unique values was in the ethics category while the rest of the

categories stayed relatively the same.

We found that the paired t-test for the unique values gives us a p-value of 0.008. This means that there

is a significant difference between the post-interview unique values and pre-interview unique values and

that the participants are invoking different unique values after the fellowship.

Looking at both Figure 3.1 and Figure 3.2 we see that the total number of values invoked by the

participants increased. More specifically, the total number of ethical values invoked is more than double

in the post-interview than the pre-interview. To see if the change in ethical values is significant, we ran a

t-test on the ethical values invoked found in Table 3.9 and we found a p-value of 0.00003. This shows that

the participants are noticing more ethical values in these ethical scenarios.

37



Participants Pre Value Post Values
Participant 1 26 20
Participant 2 15 22
Participant 3 28 30
Participant 4 21 21
Participant 5 21 35
Participant 6 29 31
Participant 7 20 43
Participant 8 20 23
Participant 9 16 22
Participant 10 22 21
Participant 11 14 17
Participant 12 13 27
Participant 13 16 25
Participant 14 9 24

Table 3.8: Unique values invoked per interviewee from the interviews.

Participants Pre Value Post Values
Participant 1 10 12
Participant 2 7 13
Participant 3 13 27
Participant 4 9 20
Participant 5 8 28
Participant 6 15 23
Participant 7 6 25
Participant 8 10 17
Participant 9 5 12
Participant 10 11 12
Participant 11 6 11
Participant 12 7 18
Participant 13 7 16
Participant 14 6 15

Table 3.9: Ethical values invoked per interviewee from the interviews.
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Figure 3.2: Unique invoked values for the pre-interviews and post-interviews.

3.3.2 Moral Reasoning

Figure 3.3 and Figure 3.4 show there is no significant change in the distribution of schemas between

the pre-interviews and the post-interviews for the participants’ moral reasoning. We can see from these

figures that the Self-Interest schema did not change with staying at 7% for both the pre-interviews and post-

interviews, while the Maintaining Norms schema and the Post-Conventional schema showed no significant

change between the interviews.

The Fisher’s exact test for the distribution of schemas invoked gives us a p-value of 0.70. This means

that the difference between the distribution of pre-interview schemas and post-interview schemas is not

statistically significant.

The paired t-test for the total number of schemas invoked gives us a p-value of 0.004. This means

that the difference between the the total post-interview schemas invoked and total pre-interview schemas

invoked are statistically significant. More explicitly, the number of post-interview schemas invoked are

significantly higher than the pre-interview schemas invoked.
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Figure 3.3: Pie chart for percent breakdown of schema for levels of reasoning for the pre-interviews. We
combined all participants into one graph since we are looking at scientists as a whole.

3.4 Discussion

One of the goals for this project is to introduce theories from philosophy and moral psychology to Physics

Education Research in order to deconstruct scientists’ ethical decision making. We found that one of

the better ways to categorize ethical decision making is by using the Four Component Model due to the

distinct and easy to recognize components. We believe that as interest in research ethics education for

physicists grows, the Four Component Model (and theories like it) will provided much-needed theoretical

and methodological structure to attempt to understand, measure, and improve research ethics education.

As discussed in Linville et al’s paper, scientists invoke both epistemic and non-epistemic values when

discussing ethics in their work before the fellowship.5 If the scientists truly valued RCR training, then we

would have seen more invoked RCR values from the participants.5 This is further highlighted in this chap-

ter as the participants are invoking significantly more ethical values and not RCR values when discussing

vignettes instead of their own work after the fellowship. This further highlights the need to improve on

current RCR training by focusing more on values in science.
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Figure 3.4: Pie chart for percent breakdown of schema for levels of reasoning for the post-interviews. We
combined all participants into one graph since we are looking at scientists as a whole.

Figure 3.5: Bar chart for total number of reasonings categorized into the different schemas for all of the
scientists.
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3.4.1 Moral Sensitivity

Our first conclusions were the scientists in the fellowship invoked more values overall after the end of the

fellowship (654 vs. 487). Since the average time for both the pre and the post-interview were around the

same, we can say that time was not a factor in this increase in the frequency of value claims. Thus, the

participants were invoking values ~33% more often at the end of the fellowship than at the beginning.

In our group of participants, the kinds of values the scientists invoked when discussing their personal

experience with research ethics changed from predominantly epistemic to predominantly ethical. While

much of the fellowship focused on various epistemic goals in science, and trade-offs between different

epistemic goals, nonetheless the participants seemed more attentive to ethical dimensions of their work

after the fellowship.

There was not a statistically significant change in the kinds of values invoked when talking about

RCR vignettes. We hypothesize that this is because the goal of the vignettes was to invoke mainly ethical

values, so it would make sense for a majority of the values invoked for the vignettes to be more ethical

than epistemic.

After our first analysis we discussed how to improve on how we are looking at the scientists’ ethical

decision making. Our research question asked, “How do discussions of the values embedded in scientific

practice change scientists’ reasoning about responsible conduct of research?” We found that after having

discussions focused on the values in science, scientists’ reasoning changes to invoking more ethical values

when talking about their own work, but when it comes to ethical scenarios outside of their own work, the

values they invoked did not change. We then modified the original research question to discover more

about scientists’ moral sensitivity and moral reasoning.

To answer the question of “how do the discussions of values embedded in science shift scientists’

ethical sensitivity”, we claim that the value-focused training improves scientists’ ethical sensitivity. We

can see from the data that the participants evoked more values in the vignettes since there was a significant

increase in the number of ethical values invoked after the fellowship.

We also saw that the participants invoked a wider range of values after the fellowship which is seen in

the unique values invoked. Since time is not a factor in the change in number of values, the participants are

noticing more values in the vignettes after the fellowship sessions. Since we are saying that the morally
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salient items in these scenarios are the values, this means that the participants’ moral sensitivity increased.

This is a step in the right direction since to start improving in ethical decision making people need to

improve on each individual component.

3.4.2 Moral Reasoning

The fellowship originally did not appear to improve scientists’ moral reasoning according to our measure.

From the data, there is a significant change in the total number of schemas invoked, but there is not a

change in the distribution of schemas participants used. While there is a significant increase in the number

of distinct reasons brought up from pre to post fellowship (as seen in Figure 3.5), the overall trend between

the pre and the post-interviews shows that the schema of reasoning used remains about the same.

This then raises concerns that the way we measured the scientists’ moral reasoning did not fully capture

significant changes in moral reasoning. Although the participants’ reasoning schema did not change, we

believe something about their reasoning must have changed. Reasons for these speculations are because

of the increase in participants’ total reasonings in the post-interviews and the unique values invoked are

higher in the post-interviews. This suggests that the participants are able to come up with not only more

claims and reasonings for scenarios but they are reasoning with different ideas as well. One suggestion

for this is that looking at just the Neo-Kohlberg Schema is not enough to fully analyze someone’s moral

reasoning as this does not fully encapsulate what is being said in the scientists’ moral reasoning.

This raised the question “How do we look more in depth at the participant’s reasoning?” Answering

this new question will allow us to ultimately answer how the participants’ reasoning changed due to the

fellowship more accurately. While we believe that the Neo-Kohlberg Schema should not be disregarded,

we need more than just the schema to categorize scientists’ reasoning.

3.4.3 Improving Moral Reasoning Analysis

In order to fully analyze how these physicists are reasoning in ethical scenarios, we attempted to expand on

what we analyzed the scientists’ moral reasoning. Originally we only used the theories of Neo-Kohlberg

Schema, but we further analyzed the scientists’ moral reasoning by also including principles and stake-

holders. Rather than saying that there is a correct way to ethically reason like some methods of measuring
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Principle Definition Example
Autonomy The ability to make one’s own decisions. There

are two conditions that are essential for auton-
omy: liberty (independence from controlling
influences) and agency (capacity for intentional
action).

Participant gives informed consent

Non-
maleficence

Non-maleficence is the obligation to not harm
anyone intentionally. This can be both an ac-
tion or a non-action that is made to prevent any
harm.

Avoiding unnecessary harm to-
wards patients

Beneficence Beneficence is the obligation to contribute to
someone’s overall welfare. This is differ-
ent from non-maleficence since beneficence is
about taking positive acts to help others instead
of refraining from harmful acts.

Improving someone’s health
through surgery

Justice Justice is the fair, equitable, and appropriate
treatment of other people. This principle states
all people must be treated equally and must pro-
vide benefits to all people regardless of features
like gender or race.

Everyone receives life saving sup-
plies regardless of social class

Table 3.10: Definitions and examples of autonomy, non-maleficence, beneficence, and justice from the
Four Principles.

ethical reasoning, these theories allow us to view ethical reasoning in a more asset-based way since we

are looking at how the physicists are reasoning with schema, principles, and stakeholders in their own

way. However, we need to refine our definition of a stakeholder more. We would also like to note that the

application of this combination of theories to open-ended responses is novel. Since we have shown that

we can apply these theories to categorize the physicists’ reasoning, we can attempt to use these theories

for the rest of the scientists and eventually look to see any changes in their reasoning.

Principles

Beauchamp and Childress identified four principles to adhere to when it comes to ethical decisions in

clinical medicine.76 These principles are designed for making ethical decisions in biomedical ethics, we

suggest that we can use them to categorize someone’s context of reasoning in the STEM field. Definitions

and examples can be found in Table 3.10:

44



Stakeholders

For our definition of stakeholder, we will be using Freeman’s definition of a stakeholder: a stakeholder is

any group or individual who can affect or is affected by the achievement of the organization’s objectives.77

This theory comes from the philosophy of business management. Freeman then identified two groups

that are classified as stakeholders: “can affect” and “affected”. In this chapter, we will refer to these as

“involved stakeholder” and “affected stakeholder” respectively.78

To further break down the classifications of stakeholders, Ulrich identified the different roles stake-

holders can occupy.78;79 These roles can be applied to both involved and affected stakeholders:

• Source of motivation/client: The stakeholder whose values are being served

• Source of control/designer: The stakeholder who has the power to decide

• Source of expertise/planner: The stakeholder who contributes to the overall expertise of the project

• Sources of legitimation: The stakeholder that contributes the necessary responsibility of those

involved

Improving Moral Reasoning Data Analysis

Once we decided on using Rest’s schema, principles, and stakeholders to use to further analyze partici-

pants’ moral reasoning, we selected two of the physicists post-interviews to test if our proposed theories

were viable for application to all participants. We put these transcripts into Excel with the interviewee

questions in one column and the interviewee responses in the column next to the questions. We did this

for every question and response in the vignette section of the transcripts. Once we put all the questions

and responses in the Excel document we separated everything by the vignette scenario.

To code the responses, we highlighted where they were reasoning. For their Neo-Kohlberg schema,

we looked to see if they were reasoning about themselves (self-interest), reasoning about how things

should be based on social, legal, or scientific norms (maintaining norms), or reasoning for the betterment

of others (post-conventional). For their principles invoked, we looked to see if their reasoning involved

respecting other’s choices (autonomy), avoiding intentional harms (non-maleficence), maximizing benefits

(beneficence), or wanting what’s fair for everyone (justice).
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Using Ulrich’s groups to help us classify stakeholders, we created a list of specific groups of stake-

holders for ourselves which are: self, students, scientists, administration, and public.78 Note that stake-

holders could be categorized in more than one group depending on the context of the response. We did

this for every vignette and for both physicists. A more detailed breakdown on how we coded the responses

is in the “Vignette Responses” section below.

For inter-rater reliability, four of the authors of this project met together and discussed each response

and what we should code for each response. We came to an agreement on all of the responses.

sectionVignette Responses

First Vignette

The following is a question-response from one of the physicists for the vignette regarding a grad student

bringing up the concern that a scientist did not get informed consent to a project. In this, the italicized

words indicate the question from the interviewer; the response is in normal text:

(How should [the scientist] respond?) If he can really help improve the reliability of drugs,

then maybe it’s worth inflicting some pain on people...

For this response, the physicist’s justification for inflicting pain is “If he can really help improve the

reliability of drugs”. While the action in this quote is about causing pain, the reason for inflicting pain is to

increase benefits for other people (reliability of drugs), so this would be classified in the post-conventional

schema.

As mentioned in the previous paragraph, the reasoning here is to increase benefits for other people.

The principle here would be beneficence since the interviewee wants to increase benefits of the drugs.

In this response, the “he” would be the scientist from the vignette in charge of the project and the

“reliability of drugs” affects the populace. The groups for stakeholders in this response would be “scien-

tists” for the involved stakeholder and the “public” for the affected stakeholders since the interviewee is

reasoning for the scientist in charge of the project to run the study to improve drugs for the people.

This next quote is from the same physicist from the same vignette:
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(How do you think about causing pain to people?) Well, I mean, if people are dying from the

bad drugs, then I guess it’s okay. Maybe to give some people shocks...

For this response, the action might seem unethical since they are saying that the scientist should per-

haps shock people, which would cause harm to them. However, their reasoning that “if people are dying

from the bad drugs, then I guess it’s okay” implies that the shocks are to improve the safety of the drugs,

which would ultimately prevent less deaths. This puts this quote into a post-conventional schema.

For the principle of this response, the interviewee is implying that they want to reduce the deaths from

the bad drugs, which would be minimizing the harms from the drugs. The avoidance of harm would

make this an application of non-maleficence. However, they also are suggesting shocking people would

be justified by this consequence, which, since it is intentionally causing harm to individuals not offset by

benefit to them, would go against the principle of non-maleficence.

The groups for stakeholders in this response would be “scientists” for the involved stakeholder, since

they are still talking about the scientist from the vignette running the experiment, and the “public” for the

affected stakeholder, since the scientist is running the project improve drugs for the people.

Second Vignette

The following is a question-response from a different physicist for the vignette regarding a scientist is in

charge of hiring a new faculty member and could only bring in three male candidates but not the female

candidate:

(And so why what’s the obligation [for bringing in the female candidate]?) Where’s it come

from? It’s better for science, you’re getting different, you’re getting different perspectives, the

perspective of her life, everything her life has told her everything about her environment, as a

woman could be significantly different from that of a male.... And so you need this diversity

in personnel in order to better guarantee diversity in how we solve problems, how we see the

data, how we treat the data, etc. I think that’s, that’s essential.

In this vignette response, the physicist is appealing to post-conventional reasoning since in this re-

sponse the physicist is appealing to the fact that promoting diversity through hiring practices would be
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better for science, as is seen from their reasoning quotes of “It’s better for science” and “you need this

diversity in personnel in order to better guarantee diversity in how we solve problems”.

This is the one of the responses we saw in the vignettes where there were more than one principle in

each response and there was a supporting principle in this response. The interviewee responds with “It’s

better for science” where the “It’s” in this response is diversity. This response would be a beneficence re-

sponse since diversity is improving science (maximizing the benefits of science). Later on in this response,

they say that diversity is needed for all of these problems and do not explicitly state that diversity would

maximize benefit or reduce any harms from these problems. This might then be a justice statement. In

this whole response, the beneficence in the first part with diversity would then go on to support the justice

of diversity in solving those problems.

The stakeholders here are more complicated than the other vignette responses. The issue lies where

the interviewee states “It’s better for science”. The “It’s” would be the diverse group of scientists, so

the involved stakeholder would be “scientists”, but the affected stakeholder in this response would be

“science”. Since “science” is not an individual or group, we would then categorize this as “beneficiaries of

science”, which does not fit in any of the groups as mentioned above since all of the groups of stakeholders

we found would benefit from science.

Neo-Kohlberg Schema: From the responses, we can identify the invoked Neo-Kohlberg schema. The

physicists invoked a mixture of post-conventional responses and maintaining norms responses with no

self-interest responses. This could possibly mean that the level of reasoning is at a high level already for

these physicists, or they could also be trying to make themselves look better in front of the interviewer.

Four Principles: The principles we do see in the above responses are beneficence, justice, and non-

maleficence with none of the responses in this project containing the principle of autonomy. This is not to

say that the physicists don’t invoke autonomy at elsewhere in the interviews. Beauchamp and Childress’s

principles of biomedical ethics can be applied to our setting; however, there were responses where it was

not entirely clear what principle would align with the interviewee’s reasoning. This may be due to lack

of detail in the interviewee’s responses, especially for non-maleficence, which is more clear in a clinical

setting where one person has substantial responsibility and the potential to harm others directly.

Stakeholders: Identifying who the physicists are reasoning towards is not as simple as the traditional

stakeholder theory would make it. The issue with our current theory of stakeholders is what happens when
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the the stakeholder is an abstract topic or object like in the last vignette response where the stakeholder is

identified as “science” since our definition of stakeholder is an individual or group. This shows that our

current use of stakeholder theory needs to be refined and our groups of stakeholders needs to be adjusted

since the physicists reasoned with an abstract idea rather than an individual.

Looking at the effectiveness of the value-focused fellowship on improving the overall ethical decision

making of the scientists, we see that there is a start for improving scientists’ ethical decision making. We

see an improvement in ethical sensitivity and inconclusive results for improvement in moral reasoning.

More work will be needed in looking at motivation and implementation in order for us to fully claim that

this value-focused training is effective at improving ethical decision making.

With this work, we want to highlight that this kind work requires collaboration between physics and

philosophy. This is due to the fact that physics in general has little work when it comes to making ethical

decisions in science. Because of this, we have to turn to the field of psychology and philosophy to learn

how people make ethical decisions and adapt this to science as they are the experts in this field. We

encourage future ethics work to be interdisciplinary with philosophy to have a more solid foundation in

ethics work.

49



Chapter 4

Development of Tasks

4.1 Theory

4.1.1 Three-Dimensional Learning

There is a call for instruction to focus more on promoting transferable knowledge and skills across

topics/disciplines instead of just focusing on teaching and assessing specific content knowledge in a

course.3;36;80;81 The transferable knowledge and skills means that instead of just memorization of the con-

tent knowledge taught in a course, students should be taught the content knowledge and skills so that they

can be applied to other topics.36 This should now be done by focusing on motivating new approaches to

instruction and assessment.3

One way to focus promoting transferable knowledge is by developing learning goals and assessment

through the lens of Three Dimensional Learning. The National Research Council stated that in order to

be proficient in science, science must be viewed as both a body of knowledge and as an evidence-based

model with theory building that continuously expands and revises knowledge.82;83 In order to keep science

in line with the sentiments of being a body of knowledge and evidence that revises knowledge, standards

must be designed with three dimensions: scientific and engineering practices, crosscutting concepts, and

disciplinary core ideas.82;83

The first dimension of scientific and engineering practices are the behaviors that scientists and engi-

neers engage in to do science.82;83 These practices incorporate what scientists do and help students un-
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derstand how scientific knowledge develops (e.g: developing and using models to explain a phenomenon,

use mathematics to calculate an important variable, etc.).83 It’s important to highlight the practices be-

ing applied in learning goals because showing what scientists and engineers do can pique student interest

and keep students motivated in science or engineering.84;85 In Table 4.1, we highlight the scientific and

engineering practices used while developing tasks for the TaSPA. Note that while we use most of the sci-

entific and engineering practices to develop tasks, we found it nearly impossible to include the practices

of “asking questions” and “planning and carrying out investigations” in a multiple-choice assessment.

The second dimension of crosscutting concepts involves the ideas that link across the other scientific

disciplines.82;83 These concepts give students an organizational framework that connects the knowledge

from different disciplines into a coherently and scientific based view of the world.83 These concepts should

be explicit and common enough so that students develop a usable understanding of how science and

engineering works.83 A list of all crosscutting concepts used is found in Table 4.1.

The disciplinary core ideas are the foundational concepts of the specified discipline of the course or

assessment.81;83;86 In order for something to be a disciplinary core idea, they must meet at least two of

the four following criteria: have a broad impact over multiple sciences or a key idea in one discipline,

provide a key tool for understanding complex problems, relate to the likes and interests of the students,

and be teachable and learnable over multiple grades at increasingly levels of depths.86 While the National

Research Council only highlights disciplinary core ideas for physical sciences, we created core ideas for

the TaSPA that are more relevant to a thermal or statistical physics class. These disciplinary core ideas for

thermal and statistical physics can be found in Table 4.1.

Scientific Practices Croscutting Concepts Core Ideas
Developing & Using Models Patterns Energy
Analyzing and Interpreting Data Cause and Effect: Mechanism and Explanation Temperature
Using Mathematics Scale, Proportion, and Quantity Entropy
Constructing Explanations System and System Models Heat Flow
Obtaining, Evaluating, and Communicating Information Energy and Matter: Flows, Cycles, and Conservation Microstates
Engaging in Argument from Evidence Structure and Function Partition function

Stability and Change

Table 4.1: List of components from three-dimensional learning used to create tasks for TaSPA
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4.1.2 Knowledge-in-Use

To incorporate all of the evidence centered design framework including the components of the evidence

centered design triangle, Harris et al. created a Knowledge-in-Use framework that incorporates defining

evidence of students’ knowledge and skills for a certain domain. The aspects of Knowledge-in-Use include

identifying learning performances, knowledge skills and abilities, evidence statements, and task features

that will elicit student understanding in a course.36.

Learning performances refers to a set of proficiencies that are used to determine a performance expec-

tation set in the classroom.36 These are related to the learning goals of the classroom where both learning

performances and learning goals identify the expected knowledge students are intended to learn in the

classroom. The learning goals created should be rooted in the three dimensional learning framework.36

This means that each learning goal should contain a scientific practice, crosscutting concept, and disci-

plinary core idea as appropriate to the course.

Knowledge, skills, and abilities are the proficiencies that are targeted by the assessment task.36 Evi-

dence statements are the observable features of student performance that capture the proficiencies high-

lighted by the learning performance.36 Task features are how the task is designed that will illicit the profi-

ciencies of the learning performance.36 When designing tasks through this Knowledge-in-Use framework

the goal is to make it easier to identify students’ knowledge and skills that can then be used to improve

course curriculum.

4.1.3 Self-Regulated Learning

Self regulated learning is defined in terms of self-generated thoughts, feelings, and actions oriented to-

wards attaining one’s own goals in a constructive and self-directed process.87–89 In order for self regulated

learning to be successful, someone must be able to direct their own learning which includes the skills

of orienting, planning, monitoring, evaluating, and correcting.88 People who have had success with self-

regulated learning have been found to swiftly transfer knowledge and strategies learned to other situa-

tions.88

One of the more crucial parts of learning from self-regulated learning is through the use of feedback.87

In a formative assessment such as the TaSPA, feedback is a key element as it defines the information about
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the success of the students on the assessment.90 Nicol and Macfarlane-Dick established a model connect-

ing self-regulated learning and internal feedback for instructors.90;91 Through this model they established

seven principles that support and develop self-regulation in students, but for developing tasks we only used

three of the principles: clarify goals, deliver quality feedback, and provide opportunities to close the gap.

We go into how we apply these principles to create feedback for instructors in the Generating Feedback

Reports Section.

In the next section, we highlight how these aspects are being addressed in the TaSPA by: a) allowing

instructors to select the topics that are assessed, b) highlighting the scores of the students, and c) providing

possible course modifications depending on the scores of the students.

4.2 Designing Tasks

We now articulate the development of our assessment components by highlighting how each compo-

nent guides the development of further components. The components include: learning performances,

knowledge-in-use tables, assessment tasks, rubrics, and feedback reports. This section will go over the

development of a “Heat Engines” task by identifying key aspects of the components.

4.2.1 Deciding Task Topics

In order to develop topics that are relevant for a thermal and statistical physics class, we distributed a

survey to university faculty across the country. The results of this survey can be found in Rainey et al’s

paper discussing the creation of this survey and outcomes.37 This survey’s results gave us an insight to

what faculty around the country believed were the ideal topics covered in thermal and statistical physics

courses. While we initially focused on creating tasks with an 85% agreement on the survey, we eventually

attempted to create tasks from all of the topics highlighted in the survey but had to not include some topics

due to time.
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4.2.2 Creating Learning Performances

Once we identified the topics for the TaSPA, we created sub-ideas for the topics that we identified that

should be a task on the assessment. These sub-ideas are what we believe students should be able to know

or do about each topic. Sub-ideas for each topic allows us to easily incorporate the three-dimensional

learning components described in Table 4.1 to make learning performances for each topic.

For example, a sub-idea for the Heat Engine task would be:

The variation of pressure and volume of an engine provides information to determine the

efficiency for a given amount of heat supplied over one cycle. .

This sub-idea states that if students are given the pressure and volume of an engine (in many cases this

would be a pressure vs. volume diagram) then they would be able to solve for the efficiency of the engine.

This is just one of the sub-ideas we could have created for this topic and we acknowledge there could be

other sub-ideas for each topic. After discussions we accepted that the sub-idea mentioned above should

be the accepted sub-idea for heat engines and we then decided to make a learning performance out of this.

To develop a learning performance out of a sub-idea, we first had to identify which of the aspects of

three-dimensional learning paired best with the sub-idea of a heat engine. For the crosscutting concepts

we pictured that students would be given a pressure vs. volume diagram and would have to figure out the

heat flow from the diagram, so the crosscutting concept would be “Energy and Matter: Flows, Cycles, and

Conservation”. Due to a heavy focus on determining the efficiency from the heat flow, the core idea for the

heat engine task would be “Heat Flow”. For the scientific practices, we had multiple options for learning

performances such as:

1. Analyze and interpret data about the variation of pressure and volume inside an engine to determine

the efficiency for a given amount of heat supplied over one cycle.

2. Construct an argument about the variation of pressure and volume inside an engine to determine the

efficiency for a given amount of heat supplied over one cycle.

3. Use mathematics to determine how the variation of pressure and volume inside an engine to deter-

mine the efficiency for a given amount of heat supplied over one cycle.
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Note that when deciding learning performances we attached different scientific practices to the sub-

idea in order to create a learning performance. The benefit of identifying a sub-idea for each topic is it

allows us to identify multiple different scientific practices that could potentially be used for each learning

performance. This allows us to decide which scientific practice would be ideal for each learning perfor-

mance and we can adjust the learning performance to account for different scientific practices that are not

covered in other topics. The crosscutting concepts and core ideas for each of the topics would remain

static when deciding the learning performance, only the scientific practice should be able to be changed

when deciding on the knowledge/skills students should have for a particular topic. After discussions,

we determined that the most appropriate learning performance for the Heat Engines topic should contain

the scientific practice of “Analyze and interpret data” as this allows us to have the task focus on having

the students take information from a pressure vs. volume diagram and determine what to do with that

information.

4.2.3 Designing Knowledge in Use Table

Once we created the learning performance highlighting the knowledge and skills we wanted to assess,

we created the KSAs, ESs, and task features to further highlight what we are looking for in students’

answers. First is determining the KSAs for the task as this is what we believe to be the proficiencies

required to complete the learning performance for the task. The number of required KSAs ranges between

2-3 depending on the complexity of the task (e.g: Students using mathematics to calculate a value could

include only two KSAs if the task requires the student to make a calculation and then conclusion based

on the calculation, but analyzing and interpreting data could include three KSAs depending on the data

presented and claims required from students).

These KSAs guided the creation of the evidence statements since the evidence statements are what we

need to see in student answers to claim students meet the KSAs. For example, in Table 4.2 the second

evidence statement starts with the phrase “calculation of” the efficiency required for the task. This shows

that we want the students to fully show their calculation for the efficiency based on the data given in the

task.

The final aspect of the Knowledge-in-Use Table is the task features. These are what should be in
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Table 4.2: KiU table for the Heat Engine task where we explicitly show the Learning Performance, KSAs,
ES, and Task Features

Aspects of Knowledge in Use Description
Learning Performance Analyze and interpret data about the variation of pressure and

volume inside an engine to determine the efficiency for a given
amount of heat supplied over one cycle

Focal Knowledge, Skills, and Abil-
ities (KSAs)

KSA1: Identify the relationship between efficiency (e) and heat
(Q), i.e., e = QH−QC

QH
KSA2: Calculate the efficiency from the given data
KSA3: Make a conclusion based on the calculated efficiency vs.
efficiency given

Evidence Statements (ES) ES1: Identification of the relationship between efficiency and heat
ES2: Calculation of the efficiency of the engine
ES3: Identification if the calculated efficiency is reasonable given
the context of the task

Task Features Question gives a scientific question, claim, or hypothesis to be
investigated.
Question gives a representation of the data (e.g., table or graph,
or list of observations) provided to answer the question or test the
claim or hypothesis.
Question gives an analysis of the data or asks student to analyze
the data.
Question asks student to interpret the results or assess the validity
of the conclusions in the context of the scientific question, claim,
or hypothesis.

the task to elicit the evidence listed in evidence statements. These task features are dependent on which

scientific practice is selected for each task (e.g: a task with the scientific practice “using mathematics” will

have the same task features as another task with the “using mathematics” task features). Once we identify

the KSAs, ESs, and task features, we get the KiU table shown in Table 4.2.

Note that while most of the evidence statements are in terms of general tasks (e.g: there is no context

revolving around them), the third evidence statement mentions making a conclusion about the context of

the task. While the actual task for the Heat Engines task was not created before creating the KiU table,

there was a general idea on what the task should be when designing the KiU table. This allows a smooth

transition from creating the KiU table and creating the task as the task will better be in line with what we

were looking for in the KiU table. These KSAs and evidence statements are not a permanent fixture before

creating the task and can (and should) be adjusted depending on the feedback received from students and
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instructors. The process of KiU tables were created before I joined the project, but I created this specific

KiU table. The list of all of the KiU tables I created can be found in Appendix A.

4.2.4 Creating Assessment Task

Using the KiU table, we created the task that focused on specified topic outlined in Rainey et al’s survey.37

For the Heat Engines task we wanted students to analyze and interpret data so we created a pressure vs.

volume cycle of an ideal engine. For all tasks on the TaSPA, we wanted to make sure that the tasks were

as close to real world applicable as we could possibly make. Making tasks “relevant to real world” is to

make the subject matter more relatable for the students taking the assessment and allows students to fully

apply their knowledge and skills to each task.92;93

In the Heat Engines task, we decided to give the context of the task to be determining the efficiency

of an Otto Cycle engine, as this engine is typically found in everyday cars.94 While keeping the need for

making the task as “real world” as possible and incorporating the aspects outlined in the KiU table, we

created the Heat Engines task found below:

You are tuning the Otto engine (engine typically found in modern cars) of your car and you use

a dynamometer to measure the efficiency of the engine. Based on the dynamometer readings

you calculate that the efficiency of your car’s engine is 60%. You show this to your colleague

and they think that your dynamometer is off, so you record the pressure/volume readings of

your engine for one cycle and develop a PV graph for your engine (shown below). After

finding the efficiency of this graph, is it possible that your dynamometer is working right?

Explain your reasoning. (This task is accompanied by Figure 4.1 along with the pressures and

volumes at points 1, 2, 3, and 4)

In this task, we give the students a pressure vs. volume diagram of an Otto Cycle engine as well

as readings from a dynamometer which gives the students the real efficiency. We then ask the students

to calculate the efficiency from the given diagram and then compare this efficiency to the dynamometer

efficiency (ideal efficiency vs. real efficiency). From this task, we believe that the way it is phrased we

will be able to see student responses that contain the proper identity relation, the calculated efficiency, and
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Figure 4.1: Image to go along with the Heat engine task where students are given the processes of an Otto
engine as well as the data from the plot.

a conclusion based on the scenario. In order to verify if this is true, we gave students the free response

version of this task as well as other tasks.

4.2.5 Creating Coupled Multiple Response

Once we created a task, we gave the newly created task in its free response format as well as a few other

newly created tasks in an online survey to students who were currently taking a thermal and statistical

physics course. The students received the survey towards the end of the semester. Specifically for the heat

engines free response task, we received data from 95 students total from five different universities across

the United States.

Through the student responses we created questions for the tasks in a coupled multiple-response format

(CMR). CMR format is when the questions are multiple choice, but the students are allowed to select their

reasoning to go along with their selected answers.95 In CMR format, students can potentially receive par-

tial credit depending on the answers and reasoning they selected in each task. The benefits for distributing

an assessment in CMR format is it allows for automated grading.
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We utilized the student responses to the free response tasks to create the different responses students

would see in the CMR format. We looked at all the students’ answers and selected the correct option(s) the

students wrote down to include as options in the CMR version of the questions. We also included incorrect

options given from the students to include as many possible ways to answer a question as possible. For

example, if an evidence statement for a task includes “Calculation of a quantity”, we would take the student

responses where they made the calculation and include it in the CMR version of that evidence statement.

Each task took the format as follows: students would give their final answer on the first question of

the task and then the students would answer a series of questions to express their reasoning for the correct

answer. After the student answers a question for a given task, the student cannot go back to the previous

question to change their answers. This makes it so the students have to work through the answer first and

cannot look at future questions regarding reasoning for help.

When students look at each task question online the questions will be on separate pages and the stu-

dent can only move on to the next question after they answer the current question. Students taking the

assessment cannot go back to a previous question to change their answer. This ensures that the students

completely work through the task first before making their answer and reasoning to ensure that the instruc-

tor gets the best possible feedback from the assessment.

Note that for the entire design of the task questions the order of the evidence statements appearing

does not matter if they are in numerical order. The only order that matters is that the student conclusion

comes as the first question and then questions regarding reasoning come after as mentioned above.

Looking at the Heat Engines task, we start by getting them to answer if the dynamometer in question

is working. Note that for all of the questions on this document the correct answer or answers will be

italicised:

1. Is it possible that the dynamometer is working correctly?

A. Yes

B. No

C. Cannot determine from the information

D. I don’t know
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For this question we give them four options: the dynamometer is working, it is not working, it cannot

be determined, and they don’t know. The option “I don’t know” is included in all sixteen of the tasks on

the first question as it gives students an option to skip the question entirely if they did not know how to do

it in the first place. This is intended to discourage guessing. For example if the student believes that they

have not covered the topic in their course or they cannot remember how to complete the topic, the student

would select the “I don’t know” option and they would move on to the next task that the instructor selected

to give the students.

For evidence statement three for the Heat Engines task, we want to see if the students are able to

identify if the calculated efficiency is reasonable compared to the real efficiency given from the task. As

for this question, we address the students’ conclusions about if the calculated efficiency is reasonable, and

we want more evidence from students. We address this in another question. For the next question, we

want to see what the students’ calculated efficiency actually was from the pressure vs. volume diagram

given:

2. What was your calculated efficiency from the graph?

A. 40%

B. 57%

C. 79%

D. 82%

E. 98%

F. 100%

In this question, we give the students a wide variety of potential efficiencies to choose from. While the

correct answer is the calculated efficiency should be 57%, we also included efficiencies that other students

calculated and answered on the surveys. We only put responses that we saw at least two students put on

their surveys as to make the question give realistic answers, but also not put too many responses from the

students to select from.

For the second evidence statement of the Heat Engines task, we asked the students to actually calculate

the efficiency of the pressure vs. volume diagram. In this question, we ask for their final answer for the
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calculation. This is enough evidence to show that they are able to take the data from the diagram and

correctly calculate the efficiency from the data. For the next question, we ask the students how they

identified the relationship to calculate the efficiency:

3. What quantities from the graph did you use to calculate efficiency?

A. Heat flow along the isochoric heat addition (Path 4-1 on graph)

B. Heat flow along the isochoric heat rejection (Path 2-3 on graph)

C. Work along the adiabatic compression (Path 1-2 on graph)

D. Work along the adiabatic expansion (Path 3-4 on graph)

E. Pressures from the processes

F. Volumes from the processes

In this question, we highlight that students can select multiple responses as answers to their questions.

Throughout most of the questions in TaSPA students have the option to select multiple responses if they

like or they can select none at all depending on if any of the responses elicit their reasoning. This question

also shows that while the heat flow is what the students need to consider for this question, they could also

select “Volumes” as another answer since the students could use the volumes from the diagram to answer

this task. We saw from the student responses that they calculated the efficiency using the volumes from the

diagram, but students will only be considered correct if they first made the connection between efficiency

and heat.

For the first evidence statement we wanted students to demonstrate that they understood the connection

between heat and efficiency. By asking which quantities they used to calculate the efficiency, we get the

students reasoning on how they calculated the efficiency without explicitly giving them the actual equation

highlighted in KSA1 that is the required equation to calculate efficiency. We now have questions that get

students to show their answer and reasoning for all of the evidence statements, but we mentioned before

that the first question was not enough to consider if the students could fully make the connection between

the ideal efficiency and the real efficiency, so we created one more question:

4. What is/are the reason(s) you used to determine if the dynamometer is working?
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A. The calculated efficiency from the graph should be about the same as the dynamometer

efficiency

B. The calculated efficiency from the graph should be significantly higher than the dynamome-

ter efficiency

C. The calculated efficiency from the graph should be significantly lower than the calculated

efficiency

D. The calculated efficiency cannot be used to determine if the dynamometer is working

E. Other

With this final question in the task, we believe that the questions in this task will illicit student evi-

dence that answers the proficiencies highlighted by the KSAs and in turn elicits the knowledge and skills

highlighted in the learning performance.

In a summary of the order for the Heat Engines task, we asked the students for their conclusion first

(ES3), then their calculated efficiency for when they made their conclusion (ES2), then the connection

between heat and efficiency (this is asked after the calculation for the efficiency as to not influence how

the students calculate the efficiency) (ES1), and finally we asked the students if the real efficiency given

is correct based on the calculated efficiency (ES3). We believe that this the the optimal order to ask the

questions to ensure we capture the students’ conclusion and reasoning regarding the task without guiding

them through how to calculate the efficiency in the first place.

4.2.6 Creating Rubric

Throughout the design of the TaSPA tasks, we created rubrics for each of the evidence statements in the

task itself instead of creating a rubric for the task as a whole. This allows us to identify what the students

are getting correct in the tasks and where the students are struggling. This focus on grading different

evidence statements rather than the task as a whole allows for clear feedback to instructors on where they

need to improve their instruction in the classroom.

Before we identify how we created rubrics for the TaSPA, we need to introduce how we are grading

the students’ answers. We characterized the student answers as proficiencies: Met (M), Partially-Met (P),
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or Not Met (N). The “Met” criterion indicates that we have evidence that the students met the KSA. In the

“Partially-Met” criterion, we have some evidence the students Met the KSA. In the “Not Met” criterion,

we do not have evidence that the students met the KSA.

Note that the student scores are not based off a point system (e.g: student score could be nine out of

ten points), but instead the scores are based on how the student is correct in their answer/reasoning and did

they provide enough evidence as highlighted in the KiU table. Grading of proficiencies instead of scores

allows us to delve into the students’ reasoning more and give more useful feedback for instructors.

While creating the CMR format of the task, we had in mind what the rubrics should look like as

highlighted by the selection of the correct answers and reasoning when creating the CMR versions of the

tasks. This allows us to quickly decide what should be considered “Met” when creating the rubric for each

of the evidence statement.

To create a rubric for an evidence statement it is important to identify in the CMR versions what options

students need to select, what options students need to not select, and which options it does not matter if

the students select or not. For this example, we will use question 3 (evidence statement 1) from the Heat

Engines task. In this question we need the students to select that they used both of the heat processes to

calculate out the efficiency of the engine in order to fulfil the requirement for evidence statement 1. We

highlighted in the CMR creation that the students could select the “Volumes from the processes” options

if they used the volumes to calculate the efficiency of the engine, however we highlighted in the KiU

table that the students must make the connection between efficiency and heat in order to have a correct

and complete response. We decided that if they select or don’t select the “Volumes” option but they still

selected heats options then they would be considered “Met” for that evidence statement. The rubric for

this evidence statement is shown in Table 4.3

In the rubric for Evidence Statement 1, we have the conditions for what options should be selected or

not selected for met and what options should be selected or not selected for partially met for the student

answers for this question. In the first column, we have the different proficiencies. The second row shows

the logic for what the students need to do to be considered Met for evidence statement 1. In the columns

after, we have the different options that the students can select in the question (e.g: 3a in the rubric

corresponds to option a in question 3 in the task).

In this chart we have a series of “+”, “-”, and blank spaces regarding the options for what students
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Table 4.3: Rubric for evidence statement 1 for the Heat Engines Task, including the logic for students
to be Met and Partially Met for this evidence statement. In this table the left column is the proficiency
(Met, Partially-Met, Not Met). Every column after that is the options for each questions. For example, the
second column is the possible options for students to select for question three option a) in order to get the
proficiency Met or Partially-Met. Since for the Met proficiency the selections for options 3a and 3b are
“+”, that means that students have to select options a) and b) for question 3. Options c), d), and e) are
“-” since this means the students do not select these options to be in the Met proficiency. For option f) the
selection is blank which means that it does not matter if the student selects this option or not.

Proficiency 3a 3b 3c 3d 3e 3f
M + + - - -
P + - - - -
P - + - - -

can select for each option. Throughout every rubric, these symbols represent every possible selection for

each of the Met and Partially-Met proficiencies. The symbols are represented as the following: the “+”

means that the student has to select that option, “-” means that the student must not select this option, and

the blank space means that the student can select that option or not and it will not affect their proficiency

rating.

Going through the different proficiencies, the Met proficiency has this logic: Students must select

option a) and option b) (these are the two heat processes), not select options c), d), and e), and it does

not matter if they selected option f) (the volumes option). If students pick these exact options, then they

have demonstrated that they are able to correctly make the connection between efficiency and heat and

are considered Met for this evidence statement. The Partially Met proficiency has the following logic:

Students must select option a) or option b) (the two heat processes), not select options c), d), and e), and

once again it does not matter if they select option f) (the volumes option). These options show that the

student almost fully made the connection between heat and efficiency, but were not able to make the full

connection so this means they only have a Partially Met as their proficiency for evidence statement 1. If

the students select any other option combination for this specific question then they would be considered

with a Not Met proficiency since they did not consider the connection between heat and efficiency.

Every rubric in the TaSPA follow the same logic of marking down which options the students should

select to be in the Met or Partially Met proficiency. If the evidence statement spans multiple questions

(such as evidence statement 3), there is one rubric for both of these questions.
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4.2.7 Generating Feedback Reports

The final step of developing tasks for the TaSPA was creating the feedback the instructors would receive

regarding the student performances on the tasks. My role in the feedback generation was making the con-

nection between Nicol and Macfaralane’s principles (clarify goals, deliver quality feedback, and provide

opportunities to close the gap) to the aspects of the task development.

For clarifying the goals for instructors, we opted to show the instructors the KSAs for the task as these

are what we defined as the goals the students need to know to fulfil the knowledge and skills outlined in

the learning performance. In the feedback report, the instructors would see:

Students were asked to:

• Identify the relationship between efficiency (e) and heat (Q), i.e., e = QH−QC
QH

• Calculate the efficiency from the given data

• Make a conclusion based on the calculated efficiency vs. efficiency given

For the statements regarding the student performance, we base these statements on how well all of the

students performed on the evidence statements in the tasks. In the feedback report given to instructors, we

would start the section with “The TaSPA:” followed by statements of what the evidence shows for how

well the students performed. For example, if a majority of the students had a Not Met proficiency for all

of the evidence statements in the Heat Engines task, the section the instructors would receive would look

like:

The TaSPA:

• Did not provide evidence that your students correctly identified the relationship between efficiency

and heat.

• Did not provide evidence that your students correctly calculated the efficiency from the given data.

• Did not provide evidence that your students made a correct conclusion based on the calculated

efficiency vs. efficiency given.

For this section, we would also include a breakdown of the class percentages for each proficiency

for each evidence statement that were based on the rubrics. Note that we presented this as “The TaSPA
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provided evidence” as we want to present the evidence to instructors so that they can make the decisions

to improve their class based on the evidence the TaSPA provided.

I also introduced the clarification of Partially Mets to the TaSPA task development. Depending on if

any of the evidence statement rubrics contained Partially Mets, the next section of the developed feedback

would be an explanation of what percentage of the class were marked as Partially Met and what that

partially met means. This would be a drop down menu for instructors to provide instructors with a choice

of viewing what the Partially Met case means for each task. As this only applies to evidence statement 1

for the Heat Engines task, this section would look something like “x% of students only considered one of

the heat processes of the engine instead of both” where in this case the “x” would be the actual percentage

of students who received Partially Met proficiency for this evidence statement.

In the final section of the feedback, we wanted to provide opportunities to close the gap between

student performance and the goals set by the task. For this we gave instructors open-ended ways students

could benefit from more opportunities to consider depending on the proficiencies of the students given

from the rubrics. If the class was considered Met for all of the evidence statements, then this section

would be blank as there are no opportunities to improve the students’ knowledge and abilities. If the

students are at a Partially Met proficiency or Not Met proficiency, then there would be some suggestions

for improvement in the classroom. For example, if the students were considered Not Met as mentioned

above, then the instructor would receive:

Students could benefit from more opportunities to:

• Explore how heat of the non-adiabatic processes of an engine contribute to the efficiency calculation.

• Calculate more efficiencies of an engine given a pressure vs. volume diagram.

• Make conclusions regarding the comparison of ideal efficiencies to real efficiencies.

Note that we intentionally give vague feedback for instructors. This is to allow the instructors to decide

how they are going to make adjustments incorporate these recommendations in their classroom based on

how they want to teach the class (e.g: Instructors could improve on lectures by adding on clicker questions

based on these recommendation or adjust the homework to make students articulate their reasoning to go

with their answers). To summarize the feedback professors receive, we want instructors to see specifically
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what the students are struggling on in their conclusions and reasoning through clear evidence provided

in the TaSPA and what are some of the recommendations that instructors could make to improve their

classrooms.
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Chapter 5

Validation of Tasks

5.1 Theory

5.1.1 Knowledge-in-Use

Evidence Centered Design is a framework that states that assessments are representatives of performances

to make inferences about a wider set of a students’ skills or knowledge.3 This process of collecting evi-

dence of student knowledge and skills is fundamental to all assessments as the set of knowledge collected

affects all other aspects of the classroom highlighted in Figure 2.2.

The aspects of collecting evidence from an assessment are observation, interpretation, and cognition

which are highlighted in Figure 5.1.3;6 The cognition corner of the triangle refers to the theory, models,

and set of assumptions that can be made about how students represent their knowledge on a subject matter

domain.6 This is not only what students should learn about the content domain in the classroom, but also

how students should learn about the content domain.3 The observation corner of the triangle refers to the

specifications of the assessment task that shows a students’ understanding of the course.3;6 This should be

done by identifying how students learn in the domain, what is important for students to learn, and what

students would be expected to know based on their instructional history.6 The interpretation corner of the

triangle refers to making observations of students’ knowledge and skills.3;6 This includes any information

that will improve instruction inside the classroom.

Harris et. al. created a Knowledge-in-Use framework that incorporates defining evidence of students’
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knowledge and skills for a certain domain. The aspects of Knowledge-in-Use include identifying learning

performances, knowledge skills and abilities, evidence statements, and task features that will elicit student

understanding in a course.36

Learning performances refers to a set of proficiencies that are used to determine a performance ex-

pectation set in the classroom.36 These are related to the learning goals of the classroom where both

learning performances and learning goals identify the expected knowledge students are intended to learn

in the classroom. Knowledge, skills, and abilities are the proficiencies that are targeted by the assessment

task.36 Evidence statements are the observable features of student performance that capture the proficien-

cies highlighted by the learning performance.36 Task features are how the task is designed that will illicit

the proficiencies of the learning performance.36 When designing tasks through this Knowledge-in-Use

framework it is easier to identify students’ knowledge and skills that can then be used to improve course

curriculum.

Figure 5.1: Triangle identifying elements involved in conceptualizing assessment as a process of reasoning
from evidence.3;4

5.1.2 Validation focusing on instruction

Pellegrino et al. highlighted different components of validation that incorporate the original components of

validation (face validation, content validation, construct validation, and criterion validation). These com-

ponents should focus more on improving instruction in the classroom and further emphasize the Education

System Triangle in Figure 2.2.6 These components of validation are cognitive validation, instructional val-

idation, and inferential validation.
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Cognitive validation is the extent to which the assessment assesses student knowledge and skills in the

classroom.6 This relates to the cognition element from Figure 5.1 as cognitive validation should focus on

what students should know in a course but also how students should learn.

Instructional validation is the extent to which the assessment is aligned with the instruction in the

class and the learning goals of the curriculum.6 This includes assessment providing useful and timely

instructional related information designed to improve the classroom. The instructional information given

should be aligned with the knowledge and skills derived from a class’ curriculum.

Inferential validation is the extent to which the assessment provides accurate and reliable information

about the students’ performance in the classroom.6 This should be done through some statistical model

or analysis (e.g: Item Response Theory) that determines whether a task reliably aligns with the intended

learning goal. These components of validation also incorporate the components from Figure 5.1 as the

inferential validation and interpretation corner both involve taking assessment scores and interpreting stu-

dent knowledge and skills from these scores.

Cognitive validation, instructional validation, and inferential validation are critical for evaluating the

validity of assessments that focus on supporting instruction.6 Despite these three components focusing

more on instruction and alignment with the Education System components, these three validation com-

ponents still contain the original four components of validation (face validity, content validity, construct

validity, and criterion validity). For example, cognitive validation contains aspects of content validation

as both are components that gather evidence towards the assessment measuring the knowledge for a topic.

Cognitive validation expands on this and ensures gathering evidence towards knowledge and skills for a

topic.

Table 5.1: Three components of validation designed to support learning and instruction.6

Validation Method Description
Cognitive Validation Assessment measures knowledge and skills of students
Instructional Validation Assessment provides timely and useful instructional information
Inferential Validation Assessment scores are reliable and provides accurate information about

student performance
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5.1.3 Validating the TaSPA

Previous assessment design and validation in PER has focused on students’ conceptual understanding of

a particular physics topic.14;31;96 Despite these assessments like the Force Concept Inventory being an

accepted way to assess a student’s understanding in the course, there are concerns about how to interpret

assessment scores to improve instruction for the classroom.14

We are designing and validating the TaSPA to make the assessment results easy to interpret to improve

instruction and curriculum in the classroom. We do this by designing task through the Knowledge-in-

Use framework where we are collecting evidence of student knowledge and skills and interpreting this

evidence as useful feedback for instructors.

We also need to validate the TaSPA so that the feedback reports are accurately showing student perfor-

mance in the course and the TaSPA provides useful and timely feedback to make instruction and course

learning goals better. For validating the TaSPA, we aligned our methods with the three components of

validation (cognitive validation, instructional validation, and inferential validation). For cognitive valida-

tion, we conducted student interviews and expert interviews to establish if the TaSPA tasks are eliciting

the expected knowledge and skills of a thermal and statistical physics class while also ensuring that the

TaSPA contains relevant tasks to the course’s curriculum. For instructional validation, we interviewed

faculty regarding their thoughts on how useful the feedback will be for improving their classroom. For

this chapter we will be going over exclusively cognitive validation and instructional validation of TaSPA

while inferential validation will be in future publications as data collection is ongoing. Once we complete

all three components of validation for the TaSPA, we will have a validity argument for the TaSPA being

an assessment designed to improve instruction in the classroom.6

We applied these theories about designing and validating assessments for improving instruction for the

classroom to answer the following research questions:

1. How can we use student interviews to establish evidence for cognitive validation?

2. How can we use student interviews to establish evidence for instructional validation?
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5.2 Methods

5.2.1 Cognitive Validation - Student Interviews

We collected evidence from student interviews where we conducted think aloud interviews with one mod-

erator and one student in a room.97 These students were from one university who had just taken a thermal

and statistical physics course the semester before the interviews.

The students were asked to work out the tasks on their own but also encouraged to say what they are

thinking out loud. Once the students were done working on a task they would then move on to the next

task. Each interview lasted about an hour. The students were encouraged to talk about what they were

thinking about to make sure that we could more fully capture their reasoning in their answers.

We collected interview data for ten students who answered the free-response versions of four of the

tasks and two students who answered seven CMR tasks. While we only want to gather evidence for

cognitive validation through student interviews for the CMR versions as the finished TaSPA will be CMR

only, we were only able to analyze one student interview for the CMR versions of the tasks and ten student

interviews for the free-response version of the tasks before the project ended. This allowed us to focus

more on developing the methodology for free-respones interviews, but in the next section we will explain

how the two types of interviews are similar.

5.2.2 Cognitive Validation - Analysis

We then looked at students’ answers to tasks on the TaSPA to see if they aligned with the predetermined

evidence statements since the evidence statements are what we are looking for in student answers to see if

they have the necessary skills for solving thermal and statistical physics problems.

We analyzed student responses along two categories: “Demonstrated Evidence Statement?” (Student

answer lined up with evidence statement) and “Correct?” (Student answer/evidence is correct in both

the written/verbal response and the CMR response). We used these two categories for breaking down

each individual evidence statement in a task (e.g: if a task had three evidence statements of ”showing

relationships”, ”solving for a variable”, and ”making a conclusion”, we would check the students’ re-

sponse for demonstrated evidence statement and is it correct for ”showing relationships”, demonstrated
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Code Meaning
W In written anwser
V In verbal answer
M In CMR answer
C Correct answer
X Not in answer
I Answer is incorrect
G Student guessed answer

Table 5.2: Table showing the individual codes for validation

evidence statement and is it correct for ”solving for a variable”, and demonstrated evidence statement and

is it correct for ”making a conclusion” individually). We answered these categories on a simple ”yes”

or ”no” depending if they demonstrated the skill outlined by the evidence statement or got the correct

evidence/answer.

To put the students in these categories, we marked the students’ responses based on the following

coding: Student wrote down their answer on paper (W), student said the answer out loud (V), students put

answer in the CMR format (M), student’s answer is correct (C), student did not use skill in their answer

(X), answer is there but incorrect (I), student guessed their answer (G). The student would be marked as

“yes” for both “skill used” and “correct” if they were marked W, V, or M and C for that evidence statement

since this means we see that they used the correct skill and it is assumed that if they were not marked with

an I then they got the evidence/answer correct. The student would be marked as “yes” for “skill used”

and “no” for “correct” if they were marked W and or V and M, but also I. The student would be marked

as “yes” for “correct” and “no” for “skill used” if they were marked as M, C and G or I and G for their

answer. The student would be marked as “no” for both categories if they were marked X. A chart for these

is found in Table 5.2. Note that for a student to be fully “correct” for CMR validation they have to mark

the correct answer on the CMR version regardless of if they wrote out or said the correct answer.

Once we marked all of the students’ responses, we then added up their marked responses together per

evidence statement to validate each task. The goal is for students to be under the “yes” category for both

or the “no” category for both as this shows that the task is able to portray that if they use the correct skill

they will get the correct answer or reason or if they do not know how to use the correct skill they will

not get the correct answer or reason which accurately shows student performance. Students in the “yes”

category for “skill used” and “no” for “correct” means that they can use the skill, but they might have
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made a mistake getting the correct answer or reason. Students falling in these categories are fine, but too

many fall under these categories then we need to consider there to be issues with the task itself. We also

want very few students marked as “yes” for “correct” but “no” for “skill used” as this means that they can

guess the correct answer or reason without using any of the needed skills to answer the question.

This analysis can be used for both the free-response interviews and CMR interviews. In both cases

the students have to work out and explain their thoughts for the in order come up with their answer. This

is due to the free-response version only containing the task and the CMR version the students can only

select their answer at first before they can move on to selecting the answer for the reasoning. The only

difference between the two is for the CMR interviews we want to make sure the answer they write down or

say out loud matches what they select on the CMR version. Since the free-response interviews and CMR

interviews have the same methodology, we can analyze the free-response interviews more in depth since

we have more data for the free-response interviews and then connect this analysis to the analysis for the

CMR analysis.

5.2.3 Instructional Validation - Expert Interviews

Collecting evidence from expert interviews is where we asked experts in the field to read over our tasks

and learning performances and see if the tasks are requiring the students to demonstrate the right knowl-

edge/skills and, if they taught the class, do the learning performances align with the learning goals

from their class. In our case, we would define ”experts in the field” as people who have taught a ther-

mal/statistical physics class or if they conduct research in a thermal/statistical physics related field.

We conducted 1-on-1 interviews with 2 experts (1 who teaches a statistical mechanics class and whose

research relies heavily on statistical mechanics, and 1 who teaches a statistical mechanics class) to read

all sixteen tasks which included the learning performance and the task with multiple choice to see if the

tasks are requiring the students to demonstrate the right knowledge/skills and if they taught the class do the

learning performances align with the learning goals from their class. The instructors were sent a document

with all 16 tasks and instructions on how to read the document. The experts were asked to read all sixteen

tasks and learning performances before the meeting so that we could make sure that we received comments

on their feedback for the tasks in the one hour meeting. In the task document we asked them the following
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questions:

• Does the task elicit the proficiencies outlined in the learning performance?

• Do the multiple response questions elicit the proficiencies outlined in the learning performance?

• (If you have taught upper division thermal/statistical physics) Do the learning performances align

with the learning performances/goals in your class?

• Are there any general changes we need to make to the problem (e.g: gave students irrelevant equation

for a task)

These interviews were recorded and they were allowed to write their own comments and thoughts on

the tasks themselves. During the interview the interviewer took notes on the experts’ comments to the

tasks.

Once the interviews were done, we altered the tasks depending on the comments from the experts.

These alterations could include changing the learning performance to be more relevant to the course,

adjusting the wording in the questions to make it easier to figure out what to do for the problem, and

including equations for students that the experts believed were necessary for the problem.

5.2.4 Limitations

We have a relatively small number of students from a single university in this study. This allows us to

look at a small section of the student population and we therefore hesitate to make broad claims. We also

have identified these methods for specifically an upper division thermal and statistical physics class, other

classes might need adjustments to the methodology.

5.3 Free Response Analysis

For an example of validating the free-response tasks we analyzed a student’s written and spoken responses

to the Gasses in Atmosphere task. The claim we want to make from this task is that the student is able
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to take the given speed distribution graphs and determine the composition of gasses from the speed distri-

bution graphs. From this claim, we decided the knowledge, skills, and abilities (KSAs) we want students

to have when working on this task and also the evidence statements (ES) required. These aspects are

highlighted in Table 5.3. From these aspects of the KiU table we are able to create the following task:

You come across an article in a news bulletin which discusses the speeds of hydrogen (H2)

and nitrogen (N2) molecules. The article also provides two plots (Figures I and II) describing

the relationship between v - the speed of the gas molecules, and D(v) - the probability density

of the gas molecules, at 1000K (the temperature of the earth’s upper atmosphere). However,

you observe that the plots do not specify which gases they correspond to. You know that the

atmosphere of earth consists of 78% of N2 and less than 1% of H2 gases. Given the fact that

the earth’s escape velocity is 11.2 km/s, discuss whether or not the two graphs can be used to

explain the composition of N2 and H2 in earth’s atmosphere. Explain your reasoning using

appropriate principles.

Figure 5.2: First speed distribution graph given in the problem.

The following is the student’s verbal response to the Gasses in Atmosphere task:

[Looking at speed distribution graphs] I’m not sure what either of these tells me about compo-

sition since this is probability density per particle... (Writes on paper)... I mean at this point,

since we’re not asking for a numeric answer, I’m going to go ahead and say Figure 2 is more
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Figure 5.3: Second speed distribution graph given in the problem.

than likely hydrogen because of its higher probability of reaching higher velocities, so it’s

going to escape more frequently. [Writes on paper]... Yeah I think that answers that question

After the student responds with “Yeah I think that answers that question” they start to look at the next task.

What the student wrote down can be found in Figure 5.4.

Figure 5.4: Student’s written conclusions to the Gasses in an Atmosphere task.

5.3.1 Evidence Statement 1

We need to see if this task is valid by identifying what parts of the answers line up with the three evidence

statements identified in the KiU table. The first evidence statement we are looking for is did the student

identify the relation between Figure 5.2 and Figure 5.3 and the range of speeds from these figures. Looking

77



Table 5.3: KiU table for the Gasses in an Atmosphere task where we explicitly show the claim, KSAs, and
ES

Aspects of Knowledge
in Use

Description

Claim Use representation(s) of the speed distribution of a gas to reason
about its composition or properties.

Focal knowledge,
skills, and abilities
(KSAs)

KSA 1: Unpack the relation between the given representation and
the fraction of molecules with a particular range of speeds.

KSA 2: Extract the relevant information from the representation
to reason about the composition or properties of the gas.
KSA 3: Make a conclusion regarding the composition of the gas
based on the extracted information from the representation.

Evidence Statements
(ES)

ES 1: Statements expressing the relation between given repre-
sentation and the fraction of molecules with a particular range of
speeds.
ES 2: Statements concerning the extracted information from the
representation to reason about the composition or properties of
the gas.
ES 3: Concluding statements regarding the composition of the
gas based on the extracted information from the representation

at the student’s written response they do not mention anything about the range of speeds from the figures,

but in their response they mention “Figure 2 is more than likely hydrogen because of its higher probability

of reaching higher velocities”, showing that the student was able to identify the relation. This student’s

response for ES 1 would be coded as “VC” and would be marked as such in Table 5.4.

5.3.2 Evidence Statement 2

Next we looked to see if the student’s answer is able to follow the second evidence statement of relating

the extracted information from the figures to the composition of the gasses. From their written answer, we

see that they mention “Figure II H2 higher mean velocity”, showing that the student was able to identify

Skill Used?
Yes No

Correct Yes X
No

Table 5.4: Validation table for student’s free-response answer for ES 1
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that the figure with the higher velocity distribution corresponded to Hydrogen. The written “Figure I N2

lower mean velocity” shows that they were also able to identify the graph that corresponds to Nitrogen.

Looking at their verbal answer they were also able to identify determine that the composition of the second

figure is Hydrogen due to the higher speed distribution. This student’s response for ES 1 would be coded

as “X” and would be marked as such in Table 5.5.

5.3.3 Evidence Statement 3

For the final evidence statement we are looking to see if the student is able to make a conclusion about

which graph corresponds to which gas. In their written answer we see “Figure II H2” and “Figure I N2”

which shows that they are able to determine which graph corresponds with which gas. We also see it in

their verbal answer when they said “Figure 2 is more than likely hydrogen”. This student’s response for

ES 1 would be coded as “VC” and would be marked as such in Table 5.6.

5.4 CMR Analysis

For an example of validating the CMR version of the tasks we analyzed a student’s written and spoken

responses to the Dry Ice task. The claim we want to make from this task is that the student is able to

determine macroscopic features of an Einstein solid from given information. From this claim we decided

the knowledge, skills, and abilities (KSAs) we want students to have when working on this task and also

the evidence statements (ES)required for this knowledge. These aspects are highlighted in Table 5.7 From

these aspects of KiU we are able to create the following task:

You wish to use cubes of dry ice to cool a cube of ceramic (with a crystal structure). To do

so, we will model dry ice (solid CO2) as an Einstein solid, such that each CO2 molecule is

Skill Used?
Yes No

Correct Yes
No X

Table 5.5: Validation table for student’s free-response answer for ES 2
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Skill Used?
Yes No

Correct Yes X
No

Table 5.6: Validation table for student’s free-response answer for ES 3

treated as having three independent 1D simple harmonic oscillators in orthogonal directions.

The high temperature limit relationship between entropy and internal energy for an Einstein

solid of N 1D oscillators is S = Nk(ln(U) − ln(ϵN) + 1), where S is the total entropy, k is

the Boltzmann constant, U is the internal energy, and ϵ is the oscillator energy unit.

Using the relationships between the total entropy, as expressed above, and internal energy

for an Einstein solid, calculate the temperature as a function of internal energy. Represent

your answer in terms of the internal energy (U), the oscillator energy unit (ϵ), the boltzmann

constant (k), and the number of 1D oscillators (N).

Now, assume the ceramic can also be treated as an Einstein solid and thus has the same T(U)

function that you solved for previously. For simplicity, assume the dry ice cubes have been

cut such that they have the same number of oscillators (N) as the ceramic cube. The ceramic

was precooled to 190 degrees Kelvin by other means, which is below the sublimation point of

dry ice. The dry ice cubes start at 150 degrees Kelvin. How many cubes of ice do you need to

cool the ceramic to 160 degrees Kelvin by letting the temperature equilibrate while thermally

isolating the system of cubes?

For the next subsections we go in order of when the evidence statements appear in the CMR version.

This means that we give the students the question for ES 3 first and then give the students the questions

for ES 2 and then ending the task with the questions for ES 1. This is to ensure that we get the students’

answer first and then have them explain their reasoning instead of possibly having the students’ final

answer influenced by the reasoning questions leading up to their final answer.
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Table 5.7: KiU table for the Dry Ice task where we explicitly show the claim, KSAs, and ES
Aspects of Knowledge
in Use

Description

Claim Use mathematics to calculate the temperature and internal energy
and use them to predict macroscopic features of an Einstein solid
given information about the entropy.

Focal knowledge,
skills, and abilities
(KSAs)

KSA 1: Unpack the relationship between the temperature, en-
tropy, and internal energy of an Einstein solid.

KSA 2: Solve for the equation of temperature in terms of internal
energy.
KSA 3: Use the obtained relations to make a prediction about the
macroscopic features of the Einstein solid.

Evidence Statements
(ES)

ES 1:Statement of the relationship between temperature, entropy,
and internal energy.
ES 2: Statement of the relationship between temperature and in-
ternal energy. .
ES 3: Statement of conclusion drawn from using the obtained
relationships about the macroscopic features of the Einstein solid.

5.4.1 Evidence Statement 3

For ES 3 students are asked to give a statement the microscopic features in the scenario (in this case it

is the number amount of ice cubes needed to cool). Here is how the CMR version is structured for this

evidence statement:

1. Determine the number of dry ice cubes needed to cool the ceramic cube:

A. 1/3

B. 1/2

C. 1

D. 2

E. 3

Once the student thought about and worked through the this given question, the student would then

select their answer based on the responses above. Here is the transcript for the student working through

ES 3:
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Temperature in terms of... I see. I think there should be a differential that gives you what T is,

I might be wrong. I think that should be somewhere. [Starts circling equation S = -T dF/dT

with mouse] I feel like this exists in a different form, but I think it might be dS/dU maybe is

equal to T. I forget the exact formula but I think it’s something like that. [Starts to highlight

the last paragraph of the task]. Um... So my formula of dS/dU = T, at least T of U in a sense,

you want entropy within the system to be... So you want temperature to be the same between

the two, right so, if you want NK... This is the [writes on paper] I get NK/U = T(U). Again

this is assuming dS/dU = T which I’m not super sure that it is. I might be misremembering

that equation which in that case what I’m doing isn’t right. If it is correct then you want delta

T to be equal to 190 - 160. This is 30 for ceramic and, or -30, and 10 for the cubes. So NK...

delta U is equal to -30. [Repeatedly looks at work then task for a minute]. So we’re not given

any information about the mass of the ceramics? [Interviewer: That’s Correct]. That’s kind

of confusing because my first inclination to solve something might also be to use Q, but Q

depends on m, and you don’t know m. I think another way of doing this is to say delta S is

equal to Nk ln(Tf/Ti) because that’s your final temperature, initial temperature. You just do,

using Log rules. And then dU = T dS.. Find the number of ice cubes? [Looks at the phrase

“the ceramic can also be treated as an Einstein function that you solved for previously”] Ok...

Oh it has the same function ok I see. Oh, then if it has the same function then I think you can

just, well you want to take the temperature/internal energy you know three times as much for

the ceramic than increasing it for ice cubes then I think 3 ice cubes is how you would do that.

(Student selects 3 ice cubes then moves on to the next question).

Before the student moves on to the next question, they fully answer the task including their equations

and reasoning in order to select their answer. In the beginning of their work they start to use the equation

dS/dU = T to solve out the T(U) asked in the task. The student then starts to question how do they get the

number of ice cubes using this method, so they go back to reading the task to determine another way to

solve how many ice cubes are needed to cool down the system. The student then says that the ice cubes

and ceramic “have the same function” and decides that there needs to be three ice cubes for one ceramic.

The student then selects the “3” answer and moves on to the next question. The student would be coded as
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Skill Used?
Yes No

Correct Yes X
No

Table 5.8: Validation table for student’s CMR answer for ES 3

“VMC” as the student said out loud their answer with their reasoning and kept this consistent with what is

on the CMR version. This answer is also the correct answer, so their validation chart is reflected in Table

5.8.

5.4.2 Evidence Statement 2

The next question asks them how did they solve for T(U) in the first place since that is what the task asks

them to do first:

2. Determine the relationship of temperature and internal energy of an Einstein solid from the given

relationship between entropy and internal energy:

A. T = Nk/U

B. T = 2Nk/U

C. T = 3Nk/U

D. T=U/Nk

E. T=U/2Nk

F. T = U/3Nk

The student then says the following:

I want to say it’s this [selects option T = Nk/U] because D = TdS. Oh wait... My bad so then

1/T, or rather T = dU/dS, so then dS/dU = 1/T. I mean I don’t like saying what’s differentials

like that but, ya that would mean that it is U/Nk [Switches option to T = U/Nk and moves on

to next question]
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Skill Used?
Yes No

Correct Yes X
No

Table 5.9: Validation table for student’s CMR answer for ES 2

The student recalls from their work that when they solved for T using the equation dS/dU = T, they

got the answer T = Nk/U and this was reflected in their selected answer in the CMR format. They then

realized that the original equation they used to solve for T was wrong and used the correct relation dS/dU

= 1/T to get the relation T = U/NK for their answer. The student then changes their answer to this in the

CMR format and then moves on to the next question. This response would be coded as “VMC” as they

said their answer out loud and marked down the same answer in the CMR version. This response would

be the correct so the student’s validation table would be reflected in Table 5.9.

5.4.3 Evidence Statement 1

The final question for the task asks them the relation the students ended up solving for the number of ice

cubes:

3. How did you determine the ratio of dry ice cubes to ceramic cubes?

A. Starting from the Thermodynamic Identity i.e. dU = TdS − PdV + µdN

B. Considering the heat transfer with the environment

C. Utilizing conservation of energy

D. Looking at the equipartition change in the system

E. Considering the heat capacity

The student then says the following:

[Student selects option “Looking at the equipartition change in the system”] So ya looking at

the net um, or temperature/internal energy difference [Student finishes this task].
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Skill Used?
Yes No

Correct Yes
No X

Table 5.10: Validation table for student’s CMR answer for ES 1

The student equates the original statement where they look at some temperature/internal energy differ-

ence and equate this to the equipartition function, selects this answer on the CMR version, then moves on

to the next task. This student’s response would be coded ”XI” as they did make a statement the required

relation for their reasoning and got it wrong so the validation table would be reflected in Table 5.10. In

total it took about 9:02 for the student to complete this question.

5.5 Discussion

5.5.1 Evidence for Cognitive Validation

From the analyzed interview, we can easily put the student’s responses into different categories based on

what they used for their evidence and what they put as their answer. After going through all ten of the

student responses, we added up all of the students’ responses and determined from the responses that this

task is valid for eliciting students’ knowledge/skills required to answer the task. This evidence is found in

Table 5.11, Table 5.12, and Table 5.13. Note that when students answer “I don’t know” as their answer to

one of the tasks we would mark this as “incorrect” and no for “skill used” as we believe that the answer “I

don’t know” means the students were not able to come up with a conclusion to the task

From the free response interviews we saw that we can use our way of collecting evidence for cognitive

validation by seeing if a student response has the correct skill used and if the student response has the

correct answer or reasoning. While think-aloud interviews are not novel, our methodology of analyzing

the student response by determining if the student both used the correct skill and also if the student got the

answer/reasoning correct is novel. Due to this methodology being novel we recommend that to determine

if the task is evidence for the cognitive validity argument by analyzing if the students are using the correct

pre-determined knowledge/skills and are not making any misinterpretations on the task.

Similar to the free-response interview, we can easily classify the student’s responses into different
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Skill Used?
Yes No

Correct Yes 8 0
No 1 1

Table 5.11: Validation table for all ten student responses answer for ES 1 of extracting velocity from the
graphs

Skill Used?
Yes No

Correct Yes 8 0
No 0 2

Table 5.12: Validation table for all ten student responses answer for ES 2 of using reasoning regarding
the gasses’ properties

categories based on what they used for their evidence and what they put as their answer. From the CMR

interview, we see the validation charts show that the student was able to make the correct conclusion

regarding the number of ice cubes needed to cool down the ceramic and they found the correct relation

for temperature and internal energy, but their reasoning regarding how they found the number of ice

cubes was incorrect. All of this information will be highlighted in the feedback that the TaSPA gives to

instructors. Regardless if the task is free-response or CMR format, we can use the same methodology of

identifying for either format of identifying the student’s’ use of the correct skill and also if the student got

the answer/reasoning correct.

Collecting evidence through CMR interviews is a key aspect for TaSPA as it highlights any disconnect

between what the students say and write and what they select on the CMR format. This makes sure that

the knowledge and skills the students exhibit are correct when giving feedback to instructors. This allows

for instructors to improve on their instruction in the classroom.

Skill Used?
Yes No

Correct Yes 8 0
No 0 2

Table 5.13: Validation table for all ten student responses answer for ES 3 of making a conclusion
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5.5.2 Evidence for Instructional Validation

Based on the expert interviews, we found that the learning performances outlined in the TaSPA are relevant

to the learning goals found in their statistical physics courses. One of the biggest criticisms came from

how we worded one of the tasks regarding people talking about a thermodynamic principle. The expert

said that the correct answer was obvious because the student who was right “talked like a robot” while the

other two students talked normally. This was changed as to make the conversation flow more naturally.

These expert interviews are important for the instructional validation component of the TaSPA as it

allows us to see if the TaSPA is requiring the students to use the knowledge and skills to solve thermal and

statistical physics problems found in the classroom. This allows for better feedback towards professors as

these interviews show that the feedback will be relevant towards improving their course.
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Chapter 6

Conclusions and Future Work

Throughout my dissertation, I worked on projects with the intent of better supporting faculty in responsible

conduct of research and instruction. Throughout this dissertation, I highlighted two projects that focused

on the “Developing: Reflective Teachers” by introducing methods for evaluating the effectiveness of RCR

training, and designing and validating an assessment that focuses on assessing student knowledge and

skills in a thermal or statistical physics course while also providing useful feedback to instructors such as

recommended course modifications based on the evidence provided by the TaSPA.

6.1 Goals and Values in Science

In the end, we found that guided deliberations on the values implicit in real examples of scientific practice

shifted scientists’ invoked values with respect to research ethics. After scientists participated in the fel-

lowship meetings, we found that scientists’ moral sensitivity improved: they not only noticed more values

in the RCR Vignettes, but also invoked more unique values. We did not see a change in their moral rea-

soning initially, however we did identify a new way of looking at moral reasoning. This led us to identify

that value focused discussions improved scientists’ moral sensitivity, but there was more to look at for

scientists’ moral reasoning.

Since we suspected that the scientists’ moral reasoning changed due to the larger number of reasonings

after the fellowship, we introduced a more fine grained measure to identify moral reasoning. On top of
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using Rest’s moral schema to identify the level of reasoning, we also identified the stakeholders they

invoked and the principles they used. Through this we were able to break down the scientists’ moral

reasoning even further to determine how scientists were reasoning in the scenario.

In the end, we want scientists to be more attentive towards ethical issues throughout their work and to

ultimately make better ethical judgements about both research conduct and the broader consequences of

their work. Our findings suggest that they actually were more attentive to ethical values after the fellowship

and we believe that the scientists’ moral reasoning changed. This suggests there is promise in approaches

to ethics training that focus on the general role of values in scientific practice. We hope that other people

in PER use the Four Component Model when trying to improve scientists’ ethical decision making.

6.2 Task Development

We developed a new methodology to generate faculty feedback through evidence acquired from assess-

ments. More specifically, we explored how to develop a thermal and statistical physics assessment that

focused on providing timely and useful feedback for instructors. We do this through collecting evidence

from students, guided by knowledge-in-use tables that identify a relevant learning performance, profi-

ciencies that go along with the learning performance, evidence from the students based on the required

proficiencies, and task features on how to illicit the evidence from the students. We created feedback for

instructors that focused on the specific knowledge and skills students were struggling with and potential

ways to improve on their courses.

The TaSPA consists of sixteen tasks with a variety of scientific practices, crosscutting concepts, and

core ideas. In the process of developing the assessment, we collected data from 286 students from 6 unique

universities across the United States to help us construct the CMR versions of our tasks and to make sure

that the tasks were relevant and at the right level for the students. We also interviewed 16 faculty members

about the relevancy of the learning performances presented in the TaSPA. The faculty members also gave

us valuable information on how to make the feedback more informational and easier to read like how we

needed to add on the feedback reports the breakdown of the partially met breakdowns.

My part in this project was to finalize the details for developing tasks using the knowledge-in-use

framework. As the framework for developing the tasks was written before I joined the project, Chapter IV
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reflects the finalized version of how to develop tasks for the TaSPA. I led development five tasks for the

assessment as well as adding in the step to the development process of writing out what do the different

partially-mets mean as to provide more clarity for instructors when they receive feedback.

6.3 Task Validation

With the tasks completed for the TaSPA, the next step for this project was to develop a methodology to

validate the assessment to make sure that the feedback provided for instructors is useful. This includes

making sure that the tasks are relevant to thermal and statistical physics, the feedback is useful and can be

easily understood for instructors, and the assessment scores are representative of student knowledge and

skills.

We created the TaSPA to support instructors on how assessment scores can be used to benefit course

instruction. Before we can provide useful and clear feedback for professors, we had to validate the assess-

ment so that the tasks are eliciting the knowledge and skills expected of them in an undergraduate thermal

or statistical physics class while providing useful feedback to instructors. Since we used a relatively new

method creating the TaSPA using Evidence-Centered Design, we needed to identify a new way to validate

the tasks by looking to see if the tasks successfully invoke the evidence statements from student interviews.

We adopted new components for validating an assessment. In Chapter V, I introduced new components

of validation which were cognitive validation, instructional validation, and inferential validation. After

introducing these components to PER, I then introduced a methodology that focused on receiving evidence

for cognitive validation through student interviews and receiving evidence for instructional validation

through expert interviews.

From the student interviews, we looked at both the free response formats and CMR formats and saw

if the students are using both the required skills and knowledge to solve for tasks given in a thermal and

statistical physics class. If the students were not using the right knowledge in skills in their answers but still

getting all of the questions correct then we could pinpoint down the issues with the validation charts and

fix these issues. Through this new methodology in PER we can now receive evidence towards cognitive

validation.

For the expert interviews, we wanted to see comments from experts in the fields of statistical and
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thermal physics on the relevance of the learning performances and tasks to the learning goals in their class.

The experts agreed that the learning performances were relevant to the learning goals in their classroom

when applicable. In summary, we adapted a new way to use expert interviews to determine if the tasks

are at the right level for the students while also making sure that the proficiencies outlined in the learning

performance line up with the tasks and that the tasks are relevant to the experts’ courses.

6.4 Future Work

For the GVS project, in order to determine how values effect the full process of ethical decision making, we

need to determine a way to see how the value focused discussions effected the scientists’ moral motivation.

We would also like to see how their moral implementation was effected by the value focused discussions,

but in order to accurately see how the scientists’ moral implementation changed, we would need to see the

scientists react in an actual scenario with no outside intervention regarding the scenario which would be

hard to gauge. You and Bebeau used scores from a Professional Problem Solving course but they stated

that currently the relationship between the scores in the class and long-term competence has not been

established.28 Instead of focusing on all of the components, future work should consist of identifying and

improving scientists’ moral sensitivity, moral reasoning, and moral motivation as all of the components

are effected by each other.29 We have identified how to look at moral sensitivity and moral reasoning, but

we have not identified how to identify participants’ moral motivation yet. Also while we have identified a

new way to look at moral reasoning, we still need to identify how does someone improve using the new

methodology. One way to identify how the scientists’ moral motivation was effected by the fellowship is

to apply the components of the Professional Role Orientation Inventory which are authority, responsibility,

agency, and autonomy as this is what You and Bebeau did to identify dentists’ moral motivation.28;50

For TaSPA Task Development, we currently need to finish up the remaining tasks to get a final total

of sixteen tasks for the assessment. Once we finish the remaining tasks we need to put the assessment on

LASSO to make the TaSPA more available for instructors. Future work for the TaSPA is validating the

assessment, which is described in the next paragraph.

For TaSPA validation, my work work a method to collect evidence for cognitive validation for the

assessment. Now that I have identified a method for collecting evidence for cognitive validation, future
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work will consist of applying the validation tables for all sixteen of the CMR tasks. While we identi-

fied how to collect evidence for cognitive validation, in order for the TaSPA to be valid we also need to

consider instructional validation and inferential validation. Future work regarding instructional validation

will consist of interviewing faculty to determine if the feedback is useful and makes sense. We will also

need to determine a way to see, once instructors receive feedback, how do instructors apply the feedback

to improve their class. We also need to see how instructors apply the feedback does the feedback improve

their class. We would also need new instructors to look at the tasks as we created new tasks since our

last instructor interviews. For inferential validation future work will consist of identifying and applying a

statistical measure to make sure that the test scores accurately reflect student performance.
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Table A.1: Table listing all tasks I worked on with their learning performances as well as their associated
scientific practice, core idea, and crosscutting concept

Task Name Learning Performance Scientific Prac-
tices

Core Ideas Crosscutting
Concepts

MRI Use models to determine the number
of microstates for a given macrostate
and find the probability of a system
being in that particular macrostate.

Developing and
Using Models

States/Boltzman
Factor

Probability

Gasses in
Atmosphere

Use representation(s) of the speed
distribution of a gas to reason about
its composition or properties.

Developing and
Using Models

Energy Scale and Propor-
tion

Alloy Prop-
erties

Use mathematics to determine the
heat capacity of argon and helium
from the monatomic gas partition
function and see if either gasses are
usable in an experiment.

Using Math Partition Func-
tion

Scale

Heat En-
gines

Analyze and interpret data about the
variation of pressure and volume in-
side an engine to determine the ef-
ficiency for a given amount of heat
supplied over one cycle.

Analyze and in-
terpret data

Energy Heat Flow

Equations of
State

Construct an explanation on how the
physical dynamics of gasses deter-
mines if a scenario can be described
with the ideal gas law

Constructing Ex-
planations

Properties of
Matter

System and Sys-
tem Models
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Table A.2: KiU table for the MRI task where we explicitly show the Learning Performance, KSAs, ES,
and Task Teatures

Aspects of Knowledge in Use Description
Learning Performance Use models to determine the number of microstates for a given

macrostate and find the probability of a system being in that par-
ticular macrostate.

Focal knowledge, skills, and abili-
ties (KSAs)

KSA1: Unpack the relation between the probability of a given
system to be in the given macrostate (P(Ω)) and the number of
accessible microstates (Ω).
KSA2: Determine the probability of a system to be in the given
macrostate through the unpacked relation.

Evidence Statements (ES) ES1: Relation between the probability of a given system to be
in the given macrostate (P(Ω)) and the number of accessible mi-
crostates (Ω).
ES2: Statements or mathematical expressions conveying the
probability of a given system to be in the given macrostate (P(Ω)).

Task Features Question gives an event, observation, or phenomenon for the stu-
dent to explain or make a prediction about.
Question gives a representation or asks student to construct a rep-
resentation.
Question asks student to explain or make a prediction about the
event, observation, or phenomenon.
Question asks student to provide the reasoning that links the rep-
resentation to their explanation or prediction.
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Table A.3: KiU table for the Gasses in Atmosphere task where we explicitly show the Learning Perfor-
mance, KSAs, ES, and Task Teatures

Aspects of Knowledge in Use Description
Learning Performance Use representation(s) of the speed distribution of a gas to reason

about its composition or properties.
Focal knowledge, skills, and abili-
ties (KSAs)

KSA1: Unpack the relation between the given representation and
the fraction of molecules with a particular range of speeds.
KSA2: Extract the relevant information from the representation
to reason about the composition or properties of the gas.
KSA3: Make a conclusion regarding the composition of the gas
based on the extracted information from the representation.

Evidence Statements (ES) ES1: Statements expressing the relation between the given repre-
sentation and the fraction of molecules with a particular range of
speeds.
ES2: Statements concerning the extracted information from the
representation to reason about the composition or properties of
the gas.
ES3: Concluding statements regarding the composition of the gas
based on the extracted information from the representation.

Task Features Question gives an event, observation, or phenomenon for the stu-
dent to explain or make a prediction about.
Question gives a representation or asks student to construct a rep-
resentation.
Question asks student to explain or make a prediction about the
event, observation, or phenomenon.
Question asks student to provide the reasoning that links the rep-
resentation to their explanation or prediction.
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Table A.4: KiU table for the Alloy Properties task where we explicitly show the Learning Performance,
KSAs, ES, and Task Teatures

Aspects of Knowledge in Use Description
Learning Performance Use representation(s) of the speed distribution of a gas to reason

about its composition or properties.
Focal knowledge, skills, and abili-
ties (KSAs)

KSA1: Unpack the relation between the given representation and
the fraction of molecules with a particular range of speeds.
KSA2: Extract the relevant information from the representation
to reason about the composition or properties of the gas.
KSA3: Make a conclusion regarding the composition of the gas
based on the extracted information from the representation.

Evidence Statements (ES) ES1: Statements expressing the relation between the given repre-
sentation and the fraction of molecules with a particular range of
speeds.
ES2: Statements concerning the extracted information from the
representation to reason about the composition or properties of
the gas.
ES3: Concluding statements regarding the composition of the gas
based on the extracted information from the representation.

Task Features Question gives an event, observation, or phenomenon
Question asks student to perform a calculation or statistical test,
generate a mathematical representation, or demonstrate a relation-
ship between parameters.
Question asks student to give a consequence or an interpretation
(not a restatement) in words, diagrams, symbols, or graphs of
their results in the context of the given event, observation, or phe-
nomenon.
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Table A.5: KiU table for the Heat Engine task where we explicitly show the Learning Performance, KSAs,
ES, and Task Teatures

Aspects of Knowledge in Use Description
Learning Performance Analyze and interpret data about the variation of pressure and

volume inside an engine to determine the efficiency for a given
amount of heat supplied over one cycle.

Focal knowledge, skills, and abili-
ties (KSAs)

KSA1: Identify the relationship between efficiency (e) and heat
(Q), i.e., e = QH−QC

QH
KSA2: Calculate the efficiency from the given data
KSA3: Make a conclusion based on the calculated efficiency vs
efficiency given

Evidence Statements (ES) ES1: Correctly identify the relationship between efficiency and
heat
ES2: Calculation of the efficiency of the engine
ES3: Identify if the calculated efficiency is reasonable given the
context of the task

Task Features Question gives a scientific question, claim, or hypothesis to be
investigated.
Question gives a representation of the data (e.g., table or graph,
or list of observations) provided to answer the question or test the
claim or hypothesis.
Question gives an analysis of the data or asks student to analyze
the data.
Question asks student to interpret the results or assess the validity
of the conclusions in the context of the scientific question, claim,
or hypothesis.
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Table A.6: KiU table for the Equations of State task where we explicitly show the Learning Performance,
KSAs, ES, and Task Teatures

Aspects of Knowledge in Use Description
Learning Performance Construct an explanation on how the physical dynamics of gasses

determines if a scenario can be described with the ideal gas law
Focal knowledge, skills, and abili-
ties (KSAs)

KSA1: Describe the mechanisms, or properties of a gas in the
scenario
KSA2: Make a claim based on the properties of gasses
KSA3: Make a claim relating the ideal gas law to the properties
of gasses

Evidence Statements (ES) ES1: Statements about the processes/information describing the
properties of ideal gasses
ES2: Statements unpacking the relationship of the ideal gas law
to their answer
ES3: Claim about which scenario is correct regarding the ideal
gas law

Task Features Question gives an event, observation, or phenomenon.
Question gives or asks student to make a claim based on the given
event, observation, or phenomenon.
Question asks student to provide scientific principles or evidence
in the form of data or observations to support the claim.
Question asks student to provide reasoning about why the scien-
tific principles or evidence support the claim.
Question provides at most two of the following: 1) a cause, 2) an
effect, and 3) the mechanism that links the cause and effect, and
the student is asked to provide the other(s)
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