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DISSERTATION ABSTRACT
Gauri Ramasubramanian
Doctor of Philosophy
Department of Chemistry and Biochemistry
June 2022
Title: Development and Evaluation of a Professional Training Module for Chemistry

Graduate Teaching Assistants.

Graduate teaching assistants (GTAs) are an integral part of the instructional
personnel in undergraduate general chemistry courses. Professional development programs
for GTAs are well-established across STEM disciplines ranging from two-day to week-
long sessions, covering a wide variety of topics, ranging from pedagogy and safety
standards to duties, expectations, and resources as a university employee. Chemistry
Education research (CER) is an evidence-based approach to chemistry teaching and
learning. Assessment of weekly laboratory reports is one of the primary responsibilities of
Chemistry GTAs. Professional development (PD) of GTAs specifically for assessment of

student work is a largely unexplored area in CER.

My doctoral research in CER aims to address this gap and explores professional
development modules designed to help GTAs become reliable and consistent graders. This
dissertation describes the design and implementation of specialized grading activities that
enhance GTAs’ understanding of grading criteria, chemistry misconceptions, and common
technical errors in undergraduate students’ writing. Program evaluation is a rare feature in
such initiatives. This work is the first-known report of using growth models as a novel

statistical approach for evaluation of GTAs or GTA training programs. | examine factors



influencing chemistry GTAs’ professional development as reliable graders. This
longitudinal research was informed by extensive individual and group interactions with
GTAs, needs assessments, technological, pedagogical, and online learning management

system (LMS) tools to support GTAs in developing reliable and consistent grading skills.
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CHAPTER I: GENERAL INTRODUCTION
1.1 Overview of Teaching Assistants in US Universities

Teaching assistantships are the third largest source (highlighted in orange in Figure 1
below) of financial support for pursuing doctoral degrees at Universities in the United

States 1.

Research assistantships/traineeships

Fellowships/grants

Teaching assistantships

Own resources

Employer

Other

Figure 1: Primary sources of financial support for U.S. doctorate recipients 2020

Even though projected enrollment in US 4-year post-secondary institutions? has followed
a strongly upward trend (Figure 2) up until 2019. However, graduate teaching assistants
(GTAs) will continue to play an integral and ever-increasing role as undergraduate

instruction personnel.

12,000

11,000

10,000

9,000

8,000

7,000

Number enrolled in thousands

6,000

5,000

4,000

o o o o © S o S © s o o ©
o 2 5 g5 & &5 & 5 & o I~ o5 < S
~ ) > > & ~ ~ S 5 B3 A R > S

Figure 2: Undergraduate enrollment in U.S. 4-year postsecondary institutions 1970-2029
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In the words of Gardner and Jones®, undergraduate teaching at research universities often
rests solidly on the backs of graduate teaching assistants (GTAs) who teach large
proportions of the introductory curriculum and have been described in a variety of ways
from being the “bridge between faculty and students™ to the “first line of defense for

instruction’”.

Proportion of international students in U.S. higher education from 2005 to 2021

55% 5.5% 55%
5.3%

5.2%

dents

entage of stu

Perc

Figure 3: Percentage of international students in US from 2005-2021

Encouragement of program expansions, increased enrollment, and demand for higher
education in the US has also ensured that the number of incoming international students
(both undergraduate and graduate) has consistently been on the rise in the last decade
(Figure 3). Due to the global COVID-19 pandemic between 2019-21, exceptions to this
upward trend are noted. The growing rise of this demography is specially notable in STEM
disciplines and management programs, which largely employ teaching assistants for large

lecture and laboratory courses (Figure 4). Therefore, both the student population and the

17



teacher population indicate a rapid influx, and current predictions indicate that international

student population at US universities will continue on an upward trend.

Proportion of international students in the U.S. in the academic year 2020/21, by fields
of study

20.9%

19.9%

Figure 4: Percentage of international students in the US by field of study

Most universities have orientation week programs to provide a wealth of information about
resources on campus as well as opportunities to experience the culture and lifestyle that
international undergraduate students will experience during the education in the US. For
international graduate students there is almost always some form of financial support,
either as scholarships, research or teaching positions provided at the university to help
support their education and living expenses in the US. With the graph projections seen in
Fig 1-4, it makes sense to expect that with higher enrollments and incoming students’
employment opportunities for graduate students as a research or teaching assistants would
also have to increase proportionally. Because new graduate students have not completed
graduate coursework and have yet to prove themselves as capable of productivity in a
research laboratory, PhD students are often hired as teaching assistants during their first or

second year of the program. As graduate students demonstrate progress towards their

18



doctoral degree (successfully completing courses, passing qualifying examinations and
joining a research group) and becoming doctoral candidates (usually third year of PhD
program or later) research professors who garner funding through research grant proposals,
allocate research funding to enable their students to dedicate most of their time to their
research.® During a graduate student’s first two years, there is competition between
teaching and research responsibilities. Often during the second year, a graduate student
being paid to serve as a teaching assistant for 20 hours per week, simultaneously works as
an unpaid scientist in a research group. Graduate students must be successful in the research
group and as well as in their graduate courses in order to continue their studies and remain
in a doctoral program. However, they only need to be acceptable to continue to serve as a
teaching assistant. This unwritten hierarchy of research-over-teaching is a critical point to
bear in mind when examining the present literature in this field. Examining some of the
challenges that GTAs face from this perspective, also highlight gaps in graduate students’
current professional development which are recently being addressed in reported literature.
This brings us to the nature and status of teaching assistant training programs in US
universities.

1.2 Graduate Teaching Assistants Training Programs

Graduate students pursuing higher education are a valuable talent pool for their respective
departments. Most GTA training programs involve discussions of teaching styles,
technology and classroom culture, course-specific materials, and general responsibilities.
There is always so much to cover during the first week before classes commence, that

training programs invariably ‘skim through’ some of the key tasks and challenges GTAs

face as stand-alone instructors. That is, the amount of preparation that is required for

19



teaching assistants is so intense that covering all of it in a week-long orientation is nearly
impossible. Therefore, inclusion of as much information as possible in the GTAs reference
materials, resources etc. is the next best option. There are several textbooks, and TA
manuals with anywhere between 20-50 pages worth of information covering just the “first
day of class” for GTAs.” % Many studies explore GTA training for orientation'23, lecture
courses, stand-alone recitations, laboratory courses implementing traditional chemistry*-
19 guided inquiry and open inquiry!” 2923 and teaching in the organic chemistry
laboratory?*2’. Studies exploring GTAs self-concepts, beliefs and other affective
characteristics as teachers-in-training are also abundant in the literature.* 28-2° Studies for
training programs focused on international GTAs are often limited to ensuring good
communication skills and ability to overcome language and cultural barriers as stand-alone
recitation or laboratory instructors.-°

One of the ‘touch-and-go’ topics in many GTA training programs is assessment or grading
of student responses. Teaching and grading are both equally important, since the former
represents skilled delivery of new knowledge to students while the latter is an evaluation
of how this knowledge was conveyed and if the students understood it well enough to be
called ‘proficient’. However, the focus on the overwhelming task of simply facing students
to teach, overcoming anxiety and communicating clearly, for both domestic and
international GTAs largely eclipses the value of GTAs’ grading practices and assessment
skills in their professional development or training. Although there are multiple reported
articles evaluating the successful implementation training programs for GTAs*?°0->3 most
of them are geared towards preparatory skills such as the first day of classes, managing

student behavior, communication and interacting with students, microteaching experiences
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to alleviate anxiety and first-time teaching jitters. A very negligible portion, if at all,
examines grading as a key piece of teaching assistant training. These are addressed in more
detail as topic -specific literature reviews in each chapter that follows.

It cannot be claimed that grading practices of GTAs are not of any interest. There are a
notable number of studies on what assessments should look like>, types of rubrics and
observation protocols, criteria of assessment, and what graders must know prior to grading
and issues with grading. Several papers about faculty or teaching assistant beliefs about
grading and grading practices®? 48 55 serve to inform the research community on the nitty-
gritties of assessment of students as novice learners. However, from a general perspective,
training teachers and GTAs to grade student work accurately and consistently remains a
largely unexplored area in chemical education. Perhaps it is because being able to assess
students’ chemistry content knowledge and laboratory skills, in and of itself does nothing
by way of rewards or being a milestone for the GTA. Accurate and reliable grading is not
one of the categories for which GTAs are evaluated. Grading, therefore, should be viewed
as a heuristic process, from which GTAs learn and modify their next step, repeating this

loop until the goal of reliable assessment is attained.

1.3 Theoretical Framework

Teacher training programs are often informed by theoretical perspectives such as
constructivism, growth mindset, and sociocultural learning theory. We initially considered
a developmental model for TAs as proposed by Nyquist,>®. Based on this framework,
considering GTAs as adults learning complex skills and entering new organizations as

beginning teachers. This developmental model suggests four stages of growth from novice-
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colleague in training- junior colleague- and future faculty. This growth is accompanied by
changes in approaching each aspect of their teaching career with growing competence
based on the role models GTAs are provided with along with supporting tasks to reinforce
the skills. However, we found significantly better alignment with Knowles model of
andragogy®’-° considering adult leaners’ prior knowledge and ability to process new ideas
via a feedback loop that can be summarized as input-action-evaluation.

An andragogy approach provides us a baseline to consider GTAs as self-regulating learners
having reliable subject matter knowledge (chemistry) but lacking the ability to use this as
a tool for assessment and evaluation. One component of constructing a professional
development module and also the driving hypothesis of our study is to help GTAs see their
own subject matter knowledge as a tool and use it skillfully to perform grading tasks as
well as they would teaching chemistry concepts, techniques and phenomena to their

students.

1.4 Research Motivation

1.4.1 Preliminary Study Conducted at lowa State University, Ames, 1A

We began our exploratory research on GTAs grading practices in the general chemistry
courses at lowa State University (ISU). Our initial premise was to add to existing literature
about GTA training with an emphasis on GTA grading practices, since we identified it as
a largely unexplored topic thus far. Forty-eight (48) TAs were assigned to teach over
seventy (70) laboratory sections in the undergraduate general chemistry laboratory course.
Each GTA attended a mandatory, hour-long staff meeting on Friday every week. The
upcoming week’s experiment, logistics, teaching strategies were discussed with course
instructors and laboratory staff members at these meetings. Laboratory sections comprised
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of 20 students on average and GTAs were assigned one or two laboratory sections
depending on the discretion of the hiring coordinator and course instructor(s).

As part of our study, a grading element was introduced as a part of the weekly staff meeting
at ISU. GTAs were provided with paper copies of three laboratory reports of varying (high,
medium and low) quality, after redaction of any identifying information along with a
grading rubric.

The criteria for pre-selection of these samples of varying quality were the assigned scores
for the reports from the term they were drawn. A report with a score between 80-90% (32-
36 points out of 40) was drawn as a “high quality” report. A report with a score of 70-79%
(28-31 points out of 40) was drawn as a “medium quality” report. A report with a score of
60% or below (24 points or below out of 40 points) was drawn as “low quality” report.
GTAs graded samples using the grading rubric and returned it with a numerical score
and/or feedback comments. This exercise was repeated for at least five weeks in each
semester. Our preliminary results are shown in Figure 5 and Table 1 below.

We hypothesized that GTAs would accurately use the rubric and award scores matching
the actual quality of the student report. Also, that we would be able to observe a consistent
pattern over the duration of the grading exercises at staff meetings i.e., low quality reports
would consistently receive lower scores and copious feedback comments to the student.
Since GTAs were provided three varying quality reports, we also expected to see a
consistent differentiation of quality from the scores award by GTASs. The results in figure
5 and Table 1, showing large spreads of scores, high standard deviation, and little
distinction between quality of reports tell of an exactly opposite picture. This preliminary

data became our primary motivation to address GTAs’ grading practices.
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Figure 5: Scatter plot of TA scores for laboratory reports (ISU)
. . . Sampl Standard %
1.Experiment Title Quality (n) Mean - Standard
e# Deviation deviati
eviation
High 2.1 17 31.46 5.03 12.575
2.Measurements Medium 2.2 13 19.81 6.69 16.725
Low 2.3 13 28.23 5.98 14.95
N High 3.1 14 24.86 577 | 14.425
3.Empirical Formula of Medium 39 15 36.30 350 8.75
unknown (CuO)
Low 3.3 12 34.79 4.50 11.25
4 Preparation and ngh 4.1 19 29.05 4.30 10.75
properties of a hydrated Medium 4.2 15 28.26 4.92 12.3
salt/ double-salt Low 43 13 26.84 | 3.97 9.925
Medium 5.1 31 33.84 453 11.325
5.Acid-Base Titrations Medium
5.2 37 24.29 6.79 16.975

Table 1: Summary statistics for of high, medium, and low-quality laboratory reports graded

during weekly staff meetings
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1.4.2 Preliminary Study Conducted at University of Oregon, Eugene, OR

We continued our exploration of GTA grading practices at University of Oregon (UO)
from 2015 onward, shortly after our preliminary findings at ISU. Graduate Teaching
Fellows, referred to as GTFs (GTAs in this dissertation for simplicity) for the
undergraduate general chemistry laboratory course, at UO were invited to participate in a
study exploring their grading practices. A total of 24 GTFs were employed during this
preliminary exploration of GTAs grading practices, serving as instructors for 44 sections
of 18 students each of the course. All GTAs attended a weekly, two-hour staff meeting on
Mondays where the upcoming week’s experiment goals, technical logistics, teaching
strategies and specific material (such as the pre-lab slides used for instruction) were

discussed.

In the last half hour of this meeting, GTAs were provided with two or more sample
laboratory reports of varying quality with redacted identifying information about the
student authors along with a grading rubric for the experiment that was just discussed. The
GTAs were requested to either grade the entire report (or depending on time availability,
only a section of the report) individually. The course instructor(s) also simultaneously
graded the sample and provided prompts for generating discussions among GTAs.

After a show-of-hands to assess score agreements between all graders, GTA questions
about grading or grading rubric criteria were answered. Instructors also provided input on
the appropriate use and expected interpretation of criteria specified in the rubric when
grading student responses. The graded sample laboratory reports were collected and
recorded as preliminary data from UO (Figure 6) with similar hypotheses proposed at ISU:

GTAs would grade would accurately use the rubric and award scores matching the actual

25



quality of the student report; a consistent pattern in grading would be observable i.e., low
quality reports would consistently receive lower scores and copious feedback comments to
the student and if grading of varying quality reports was performed, a consistent
differentiation of quality would be evident from the scores awarded by GTAs. This exercise
was repeated each week.

Our findings indicate the GTAs at UO were not able to use the designated rubric to grade
the same report accurately and reliably. The same lab report received a range of scores
from a grade of “A” to a grade of “C”. This is an issue with far-reaching implications,
because a student’s lab report score depends on the GTF who is grading the report not on
chemistry content or the ability to communicate chemistry, and further reinforced our
motivation to continue researching GTAs grading practices and develop a training or
professional development module to address grading discrepancies in assessment of

chemistry laboratory reports.
1.5 Problem Statement

Dedicating a portion of the time in staff meetings to grading sample student work and
discussing the scoring creates a low-stakes, cohesive environment for GTAS to engage with
fair and accurate assessment practices as learners. The weekly staff meetings were a unique
opportunity to expose GTAs’ to assessment goals and best practices in addition to the
teaching logistics by simple provision of sample student reports for grading exercises.
Based on data presented in Figure 5 and 6, and our discussions with GTAs at staff meetings,
we inferred that without adequate training in grading, GTAS cannot be expected to grade
student laboratory reports accurately and consistently. Requiring accurate and consistent

assessment from all TAs is as critical as providing instruction in the laboratory. This is
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achievable by focusing on training GTAs in grading, providing guidance for consistency

in grading and explicitly evaluating whether or not GTAs can grade reliably.
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Figure 6: A scatterplot showing varying scores for samples graded during Week 1,2 and 3 at UO

With this objective, we framed our research question as:
1. How do we design a grading-specific training program for TAs to ensure laboratory

reports and laboratory practical exams are graded accurately and reliably?

2. What factors influence GTAs’ assimilation and continued utilization of training in
grading?
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3. How can we ensure the grading process serves intended course learning outcomes?

reports.

1.6 Summary

We have provided a general overview of the nature of existing literature and our motivation
to pursue a professional development protocol for GTAs in Chemistry. This protocol
emphasizes reliable grading practices in assessment of general chemistry laboratory
reports. The design and development of such a specific protocol to train GTASs in grading
chemistry laboratory reports is discussed in Chapter two. Chapter three explores a
qualitative examination of two high-quality and two low quality reports from individuals
who represent the GTAS in at least two specific parameters, participation and gender. This
chapter highlights the impacts and shortcomings of our training protocol. Chapter four
reports a first known implementation of a growth model approach for evaluating a GTA
traing program. This is a significant departure from conventional training program
evalution methods such as surveys and semi-structured interviews with participants. The
concluding chapter provides information and ideas for further extension of this work and
potential challenges that will need to be addressed in the future. As Ernest Boyer®® rightly
puts it, “to be careless about assessment, is to be careless about human life. [..] ...We are
talking about the future of human beings and [TAs] need to understand that their

assessment of students should be fair, ethical, and consistent.”
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CHAPTER I1: INCORPORATING A BACK-READING
PROFESSIONAL DEVELOPMENT MODULE FOR
CHEMISTRY GRADUATE TEACHING ASSISTANTS

2.1 Chapter Abstract

Graduate teaching assistants (GTAS) are an integral part of the instructional team for the
general chemistry lecture and laboratory sequence at major colleges and universities.
Before an academic term begins, chemistry GTAs at most universities receive professional
development from departmental faculty. The duration of such orientation programs is
usually 2- 4 days and involves GTAs’ familiarization with regulations, duties, and relevant
course materials. While this report focuses on the characteristics of how faculty in one
Department of Chemistry conducts weekly meetings with GTAs, weekly meetings
conducted by faculty in other Departments of Chemistry have similar components. The
GTA:s in this study were working at a Pacific Northwest University. The GTAs attended
weekly staff meetings with course instructors to prepare for the upcoming experiment. We
report our findings using a modified format of weekly staff meetings with chemistry GTAs.
The focus of these modifications was GTAs’ grading of student chemistry laboratory
reports. We determined there were significant errors in GTAs’ ability to grade a laboratory
report accurately and consistently in our preliminary exploration. Our modified approach
to weekly staff meetings is adapted from existing protocols implemented in College Board
Advance Placement (AP) Readings. Results of our study provide valuable information
about GTAs’ requirements for training in grading laboratory reports and the positive
impact of such on-going professional development on GTAs’ grading accuracy and

consistency.
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2.2 Introduction

General chemistry laboratory courses are often referred to as a “gateway” course for
undergraduate majors such as pre-med or similar discipline-specific tracks. Chemistry
course content and laboratory techniques play a significant role in students’ developing
skills to succeed in future academic and career paths. General chemistry laboratory courses
are also a ‘bridge’ for students transitioning from high school settings to a full-fledged
college setting. Since high school chemistry, depending on resources, curriculum, and
teaching approach, may not necessarily cover laboratory experiments to tie in with
chemistry concepts taught in the classroom. There is sufficient evidence in literature that
performing laboratory experiments®® or actively participating in demonstrations of
chemistry phenomena helps students visualize and better assimilate relationships between
macro, micro and symbolic representation levels®!. This in turn, enhances students’
conceptual understanding and academic success. The curriculum for general chemistry
courses often begins with basic ideas such as symbols, units, conversions and builds up
gradually to relationships between matter, forms of matter, energy, and other chemistry
phenomena. General chemistry courses are also designed to help students examine real-life
scenarios and understand the chemistry in everyday events around them. This endeavor
certainly merits the use of laboratory experiments to ensure hands-on learning or, learning
by doing.

Graduate and undergraduate teaching assistants (GTAS) play an integral part by serving as
assistant instructors in chemistry courses. GTAs perform two important components of
instruction: they lead stand-alone recitation sections and /or laboratory sections, and they

grade assignments to provide feedback to students. The format of general chemistry
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laboratory courses has also undergone significant evolution from being traditional cookie-
cutter laboratory experiments to more elaborate discovery or inquiry type experiments that

are the highlight of current times.

2.2.1 Review of the Literature on Teaching Assistant Training Programs

The ever-increasing responsibilities and challenges faced by TAs have been well-
documented in many recent studies®. Undergraduate teaching at research universities
involves TAs who have been described in a variety of ways from being the ‘first line of
defense for instruction’ ° to the ‘bridge between faculty and students’ 4.

In a typical large enrollment university, approximately 30% of TAs are international
graduate students and often referred to as international TAs (ITAs). The primary focus of
several reported studies have been ITAs’ ability to (a) communicate with native speakers
of the English language 3”162 83 and (b) conduct instructional activities effectively to
foster undergraduate student learning 4 %4 % along with exploration of issues faced by
ITAs such as managing classroom diversity #” %2, teacher self-identity 3% 3 452 and
cultural challenges faced by ITAs 13 30.40.44,56

Another popular research focus with respect to training TAs is the development of teaching
and presentation skills in a classroom or laboratory setting. These range from training TAs
to (a) become stand-alone instructors of a lecture classroom °, (b) prepare and present
discipline-specific content for students, (c) design assignments and assessment activities &
10,56 and (d) incorporate more recent methods of teaching such as active learning using
flipped classrooms or just-in time-teaching ¢ and process-oriented guided-inquiry learning

(POGIL)®.
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Several studies also report on the design and implementation of a general TA orientation
program 89 orientations for inquiry-type teaching % 7°, a graduate course for TAs 4 22
1 and theoretical models for developing teaching assistants’ instructional skills and
pedagogical knowledge 274, However, reviewing the available literature indicates that
TAs are mostly assigned laboratory teaching and related responsibilities but provided with
little or no minimal training depending on the institution/program 2% 70.72.75 ‘\Wheeler and
colleagues also point out the scarcity of research studies on the training for inquiry-based
teaching in the chemistry laboratory 22. These studies often focus on highlighting issues
faced by GTAs during training or strategies for resolving these while designing such a
program for GTAs.

Some studies have examined the GTAs’ own understanding of the discipline-specific
content or inquiry teaching %2 7+ 76, self-perceptions towards their role as teachers 377, and
benefits of gaining teaching experiences " while GTAs are in graduate school. Such studies
tend to reiterate approaches like school-level teacher-training, shifting the focus toward
GTASs’ identity and characteristics as a teacher-in-training and away from training that is
necessary skill development such as pedagogical content knowledge mastery, teaching and
academic assessments for college level students.

Despite the existence of many TA training programs and several research studies informing
the community about the issues and possible strategies to resolve challenges, there is a
persistent concern that training provided to TAs continues to be insufficient in addressing
the goal of effective and holistic professional development of TAs ’°. One silver lining that
has successfully addressed some of these concerns is the Preparing Future Faculty (PFF)

program instituted at various north American universities. Such programs continue
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exploring effective contemporary strategies to develop future citizens of the academic
community 8 %, However, there is a gap in the on-going research on TAs’ abilities as
trained and reliable assessors of students’ writing. The primary objective of this chapter is
an attempt at highlighting this issue and proposing a likely solution to address it.

One of the critical skills undergraduate students are expected to master through four years
of college is communicating scientific knowledge in different written formats (reports,
memos, posters, blogs etc.) to a wide variety of readers. Writing assignments are designed
to provide students an opportunity to think through ideas and compile them in a logical,
presentable fashion. With the recent paradigm of “writing to learn” & gaining momentum,
assignments exploring different written formats are now integral to the process of learning
for students. Naturally, students also need to be provided with feedback and instruction
regarding such written communications 8% 82,

There is little doubt that the majority of students enrolled in a college level general
chemistry course need help in improving their writing skills. Wackerly 8 reported that
students’ ability to write is a complex thing to understand and it requires a gradual approach
to improve students’ writing skills. Submitting and receiving feedback on laboratory
reports is one method wherein students can gradually improve their writing skills .
Therefore, one of the major responsibilities that TAs in a general chemistry laboratory
course are expected to fulfill is grading laboratory reports. This aspect is addressed by
some training programs, albeit briefly. A study on generating desirable attributes of TAs
by Cho et.al. has its basis on a needs assessment response from faculty &.The TAs and
students in this study indicated ‘grading student work in a fair and consistent way’ to be of

tmportance. Teaching assistants and faculty rated this attribute on a 5-point Likert scale as
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4.50 and 3.83 (consistently higher) under ‘instructional practices’ compared to other
categories rated 3 (high) such as ‘preparedness’, ‘engagement with students’ and
‘classroom management’. Nyquist and Wulff ® address the important aspects pertaining to
grading very briefly in their book chapter on preparing graduate teaching assistants (GTAS)
for specific instructional roles: (i) reinforce the link between goals and grading criteria, (ii)
inform GTAs about all relevant grading procedures and policies, and (iii) provide
opportunities to practice consistency in grading. These points are stated briefly and mostly
targeted toward the faculty who develop and coordinate training programs. Sadly, there is
no illustration of how to conduct activities that address these goals. Schoem and colleagues
56 discuss the GTA training program at the University of Michigan designed as a one-credit
course over a period of six weeks. Of these, week six addresses testing and grading.
Wheeler and colleagues ?? present the design and findings for their inquiry-based general
chemistry course curriculum as interview and survey data. Although grading sample
science laboratory reports, plans and summaries are integral and discussed in the
methodology as well as results of this study, there is no explicit mention of using these
findings on grading to examine the actual, real-time practices of the GTAs. A study on
teaching-focused graduate student professional development by Withers et.al. discusses a
course for chemistry graduate students. The course materials are designed extensively for
graduate students to learn and practice skills as ‘future faculty’ wherein grading is
addressed rather briefly. Thus, there is limited availability of literature that examines
training GTAs in grading techniques, provides illustrations or examples of how such
training is conducted, what challenges are involved, or explore GTAs’ actual practices as

graders. These make the examination of how GTAs grade written student assignments, the
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nature of feedback provided by GTA’s, and overall evaluation of best practices for training

TAs in grading to be worthwhile research questions.

2.2.2 Context of present research problem

Most universities in the USA have a TA orientation program to equip GTAs with the basic
tools and skills for leading a class or laboratory as instructors 18 566586 Seyeral studies
summarize the importance of including training programs for teaching assistants 8’. These
programs are often focused on orienting teaching assistants toward the expected content
knowledge and pedagogy * 22, providing tactics for logistical and class management
scenarios > 4% 52 88 8 teaching and presentation skills * and even tracking the
development of specific abilities of graduate students in their role as teachers %,
However, there is little, or no information on the examination of how GTAs grade
laboratory reports. A novice GTA often starts teaching a chemistry laboratory course with
no grading experience. An inadequate preparation in the correct use of a grading scheme
or rubric to score student laboratory reports often leads to grading that is not consistent
with what is intended by the instructor.

The purpose of this study is to present evidence of grading discrepancies that arise from
lack of training specific to assessment of students’ written work. This is followed by our
findings when implementing a grading-specific training protocol to address these issues.
Lastly, we provide a discussion of our results and some recommendations for TA training

programs.
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2.2.3 Research setting

General chemistry laboratory courses at the University of Oregon (UO) regularly employ
graduate teaching assistants and sometimes even undergraduate teaching assistants. Under
the supervision of a faculty member (course instructor) each GTA serves as a facilitator or
teacher for one or more sections of 18-20 students. GTAS’ role involves interacting,
monitoring, and guiding students through a series of chemistry experiments for a duration
of 3 hours. During the orientation program at UO, GTAs’ attention was directed to the
course learning outcomes which include students developing an understanding of how to
conduct experiments by formulating questions, following instructions, and recording data;
the ability to think analytically from analyzing data; and the ability to write effective,
properly formatted scientific reports. With the specific modifications made to weekly staff
meetings, GTAs were provided guidance to examine student laboratory reports and in the
use of the corresponding grading rubric.

2.2.4 Research motivation

GTAs at UO were provided with a sample laboratory report and a grading scheme (rubric)
during the general chemistry course orientation sessions in the fall of year 1 and fall of year
2. Each GTA was requested to grade the same sample lab report independently, and then
anonymously respond to a clicker question on the score they had provided. Results for the
scores provided by GTAs in year 1 and year 2 are displayed in Figure 7 and 8. The diverse
range of scores and repeated discrepancy patterns in both years for the same laboratory
report, with different sets of GTAs involved in the course is remarkable and a cause for

concern. Below are the range of scores assigned by GTAs to the same student’s laboratory
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Figure 7: The same sample chemistry laboratory report was given varied scores during GTA
orientation program prior to the start of classes (Year 1 of this study)
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Figure 8: The same sample chemistry laboratory report was given varied scores during GTA
orientation program prior to the start of classes (Year 2 of this study)
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report during a GTA Training Program year 1 (Figure 7) and year 2 (Figure 8). Anecdotal
evidence from faculty assigned to oversee teaching assistants in their general chemistry
program indicated that GTAs’ teaching and grading practices are not considered to be
reliable or accurate (personal communication, 2014, 2015). Results of a survey of
chemistry faculty at various institutions and information regarding the faculty’s view of

the reliability, consistency, and accuracy of their GTAs’ grading skills are provided in

Figure 9.
Fall 2016 faculty survey responses about TA's grading
100
75
H % positive
50 responses
from faculty
25 -~
0 _l
% TAs grade reliably %Tas grade consistently % reliable agreement for
assignments graded by TA
s and faculty

Figure 9: Faculty responses to survey questions on GTAs’ grading and teaching practices

Although multiple respondents agreed that GTASs at their respective institutions graded
reliably and consistently, the responses for the GTAs’ laboratory report scores being in
good agreement with faculty laboratory reports scores for the same chemistry laboratory

report paint a contrasting picture. Due to the lack of published studies in addressing this
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specific problem and from our preliminary findings, the purpose of our study was to
address one major concern.

GTAs cannot be considered ‘ready’ to assess student work without receiving grading-
specific training. We addressed this concern by developing and implementing a
professional training module designed for chemistry GTAs to grade general chemistry

laboratory reports accurately and reliably.

Fall 2015 survey responses to "What are your three
biggest concerns as a GTA?" (n =17)
W TA responses
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concerns knowledge motivation  organization and
concerns concerns safety concerns

Figure 10: Frequency graph of coded GTA responses to survey in Fall 2015

GTAs for the general chemistry laboratory course at UO were mostly first-year graduate
students from the department of chemistry & biochemistry. Depending on availability, two
or three undergraduate chemistry majors were occasionally hired as UTAs. Most GTAS
had little or no experience teaching a chemistry laboratory session or grading general

chemistry laboratory reports. Novice GTAs struggle with accurately teaching using
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guided-inquiry and communicating relevant chemistry concepts and laboratory techniques
while performing their role as laboratory teaching assistants.

A survey of GTAs at UO was administered in the initial stages of this study and asked,
“What are your three biggest concerns as a general chemistry teaching assistant?” Free
responses from the GTAs were coded and grouped into themes, as shown in Figure 10.
Seventeen (17) UO GTA respondents completed the survey and reported a majority of
teaching-related concerns such as “teaching a class by themselves” (70%) or “teaching
wrong concepts by mistake” (35%) as well as “controlling the class environment” and
“being liked and/or respected” (58%) by their students. Less than 40% of the GTA survey
respondents reported “grading” or related tasks as a concern in comparison to other
teaching-specific duties. This pattern may be attributed to (a) novice GTAS being unaware
of the actual requirements as a grader until they grade student work and/ or (b) the anxiety
associated with teaching/being a stand-alone leader for a laboratory group which eclipses
any other GTA-role related concern(s).

Thus, even when GTAs are provided a grading rubric, detailed instructions and practice
grading sample reports, the same laboratory report graded by different GTAs was awarded
a“D,” “C,” “B,” or “A” letter grade depending on who is assessing the laboratory report.
This disparity, therefore, was the basic source of concern. GTA’s beliefs and attitudes
towards teaching and grading (as seen from anecdotal and survey responses above) were
symptoms of a deeper need for training programs to be focused on encouraging best
practices in grading such as (a) GTAs understanding the educational approach in teaching
laboratory courses and (b) the importance of reliable assessment practices. Apart from

having a direct impact on students through effective feedback and reliable assessment of
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their chemistry understanding, significant grading discrepancies reflect poorly on the
laboratory course instructors and have long-term implications for student attrition and

discipline-specific academic success statistics.

2.3 Theoretical basis of the study

The term pedagogy can be traced to Greek origin and translated as “to guide children”
(paid = children and agogos = leading). In the other words, pedagogy is the art and science
of teaching children °2. However, with progressive pursuit of “how people learn” and “why
people learn”, the children part of this definition was gradually lost and today, pedagogy
is, by and large, the art and science of teaching *2. In pedagogy, the assumptions that guide
the theories are based on children as (1) novices or dependent learners %8, (2) learners who
encounter the knowledge presented to them for the very first time *, and (3) learners with
minimal background knowledge or prior experiences that could affect the learning process.
However, these same assumptions may not hold when teaching adults or adult learners.

The apropos term for the “art and science of teaching adults” known today is “andragogy.”
This term was developed in the early 1970s by Malcolm Knowles 8, who is often referred
to as the “founder” of andragogy. However, it is also known that the origins of andragogy
as an idea distinct from pedagogy are also credited to Alexander Kapp in the context of
European adult education. ® According to both Kapp and Knowles, the education of adults
requires focusing on what knowledge and skills are already present within the learner, not
just the knowledge the learner is aspiring to gain. Andragogy is based on six principles:
Learners (1) Need to know (2) Self-concept (3) prior experience (4) Readiness to learn (5)
Orientation to learn and (6) Motivation to learn®® °. Surprisingly, an examination of

literature shows us that andragogy as a framework or guiding theoretical perspective is
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quite popular in adult education for a wide variety of occupations ranging from training
athletes®, swimmers®’, healthcare workers or nursing®, teachers®” % and even training
law enforcement 1% and firefighting personnel %,

The existence and persistence of andragogy-driven studies is evidence of a growing
awareness of the differences between the education of children and that of adults. The
simple acknowledgement that adult learners possess prior knowledge and experiences that
guide motivation coupled current research on new learning strategies and self-regulation
have now made a world of difference. These are now evident in recent theoretical
frameworks such as transformative learning and experiential learning which are guided by
the fundamental principles of andragogy.'%.

There are four basic differences in the approaches to education of adults (andragogy) versus
that of children (pedagogy). These are summarily presented in Table 2 below.

Table 2: Comparative Summary of Pedagogy and Andragogy

Pedagogy

Andragogy

Self-concept

Dependent learner

Autonomous learner

Prior Experiences

Little or no contribution to
learning process

Rich resource for learning
process

Orientation to learning

Teacher-directed learning;
teacher decides curriculum
and methods

Learner-directed learning;
based on current needs of
learners, uses variety of
methods

Timeframe for application
knowledge gained

Learning as a preparatory
step for the future

Learning as a mean to
identifying and solving
problems in the present
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Teacher training is often explored using a pedagogical lens/framework such as
constructivism or phenomenology. Several GTA training programs outline the basis of
their design and implantation using various pedagogical frameworks such as the
expectancy-value theory of motivation 23, self-regulated learning 3, sociocultural theory
and constructivism.1%,

Malcolm Knowles’ %8 framework describes a 7-step process in an andragogical approach,
a learning systems model with a feedback loop (Figure 11). The feedback learning loop is
a three-step cycle allowing for needs assessments and input of information followed by
targeted activities to address these goals. The loop finally concludes with an end-of-activity

assessment which evaluates the activity and/or the resolution of the issue(s).

M. Knowles’ model of andragogy

Organization Input Activity Output

¢ A climate for ¢ Needs * Formulating NN Shared
learning e |nterests M:J\ objectives evaluation of

« A structure for e Values 17| e Designing results

mutual
planning

Of participants

* Implementation

* Re-assessment
of needs

Figure 11: Andragogy as a learning systems model with a feedback loop

This model considers the prior knowledge and experiences of adult learners in the “input”
stage, and this is the key difference between this learning model and any other pedagogical

model focused on learning.
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The present study involves the training of GTAs to reliably assess and provide feedback
on students’ written assignments. Examining the principles of andragogy helped us identify
several characteristics of GTAs which match Knowles’ assumptions about adult learners.
Graduate students pursuing a master’s or doctoral degree in Chemistry have been through
the general chemistry course as undergraduate students themselves. This would support the
assumption that GTAs chemistry content knowledge is rich. Additionally, their own lived
experiences as students would imply firsthand knowledge of being assessed and receiving
feedback on their written assignments. These lived experiences have tangible impacts on
an individual’s abilities as a GTA. For example, an individual who was evaluated too
rigorously as an undergraduate student in a chemistry course, might tend to be lenient in
their role as a GTA to over-compensate for their experiences, to avoid conflicts or simply
being disliked. Alternatively, a student who experienced reliable and productive feedback
from their instructors might be inclined to include similar approaches as a GTA because
they find value in such skills. Therefore, training in grading for GTAs is very much a case
of exploring adult learners and their abilities and led us to use andragogy as our research

framework for this study.

2.3.1 Assumptions of the present study

GTAs are adult learners with
(i) A developing sense of autonomy over their learning of any required skill set(s).
(ii) An ability to identify or recognize areas where they face a problem as GTAs.
(ii)An ability to orient themselves to a facilitated process of overcoming/solving such

identified problems.
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(iv)Readiness to learn the skills that will solve the problems/ implement
improvement(s) using various techniques such as collaborative tasks, discussions,
time-bound or target-specific tasks.

(v) Prior experiences as students themselves (receiving graded written assignments
with feedback); these experiences translate to an information-rich resource for
collaborative learning and bring rich perspectives towards grading written
assignments.

(vi) Demonstrated willingness and commitment to solve such problems by gaining
required skills through interpersonal activities such as training and assimilating

continuous feedback from the facilitators or peers.

Proposed model of andragogy
a suitable framework for the back-reading study

* Academic/University * Needs: GTA * Train to be reliable * Student evaluations
Setting responsibilities graders specific to grading
 TA training programs, ¢ Interests : GTAs as * Design back-reading * GTA feedback on
Staff meetings future faculty activities/exercises training program
 Values Fairness, ﬂ” * Implement back- H” experiences
Reliability, reading for training in * Re-assessment of
Consistency grading back-reading

process,
modifications for GTA
success

Figure 12: Proposed model of andragogy for back-reading approach in training GTAS

We reconstructed the model in figure 11 using our assumptions and goals of our study. As
shown in figure 12, the feedback loop for GTAs agrees with Knowles’ ideas and justifies

an andragogical guiding framework.
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2.4 Formal Methodology

2.4.1 Research Questions

e What components are necessary in a GTA training module to ensure that teaching

assistants gain competency with grading laboratory reports accurately and reliably?

e To what extent can such a grading-specific professional development (PD) module

positively influence GTAs’ grading practices?

2.4.2 The College Board AP Chemistry Exam Scoring Process

In the context of andragogical framework, we implemented an adaptation of a “back-
reading” (BR) approach from the College Board’s AP Chemistry Scoring Process ®. This
was carried out with an intention of designing a continuous professional development
module for GTAs to replace the conventional start-of-term training. “Orientation week™ or
“start-of-term” training may last anywhere between 3-7 days at the beginning of an
academic term. The “back-reading” (BR) method is adapted specifically for GTAs grading
student laboratory reports in a general chemistry course and holds promising results for the
professional development of novice GTAs as accurate and reliable laboratory report
graders.

In 2014, the College Board revised the format of the AP chemistry curriculum and AP
chemistry examination to better align with the NRC 2002 report and recommendations.
The “legacy” exams administered since 1956 underwent a significant review and were
redesigned by the College Board to better align the widely used assessment with best
practices in chemistry education. An overview of the redesign procedure and outcomes %

was used to develop Figure 13 above, which shows the hierarchical arrangement of AP
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AP READING

* Score actual student
responses

» Solve the AP * Back-Reading
Question ¢ Compare back-read

TRAINING TABLE * Review Scoring scores for

LEADERS Rubric consistency

¢ Guidelines ¢ Score samples (+1 ¢ Repeat 7x days

* Score sample pt consistency)

RAINING AP
READERS

CORING RUBRIC responses * Clarifying Qs from
DEVELOPMENT ¢ Apply rubric AP readers
* Modify ¢ Discussion

* Test Committee

* External Review * Validate changes

{score more samples)
* Train Table Leaders

Adapted from Price, Paul D & Kugel, Roger W [2014). The New AP Chemistry exam: Its, Rationale, Content and Scoring. Journal of Chemical Education 91 (9),1340-1346

Figure 13: A timeline depicting the AP scoring rubric development and validation leading to
implementation at the AP scoring and back-reading

readers during an AP Chemistry examination scoring session. The AP Chemistry
examination has a free-response section consisting of three long answer questions and four
short answer questions. Over 180,000 exam booklets are scored by AP Chem readers in a
period of seven days. Sample student responses are assessed using a scoring rubric
developed by the AP Chem Test Development Committee. Prior to the arrival of the
readers, the Chief AP Chem Reader and AP Chem Question Leaders review and score
sample student responses. Based on actual student work the scoring rubric is revised and
details are added with specific examples prior to the start of the Reading. Before official
scoring of student work begins, all AP Chemistry readers assigned to a specific question
are provided with the rubric and receive training on how to score sample student papers.
One component of this training is “back-reading,” (see excerpt below) a process developed

for the College Board AP® examination scoring process by Educational Testing Services
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(ETS) experts. The actual grading of students’ responses begins when all AP Chem readers,
who are assigned to a question, have demonstrated acceptable consistency and accuracy in
applying the scoring rubric

“Readers begin reading fresh papers, and as they do so, their papers
are back-read by the TLs. When the TL finds a discrepancy of more than
+] between their score and the reader’s score, they talk to the reader
and discuss the discrepancy to make sure the reader is interpreting the
rubric correctly. Finally, after a full day of reading, reader statistics are
monitored daily to make sure their average score is consistent with the
question’s average. If a reader’s score deviates significantly from the
question average, they are back-read more frequently to correct, if
necessary, their application of the rubric. By the end of this process, it
will not matter who, in a group of 36 or so readers at a given table, gets
a given student’s paper, it will end up with the same score within +I
point. The process developed by ETS statisticians and implemented at
the reading ensures that the students’ scores on each of the free
response questions will be consistent with the question’s rubric,
regardless of which of the 300+ readers actually did the scoring. ”

From personal communication with authors 1%,

Reading a large quantity of free responses, about five hundred per day at the AP reading,
presents several challenges. One of the major concerns is scoring individual student
responses consistently for quality and content by applying the rubric. AP Readers must
be consistent in their grading over the course of seven days. It is common for some
individual AP Readers to “drift” from the rubric and apply their own scoring standards.
Because the work of all AP Readers is “back-read” by their Table Leaders each day, a

Table Leader will detect when an AP Reader is not using the rubric appropriately. The
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actual grading of students’ responses begins when all AP Chemistry Readers, who are
assigned to a question, have demonstrated acceptable consistency and accuracy in

applying the rubric.

2.4.3 Summary of the General Chemistry Laboratory Course at the University of
Oregon

The General Chemistry Laboratory Course at UO offered over three-quarter terms (or three
10-week terms) is concurrent with the affiliated General Chemistry lecture course. Each
laboratory course lasts for 10 weeks and covers experiments that are often in tandem with
the topics covered during the lecture course. A complete listing of the experiments offered
is available in the course laboratory manual 1% 1% Average enrollment in this general
chemistry laboratory course is about 800 students. GTAs are employed as stand-alone
instructors for the laboratory sections. Students attend a weekly 50-minute lab-lecture
where the course instructor (a senior faculty member) provides information about the
upcoming experiment for the week as well as an explanation of relevant theoretical
concepts prior to performing the experiment in the laboratory. Students are expected to
prepare a pre-laboratory experiment write-up in their laboratory notebook before attending
a three-hour laboratory session supervised by a GTA. Each week’s experiment includes 1)
a pre-laboratory write-up, 2) in-lab work such as data collection, pooling/sharing class data,
and 3) a post-laboratory report. A modified Science Writing Heuristic (SWH) format > 1%
82,107,108 for the post-laboratory report is implemented for this course, consisting of four
major sections: (1) introduction, (2) relevant data tables, calculations, graphs, (3)

discussion of results, and (4) conclusion section. Experiment-specific report writing
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guidelines are also provided to students using Canvas, the university-wide on-line learning
platform at UO. The post-laboratory report is due one week after the experiment was
performed. It is graded by the GTA using a rubric provided by the instructor.

The Department of Chemistry and Biochemistry at UO provides a start-of-the term GTA
training program during fall term to ensure GTAs are prepared for their roles as laboratory
instructors. This is usually a four-day program which covers several aspects of teaching,
GTA expectations and policies at this university and then specific course topics. The
itinerary of the UO GTA training is like existing programs reported in the literature at
numerous institutions. According to one of the instructors who leads this session every
year,

“For the departmental training, we spend about 30 minutes talking
about grading issues and strategies and have experienced GTAs give
suggestions. We have done a variety of things over the years. GTAs
have always been given instructions about what to look for in lab
reports, how to use the grading keys and expected grade distributions.
We have occasionally had all TAs grade and discuss sample reports
at the beginning of the term. A lot of this has depended on how much

time is available during training.” (Personal communication, 2014)

For the general chemistry laboratory course, GTAs also attend a weekly 90-minute staff
meeting. During this staff meeting, the pedagogical goals for an upcoming experiment are
discussed, any new equipment/techniques to be used are demonstrated, and time is also
allocated for GTAs to perform a part of the experiment, to practice laboratory techniques,
and to ask clarifying questions. From the time the present study was initiated at UO, the

last 20-25 minutes of the weekly staff meeting were allocated for training in grading
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samples of laboratory reports for the upcoming experiment and clarifying any questions or
doubts regarding the grading scheme or grading rubric. The start-of-fall-term GTA
orientation and weekly staff meetings offer excellent opportunities for course instructors
to provide GTAs with professional development in experiment specific pedagogy as well
as development of reliable grading skills. Our preliminary findings on GTAs grading of

laboratory reports were presented earlier in the research motivation section of this paper.

2.4.4 Adapting the Back-Reading Process for Training GTAs In Grading
Laboratory Report

“Developing the ability to write an effective properly formatted scientific laboratory
report” is listed as one of the course objectives® for the general chemistry course at UO
where the present study was conducted. Laboratory reports are thus, a formative
assessment of the student’s ability to communicate scientific information in writing. This
mode of assessment requires graders to provide verbal feedback and/or written comments
on graded student work. Modifications to the AP chemistry back-reading process were
made in alignment with this objective as the framework.

The UO GTAs were provided with professional training for scoring laboratory reports
using a grading rubric accurately and consistently. Additionally, they were also provided
with guidance on (a) common student errors or misconceptions, (b) how to provide
feedback to students and (c) time and effort management while grading. This training
module was specifically designed keeping in mind that first year graduate students who are

appointed as GTAs are themselves enrolled in graduate courses in addition to having

1Source:UO General chemistry course syllabus
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research commitments. At this stage, it would be worthwhile here to make note of the
differences between the AP® scoring process and the laboratory report grading process
presented in this study. The AP examination serves as a means of summative assessment,
allowing students to demonstrate their proficiency in various chemistry concepts, and
critical thinking skills. Therefore, the scoring of the students’ responses over a period of
six days is focused on the accuracy or degree of validity of the responses while applying
the scoring rubric. The AP readers never write comments on the exam booklets or provide
any form of feedback to the students. On the other hand, GTAs in a general chemistry
laboratory course participate in formative assessment. They work with students on a
weekly basis over a period of ten weeks, grading laboratory reports using a rubric and
providing feedback to each student. This process of receiving written comments or
feedback on graded laboratory reports provides students with valuable information on what
they could do to improve their laboratory report writing skills.

Training In Grading Using Sample Laboratory Reports at Staff Meetings

Setting the expectation of accurate interpretation and consistent use of a grading scheme?
or rubric often involves a clear demonstration of what this would look like in practice. As
described earlier, about 201 -25 minutes of the weekly staff meeting time are allocated to
grading sample laboratory reports for the upcoming week’s experiment. At UO, “Density
Exploration” is usually the experiment of choice to commence with the general chemistry
laboratory course. This experiment involves some basic chemistry topics (measurement,

unit conversions); use of equipment such as an analytical balance, and glassware such as

2p grading scheme may be interchangeably referred to as a rubric in some sections of this paper.
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volumetric pipets, beakers, and cylinders. Students were also provided instructions
regarding the laboratory layout and safety protocols at this first laboratory session.

Many students enrolled in a college chemistry laboratory course for science or engineering
majors have never used an analytical balance or a volumetric pipet prior to their first
laboratory experiment in a general chemistry course. Fluency with fundamental
mathematical and chemical concepts (such as calculating density, using significant figures,
interpreting results based on chemical composition of samples analyzed) are major learning
outcomes of the laboratory work for the “density exploration” experiment. For further
details, readers are referred to the complete experiment described in the course laboratory
manual'®. Students are provided with a simple outline of the expected format (see
Appendix A) of the post-laboratory report for this experiment, which integrates the Science
Writing Heuristic approach 8219 jnto student scientific writing development.

At the weekly staff meeting (before the “Density” experiment was performed by students),
GTAs were provided with resources for leading the density laboratory experiment using a
modified SWH guided-inquiry pedagogy ** ® such as notes on managing laboratory
logistics as well as the laboratory report outline and a grading scheme. A copy of these
resources is available upon request.

Towards the last 20 minutes of the staff meeting, each GTA was provided with a sample
laboratory report written by student “A” (student report content reproduced in the Figure
14). Each GTA was requested to grade this report using the grading scheme provided (see
Appendix B) and then asked to respond to a clicker question about the score awarded to
this report. After viewing the frequency distribution of clicker responses, the instructors

asked the GTAs to discuss the implications of having a wide range in scores awarded for
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the same report. This was followed by an explanation of the instructor’s scoring, including

interpretation and use of the grading scheme for the sample laboratory report. This brief

The results of this experiment led me to conclude that the type of sweeteners
used in the two different cokes does alter the density of the drinks. The regular coke
consistently showed the density being greater than 1g/mL whereas the diet coke was
consistently less than 1g/mL. At the end of the experiment, we even looked to find
that the diet coke floated in water and the regular coke sunk to the bottom. The
differences in densities were likely a result of the types of sweeteners used because
diet coke uses artificial sweeteners and regular coke uses regular sugars.

The possible sources of error I had in these experiments mostly came down
to measuring volume. The pipetting was not always 100% precise and measuring the
volume was difficult to see at times. I feel like it was minimal but could have easily
been a source of error. Also, doing the mathematic calculations could have held
possible sources of error because the math could have been done incorrectly thus
yielding false results. These sources of error could have made my results different
because the measurements would not have been as accurate, and the standard
deviation would be greater.

Prior to the experiment I believed that diet coke and regular coke had the
same densities but my ideas around that have since changed. New questions I have
would be about different kinds of drinks and foods and how ingredients can alter the
densities. I am curious to see what the density of a completely sugar free drink
would be as opposed to its sugary counterpart. Also, I wonder how other ingredients
would affect the densities as well. Finding the volumes, masses, and densities was
relevant to what I've been studying because we have been learning about these
concepts and how they connect in class. I knew the formula to finding the density
due to the classwork. I knew that density could be found by the formula
mass/volume and was able to use this in the class to determine the densities of the
sodas and also the copper.

The experiment I conducted can relate to my chemistry 221 work because
some of the same concepts were studies in both. I learned about densities in
chemistry 221 and was able to apply these skills throughout the lab. I can connect
the things I learned to my real life because I plan to go into a science career and I
am sure I will need to know about densities in marine biology. Hopefully I will be
able to apply it to find information about the oceans and other parts of my career.

One other experiment that I saw that was able to confirm my findings about
the density of diet coke versus coke is the floating in water experiment. Water has a
density of 1 g/cm? so anything that is higher than that will sink in the water and
anything lower will float. This proved that the density of the coke was higher than 1
g/cm3. Additionally, I have read in my textbook about densities and the information I
found in my experiment was confirmed by what I read.

Figure 14: Sample laboratory report on the density experiment
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discussion was followed by a request to GTAs to re-grade or revise their scoring and share
a consensus score aloud or via clicker response. The post-discussion score was in overall
agreement for most GTASs as seen in Table 3 below (see post-discussion SD values). A
second sample laboratory report was used for repeating this exercise. Most of the GTAs
graded the second sample report within + 2 pts of the instructor’s score.

Table 3:Summary Statistics for sample grading and back-reading of the Density Exploration
laboratory report “Density Exploration” was graded by GTAs and the process

Scoring round Mean SD (n)

Sample 1- before back-reading 35.4 5.6 19
Sample 1 — after back-reading discussion 30.9 15 19
Sample 2- before back-reading 25.4 8.2 19
Sample 2— after back-reading discussion 27.9 1.0 19

Back-Reading Personnel

At UQ, a graduate student with at least one or more years of experience teaching the course
was appointed as the Head GTA. The responsibilities of the Head GTA would be akin to a
coordinator—assisting with the smooth flow of information and ensuring availability of
resources to GTAs. The Head GTA was also considered a reliable grader based on their
experience. That is to say, he/she would have a verifiable history of implementing each
week’s rubric accurately. Their consistency in grading would be evident from repeated,
consistent scores recorded after time-gaps between grading the same report twice (or a
greater number of times, if needed) for verification of consistency. After grading sample
laboratory reports as part of training in grading at the staff meeting, an option to participate

in a one-on-one back-reading session with the course Head GTA and/or instructors was
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announced and highly recommended for GTAs as they began grading actual student
reports.

This option to participate in a back-reading session was offered to GTAs with a two-fold
intention: (1) the GTA could gain insight by grading actual student work on a one-on-one
basis along with a peer (the Head TA) or the course instructor; (2) staff could monitor
GTAs’ understanding and implementation of the training in grading laboratory reports. A
description of the individual back-reading can be found in the next section.

Individual Back-Reading for Grading Laboratory Reports

During the period of this study, back-reading of actual student reports was never mandatory
for GTAs but highly recommended by the senior course instructors. Our back-reading
study commenced from year 1 (fall, winter, spring terms) and through year 2 (fall, winter,
spring terms). During the fall term of year 1, 14 out of 18 GTASs (77%) attended the back-
reading session for grading laboratory reports on “Density” (week 1) and 15 out of 18
GTAs (83%) attended the back-reading sessions for grading “Galvanized Nails” laboratory
reports (week 2). About 50% of the GTAs attended back-reading during “Metal
Carbonates” grading for week 3, and attendance was sparse (below 50%) from week 4
onward. This was attributed to the general assumption that most GTAs felt they were
sufficiently prepared to grade laboratory reports. Additionally, GTAs being fully occupied
with graduate courses or research rotations was also a possible factor in the decreased
attendance for individual back-reading meetings.

At the start of an individual back-reading session, each GTA along with the Head GTA or
the course instructor independently graded 3 to 6 randomly selected copies of student

laboratory reports from each individual GTAs laboratory sections. Once graded, the
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scoring from the GTA and experts were compared, and any discrepancies were discussed.
That is to say, the reports were “back-read” by the two graders. A consensus score was
then awarded to the student laboratory reports. Figure 15 is a photograph of an individual

back-reading session in progress and included for the reader’s visualization of the back-

reading process.

Figure 15: An individual back-reading meeting in progress

Back-reading on multiple student laboratory reports was repeated to check the GTA’s
accurate implementation of the scoring rubric and implementation consistency. If the
difference between the scores was within + 3 points of the expert for three or more student
laboratory reports at the back-reading session, the GTA was encouraged to proceed with
grading independently. Further ne-on-one grading was not pursued unless the GTA
requested more back-reading or persistent grading discrepancies were recorded.
Post-Training Protocol: Checks on Grading Reliability and Consistency

As a follow-up to the one-on-one back-reading session, scanned copies of 2-3 student
laboratory reports graded by each GTA were obtained for post-back-reading checks and
monitoring uptake of training in grading. For post-back-reading checks, an expert or
researcher graded unmarked copy of student reports and compared their scoring with that
of the GTA. If discrepancies more than +3 points were recorded, the GTA was informed
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of these differences and the discrepancies in scoring were addressed before returning the
laboratory report to the student. The GTA was also advised to attend back-reading sessions
for the upcoming assignment(s) to be graded. Re-grading laboratory reports was always an
option to address discrepancies, but not recommended if the GTA had already returned the
graded assignments to students during that week as it would be an added burden and an
unnecessary expenditure of valuable time and effort.

During weeks 2 through 8 of the general chemistry courses, GTAs graded 2-3 sample
laboratory reports during staff meetings. As described previously, GTAs responded to
clicker polls and participated in discussions when discrepancies in scoring occurred.
Discussions included how the sample student response and grading criteria was interpreted
by the GTASs and instructors. The sample grading sessions provided us with a baseline to
examine which GTA(s) might potentially have the need for one-on-one meetings because
of the consistent discrepancies observed when grading sample reports. However, individual
back-reading sessions were offered to all GTAs throughout the duration of the course.
Back-reading sessions for grading student laboratory reports was repeated every week. The
majority of the GTAs attended only 2 or more during the first 3 consecutive weeks until
their scoring results were within + 3 points of the expert’s score. Two GTAs repeatedly
demonstrated outlier patterns in their grading at the back-reading sessions; one opted not
to participate in the back-reading sessions after week 1 and the other GTA did not
implement the grading scheme as intended. Nevertheless, three or more graded student
reports were collected from every GTA for post-back-reading checks, thus maintaining
consistent expectations for all GTAs. Results for individual back-reading sessions with two

GTAs are discussed in the following section.
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2.5 Results

2.5.1 Grading Sample Laboratory Reports at Staff Meetings

The “results and discussion” section of the sample laboratory report for the experiment on
Density (reproduced in Figure 14) was used as a sample for training GTAs in grading.
Paper copies of this section along a with a grading rubric were provided (see Appendix A),
and GTAs were requested to score the sample report as described in earlier sections of this
paper. Paper copies of graded density sample laboratory report were collected and analyzed
for scores provided by GTAs. Table 4 shows a snapshot of how five different GTAs graded
this sample laboratory report. Instructor(s) scores are also provided for comparison. This
grading task was followed by a discussion between GTAs and instructors, and a second
round of scoring (back-reading). However, revised scores were collected only as show-of-
hands or clicker responses. The second round of scores on the same samples are included
as one summarized result in the table 4 (mean = 19.8, SD = 1.8, n=5). Based on these data,
a stark difference between the grading by the expert and the GTAs was observed before
back-reading and noticeable improvement in score agreement between all graders after

back-reading (Figure 16).

2.5.2 Back-Reading Discussions at Staff Meetings

During back-reading discussions at staff meetings, GTAs were asked to share their
observations and describe the nature of feedback that would best help the student (the
original author of the sample laboratory report) improve their scientific writing skills. Most
GTAs noticed the finer points of how the expert graded by the time they evaluated the
second or third back-reading sample report. Table 5 summarizes the points of the

discussion between the instructor and GTAs with reference to the density sample report.
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Table 4: Point breakdown for scoring of the laboratory report seen in Figure 14

(After BR)

Maximum
Rubric Criteria Points | TAL | TA2 | TA3 | TA4 | TA5 | ™™™
possible
general details 1 1 0 0 0 0 0
BQs 4 3 4 4 4 4 3
Claims 5 3 4 2 5 5 3
Evidence 5 2 3 4 2 5 2
Sources of error 5 0 3 4 4 4 2
Extending the experiment 5 3 2 5 5 5 3
Connecting lab to lecture 5 2 4 4 5 5 3
Real-life applications 5 3 3 4 5 5 2
Related reading/literature 5 2 3 2 5 1 3
TOTAL (Before BR) 40 19 26 29 35 34 21
Revised scores
40 20 17 20 20 22 21
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Box plot of scores before and after back-reading Density sample report
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Figure 16: Scatter plot and box-whisker plots for scoring of density sample report by GTAs
before and after back-reading
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Table 5: Summary of discussion between instructor and TAs after grading training sample report.

IMPLICATIONS OF DISCREPANCIES IN GRADING

“The same laboratory report graded using the same rubric must have significant agreement
between multiple raters.”

If the AP scoring expectations were to be applied to the UO GTAs, as specified by Price and
Kugel (2014), only 6 out of 23 TAs (26%) were within =1 point of the expert’s score in year 1.
However, 2 of the 18 TAs were within +2 points of the expert, which is slightly encouraging.

There must be a clear agreement among raters, and this requires ‘practice grading.’

“The spread of scores indicates that each rater or GTA has a different interpretation or
understanding of the grading scheme criteria specified.”

It is not possible to provide a “perfect” rubric for each assignment, therefore the interpretation
by various raters should be clear and fall within an acceptable range OR mutually agreed set of
interpretations. The need for discussing the rubric and allowing for revisions or clarifications is

essential during training in grading.

“Without training, GTAs examined the sample report either too critically or very leniently
compared to the expert.” The score provided by an expert (in this case, the course instructor)
for the sample assignment was (62%) while GTAs scoring ran the gamut from being assessed
as both a low-quality report (44%) and a high-quality report (88%) by GTAs. This

highlighted the need for an explanation of how the expert went through grading.

“Grading discrepancies can have profound consequences.”

Grading a sample report is a no-stakes scenario, where the score provided by the GTA does
not impact an actual student’s grade. The results and discussion following sample laboratory
report grading serve as a reminder that inaccurate and/or inconsistent use of the grading
scheme can have serious consequences for GTAs as well as students. For example, GTAs
may have to re-grade all the reports again or spend many hours trying to validate and address

student complaints about fairness in grading.

62



Table 5 (continued): Summary of discussion between instructor and TAs after grading

training sample report.

“Turnaround time and quality of feedback provided to students is critical.”

The expectation of written feedback has often resulted in TAs spending copious amounts of
time grading student work by writing comments or annotations for formatting, symbols,
formulae etc. This information is generic enough to be provided as a class-wide email
summary for everyone’s benefit. It is important to understand specific feedback that each
student should be given prior to their submission of the next assignment versus general
feedback. Accurate, consistent, and fair grading accompanied by constructive feedback is
more likely to result in improvements of students’ laboratory reports as well as evidence of
their understanding of chemistry content. The sample laboratory report graded during training
sessions OR weekly staff meetings were geared towards achieving consistency and accurate
interpretation of the grading criteria with minimal focus on feedback/comments provided by
TAs in these sessions. There is a need for including knowledge of feedback types and
methods of conveying generic versus specific feedback while minimizing time and effort

investment on GTASs’ part.

2.5.3 Individual Back-Reading for Grading Laboratory Reports

Graduate students M Clifford (MC) and T Baldwin (TB) (names changed) were enrolled
as first-year graduate students at UO and described their prior teaching experience as
“almost none” during initial orientation. Both GTAs were also employed in the subsequent
(Year 2) year of this study as general chemistry laboratory course GTAs. Both participated
in all weekly staff meetings and attended back-reading sessions for the first four weeks to
grade laboratory reports in a back-reading setting. Based on their grading approach and
score discrepancies with the expert at the individual back-reading sessions, MC and TB
were advised to attend further back-reading sessions during weeks 2-7. Both GTAs

complied with this recommendation for weeks 2, 3 and 4 but did not attend any sessions
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after week 5. For our results section, we present data from back-reading sessions during
weeks 1-3. Additionally, post-check graded lab reports were collected during weeks 4-7
for analysis on uptake of training in grading.

During individual back-reading sessions, GTA Clifford and the expert (Head TA) graded
a total of four laboratory reports independently, discussed scoring, and made revisions until
satisfactory agreement was achieved. The difference in scores each week were significant
as seen in Figure 17. During week 2 the difference in scores reflect GTA’s tendency to
grade more strictly, i.e., award much lower scores than expert. However, with progressive
discussion and back-reading revisions, Clifford and the expert were able to come to an

agreement on majority of the scores.
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Figure 17:GTA MC's back-reading data during weeks 1-4

By week 4, GTA Clifford was more confident of the reliability of their grading and decided
to stop attending back-reading meetings but agreed to provide reports for post checks.

With GTA Baldwin, the grading discrepancies were on the other end of the spectrum.
While this GTA was off to a promising start in Week 1, subsequent individual back-reading

meeting reflected a lenient grading approach and significant discrepancies wherein GTA
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Baldwin consistently awarded higher scores relative to the expert. Discussion and back-
reading revisions eventually resulted in overall agreement, but our observations also
suggested that GTA Baldwin would need further support through back-reading.

Although GTA Baldwin did not attend any back-reading sessions after week 4, he agreed
to provide graded reports for post-checks like all their peers. Figure 18 is a box-whisker

plot showing GTA Baldwin’s trend for individual back-reading during weeks 1-3.
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Figure 18:GTA TB's back-reading results during training weeks 1-4

2.5.4 Post-Training Protocol Results

Examination of back-reading data for weeks 4-8 was performed using the post-checks
samples provided by GTAs. The head GTA obtained unmarked photocopies of at least
three student reports as post-checks and graded them independently. Corresponding graded
versions from GTAs was also photocopied and studied for comparison of scoring
agreement.

The difference between GTA and expert was computed for each week, and a plot of average

difference of scores was generated. Figure 19 shows the average difference and standard
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deviation of back-read scores trends for GTAs Clifford and Baldwin for the entire duration
of the fall academic term in Year 2 of our back-reading study. The ideal result would be
absolute agreement for every back-read sample, i.e., within £1 point or even zero difference
between raters. Absolute agreement of scores between the GTAs and expert(s) was
impossible to achieve. However, the decrease in standard deviation or spread of scores is
indicative of growing agreement with time and can be attributed in part, to GTA training
in grading. For GTA Clifford, the average difference of scores was within the £1 point. We
considered this as a promising trend as well as evidence GTA Clifford’s positive uptake of
the training in grading. A similar analysis for GTA Baldwin’s individual back-read scores
and post-checks shows us that the standard deviation remained consistent over time, it may
be concluded that GTA Baldwin was a consistent grader (i.e., TB graded all the students
fairly). However, since the average difference of scores shows an increasing trend over
time, GTA Baldwin was not an accurate grader and may have implemented the rubric with
deviations or errors. The overall upward trend in difference of scores between GTA
Baldwin and expert may be considered evidence of either negative or negligible impact of
the training provided. Although the option to attend back-reading sessions was
recommended to GTA Baldwin on several occasions, non-participation, or diminished
interest in utilizing the training could have contributed to this trend. This also speaks to our
empirical hypothesis from individual back-reading observations that GTA Baldwin might
have required more support through individual back-reading, which could have influenced

his grading differently.
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Back-reading trends for two TAs in grading laboratory reports F2016
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Figure 19:GTA MC’s and GTA TB’s data for the Fall term of Year 2 back-reading study.

2.6 Analysis & Discussion

2.6.1 Grading Accuracy

When interviewed about the back-reading experience, GTA Clifford reported that they
were satisfied with their back-reading experience and were also able to address student
concerns or questions regarding grading with more confidence. GTA Clifford also noted
the growth in their own ability to grade any given laboratory report quickly and critically.
Qualitative analysis of the feedback/comments provided by this GTA agreed with the

expert’s annotations on the corresponding example/post-check reports.

Similarly, GTA Baldwin reported being satisfied with their grading and back-reading
experience during weeks 1-3. However, GTA Baldwin was unable to (or personally chose
not to) attend further back-reading sessions despite recommendations based on random
checks performed during week 3 and onward. One of the reasons for the recommendations
was the observation that class average scores for TB’s students were relatively and

significantly higher than the overall class (n = 570).
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This led us to consider two possibilities: either the students in TB’s section were better than
average writers and understood the chemistry content well as they drafted their laboratory
reports or TB’s grading overlooked many critical points as stated in the rubric, had some
elements of bias (i.e., more leniency in grading) and was tailored to ensure students were
“happy” with their grade, thereby making follow-up discussions about scores with GTA
Baldwin unnecessary. Follow-up data analysis of the chemistry laboratory practical exam
and chemistry lecture course exam scores (see Figure 20) indicated that TB’s students were
not above average compared to the larger class. Therefore, inaccurate grading does
contribute heavily to improper assessment of students’ learning and may also give them

misleading grade expectations.

2.6.2 Grading Consistency

Grades for student work serve different purposes for various people. Students, for instance,
benefit from grading by looking for feedback that is helpful, such as comments pointing
out areas for improvement in understanding or presentation of their findings. Instructors
are likely to consider assignment scores (or grades) as a measure of students’ understanding
and a reliable way to track students’ learning curves. The average and standard deviation
for a given assignment provides information on overall performance in the course on the
score distribution. A small standard deviation could be indicative of either excellent student
performance clustered around the average or of an extremely biased (lenient) GTA’s
grading. Both GTAs Clifford and Baldwin were quite consistent in their grading and have

reasonable spread of scores. This could have been a reason for students not requiring
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follow-ups with the GTA during office hours since they found their scores to be satisfactory

(comparable to their peers).

2.6.3 Course Grade and Overall Learning Outcomes

At the end of the fall term, we provided more evidence to GTAs for the need to participate
and assimilate training in grading. Our hypothesis at this stage was that GTAs impacted
positively by the back-reading training would be accurate and consistent graders, providing
their students with reliable assessments and constructive feedback on their laboratory
reports. The students’ performance in the laboratory practical exam was therefore likely to
reflect the effect of GTAs teaching and grading.

Using overall class statistics, we further attempted to identify trends and outliers in
accuracy and consistency of each GTA’s grading patterns. Data is provided in Figure 20
for GTAs Clifford and Baldwin. The notable difference in TB’s scoring compared to the
expert scoring is cause for concern in more than one way. Clearly TB’s grading patterns
do not match the expert, indicating inaccurate use of the grading rubric. We also observed
consistently higher scores for TB’s students through weeks 4-7 which implied a lenient or
inaccurate assessment of their laboratory report writing abilities. Consequently, TB’s
students did not receive accurate or realistic feedback on the quality of their work and may
have gained a false sense of being successful in the course during the term. However, this
also resulted in average or below average grades at the end of the term from the course

instructor.
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Overall course trends for two TAs' students
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Figure 20:Comparison of overall course grades and laboratory practical exam performance for
GTAs MC, TB with general chemistry laboratory course total student population

Having a lenient GTA like Baldwin during the first term of a three-term course is likely to
set a misleading precedent for the students enrolling in subsequent terms of the chemistry
course. Although, there is no guarantee that the students will have the same GTA again in
the next term, the lack of relevant, constructive, and effective feedback in the beginning
could impact student engagement in sequential terms. Admittedly, students will face
differences in the assessment and feedback provided by their new GTA, if that were to be
the case. Such contrasting messages lead students to feel conflicted and confused about the
areas they could work on to improve their scientific writing skills. In the larger perspective,
having TAs that grade very differently as well as provide significantly varying degrees of
feedback may also negatively impact students’ interest in pursuing a STEM major, thereby
causing an undesirable attrition issue.

All these points were discussed with GTAs at the one-on-one end of term meeting between
GTA and course instructors at the close of the term. In addition to conveying our gratitude
to each GTAs for their time, service and participation in the course, instructors also
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provided GTAs feedback on their evaluations from students, their own section’s course
performance and of course, grading skills. In turn, GTAs were also asked for their review
or inputs for the back-reading training and many of them shared insightful experiences and

suggestions verbally as well as in their survey responses.

2.6.4 GTA Feedback Comments

A snapshot of the comments from GTAs regarding the usefulness of the back-reading
process is provided in Table 6 below. These are select responses from the pool of comments
provided by GTAs in the end-of-term survey. Negative comments were limited to lower
scores for Likert scale questions, and not available as open-responses. Based on these
comments, we believe back-reading made a positive impact on GTA’s approach to grading

responsibilities and fine-tuned their laboratory report grading skills.

Table 6:GTA comments for open-response question on the usefulness of back-reading

m “Going over examples and grading rubrics were critical to understanding how to

grade the lab reports fairly.”

m “/ think having a practice lab report to grade during the staff meeting was always
useful, both [to] become adjusted to the rubric and to see what some common errors

on the lab reports were.”

m “Back reading session was very helpful because I was unclear on how the rubric

should have been interpreted when I graded the [assignments] the first time around. *

m “It helped me grade the open-ended questions asked of students where it wasn't a

simple yes no answer.”
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Table 6 (continued): GTA comments for open-response question on the usefulness of

back-reading

m [ felt that all of the work one-on-one with [the Head TA] were invaluable, and

some of the small group discussions were helpful.”

m “Helps to make sure you are interpreting the rubric as teacher/head TA intended.

Makes it easier to grade more consistently because you can outline specifically what

’

you are looking for.’

m “Peer-grading helped me to see what other GTAs were removing points for.”

m “Sessions taught me what to avoid when grading which is just as useful as knowing

what to try.”

2.7 Conclusion
2.7.1 Implications for GTA Training:

Training in grading and back-reading laboratory reports as a term-long, continuous GTA
professional development process

Based on the data in our back-reading study and feedback from follow-up surveys with the
GTAs, the necessity for training GTASs in grading has been substantiated. Although we
recorded similar data for most GTAs and observed overall positive trends in grading
accuracy and consistency, we have reported results for only two GTAs, Clifford and
Baldwin, for the sake of brevity. We recommend that GTA training and professional
development should not be restricted to only the “orientation” session at the start of them
but provided as a term-long process. Monitoring GTAs’ grading and providing them with

feedback on their grading practices throughout the term serves several purposes:
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1)

2)

3)

4)

Students benefit by receiving reliable scores from GTAs, along with the reassurance of
their scores being fair and accurate due to the back-reading process and sample grading

of laboratory reports during the weekly staff meetings.

Students benefit by receiving accurate feedback on their weekly laboratory reports.
This allows students to learn from their mistakes and improve their writing skills as
well as their understanding of chemistry. A long-term effect of such reliable feedback
to students is demonstrated trends of success and reduction of attrition in STEM

disciplines.

GTAs understand and implement the grading rubric efficiently. Therefore, they are less
likely to lag on grading and return graded assignments on time. Students are less likely

to repeat their errors in writing if they receive graded reports in a timely manner.

GTAs and instructors become more aware of student learning and performance trends
in by examining randomly sampled laboratory reports (qualitative) weekly averages

and spread of scores (quantitative).

2.7.2 Limitations and Challenges in Back-reading Protocol

The back-reading process presented in this study also serves as needs-based platform for

GTAs to share their concerns about grading, quality of student work, or the demands on

their own time. For instance, if a GTA has many non-native speakers of English in their

section, the quality of lab reports may not be comparable to another section with a higher

number of domestic/ native English-speaking students. Performing back-reading with the

GTA in this case allows for an honest discussion on how to provide more support for such

students and assess their learning/understanding accurately and fairly. The impact of each
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GTA’s grading patterns on the students’ learning and ability to write effective laboratory
reports are unique. Exploration of the effect of each GTA’s grading on students’ abilities
to draft a scientific report were planned as part of a later stage of this study.

As with any new remedial or intervention method proposed, there are several challenges
associated with our back-reading process. One of the biggest hurdles is GTA participation
and departmental/ instructor willingness to implement such a specific training program.
The amount of effort and time required can be substantial depending on how many GTAS
are involved in each course. The willingness and motivation of the Head GTA to organize
and conduct grading-specific training is another factor to consider, since back-reading at
this stage is intensive for any one individual and causes complex consistency issues if there
are too many personnel involved. The effort on the part of the instructor or head GTA in
working individually with each GTA to perform back-reading is also substantial, and at
times may require a full-time grading expert or special assistant GTA position to be set up
for term-long back-reading.

Training in grading not only impacts GTAS’ grading practices, but also affects their
teaching practices. Hence, it is also necessary to carefully select training examples that will
orient GTAs to specific learning and assessment goals in that course. Other factors that
could be challenges include buy-in from course instructors and department heads. GTAs
are primarily graduate students pursuing their masters or doctoral degrees, and the time
commitment for teaching and grading can sometimes be viewed as a hindrance in making
progress in research ° %% % This may contribute to significant pushback on implementing

back-reading even if GTAs acknowledge its utility.
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To address one of the research questions for this study, incorporating training modules for
GTAs to gain sufficient competency in grading should be an integral and substantial part
of any GTA training/orientation program. At the very least, these tasks must be designed
to provide GTAs with an opportunity to learn the characteristics of accurate and consistent
grading through assessment of sample laboratory reports. If resources such as personnel,
workspaces, and time for grading are available, the inclusion of back reading as a term long
GTA training/GTA support module in grading can be a worthwhile addition to the
program.

We believe back-reading is an effective method of ensuring accurate and consistent scoring
among graders. Adapting this process and tailoring it to provide GTAs with training,
resources and evidence of their successful work is important for fairness in grading the
work of students, and for their professional development as future faculty. It is also critical
that grading responsibilities be recognized to be on par with teaching responsibilities. There
is a need for a shift in perspective regarding grading from “grading, a time-consuming
task” to “grading, an important task that is a major part of the job.”

The positive influence of a back-reading component and weekly lab report grading on the
scoring practices of UO GTAs is substantiated through anecdotal, statistical, and
qualitative evidence presented in this paper. Most of the students enrolled in the first term
of a general chemistry course sequence will require about four laboratory reports to begin
to produce quality reports. It takes about four laboratory experiments for most GTAS to
accurately grade laboratory reports. Future steps in this study are likely to focus on
presenting detailed examples of the challenges in the implementation of back-reading

methods with GTASs and gathering more quantifiable evidence of the positive influence of
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this back-reading method on the grading practices of GTAs. We recommend grading-
specific studies to further explore and validate the positive impact of a back reading
protocol on GTA professional development and weekly grading of sample reports.
Additional studies to explore how this enhancement of grading accuracy influences
students’ scientific writing abilities through laboratory reports is also recommended as a

long-term goal.

76



CHAPTER I11: QUALITATIVE ANALYSIS OF GRADED

STUDENT LABORATORY REPORTS

3.1 Chapter Abstract

Design and implementation of a back-reading protocol reported earlier produced favorable
results. One of the key goals of the back-reading study was to coach GTAs to accurately
assess laboratory reports and provide necessary and effective feedback to their students.
By ensuring such reliable and timely feedback that is, the overall effect of having accurate
and reliable graders on student understanding of chemistry which is also a tangible impact
of this study, would be available for further exploration. In this chapter we examine two
specific GTAs’ grading of student laboratory reports qualitatively, emphasizing areas
where they successfully characterized good conceptual understanding and scientific
writing by inclusion of comments or annotations. We also highlight areas of student reports
where comments or annotations would have been helpful, but were missing or not
necessarily provided in a desirable format. A discussion of the impact of the type of
feedback comments and annotations while grading student laboratory reports follows the

detailed analysis of these exemplars.

3.2 Introduction

A Dback-reading (BR) protocol used for training GTAs was implemented at UO, a
university in the Pacific Northwest. Goals for the GTA training programs were: (1) to
ensure inclusion of training in grading in the start-of-term TA training/orientation program
and (2) provide TAs with resources and support to ensure back-reading is administered (or
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made available as an option) throughout the duration of the course in addition to orientation

week. Challenges to the establishment and continued implementation of such target-

specific BR protocols exist. For example:

a)

b)

Approval from university and departmental decision-makers who will want to weigh

the necessity and time/labor investment into such efforts.

GTA participation: Recognition and willingness to engage in professional development

activities which may not provide them with immediate, tangible results.

Training Personnel: As described previously, BR can be a very intense exercise for a
single individual. If the course instructor decides to undertake BR in addition to other
responsibilities it may have a detrimental effect on not only BR exercises, but also other
commitments. A critical step is to identify, hire and/or invite suitable personnel who
are trained and experienced with grading, willing to lead BR activities and can
communicate findings, suggestions to GTAs constructively. A key responsibility of
such personnel is also to provide necessary support and interventions for GTAs and can

impact the success of a BR program significantly.

One of the essential factors that ensures continuity of BR -like programs is the pattern of

demonstrated success. During Year 1 and 2 (fall, winter, and spring terms), we collected

BR data from GTAs during staff meetings, individual BR, and post-check samples from

GTAs. We also collected feedback comments every week, observations during BR

meetings, and solicited end-of-term suggestions from GTAS using a survey. The gathered

information helped build a clearer picture with each iteration of the BR method

administered at UO. Instead of simply addressing the grading discrepancies between GTAs
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and experts, we also sought to explore the subtler influences of BR exercises on the GTAs’
chemistry content assessment of student laboratory reports. In this chapter, we examine
qualitatively how GTAs (1) grade laboratory reports reliably and consistently and (2)
provide relevant, constructive, and effective written comments/ feedback to their students.
Here are some key definitions of the terms used in the context of back-reading.

e Reliable grading: The use of the rubric to assess written work or responses is

accurate and reflects interpretation of rubric as intended by the instructor.

e Consistent grading: Grading of multiple student reports is not impacted by (a) any
personal bias on the TAs part, (b) time lags between grading reports, (c) consistent

awarding or deducting points.

e Relevant feedback: Comments or information within the context of the laboratory

report content/ chemistry topic being graded.

e Constructive feedback: comments or annotations that not limited to simply pointing

out shortcomings in written reports but also provide guidance on addressing them.

o Effective feedback: TAs comments or annotations that cause noticeable changes in
students writing skills such as not repeating previous errors or including proper

scientific formatting where applicable.

3.2.1 Qualitative Research Context
First-year undergraduate students completed a general chemistry course in three-quarter
(fall, winter, spring) terms. The fall term commences with basic skills in the laboratory and

progressively increases the content and skill sets provided to students over winter and
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spring terms. For example, the fall term experiments are simple chemical reactions like
galvanization of iron and determination of percent carbonates in compounds. Spring term
experiments are more complex, such as acid-base titrations and kinetic studies.

The syllabus for the general chemistry laboratory course outlines the following learning
goals:

1. Hands-on skills with basic laboratory equipment and procedures

2. An understanding of how to use common laboratory chemistry techniques to solve

chemical problems

3. An understanding of how to carry out experiments by formulating questions,

following instructions, and recording data
4. Knowledge of chemical and laboratory safety
5. The ability to think analytically from data collected by students and their classmates
6. The ability to work effectively as part of a collaborative team
7. The ability to write an effective, properly formatted scientific report

As is evident from learning goals #5-7, students should be able to use data collected during
experiments, work collaboratively with other groups, and perform analyses to provide
reasonable evidence to support their claims. The required format for student laboratory
reports is based on a guided inquiry scientific writing heuristic approach®® &,

A gualitative examination of several student laboratory reports from the winter term in year
2 of this study was performed, and feedback comments provided by GTAs were analyzed.

The findings are specific to identifying areas where GTAs provide relevant, effective, and
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constructive feedback or deviate from this desired track. This in-depth analysis also
provided the necessary input to amend the protocols for training GTAs in grading at various
stages in our study. There were seventeen (17) total GTAs teaching twenty-six (26)
sections, each with 18 students during the winter term. Considering that students turned in
written laboratory reports for seven (7) out of the total ten (10) weeks, and that back-
reading protocols resulted in examination of four graded reports on average from each
GTA, a starting pool of nearly 480 reports was available for qualitative analysis. We
examined six (6) randomly selected GTAs’ graded reports for the winter term (that is, ~168
reports). We then narrowed our qualitative analysis to graded reports from two GTAS
Molly and Klaus, examining a total of 15 reports for each GTA and included an in-depth
analysis of sections from four laboratory reports. This selection was made on the basis of
data that would be representative of GTA experience, gender and back-reading

participation as well as quality of student work.

3.2.2 Qualitative Analysis Subjects

We report our analysis for assessments by two GTAs: Molly and Klaus. Each individual
represents a unique demography or set of characteristics from the GTA pool.

GTA Molly

Molly (name changed) was a second-year female graduate student and second-year GTA
in the general chemistry course. She successfully completed one year of teaching as a
general chemistry laboratory GTA and based on observational and anecdotal evidence, was
one of the positively engaged GTAs in the BR process and research study. This chapter

focuses on the grading training and examples relevant to a winter term. Molly’s GTA
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responsibilities for this specific term included teaching and grading for ONE laboratory
section of twenty students enrolled in the general chemistry laboratory course.

GTA Klaus

Klaus (name changed) was a male graduate student and a first-time TA for the general
chemistry laboratory course in the winter term. Klaus had just completed the preliminary
orientation for general chemistry GTAs, provided to all GTAs before the weekly laboratory
sessions began for the academic term. BR training was provided to all GTAs at every start-
of-term orientation irrespective of whether they had been through it earlier. There are no
observations regarding Klaus’ engagement (or otherwise) with the BR process and study,

since this was his very first time teaching the general chemistry laboratory course.

3.2.3 Qualitative Data Sources

We focused on examples drawn from Molly and Klaus selected from a group of 17 GTAs
in the winter term. As described previously, GTAs were requested to provide, at minimum,
THREE graded laboratory reports that could be photocopied/scanned before being returned
to the student(s). It was also suggested that GTAs might select such exemplars to [ideally]
reflect high, medium, and low quality of student work after grading each week. These
exemplars were used for post-checks in the BR study, assessed by the researcher and
compared with GTA’s scoring. The student would have received their graded work back
by the time the post checks were completed. Any discrepancies in scoring were noted, but
not necessarily communicated due to lack of opportunity to address them at this stage.
However, if a consistent pattern of large discrepancies was observed for two or more

weeks, the GTA was informed verbally and requested to consider attending BR meeting/s
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again. As always, this was entirely optional and almost never taken up by any GTA due to
limited time availability. Almost all GTAs who were part of the teaching crew in general
chemistry obliged and provided such exemplars each week. GTAs responsible for two
laboratory sections were very considerate and provided at least three exemplars per section
i.e., atotal of SIX graded laboratory reports. Some GTAs who were mindful and cognizant
of the significance of the BR study also provided additional reports on occasion, specifying
the noticeable quality of student work as the reason for such an addition to the weekly
exemplars. Table 7 is a list of the experiments performed during this term.

Table 7: List of laboratory experiments performed during winter term.

Week Title

1 Graphing

Emission Spectroscopy

Molecular Models

Gas Laws

Forensic Analysis of Ink

Kinetics Exploration

2
4
5
6 Spectrophotometric Determination of Food Dyes
7
8
9

Kinetic Studies: Bleaching of Allura Red
10 Lab Practical Exam

For purposes of brevity, we limit our results and discussion based on experiment # 6,
‘Spectrophotometric Determination of Food Dyes”. A detailed reproduction of this
experiment from the chemistry laboratory manual 1% is provided in Appendix C for further

reference. A summary of this experiment is provided below.
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3.2.4 The Food Dyes Laboratory Experiment

The purpose of the food dyes lab was to examine artificial food coloring used in edible
commercial products such as energy drinks and calculate the concentration of the food dye
used in them. This was achieved by measuring absorbance and using Beer’s Law
(Absorbance (A) = gbc ( where ¢ is the molar absorptivity constant in Mtcm™; b is the path
length in cm; and c is the concentration in M) . Students were also expected to pool data
for different colored dyes and understand how the concentrations of such additives may be
harmful, if not kept in check. The laboratory experiment was designed to help students
understand spectrophotometry as a chemistry technique for such analyses. Laboratory
learning outcomes were primarily preparation of stock solution, dilutions, recording
absorbance data and interpreting data using a calibration curve. Students were provided
with a 1-component colored food dye (red, yellow, blue) to prepare stock solutions and
dilutions and generate a calibration curve. Following this, an unknown concentration food
dye, a two-component dye (green, orange, or purple) food dye was provided. Students were
expected to prepare a set of standard dilutions and use absorbance data to determine

concentration of each component in the unknown sample.

3.2.5 Examples of Student Work for Inductive Analysis

As described in the previous chapter, GTAs were requested to provide high, medium, and
low-quality student exemplars for our BR study each week. Figures 21-34 in the following
sections of this chapter are screen captures of scanned student reports with GTA
annotations from the Food Dyes laboratory experiment. Each GTA provided these reports

as representative of “high” and “low” quality exemplars for our BR post-check process.
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Each figure is labelled as “GTA (source), Section of report, GTA Assigned quality” for
each section of the exemplar i.e., “Introduction’; ‘Claims and Evidence’; ‘Reflection’
sections discussed. We focused on specifically these three sections because of the
abundance of written content from students, which makes it relatively easier to identify
any errors or misconceptions in student thinking or writing compared to a data table or
graphs. Examining GTA comments/ annotations for any identified errors or
misconceptions, in turn, helped us fine-tune BR training for GTAs addressing these areas
of improvement. The laboratory report writing guidelines provided to students is included
in Appendix D for readers’ reference.

Note on writing the introduction section of a laboratory report

In one of our GTA’s discussions with their students about writing laboratory reports,
(recorded observations during a laboratory visit),

“Your (student’s) written laboratory report must be a complete
document, that [if and when] given to another individual for
experiment replication, should help them perform the entire
experiment without any hitches. The presentation of observations,
data, calculations, and analysis must also be comprehensive and
enable the other individual to verify their own data and findings

with reference to those reported in this document.”

From the student laboratory manual basic report writing pointers (pages xvi-xxi)1% we see
that the introduction section should include information about any relevant scientific
theory, definitions, brief description of phenomena of interest and any chemical reactions

or formulae that would be used in this experiment. In another GTA’s words,
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“The introduction section is setting the stage for your laboratory
report. You (student authoring the report) want to provide, as
briefly as possible, any and all relevant information for the
experiment that will help the reader understand the data and
analysis that follows.”

Note on writing the claims and evidence section of a laboratory report

For UO student laboratory reports the claims and evidence section is expected to be brief
and must answer any beginning questions presented in the introduction / earlier sections of
the report. Ideal responses would be extremely ‘crisp’ with one-two sentences stating
claims (or findings) and three-four sentences providing substantiating evidence including
references to data, graphs or other results presented in the report.

Any experiment performed in the laboratory is bound to have data or trends that do not
follow the expected track. When applicable, students are expected to analyze any errors,
deviations or observation that point to alternate hypotheses in the ‘analysis and discussion’
section of the laboratory report. Alternatively, the laboratory manual will at times include
a set of discrete questions that either (a) require students to use their experimental data/
results to provide a logical response or (b) use their understanding of laboratory techniques,
experimental design ideas and chemistry content understanding gained during the
experiment to explain a specific pattern or deviation. In such cases, the analysis and
discussion section are often a paragraph-like response to each question. Students are still

expected to substantiate their responses with references to data, results or graphs generated

while performing the experiment.
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Note on writing the reflection section of a laboratory report

The reflection section of the report is primarily to encourage students to think beyond the

present experiment and provide evidence of a broader understanding of the chemistry

content or phenomena. For every report, there are primarily five responses expected from

students for the reflection section. Table 8 lists these prompts along with a brief explanation

of the anticipated outcomes.

Table 8: Reflection section prompts for student laboratory reports

Prompt Response features Outcomes
allows us to understand their ability to
Provide a reasonable, accurate | independently frame a novel idea/
and meaningful extension of research question to explore further as
Extend . e :
the experiment performed and | well as provide justification for its need
justify the idea and experimental design showing
achievability.
Accurate articulation of related | visualize students’ ability to navigate
Connect concepts/ideas from lecture the macro-micro-symbolic spectrum in
course chemistry.
quality of the explanation shows us
ApDl list and briefly explain relevant | how the student utilizes their chemistry
PPly applications from real life knowledge to understand, interpret and
problem-solve in real-life scenarios.
. . . Demonstrates students’ ability to
Provide appropriate literature :
. e examine other sources of data or results
Literature | sources/citations that conform ) .
. - from other researchers; report and cite
or dispute data or findings. )
them in an acceptable format
Green . Demonstrates understanding of GC
Chemistry | Listor elaborate relevant GC | 1o oo and ability to implement
principles used in experiment
them correctly.

With this contextual information about the food dyes experiment and laboratory report

expectations, we then proceed with our examination and analysis of exemplars from Molly
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and Klaus. Figures 21-23 are screen captures of specific sections from a high-quality report
from GTA Molly and Figure 24-26 from a high-quality report provided by GTA Klaus.
This is followed by a qualitative analysis of low-quality reports (Figures 27-29 and 30-34
respectively) from GTAs Molly and Klaus. For purposes of clear demarcation, student
responses reproduced as part of the text is highlighted as italicized font. Any suggestion or
modifications to these responses (by way of comments or annotations from the researcher)

are also included in italicized font.

3.3 GTA Molly’s High Quality Student Report

3.3.1 Introduction Section

Figure 21 is a screen capture of the introduction section of a high-quality report from GTA
Molly. From the student guidelines document (see Appendix D) we can see that this student
has covered all the anticipated points for this section: basic theory, definitions/formulae,
purpose of the experiment, beginning questions, brief procedure and safety protocols
required. Let us now examine each response qualitatively. There is scope for improvement
in the first paragraph which introduces this experiment. Usage of phrasing such as “on top
of that” is definitely not scientific and deserves at least a cursory underlining or
highlighting by the GTA to point out choice of phrase. Similarly, the problem statement
about food dyes in health drinks is not clearly phrased, since just study of health effects is
not necessarily cause for controversy. This could be rewritten (possibly) as, “people are
concerned about the amount of food dye in commercially available drinks because of
potential health risks.” Similarly, the purpose of the lab was to explore the use of
spectrophotometry as a quantitative analysis method to determine the concentration of food
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dyes in specific commercially available drinks and whether these concentrations were safe

for human consumption.

Introduction

Food coloring is and has been an essential part of the drink industry. More often than not
drink companies will add food coloring to improve the overall appeal of the drink by improving
appearance of the drink as well as to give it a captivating name that makes consumers want it
more; examples of this are electric yellow, blue raspberry, or racing red. On top of that, colors
are now associated with certain flavors and traits. By being able to visually examine the color of
a food, we can more accurately expect what flavor or trait they will have red means spicy, blue
means cold. Controversy comes into play when the health effects of food additives are studied.
People are concerned about whether or not the amount of food coloring present in the different
drinks is safe to consume.

The purpose of this lab was not to examine whether or not the food coloring found in
popular drinks is safe but rather to determine how much food coloring is used in popular drinks.
The lab also introduces us to spectrophotometry as a form of quantitative analysis.
Spectrophotometry allowed us to determine the cortccntration of a certain food dye by plotting
absorbance versus concentration. — (44, b(b,ﬂi s -\

Spectrophotometry allows us to find the concentration because a spectrometer measures
the absorbance of light. The basics behind the graph of a spectrometer is that it shows which
light is absorbed and which is not absorbed, and the light that is visible to our eyes is the light
that is not absorbed. To find the concentration, we used the Beer-Lamber Law. The Beer-
Lambert Law gives us the equation A=gbe, which is absorbance equals molar absorptivity
multiplied by path length multiplied by concentration. When absorbance and concentration are
graphed together, the slope is €b.

To find the absorbance of a liquid, we had to perform the following steps. Our given food
dye was FD&C Yellow No. 5. The first part of the lab had us create the solution. We first
calculated, the necessary amount of food dye needed to make 500mL of solution. We then
proceeded to weigh and measure the correct amount using weighing paper and a balance. Once
we reached the necessary amount of food dye, we then created a solution by mixing the food dye
and water to create S00mL of solution. In the next part of the lab, we had four 100mL beakers to
create various concentrations of the liquid. Each beaker was labeled A, B, C, or D, and each had
varying concentrations; A had ImL of solution, B had 5mL, C had 10mL, and D had 15mL. We
then filled the rest of each volumetric flask until we arrived at 100mL. In the third part of the lab,
we used the spectrometer to find the different absorbance levels of each of the new solutions. In
the final part of the lab, we were given a mixture of two food dyes in a popular drink and had to
find the absorbance for that solution as well.

Personal beginning questions I had for this lab were: what association is there with color
and taste, as well as how can we identify the food dye used in everyday foods? Questions that the
class came up with together was; is the molar absorptivity constant different for different
substances, along with how do you determine if they are different? The last question the class
came up with was; how can absorbance/transmittance determine health risks?

Figure 21:GTA Molly; Introduction section from high-quality report

The student has successfully included relevant definitions and formulae for the Beer-
Lambert law as part of background theory for this report. However, the use of “which light
is absorbed, and which light is not absorbed” deserves a cursory annotation from the GTA

because it is not scientifically phrased. A more appropriate way of saying this would be
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“the spectrophotometer detects the portion of light transmitted from the sample.” Using
the Beer Lambert Law, we can determine the concentration of the solution using
absorbance data. Description of the experimental procedure is also satisfactory. The use of
“beakers” can be misleading if this report were used to replicate the experiment because
the use of volumetric flasks (not beakers) is required for making accurate dilutions from a
stock solution. During the last part of the experiment, pairs/groups were assigned a food
dye containing two components (e.g., green food dye is made of blue and yellow
component dyes) and required to calculate the concentration of components in this food
dye (not just record the absorbance) The student has also not mentioned a calibration curve
which would have been essential for determining concentration of an unknown. The
grading rubric allows for a maximum of ten points for the introduction section. GTA Molly
awarded this response 9 out of 10, whereas based on the above analysis this response would
merit 6 out of 10 at best. Based on the grading rubric, the scores awarded are provided
below. We can see there are discrepancies in not only the scores but also the feedback or
annotations which could help this student write an excellent scientific report.

Table 9: Summary of scores awarded for the introduction section in GTA Molly's high-quality
report.

Introduction Points possible GTA SC(_)re _based on.
Qualitative analysis
Theory /Purpose 3 2 1
Beginning Question(s) 2 2 2
Safety statement (s) 2 2 2
Experimental Procedure 3 3 1
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3.3.2 Claims and Evidence Section

Similarly, an examination of the claims and evidence section (Figure 22) in the high-quality
report is presented below. Here, the student states and answers their beginning questions.
However, their quality of answers may not necessarily qualify as a ‘high-quality’ response.
For example, in response to “how can we identify food dyes in everyday foods?” a
reasonable scientific answer would be phrased as “we can achieve this [goal] by simple
visual identification and if we wanted to be extremely precise, by using spectrophotometric
data. Recording the absorbance of the sample and comparing this value to known
absorbance data reported in literature can help us identify a specific-colored food dye or

ingredient.”

Claims and Evidence
After finishing this lab, I was able to answer many of my personal beginning questions as
well as the class’ beginning questions. One of my personal questions that was answered through
this lab was how can we identify the food dye used in everyday foods? We can identify the food
dye used by examining what color it is and even going as far as using spectrophotometric
analysis to be more specific about the concentration and absorbance of the dye. If we obtained a
sample of a food and broke it down, we would most likely be able to use spectrophotometric
analysis. The two class questions we were able to answer through this lab are; is the molar
absorptivity constant different for different substances, along with how do you determine if they
are different? Second, how can absorbance/transmittance determine health risks? The molar
absorptivity constant is different for different substances because molar absorptivity is a measurc
of how well something absorbs light, and since in this lab we can see that different color absorbs
different amounts of light then we can conclude that they are different. To find the molar
absorptivity constant of a substance we would use the Beer-Lambert Law and rearrange it so that
- {tthe product is molar absorptivity. Absorbance/ transmittance can help to show health risks of
-\ @' “different chemicals by showing the maximum amount of a chemical that can be absorbed or
0 s j transmitted and what the concentration of that chemical can be. In other words,
" | absorbancc/transmittance allows us to determine a threshold that we cannot pass or else we may
A ( be in risk of disease or sickness.
: < When analyzing the graph of the green juice, obtained through the use of the
WX spectrometer, we were able to find that the green juice is made up of a mixture of blue and
d yellow dye as expected. By examining the graph we could also tell that more yellow dye was
used than blue dye because yellow had a higher absorbance and wavelength meaning that more —
light was absorbed: Need | I cd { ' ! el

o l SOL )‘ | AN I’l N ‘ \ L4 f'.\ { {);/’a‘

\

A | ] A e

Figure 22: GTA Molly; Claims-evidence section from high- quality report

For the second question, “is the molar absorptivity coefficient different for different

substances?” an expected response would confirm this fact and include actual data
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collected during the experiment, such as: “Yes, the molar absorptivity coefficient (¢) for
different colored food dyes is different. This is because every color absorbs and transmits
a definite quantity of incident light, and according to Beer’s law A =ebc (where A is the
absorbance; c is the concentration of the dye and b is the path length). From our class data
and calculations, we recorded the following values for different food dyes.” Finally, for
the last beginning question, “how can absorbance or transmittance determine health
risks?” a well-phrased scientific response would reference the calculations section and
highlight the concentrations of the food dye calculated in a commercial drink.

Further using the LDso values known from literature (Table 10), the claim regarding health
risks could be supported or disputed based on the comparative values of concentration from
the actual data/calculations. The student makes a good attempt to explain the components
in the green dye (blue and yellow), however none of their statements are substantiated with
data or results from the report.

Table 10: Recorded values for different food dyes

Color Yellow Red Blue Green
e (L moltcm™) 2.73x10* 2.13x10* 1.38 x 10* 4.30 x 10*
Wavelength (nm) 427 504 631 620

The grading rubric allows for a total of six points for this section and based on our analysis
of the best possible responses described above, the claims evidence section would be

awarded 2 or 3 points. GTA Molly awarded this response five out of 6 points.
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3.3.3 Reflection Section

Lastly, let us closely examine at Figure 23 (below) which is a screen capture of the

reflection section from GTA Molly’s high-quality student report.

A reasonable extension of the experiment allows for a new research question to be

answered (i.e., not repeating the exact same experiment) with different or newer variables.

For example, instead of phrasing the extension as “I would also like to test my own drinks,

and drinks that | have in my fridge and drink regularly because I'm interested in seeing

the amount of dye used in my personal favorites.” the student could have proposed to

examine colored cereal or candy which often contains food dyes. By examining a solid

product (instead of liquids), not only has the sample changed, but it also requires a specific

design of experiments where the sample and diluted aliquot preparation is different, and

other edible ingredients could play a role in the health impacts of such foods.

>\, [{Reflection
Nl A ’! ) If I had more time to do this experiment or to extend this expcriment, I would try using
! »_ | different color dyes and comparing the different absorbance values given. I would also like to
B\ Hi test my own drinks and drinks that I have in my fridge and drink regularly because I'in interested
AN )n seeing the amount of dye used in my personal favorites. The lecture toplc that can be
“connected to this lab goes back to spectroscopy and how color can be seen in liquids rather than
. ) gases. This concept or technique could apply to the real world by helping to regulate the amount
N of food dye used in drinks these days. Scientists can calculate the maximum amount of a dye one
\ /)" bottle of a certain soda could have to ensure that the level does not reach anywhere near LD50.
A\ The only readmg I used for this lab was to find what the average human weight was in kg.
() /Green Chemistry principles that were practiced in this lab was T'éss Hazardous Chemical
' / syntheses and the reason why is because previously the chemical that was used for this lab was
highly toxic to humans and the environment but by using food dye, something found in cvery
day foods, the products of the lab are much safer.
Work Cited: Rettner, Rachael. "The Weight of the World: Researchers Weigh Human
Population.” LiveScience. Purch, 17 June 2012. Web. 22 Feb. 2017.

.‘\ Ao & C \ k\, \ 0 l". £iQ. l\“u ¢ wr 7 “\.v\‘—'_, i {\A\;, « i) . . X
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Figure 23: GTA Molly; Reflection section from high-quality report
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The lecture connection response “...goes back to spectroscopy and how color can be seen
in liquids rather than gases.” is indicative that this student may not have accurately
understood the topics connected to this experiment. Here, an acceptable response would be
phrased in the context of materials absorbing specific wavelengths of incident light and
transmitting others, thereby giving an object the color, it is associated with.

For the Application response, the student states, “...could apply to the real world by helping
to regulate the amount of food dye used in drinks these days. Scientists can calculate the
maximum amount of dye one bottle of a certain soda could have to ensure that the level
does not reach anywhere near LD50.” Although this response is reasonable, the student
definitely missed the opportunity to use stating this application in tandem with a literature
or news article citation to help drive the point home. For example, “...in this 20072 article,
McCann, Barrett et.al. undertook a randomized, double-blinded, placebo-controlled,
crossover trial to test whether intake of artificial food color and additives (AFCA) affected
childhood behavior. Artificial colors or a sodium benzoate preservative (or both) in the
diet result in increased hyperactivity in 3-year-old and 8/9-year-old children in the general
population. ” Performing spectrophotometric analysis or using relevant data for ingested
dyes was part of the experimental protocol. Of course, a corresponding citation® of this
source in the references section is also expected. The related reading (literature) response
includes GTA’s comment about looking for something relevant to the experiment. In

hindsight, if the student had used the example above or something along the same lines,

3 McCann, Donna, et al. "Food Additives and Hyperactive Behavior in 3-year-old and 8/9-year-old Children
in the Community: A Randomized, Double-blinded, Placebo-controlled Trial." The Lancet (British
Edition) 370.9598 (2007): 1560-567.
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the ‘application’ and ‘related reading’ response would have been a case of addressing two
birds with one stone.

Finally, the ‘green chemistry’ response lists the relevant principle (less hazardous
chemicals) but provides a somewhat garbled explanation of how this is applied. Stating
‘... the chemical that was used for this lab was highly toxic to humans and the
environment....” leaves the reader hanging, not knowing what exactly was so toxic that
using food dyes for this experiment was much safer and in alignment with desired green
chemistry principles.

Table 11:Summary of scores awarded by GTA and researcher for reflection section

Prompt Points possible GTA S bas:r?lacl)ysgualltatlve
Extend 2 0 0
Connect 2 2 0
Apply 2 2 1
Related reading 2 0 0
Green Chemistry 2 2 1

3.3.4 Summary

Based on our qualitative examination, we observe that GTA Molly picked out key
responses where the student could improve their scientific writing skills. We did not
observe much of an emphasis on identifying and /or annotating conceptual errors from the
student (such as incorrect phrasing or omission of actual data to substantiate a claim). Our
qualitative analysis also estimated the scores that would be awarded, and as seen in Table
12 below, the scores do have some discrepancies. From our overall report scores for this
student (Table 12) GTA Molly awarded this report 90/100. The BR score from the

researcher was 81/100 for this report. | other words, a 9-point difference overall, and if we
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factor in the scores based on the qualitative analysis performed above, the score awarded
by the researcher was 80/100 that is a difference of nearly 10 points between GTA and
researcher. Notably, the report was back-read once by the researcher for post-checks and
found to have a difference of nine points and again for the present qualitative analysis and
found to have nearly the same difference. This can be considered evidence of the effect of
back-reading, demonstrating the researcher’s accuracy and consistency of grading the exact
same lab report and awarding nearly the same score with a 2-year gap between backreading
and qualitative examination. GTA Molly’s assessment of the quality of this report as “high”
when providing it for post-checks is indicative of a different problem that needs to be
addressed.

Table 12: Total scores for sections in Molly's high-quality report

Section pl;(;;inglse GTA Score ba?r?a?;sgualitative
Introduction 10 9 6
Claims/Evidence 6 6 3
Reflection 12 6 2

A high-quality report should fulfil the characteristics of having high-quality responses
along with grader annotations that show minimal chemistry content corrections thereby
reflecting sound understanding on the student’s part. However, our qualitative examination
provides evidence of a lack of accurate assessment of student understanding and possibly
the effect of GTA Molly’s inherent bias about quality of student work based on whose
report they are grading. That is to say, allowing previous expectations of this specific

student’s reports to allow the continued assumption that the quality was high with no
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fluctuations or errors. | this was the case; a simple refresher of the BR technique may have

helped GTA Molly at this stage and continued her trend of accurate and reliable grading.

3.4 GTA Klaus’ High Quality Student Report

3.4.1 Introduction section

The introduction section of GTA Klaus’ high quality report (Fig. 24) shows a good start of
introducing the topic that “... almost all foods have a food dye in them” and clear purpose
of this experiment stated as, “... to observe the relationship between concentration and
absorbance, The goal: to determine the concentration of food dyes in different drinks using
spectrophotometers.” This is followed by a detailed description of the spectrophotometer,
its working mechanism and an explanation of how concentration can be calculated using
Beer-Lambert’s law. There are some concerning phrasing choices in the description of the
working of the spectrophotometer. E.g., “...hits a dispersion device” (could be rephrased
as: is incident on a prism for dispersion) or “then only specific wavelengths are allowed to
pass through and hit the sample in the cuvette” (how exactly is this accomplished?). The
most critical statement that should have been addressed by GTA here is: “An absorbance
spectrum shows the amount of absorbance over a series of wavelengths.” Now, an
absorbance spectrum is recorded at a single wavelength (Amax) not a series of wavelengths.
Secondly, ‘amount of absorbance’ is not the accurate scientific phrase quantifying the ratio
of incident light to transmitted light and could have been rephrased as “the intensity of the
absorbance curve”. Beginning questions listed are not didactic (i.e., not yes or no response

type questions) and therefore, acceptable research questions.

97



Today, almost all foods have some food dye in them, even oranges! In this experiment,

we tested the gpectrophotomeéttic properties of multiple food dyes, in different concentrations

and in different drinks e purpose of this experiment, the Spectrophotometric Determination

of a Food Dye. was to observe the relationship between concentration aqr:r;hsorbanre. The

gealTto determine thie concentration of these dyes in different drinks using
spectrophotometers. The Spettrophotometer Process: light from a light source enters the
spectrophotometer through a small slit and hits a dispersion device, which causes the different
wavelengths to refract at different angles, splitting white light into a spectrum, Then, only
specific wavelengths are allowed to pass through and hit the sa mple in the cuvette. Light that
passes through the sample then hits the detector. The detector measures the intensity of the
light that passes through the sample. Light that does not pass through the sample has been
absorbed. An absorbance spectrum shows the amount of absorbance over a series of

wavelengths. Lambda max (Amax) is the wavelength at which there is the highest absorben(cy,)
L=

With & as absorbance, £ as the molar absorptivity coefficient {M-1cm-1), b as the path

length the light has to travel (em) and c the concentration of the dye (M), the Beer-Lambert law

states that:

- n
A= ebc + constant W W
e |

This law can be rearranged to calculate the concentration of a solution. Epsilon is found
Cavnaiglenn ]
by logking-at the Beer-Lambert Law as a linear relationship, and the constant (the y intercept)
should be zero.
e

Beginning guestions for this lab were: Why use lambda max? What‘,affect does
concentration have on absorbance peaks?
Though food dyes are fairly safe, safety precautions were taken during the lab as though the

substances used were unknown. Gloves were worn at all lipe‘s' when handling dyes. Caution
~

was used when handling dye powder to avoid inhalation.

Figure 24: GTA Klaus; Introduction section from high quality report

As we can see in the screen capture in Figure 24, the GTA has not provided any comments
or annotations in this paragraph meaning either this was not noticed at all or if noticed, it
did not merit any corrective feedback. Safety comments are satisfactory. However, a brief

description of the experimental procedure is missing. Table 13 is a summary of the point

breakdown for scores awarded to these responses.
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Table 13: GTA Klaus; Scores awarded to introduction section in high-quality report

Introduction Points possible GTA Se2lfE baséenda:)yr;i(s,}ualitative
Theory /Purpose 3 2 2
Beginning Question(s) 2 2 1
Safety statement (s) 2 1 1
Experimental Procedure 3 3 3

3.4.2 Claims and Evidence

The claims and evidence section from Klaus’ high-quality report is reproduced in figure
25. As described earlier, in this section answers to the beginning questions (BQs) are

expected along with supporting evidence from data, results and graphs.

Because every color has a different, known, wavelength, we know what color lambda
max represents. When concentration increases, intensity of color/absorbance increases, but
the peak is still at the same wavelength.

Lambda max is used because it is the wavelength of maximum absorbance. The color
at Lambda max is the opposite of the observed color. If there is a red object, it is absorbing
green. Every object absorbs every wavelength but not in equal amounts. The stronger it
absorbs the wavelength, the more the object represents the opposite color. If you know the
color of lambda max you know the color of the object.

Information from the two-calibration curve: absorbance and concentration have
a linear relationship. Meaning you can measure the absorbance of an unknown dye and
calculate the concentration of it. ‘

Possible sources of error during the experiment are: not cleaning and conditioning
volumetric glassware well enough or not filling to bottom of meniscus at line. Error calculating
stock solution would cause error in every standard solution made with it. Other sources are:

inaccurate measurements, volumetric flask inaccuracy, and rounding errors.

Figure 25: GTA Klaus; Claims and evidence section from high-quality report
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In response to the student’s first beginning question, “why use lambda max?” we see a
clear and accurate claim statement, “Lambda max is used because it is the wavelength of
maximum absorbance.” The student expands on the evidence for this by saying “If there
is a red object, it is absorbing green....” However, there is a lack of using data from the
experiment to substantiate this.

If they included something on the lines of “We see from our data for red food dye, that
lambda max is at —nm, and the highest absorbance is recorded for the most concentrated
solution. Therefore, the most concentrated red solution, absorbs the green color
component and transmits only the red color for us to see.” The response would have been
scientifically sound.

Similarly, for BQ2, “What effect does concentration have on absorbance peaks?” If the
student had phrased their response as stated above, this question would have been answered
along with the first BQ. However, even their actual response is barely sufficient or even
understandable as ‘evidence’: “Information from the two-calibration curve: absorbance
and concentration have a linear relationship. Meaning you can measure the absorbance
of an unknown dye and calculate the concentration of it.” This response does not reference
the attached graph (or graph data included in the report) and does not answer the actual
question at all. Here, an acceptable response would have been on the lines of “From the
attached graphs for absorbance of various dilutions we can see that with higher
concentration the absorbance recorded is also higher. Therefore, there is a linear
relationship between concentration and absorbance.” GTA Klaus’ comments on this
section are not very legible and from what we do read, they are not helpful to the student

in addressing the large gaps in a decently written claims-evidence section.
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The last paragraph of “possible sources of error” is intended to be part of the discussion
section of this report. We are able to report that this student has not answered any of the
analysis questions in a separate discussion, and only the “possible sources of error” is
available for consideration as one response available for grading the analysis/discussion
section. Even here, the student identifies some sources of error but fails to identify them as
determinate or indeterminate error, or even the impact these errors have on the actual
findings or calculated results in the experiment. The GTA’s comment “impact (-1)” is
sufficient at this point to help the student identify what is missing but they could have
included legible and constructive annotations to cause any tangible change in students’
writing. Klaus awarded three points out of a possible six points for the claims and evidence
section. The score based on our analysis is 2 of 6 points. It is important to note here that
although the numerical scores do not vary significantly, there striking differences in why
these points were deducted, what the GTA was looking for/assessing and which key

conceptual gaps were not at all addressed in GTA annotations.

3.4.3 Reflection section

As seen in Figure 26, the reflection section begins with Student’s response for the “extend’
prompt is, “...foods could be liquified and their juices could be tested. Because orange
peels contain food dye to give them a brighter color, if the juice was extracted from it, it
could be potentially tested for the molarity of the food dye it contains.” For this response,
the GTA rightly annotates the key missing portion of response with “why would we do
this?” For the related reading and applications prompts, the student possibly tries to answer

them simultaneously using the chlorophyll example: “Chlorophyll amounts in bodies of
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water are measured using spectrophotometry. Measuring the amount of chlorophyll in the
water helps scientists determine the quality of the water. In an experiment done by the
royal society of chemisty [chemistry], the expected wavelength for lambda max of yellow
dye was 380 nm-450nm.This held true with our collected data, with a lambda max of 406

nm 2

Far further experimentation of food dyes, foods cauld he liquefied and their juices could
be tested. Berause orange peels contain food dye to give them a brighter color, if the juiee was

extracted from it, it could potentially be tested for the molarity of food dye it contains.

Chlorophyll amounts in bodies of water are measuréd Using SPpACIFOPRATAMATRY.
Measuring the amount of chlerophyll in the water helps scientist determine the quality of the
water. In an experiment done by Royal Society of Chemisty, the expected wavelength for
lambda max of yellow dye was 380 nim - 450 nm. This held true with our collected data, with a
lambda max of 406 nm.

Classically, toxic heavy metals are used for this experiment. Due to heavy metals,
negative effects on plants, animals, and most living things, it was not used in this
spectrophotometric experiment. Instcad of heavy metals, food dyes were tested; which are

non-toxic and okay to dispose of in the drain along with water.

Figure 26 : GTA Klaus; reflection section from high-quality report

For the green chemistry response, the student says, “Classically, toxic heavy metals are
used for this experiment. Due to heavy metals, negative effects on plants, animals, and most

living things, it was not used in this spectrophotometric experiment. Instead of heavy
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metals, food dyes were tested, which are non-toxic and okay to dispose of [off] in the drain
along with water.” There is no specific response for the lecture topics connection and
related reading prompts here. Table 15 summarizes the numerical scores from the GTA
and researcher for this section.

Table 14: GTA Klaus; scores for Reflection section in high-quality report

. . Score based on
Prompt Points possible GTA - )
qualitative analysis

Extend 2 1 1
Connect 2 2 0
Apply 2 2 1
Related reading 2 2 1
Green Chemistry 2 1 1

3.4.4 Summary

Based on our qualitative examination, we observe that GTA Klaus picked out key
responses where the student could improve their scientific writing skills. Again, there are
few instances of observing legible, relevant, constructive, and effective feedback in the
GTAs’ annotations and comments. Our qualitative analysis also estimated the scores that
would be awarded, and as seen in the table below, the scores do have some discrepancies.
From scanned reports we see that the GTA awarded this report a numerical score of 65/100.
Back-reading score for this report was also recorded as 62/100, hence the overall grading
scores agree. However, when we compare the areas where the GTA and the researcher
deduct or award points, there is a stark difference in how the rubric was implemented. For
GTA Kilaus, since this was the first time teaching this course and we identified several

areas where the GTA training could help him improve. Strong recommendations to
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backread each week and consider the type of feedback they were giving students on written
reports could have influenced GTA Klaus’ approach to grading. Such constant monitoring

and support would have helped both Klaus and his students tremendously.

Table 15: Total scores for GTA Klaus' high quality report

) ) ) Score based on
Section Points possible GTA L _
qualitative analysis
Introduction 10 8 7
Claims/Evidence 6 3 2
Reflection 12 8 4

3.5 GTA Molly’s Low Quality Student Report

3.5.1 Introduction section

Figure 27 is a screen capture of the introduction section of the Food dyes laboratory report
from a student in Molly’s class. The GTA rated this exemplar as a “low” quality report.
The student correctly defines spectrophotometry as “...measurement of how much
something absorbs light by using the intensity of light as a ray of light goes through a
solution.” And includes the relevant formula used for this experiment, “The equation for
this law is A = ebc, where A is the absorbance, ¢ is the molar absorptivity coefficient, b is

the pathlength and c is the concentration.”
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Introduction

Most of the foods we eat today contain some sort of food dye, but does that make them
safe? Although in this lab we are not determining the safety, we did determine the amount that is
in the drinks provided. One method of quantitative analysis is spectrophotometry.
Spectrophotometry is the measurement of how much something absorbs light by using the
intensity of light as a ray of light goes through the solution. An important law to know when
performing this experiment is Beer-Lambert Law. The equation for this law is 4 = ebc , where A
is the absorbance, ¢is the molar absorptivity coefficient, bis the pathlength, and c is the
concentration. To find the concentration of an unknown a standard curve is made by measuring
the A of standard solutions of the unknown concentration. The first step of the procedure is to
calculate the mass of your assigned food dye that is necessary to produce 500 mL of a solution of
the target molarity. Then, make sure your hands are clean and dry before you place a square of
weighing paper on the analytical balance and tare the balance, carefully weigh to the ncarest
0.001g. Quantitatively transfer the food dye to the 500 mL volumetric flask, place the weighing
paper back on the scale and record the mass. Fill the flask with deionized water to the line and
mix well. Dribble a few drops of water on to the weighing paper where the food dye was, record
your observations. Clean and dry four containers of at least 100 mL capacity and label them A,
B, C, and D. Prepare standard solution A by pipetting the quantity of stock solution given in the
lab manual. Dilute to volume and mix well. Transfer to container A. Repeat for solutions B, C,
and D. Them set up the logger pro. First, calibrate the spectrometer. Fill a cuvette about three
fourths of the way full with standard solution D, place cuvette in holder and click the green
Collect button. Click the red Stop button to end data collection, make sure to Store Latest Run.
Repeat for solutions C, B, and A. Once you have four absorbance spectra, change all the lines to
black. To find the wavelength of maximum absorbance, select analyze then examine.
Concentration of Food Dyes in Commercial Drinks requires you to work with your partner and
together as a table. Obtain 30 mL of a commercial drink that is the color of your food dye and
determine whether or not the absorbance of the drink is in the range of colors you found earlier.
Measure and record the absorbance of the drink. Finally, working as a table, use a 50 mL beaker
to obtain the drink that contains both of the food dyes used. Repeat the process to determine the

| concentrations of both food dyes. Safety precautions that need to be observed are that we will be
using lots of new equipment, wear gloves, all chemical waste can go down the drain, and do not
cat or drink anything. The beginning questions we chose to investigate are “how can
absorptivity/transmittance determine health risks?” and “how can you determine concentration of
a mixed solution using Beer's Law?”.

Mo Q(%{m,mrﬁt««( .

Figure 27: GTA Molly; Introduction section from low-quality report

The procedure write up is most certainly long but includes a very detailed description.
However, the student could have written it as: “First, we prepare a 500mL stock solution
of the assigned food dye by weighing dry powder accurately and transferring precisely to
a volumetric flask. Next, we prepare four 100mL standard solutions (A, B, C and D) from

this stock solution using the formula M1V1 = M2V.. Then, calibrate the spectrophotometer
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and record the absorbance of the standard solutions to generate a calibration curve.
Lastly, record the absorbance of the ‘unknown’ solution, diluting it if necessary and
calculate the concentration of the food dye components using Beer-Lambert’s Law.” In
this case, length of the write up would have matched the expectations and also covered all
aspects of the experimental procedure.

Not specifying relevant green chemistry principles and simply stating “...all chemical
waste can go down the drain” show the need for improvement in writing choices and
“...using lots of new equipment” is not a safety statement. The student does list beginning
questions that are relevant in the context of this experiment. However, the phrasing of the
question “how can absorptivity/transmittance determine health risks?” could have been
better, because the goal of the lab was to calculate the concentration of food dye and
determine if it had potential health risks. The GTA awarded this introduction section with
seven out of a possible ten points. Based on our qualitative analysis, a numerical score of

4 out of ten is more accurate here.

3.5.2 Claims and Evidence section

In response to the first beginning question (Fig 28), “how can absorptivity/transmittance
determine health risks?” the student provides a generalized response, “... the higher the
absorbance, the more food dye that is present. When there is more food dye, there is a
higher health risk because they are not natural and good for consumption in large
amounts.” Now this claim statement is not backed up by any evidence either from the
calculated results of concentrations or report values of LD 50 which actually help us

determine if a food dye concentration is a health risk or not. Simply stating a linear
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relationship between absorbance and concentration also does not justify the claim as it is

referenced to actual data and definitely does not answer the beginning question specifically.

Claims and Evidence
You can usc absorptivity/ transmittance to determine health risks because the higher the

absorbancg, the more food dye that is pruéént When there is more food dye present there is a

higher health risk because th() are not m{ural and good for Lonsumptmn in large amounts.

Beer’s Law can be used to dc/‘(cmlmc the concentration of AT fixed soluuou Using the data and
Wi the line of best fit on the gr,lph The equation is in slope form aq y will be the absorbance and x

{~is the concentration. You can rewrite Beer’s Law as 4 =emC + b golvm" for C vull give you

AN /4 the concentration. :, )19, (2 aNg.c s .

Figure 28: GTA Molly; Claims and evidence section from low-quality report

To answer the second beginning question, “how can you determine the concentration of a
mixed solution using Beer’s law?” the student describes the calculation using Beer-
Lambert’s law in words which is not accurate for “evidence.” Instead, if the student had
written, “With reference to the calculations shown in the experimental data section of this
report, we determined the concentration of the yellow color to be 3.79 x 10° M and blue
color to be 3.46 x 10°® M in the unknown “green” solution. From calculations, we see that
the LD 50 values for yellow no 5 is 12,750 mg/kg which corresponds to 41,753.4 glasses
of the yellow drink. Therefore, we can say that the concentrations of food dye in the green
drink were not a health risk.” This would have been the expected and much more accurate
scientific response.

The GTA awarded this section with zero out of a possible six points. Based on our

qualitative analysis, a numerical score of zero is warranted here because the claim
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statements do not make any sense and there is no evidence provided to support any of these
statements sufficiently.

3.5.3 Reflection section

As described earlier, there are five primary prompts that are expected in the reflection
section: Extend, connect, application, related reading, and green chemistry. In the low-
quality report from Molly’s class (Figure 29), we see very poorly framed responses overall,
and entirely missing responses to the related reading and green chemistry prompts. The
student’s response to the extend prompt is reasonable enough, “Using liquids that are more
dense than water could affect the concentration and absorbance levels,” makes for an

exploration -worthy claim statement.

Reflection

To further this experiment we could add the variable of density to the calculations. Using
liquids that are more dense than water could affect the concentration and the absorbance levels.
In the real world, an example of spectrophotometric analysis can he fonnd in the field of
agriculture. Spectrophotometers can monitor the phosphorous and nitrogen levels in fertilizers to
try to determine whether or not it is improving the soil. During my General Chemistry lecture we

used Beer’s law to solve for the molarity of a given substance.

Figure 29: GTA Molly; Reflection section from low-quality report

Stating, “Spectrophotometers can monitor the phosphorus and nitrogen levels in fertilizers

to try to determine whether or not it is improving the soil. ” is a good example of a real-life
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application. However, with no citation or elaboration of this example to confirm or dispute
reported findings, it becomes an incomplete response.

Similarly, there is no context or connection provided to the experiment in the “connect to
lecture topics response” where the student says, “During my general chemistry lecture we
used Beers Law to solve for the molarity of a given substance.” Instead, this could have
been rephrased as “We have used the Beers law formula to solve for concentration in
general chemistry lecture examples. This experiment helped us actually prepare solutions
and use precise measurements as well as a standard calibration curve to calculate the
concentration of the food dye using the same formula.”

The GTA awarded this reflection section with five out of a possible 12 points. A numerical

score of 4 out of 12 was awarded based on our qualitative analysis here.

3.5.4 Summary

For the low-quality report from Molly’s student, we see several notations throughout the
report. These are mostly constructive and supported with underlined statements/ encircled
words to help the student navigate various areas where improvement in writing and
presentation is required. Based on our qualitative analysis, and back-reading data available
to us the numerical scores for these sections in the low-quality report are tabulated below
(Table 16). In comparison to annotations and markings made on the high-quality report we
can see a significant rise in Molly’s multiple annotations to provide the student as much

feedback as possible.
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Table 16: Total scores for low-quality report; GTA Molly

) ) ) Score based on qualitative
Section Points possible GTA )
analysis
Introduction 10 7 7
Claims/Evidence 6 0 2
Reflection 12 5 4

Overall, the GTA awarded the low-quality report 67/100 and the back-read score for this
report was 62/100 which is in somewhat reasonable agreement for the back-reading goals.
However, two perspectives that should be considered arise at this stage: (a) are there lesser
number of annotations on the high-quality report due to any inherent bias/assumptions on
the GTAs part? (b) If the number of markings and annotations on low-quality reports
remains the same (in Molly’s case it does) do students who receive lower scores on reports
need a different format of feedback focused on helping them write better reports each

week? We discuss these in more depth in the concluding section of this chapter.

3.6 GTA Klaus’ Low Quality Student Report

3.6.1 Introduction section

Figure 30 shows a screen capture of the introduction section of the low-quality report from
GTA Klaus. The student begins with a clear purpose statement, “...I used absorption
spectroscopy to determine the concentration of food dyes in two commercial beverages:
one with one dye and one with two dyes.” Here the GTA circling several words does not
convey any meaningful annotation to the student. Do they imply correct words or incorrect

ones? Are the circled because the GTA marked down some points because of them? The
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student is likely to be confused about the feedback on their graded report from the very

beginning!

Introduction

Irlghislab, Lused gb;on‘{;légn spec;rqscc;py to dete(mine}he concentrations of food dyes
in twb commercial bevgrggélsg onéﬁmh»one flyé, and ogg with two ayes.)Absorption
spectroséoby differs f;'om cmisgion spectroscopy in that it looks at light that is reflected and
absorbed by a substance instead of the light that is emitted by it. When white light hits a dye
molecule, only photons that make up the color of the dye are reflected; all other wavelengths
are absorbed. This is why different substances are different colors. By using a spectrometer we

can see precisely what wavelength or wavelengths of light are reflected or transmitted through

- paps y | byo /12
a substance. oS Lo cq[)orav
W

Procedure

First, | created a stock solution using a known quantity of solid dye dissolved in a known
quantity of water. | then made 5 dilutions of that solution and graphed the absorbtion spectra
for each of them. | used my graphs to find the maximum absorbance (Amax) of my the blue dye.
After that, my lab partners and | graphed the absprbtion spectra of a drink with one dye and

calculated the concentration of that dye. Finally, we graphed the absorbtion of a drink with two

known dyes and calculated the concentration of each. Despite the fact that all of the chemicals
that we used in this lab were food grade, it was very important to remember to never taste
anything in the laboratory. Food dye will stain clothes immediately and permanently. General

lab safety rules still apply and goggles must be worn at all times.
Beginning Questions

Before the lab, our class decided to focus our research on answering two beginning
questions. These questions were: “What is the relationship between concentration and

absorbance?” and “What is the relationship between color and absorbance?”

Figure 30: GTA Klaus; Introduction section from low-quality report

The student provides excellent detail on the phenomenon of spectroscopy and thus, a
glimpse into their understanding of absorption versus emission spectroscopy, “...looks at
light that is reflected and absorbed instead of light that is emitted from [the material]”

which tell us that this student understood the previous experiment ‘emission spectroscopy’
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and uses that context to build the introduction to this experiment. Further, “When white
lights hits a dye molecule, only the photons that make up the color of the dye are reflected,
all other wavelengths are absorbed” shows us at minimum the ability to explain why dyes
are colored. There is room for more accurate phrasing, e.g., photons versus wavelengths
used interchangeably, but the attempt is commendable.

The experimental procedure is listed under a separate heading, and satisfactory in
description of details. The beginning questions are didactic and oversimplified, “what is
the relationship between concentration (or color) and absorbance” and would merit a one-
sentence response based on how they are framed. These questions are not aimed at
addressing the overall goal of this experiment, which is application of the Beer-Lambert
Law to determine the concentration of a food dye in a commercial drink, and subsequently,
any potential health risks. There are no marking or annotations in the procedure and
beginning questions from the GTA. Based on our qualitative examination, numerical score
awarded by the GTA is 6.5 and 7 out of a possible ten from the researcher. An estimated
breakdown (since it is not very clear in the graded report from GTA) is included in Table
17 below.

Table 17: Scores for introduction section from GTA Klaus' low-quality report

) Points Score based on Qualitative
Introduction ) GTA )
Possible analysis
Theory /Purpose 3 1.5 2
Beginning Question(s) 2 2 1
Safety statement (s) 2 2 1
Experimental
3 1 3
Procedure
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3.6.2 Claims and Evidence section

Examination of the claims and evidence in Figure 31 shows us that the student addresses
their beginning questions specifically. In response to “what is the relationship between
concentration and absorbance?” the student claims, “absorbance and concentration are
directly proportional for both dyes.” which is an accurate statement.

However, we see a huge misconception in the continued response, “...the red dye has
significantly less absorbance per unit mass.” and “.... the slope of the blue calibration
curve is steeper than that of the red curve absorbance increases more rapidly with
concentration. Therefore, the blue dye is more potent than the red.”

Now, the goal of the lab is not determining the “potency” of any colored dye. Therefore,
these statements are inaccurate to begin with. Second, where is the student getting the

information to infer that “slope is steeper”?

Claims and Evidence

Based on the evidence that | gathered in lab, absorbance and concentration are directly
proportional for both dyes. The red dye has significantly less absorbance per unit mass. My
graph of absorbance vs concentration for blue dye has a linear trend, represented by the
equation y = 113249x + 0.0442 where y=absorbance and x=concentration (mol/L). The red
dye also follows a linear trend with the equation y = 22702x — 0.033. Since the slope of the
blue calibration curve (Absorbance vs Concentration) is steeper then that of the red curve,
absorbance increases more rapidly with concentration. Therefore the blue dye is more potent

than the red.

Figure 31: GTA Klaus; Claims and Evidence section form low-quality report

113



The student’s two-component drink was a purple Kool-Aid i.e., a mixture red and blue dye,

but that is not evident in the beginning questions stated earlier.

Data and Calculations ~ 4 F bl e

Absorbance/at %max (Blue Dye)

y = 113249 + 0.0442
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Figure 32: Graph output of calibration curve blue dye (GTA Klaus, low-quality report)
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Figure 33: Graph output of calibration curve for blue dye (GTA Klaus, low-quality report)
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Therefore, we see a claims-evidence paragraph laden with several misconceptions and
haphazard evidence provided, but no annotations or markings from the GTA addressing
these.

Based on the students framing of the question and their absorbance data or graphs (see
Figures 32 and 33), an appropriate answer would have been, “the relationship between
concentration and absorbance is linear. As seen from the attached graph, as concentration
of the sample increases, the intensity of the absorbance peak also increases.” Therefore,
the claims and evidence section would receive one out of a possible 6 points on the basis
of our qualitative examination. The GTA also awarded this section 1 out of a possible six

but for very different reasons based on their annotations.
3.6.3 Reflection section

A close analysis of Figure 34 shows another haphazardly organized response to the prompts
of ‘extend, connect, apply, related reading and green chemistry.” “...the context of our
general chemistry education was the application of Beer’s Law” is the only sensible
statement addressing the “connect to lecture concepts” prompt. The student is clearly

inaccurate in stating “Beer’s Law (MiV1= MjV3)” equates the relationships between

molarities and volumes of two different concentrations of a substance.” MiVi= M2V2is
the dilution equation, not Beer’s law.

The responses to application and related reading are possibly condensed together in
“...used in toxicology to determine how much of a substance is required to kill a person.

Spectrophotometry is a commonly used technique in biochemistry where it is applied to
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determine the concentration of different proteins in a solution. Since the absorbance of a
substance is tied to its molecular shape, and every protein has a unique shape, then each

protein has a unique absorption.”

Reflection

The central purpose for this lab in the context of our general chemistry education was
the application of Beer’s Law. Beer’s Law (M1V1=M>V3) equates the relationships between the
molarities and volumes of two different concentrations of a substance. As demonstrated in
question number 2, this can be used in toxicology to determine how much of a particular
substance is required to kill a person. Spectrophotometry is a commonly used laboratory
thechnique in biochemistry, where it is applied to determine the concentration of different
proteins in a solution. Since the absorbance of a substance is tied to its molecular shape, and

every protein has a unique shape, then each protein had a unique absorbtion.
Bibliography

"The weight of nations: an estimation of adult human biomass." BMC Public Health. BioMed /.

Central, 18 June 2012. Web. 23 Feb. 2017.

Figure 34:GTA Klaus, Reflection section from low-quality report

Here, the student fails to provide good examples of applications and related literature that
dispute or confirm their own findings in the laboratory. Also, they do not provide a citation

for the “since the absorbance is tied to molecular shape” statement making it a not-so-

well-phrased response.
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The article citation provided is tied into the toxicology component where adult biomass is
used to calculate LD50 and is a relevant inclusion with respect to the ‘related reading’
response. However, the GTA marks this as “... not a related reading” for no specific
reason stated. This reflection section scored two out of a possible from the qualitative
examination perspective and three out for 12 from the GTA.

3.6.4 Summary

For the low-quality report from GTA Klaus, we see a scarcity of notations throughout the
report. These are mostly not legible, and seldom constructive feedback to help the student
improve in their next laboratory report. Underlined statements/ encircled words alone do
not convey to the student any mistakes or commendations on the grader’s part. This report
received nearly similar scores based on our qualitative analysis, and back-reading data
available to us.

However, there are so many points of disagreement as to why these points were taken off
to begin with. The GTA also fails to address obvious misconceptions in the student’s
written responses and leaves with a fairly strong assumption that the quality of this student

future reports did not improve over time.

Table 18: Total scores for GTA Klaus' low-quality report

) Points Score based on qualitative
Section ) GTA )
possible analysis
Introduction 10 6.5 7
Claims/Evidence 6 1 1
Reflection 12 2 3
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Overall, the GTA awarded the low-quality report 59/100 and the back-read score for this
report was 57/100 which is in reasonable agreement for the back-reading goals.

However, for GTA Klaus, we have observations that a high-quality report scored a 65/100
and a low-quality report was awarded 59/100. In this situation, the ‘range’ of scores
differentiating high and low quality is not very wide and raises doubts about the reasoning
on the GTA’s part in providing these reports with the quality they did state. Could it be that
this GTA’s grading bias was so high that the quality of the work did not have discrete
criteria for being high- or low-quality work? Did the GTA’s grading approach cause so
much a negative impact on the students, that they simply stopped trying to write good
reports or improve on their work because they did not receive adequate and effective
feedback? The Discussion section of this chapter provides an insight into possible reasons
for GTA Klaus’ grading approach being problematic and thus, creating room for

improvement in the training-in-grading research.

3.7 Conceptual Analysis Rubric (CAR) And Statistical Data

To add a statistical element to our qualitative analysis, we qualitatively re-examined fifteen
laboratory reports for the winter term from GTAs Molly and Klaus. Following the in-depth
analysis presented in previous sections of this chapter, we used a uniquely designed and
validated conceptual analysis rubric (Figure 35) to evaluate specific sections of thirty
laboratory reports.

3.7.1 Objectivity in Using the CAR Rubric

Every effort was made to examine all back-read or qualitatively analyzed reports in this

research project with impartial, unbiased, and an objective researcher’s lens. This included
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using alphanumeric coding (e.g., M1, K1 etc.) and white-out markers to blind all
identifying information about the student or the GTA during the analysis. Any anecdotal
information known to the researcher, which may have had the potential to influence the

analytic procedure were ignored completely.

Introduction section

Expected (from student report
P ( u P HI /Yes -3; med (partial) -2; low -1 ; missing -0 Max possible

guidelines)
introductory comments on expt. 2
conceptually sound statements about
) theory/phenomena 2
the overall topic -
formulae/relevant equations 1
clearly identified goal; conceptual soundness: does
purpose of experiment the statement reflect the purpose of the 3
experiment correctly?
BQs are the questions framed to be explorable? 2
brief description of procedure (3-4 | Can the experiment be replicated using ONLY the 3
sentences) students description of procedure?
safety statements appropriate stements/cautions 2
INTRODUCTION TOTAL 15

Claims/Evidence section

Expected (from student report
P ( P HI /Yes -3; med (partial) -2; low -1 ; missing-0 | Max possible

guidelines)
. BQs specifically, clearly answered in the claims
Claims- answers to BQs X 3
section
) Extent of conceptual relevance of the claims w.r.t
Claims-2 . 3
experiment
. Does student address the “burden of proof”
Evidence -1. 3
adequately? (
i.e., reasonably stated evidence + explained as
Evidence -2 needed (Evidence based on individual 3
data/calculations)
CLAIMS/EVIDENCE TOTAL 12

Reflection section

Expected (from student report
P ( u P HI /Yes -3; med (partial) -2; low -1 ; missing -0 Max possible

guidelines)
EXTEND reasonable, accurate and meaningful extension 3
lecture course content related to expt: evaluate
CONNECT P 3

quality of response
APPLY Applications of findir?gs/.concepts Iearne.:d in expt: 3
relevant applications from real life
quality of explanation of relationship to
experiment/results/conclusive findings
Quality of response: another reliable source to
RELATED READING i X o 3
confirm or dispute data/findings
identification of relevant principles used in
experiment

REFLECTION TOTAL 18

Figure 35: Conceptual analysis rubric used for qualitative examination of thirty selected reports
from GTA Molly and Klaus

GREEN CHEM 3
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For example, known information about students copying down the TAs exact
words/phrases during the laboratory session and/or using it in the laboratory report, which
the researcher recognized during the analysis, as being the TAs own phrases/words, were
disregarded while examining the exemplars during our inductive analysis. The “CAR
rubric” developed from this approach was specifically developed to examine chemistry
laboratory reports for evidence of students’ conceptual understanding in chemistry topics.
This rubric was independently examined and implemented by two other researchers on
exemplars from other TAs as a test of rubric validity (does it answer the questions it asks?)
and rubric reliability (do we get the same answers if different individuals apply the same

rubric?).

3.7.2 CAR Data Analysis and Graphs

Selected sections (introduction, claims evidence and reflection) from fifteen laboratory
reports for each GTA were scored using the conceptual analysis rubric (CAR) and
normalized to 100. These were then compared to corresponding GTA and back-read
numerical scores from previously available data. Figure 36 shows a graph of normalized
CAR scores versus normalized back-read (BR) scores. The numerical scores for GTA
Molly (M in blue) and Klaus (K in orange) show us the distinction of Molly’s student
reports into High, medium, and low quality very clearly. However, the same cannot be
inferred for Klaus’ assessments (i.e., most report scores are clustered in the medium quality

range) and reinforces the need for intensive back-reading or further training here.
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Figure 36: Plot of normalized CAR scores versus BR scores for GTAs Molly(blue) and Klaus
(orange)

Similarly, we also examined the back-read scores for both GTAs against their students’
laboratory final exam scores. If the GTA scoring was accurate, the laboratory final exam
scores would reflect a pattern in reasonable agreement. That is to say, if the GTA assessed
reports as average or below average, the laboratory final exam scores would also show that
most students were below average in their performance. This would help us infer that the
GTAs assessment approach was reliable, and the back-reading likely had a positive impact
here. Figures 37 and 38 show us the boxplots: GTA’s numerical scores (blue), researcher’s
back-read scores (orange) and the final exam scores (grey), all normalized to 100 for ease
of comparison for fifteen laboratory reports from each GTA Molly and Klaus.

We infer that Molly’s students were assessed more accurately with relative spread (Min. =
31.6, Max. = 90.6; and Range = 59.0) showing distinctions between high- and low-quality

work (mean =64.9 +5.7). Molly’s feedback can be considered to be more constructive and
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effective based on the overall improvement in the average performance on the final exams

(mean =68.2 £3.58).

GTA Molly

B GTA BR scores M Expert CAR scores Practical exam scores

100
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Figure 37: Box-whisker plots of CAR scores, BR scores and final exam scores for Molly's
students (n =15)

Klaus’ grading however provides a picture that his majority of his students were producing
similar quality of work over the entire term (Min.= 29.5, Max.= 94.73; and Range= 65.2,
mean = 61.0+4.51). However, their final exam performance shows a remarkable
improvement (mean = 82.1 +2.51). This might be attributed to students’ ability to

understand, perform, and present their work in a scientific format was actually much better

than what was being suggested by the GTAs assessment of their laboratory reports.
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In such cases, critically examining GTA grading and providing more support and resources
is key and should help the GTA as well students in having an overall positive experience

in the course.

GTA Klaus

W GTA BR scores M Expert CAR scores Practical Exam scores
100
90 H
80 ’7—
¥
70 .
60 —— '
50 .
40
30

20
10

Figure 38: Box-whisker plots of CAR scores, BR scores and final exam scores for Klaus' students
(n =15)

Based on this analysis, we conclude that there is sufficient evidence to warrant
improvements in the back-reading approach for training GTAs to (a) examine conceptual
understanding in written responses (b) address any misconceptions identified and (c)
exploring and assimilating examples of constructive and effective feedback to avoid less
helpful comments or annotations on student reports during grading. The biggest challenge
of course, is to be able to address and achieve all these goals with the limited amount of
time, resources and GTA interest and availability to implement such changes in their

teaching and grading.
3.8 Discussion

Qualitatively examining a few reports provides us with an insight on some differences in
the grading approaches of GTAs Molly and Klaus. From Figures 21-34, we see how Molly

approaches grading low-quality student reports with more focused comments, annotations
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and marking. This is rightly so, as the students who need more support and feedback are
likely scoring lower in the course. Her comments are clear, precise, and sprinkled with
suggestions where possible, which tells us that this grading approach is favorable. We have
anecdotal data from observing Molly’s laboratory section and office hours that students
were comfortable interacting with Molly and requesting clarifications, support, and
guidance about their work. Although Molly had a fair share of grading-related grievances,
we have significant evidence of this issue being much more intense for GTA Klaus’
students. When students focus on asking for clarifications or revisions to their work on the
previous assignments, it is difficult for them to prepare and dedicate time to making the
upcoming assignment better. The excerpts from student correspondence about GTA Klaus’
grading below demonstrate the struggles that occur when student do not receive
constructive, timely, reliable, and effective feedback on their written reports. These
excerpts were collated from personal communications to the Head GTA during
conversations or correspondence pertaining to students’ issues with graded reports and

scores obtained.
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When | got my first lab report for this term back from him, I noticed the low score
and immediately felt determined to improve. | wanted to know exactly what | did
wrong and how I could fix those problems in the future. | went into his office hours
and got very unclear answers, and felt that his grading was inconsistent. A specific
example of his inconsistent grading is with green chemistry principles: | never
once specified the number of the green chemistry principle we followed in my
reports, but | always specified exactly which principles we followed and how we
followed them. But suddenly on the Kinetics Exploration report, he docked me
points for not noting the exact number of the principle. With every report, | went
into his office hours and asked questions about why | lost points in certain areas
and how I could improve, but I got flat answers such as “it’s wrong, you are
missing what the rubric asks for.” What'’s frustrating for me about that answer is
that it confirms what | already know, that I was missing something, but does not
actually tell me how I can improve on that in future reports. Sometimes, [GTA]
would explain further about why | lost points, but even his explanations did not
make much sense. For example, in my TLC report, | provided a numerical
summary in answering my beginning questions and claims which involved
comparing my Rf values and referring to my data tables, but [GTA] took points off
for not showing more than one Rf value calculation and for not providing a
numerical summary in the manner he expected. | was completely unaware we
needed to show the Rf value calculation multiple times nor that there is a specific
manner for expressing numerical results [...]

Textbox 1: Excerpt from student 1 regarding GTA Klaus' grading of laboratory reports
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My largest concern will-is not only his accuracy (using the rubrnic
correctly) but also his consistency (grading the same way over time). Over
the course of this term | have received an A, B, C, and D on labs | have
done equal and 1dentical work in. The hope for every teacher should be
that your students evolves and improves, so that by the end of the term
she/he has walked away with more knowledge than before. This did not
seem to be his agenda. Though requirements change with every lab, a
great portion of the points are on the same sections. [ don't feel that going
from an A to D 1s not logical but weighs on me and lowers my self esteem.
I feel as if [ could have done better, or done something different even
though [ do not understand what I should do to improve.

His judgemental attitude 1s extremely detrimental to the success of his
students. It creates a toxic environment that discourages learning and
mistakes, [ felt extremely stressed and anxious every time [ would have to
confront him, and sometimes | avoided it altogether which kept me from
earning points back. Every part of me wanted to avoid my work and avoid
office hours, which was not how 1 felt last term in chemistry. Not only do
we feel discouraged to seek help, we also feel less desire to work hard. /f
my work is going to be devalued then what is the point of working hard? 1
do not believe this attitude 1s what the chemistry department wants for
their students.

Textbox 2: Excerpt from student 2 regarding GTA Klaus’ grading of laboratory report

TA

As far as grading and reports, my lab report grades were exiremely varied. One week | would get a D and the
next | would get a C and then back to a D. | got one A on a lab, and that was in between a D and a C. It was
discouraging because | never saw any improvement on my lab reports. Compared to last term | saw a steady
increase in my grade as | made changes and improved. It almost made me want to give up entirely on my
reports. | worked extremely hard every week for hours and hours putting together my reports, only to receive a
D almost every time. This was hard for me to accept, but | just kept pushing through and doing my best. Having
as my TA this term was really discouraging and | don't feel like | really learned or improved much on my
lab report writing because of it. The only person that was really helpful when writing my reports was the head

Textbox 3: Excerpt from student 3 about GTA Klaus’ grading of laboratory reports

126



General issues with grading of laboratory reports (summary)

The grading of reports was a complete disaster. The number of points that were being taken off seemed
unfair and not in junction with what was written in my lab reports. If [ had the right idea but stated
something wrong or didn’t give the correct answer right away but lead up to it later in my lab, [ would get
all the points taken away. In some labs, [ would use one wrong word in a sentence and get a point off.
There were many points that half credit should have been given but instead [ wasn’t given any. In the pre-
lab, I was docked points for parts that [ didn’t even know we had to include in our pre-lab or wasn't given
enough time to finish. Since hhad the rubric for the pre-lab before the start of class I believe it 1s only
fair for hum to let us know what 1s expected so we have a fair chance at getting all the points, instead of
being blindsided with parts we didn"t know we needed. Graphs were also a point of disagreement, where |
would have a perfectly fine graph that had the same title as someone else or look the exact same, but [
would get almost no credit for it. After getting back a couple lab reporis back and not passing, I knew [
had to step up and do better. 1 started spending more time, tried to put more information and just overall
increase the quality of the lab. This did not increase my grade however. | stayed in the 50-70 range. So [
began going to his lab hours and asking questions and trying to get a better understanding of what was
expected and how to better answer questions that [ needed to answer in my report. This still did not show
an increase in grades for my reports. There was an overall inconsistency in grading, lack of direct
feedback, messy handwriting making it difficult to understand comments and withholding of necessary
informatinn.

Personally (confidence or motivation affected)

Last quarter, [ got mid 50°s on my first report. From there, I got better and better at
writing the reports throughout the quarter which showed in my increasing of grades. My TA
worked hard, answered questions and gave us all the information we needed to get the best grade
possible. She did her part and [ did mine. This quarter, I have spent more time on my labs then [
did all last term but I am not getting anywhere near the same payoff. | understand that hard work
does not equal good grades but I do believe that my work has increased throughout the semester
which is not represented in the grades that I was getting. [ felt unconfident in what [ was writing
and was frustrated that [ was spending hours on something I knew I wasn’t going to get a good
grade on or even an improving grade. There was a lab write up that I did at 2’oclock in the
morning in an hour and a half that [ got a 52 on. [ believe that this represented how well | wrote
the lab and the time that I spent on it. However, the next lab, [ spend over 4 hours on and went ot
office hours to try and get a better understanding of the material and [ received a 54. This crushed
my motivation. Why work hard or try and talk to the TA if it has not effect on the grade I am
going to be getting?

Academically (learning curve with no improvement, going from above average to a much lower
performance level, impact on scholarship/ financial aid due to a low grade)

This lab is crushing me. I had a B+ last term and this term [ am going to be lucky to end
up with a C+. [ need to keep a 3.00 for my scholarship and I need a B- for graduate school. With
this C+ 1t makes it more difficult to keep that 3.00GPA since lab is not one of my harder classes. |
also believe that I increased throughout the term with no grade acknowledgment. [ think that there
15 an issue when the lowest grade in the class in a 30 and the highest is only a 73 with an average
ofa 61. I do not believe that nobody in class deserves at least a B for the work that they have
done this quarter.

Textbox 4: Excerpt from student 4 regarding GTA Klaus’ grading of laboratory reports
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From the student comments reproduced in textboxes 1-4 we can see an example of how
unreliable and inaccurate grading impacts students’ ability to continue focusing on their
academic performance. Such a negative impact on student morale is also detrimental a
departmental program level since it has tangible effects such as poor student attrition. This
feedback also drives home the necessity to monitor GTAs grading using back-reading to

ensure reliable and accurate grading provided with constructive feedback.

3.9 Conclusion

In summary, qualitative examination of two high-quality and two low-quality laboratory
reports (as designated by GTASs) shows us several areas of discrepancies that were not
necessarily addressed by back-reading process alone.

Molly, A GTA who participated in the backreading program and self-reported its positive
impact on her grading practices provided accurate, constructive, and effective feedback to
her students and maintained a positive growth environment overall for development of
good scientific writing skills.

Klaus on the hand, demonstrated the use of aggressive and at times, non-legible feedback
that increasingly contributed to the students’ frustration at understanding how and where
to improve in their writing, and resulted in an overall negative experience in the general
chemistry course.

Furthermore, using a conceptual analysis rubric specifically designed to examine the
“conceptual mastery” in student responses shows that both GTAs may have graded their

students either too harshly or leniently, and with time, lost touch with basics of grading as
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provided in back-reading training. Also, since we used the CAR rubric to grade for
conceptual understanding and not just the presence or absence of responses to specific
prompts, we also identified several gaps in the back-reading adapted approach that need to

be addressed beginning with rubric design.
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CHAPTER IV: GROWTH MODELS AS A UNIQUE
APPROACH FOR EVALUATION OF GRADING

TRAINING

4.1 Chapter Abstract

This chapter covers the first-known report of a growth model approach to data from a TG
A professional development program focused on grading chemistry laboratory reports.
Design and implementation of a back-reading protocol was qualitatively and quantitatively
analyzed to elicit implications of such training as described earlier. Training programs have
historically been evaluated on the basis of qualitative feedback from participants and
sometimes, by simple inductive analysis of data from videotapes, focus groups or semi-
structured interviews. The transience of such data being the cause of unreliable assessments
of training program persistence and success is hypothesized. A theoretically robust
approach using time, and time-invariant predictor variables such as gender and experience
to generate growth trajectories for individuals and groups is explored and interpreted to

demonstrate its potential.

4.2 Introduction

4.2.1 Literature Review: Evaluation of Teaching Assistant Training Programs

Departmental and campus wide GTA training programs are almost always followed up
with a participant assessment/ evaluation protocol, such as paper or online questionnaires.

The intent of these surveys is to collect participant views on and responses to questions
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about existing components of the training program. Additionally, they provide an
opportunity for participants to identify any gaps/ shortcomings they may have experienced
individually.

Program assessment protocols establish whether the training program serves the overall
goals of the department, such as (a) to prepare teaching assistants adequately for their
assignment, (b) provision of training, teaching material, and (c) hands-on experiences/
training scenarios which [provide feedback on GTAs’ teaching skills. Departments and
universities utilize such training program evaluations to make decisions ranging from
sustainability of current training resources, future training requirements, personnel and
sometimes, even budgets.

The number and nature of GTA training programs has increased rapidly over the last 50
years. Evaluation of GTA training programs has largely focused on the changes in the
GTAs’ individual approach to teaching. These are denoted in a variety of ways in literature:

such as “Interactional”®; or “behavioral” changes and sometimes, “attitude analysis”.?*

35,110

Crooks (1980)°! is probably one of the earliest reported literature examining the training
program established by the Office of Instructional Resources (OIR) at the University of
Illinois, Urbana-Champaign. The paper discusses three different surveys — addressed to
departments, teaching/supervising faculty and participant GTAs for the training program.
A detailed discussion on the reactions of participants, faculty and departments using actual
response items is provided for each survey. One of the features of this training program
was to videotape the GTAs while they were teaching followed by a one-on-one with a

program staff member, providing constructive feedback to the GTA. These responses are
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particularly significant, considering the amount of time and effort it would have taken in a
time when technology was not as advanced as it is today.

Carrol’s (1977) research with psychology GTAs is one of the earliest demonstrating a true
comparison experiment with GTA training®. The treatment group of GTAs were
predicted to (a) use teaching objectives more actively, (b) show student-centered teaching
approaches rather than teacher-centered ones, (c) ask deeper cognitive questions compared
to control group, (d) have more student Talk ‘levels’ (term used by author) in the class
instead of single-instructor delivery, and (e) obtain higher evaluations than the control
group. All these hypotheses were observed and proven to be significantly true for the GTAS
that underwent GTA training.

Pescosolido and Milikie’s (1995)!*! summary presents a good example of the gradual
growth of several GTA teaching seminar programs offered in sociology departments at
U.S. and Canadian universities. The authors claim to be impressed with one of the
outcomes: that most institutions offered a term/semester long training program for their
GTAs/ graduate instructors. In 2015, Blouin and Moss**? revisited the topic and found that
formal teacher /GTA training efforts have increased across the board between 1995 and
2015. Some of the quotable statistics are an increase from 48 to 55 percent for GTA training
and more significantly for graduate instructors training (stand-alone courses) from 55 to 68
percent.

An analysis of the components and long-term success of established GTA training
programs is by Thornburg, Wood and Davis(2000)!3. This article identifies key elements
required for the ‘survival and maturing’ of a training program. The factors identified are

further supported with a detail-rich case study of the success of the GTA training program
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in the department of chemistry at UC Davis. A parallel article (2000)1* examines the key
aspects on which the success of a formal GTA training program is based: faculty
involvement; participant contribution to program design/content; range of teaching
experience among participants; accommodation of time constraints (participants’ graduate
work versus time devoted to the program) and Tangible recognition (participants were
able to utilize program-related projects or data for publications , conferences etc.; as well
as assured completion certificates and a teaching program awards ceremony. This data was
collected at UC Dauvis for five years (1995-2000).

Emerson et.al (1996) ° present the development and success of the “Penn State course in
college teaching™. This paper is a remarkable example of how a teaching seminar-style
training is not necessarily beneficial to apprentice GTAs alone. Their findings indicate that
faculty from various levels of experience, novices to tenured, also participated in the course
which combined teaching practicum with pedagogical theory and reflective thinking
approaches to their own teaching.

A paper reporting the results for a National Survey of Teaching Assistants'! provides
information about TAs from across eight diverse universities in the U.S. The results are
inferences from the analysis of survey responses based on five broad question groups:
(i)Demographics, (ii)teaching responsibilities and (iii)preparation resources, and
(iv)questions specific to international TAs followed by (v) recommendations for training
program Supervisors.

Rothfuss and Gray (1989), also report on the use and training of GTAs in Higher Education
Universities'!®. The survey responses are grouped into two categories: GTA-level and

administrative-level (department or campus-wide). Based on outcome variables such as
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GTAs’ satisfaction with training, evaluation of GTAs’ teaching efficacy, survey responses
of (a) faculty involved with training, and (b) administrative personnel overseeing training,
the authors conclude that most respondents are committed to continued training and

improvement in training programs.

4.2.2 Training Programs Focused on International TAs (ITAS)

Universities may consider students with non-immigrant visas who hold teaching
assistantships as “international TAs” regardless of their native language®. There are
instances of considering students who are non-native speakers of the English language
being grouped as ITAs as well those students who completed their undergraduate studies
outside of the United States. Irrespective of how ITAs are defined, the issues and factors
influencing their experiences are much more complex, pedagogically and culturally 42 44
17 requiring different perspectives in the design, implementation and continuation of
training programs!’. Considering the rapid growth in college enrolments (and
corresponding hiring of more GTAs) in the decades from 1980-2000, training programs
specifically targeting the orientation and evaluation of international TAs (ITAS) are more
widely reported.2®:36.56. 118,119 gy djes also address issues I TAs face in acclimatizing to new
culture'?®120 and academic classroom settings®” 4344, Coupled with the responsibilities that
ITAs handle as part of their teaching assistantships, the factors of interest vary from
language fluency or communication skills** to classroom behavior management, it is
evident that the scope ITA training program evaluation studies is significant.3% 43 45 47,49,
50,118,120,121 'Extensive literature is available identifying and illustrating various techniques

for working with ITAs. The most common issue with ITAs are language barriers, fluency,

134



and communication skills. The second most researched issue is Teacher Anxiety3% 34 3645
89.122 which affects the ability to independently conduct/address a classroom of students
when the GTA/ITA* % has had no prior stand-alone teaching experience.

SPEAK-TEACH (1988) '?* which describes the “Taped Evaluation of Assistants
Classroom Handling” method of training ITAS to lead independent classroom/recitation
sections has now become an established program at lowa State University. This method
of ITA training has even undergone updates to the extent of applying a systems-approach
to renewing the curriculum for ITA training.'?*. As expected, most of these programs are

evaluated based on the survey responses or interviews and observations of ITAs.

4.2.3 Training Programs for TAs In Inquiry Teaching

The idea behind inquiry based learning is teaching students how to think, as opposed to,
what to think!?. For example, when building electronic circuits, students must be able to
think for themselves about how to design and troubleshoot. As a result, laboratory
demonstrators should not help students by giving them the answer or doing the experiment
themselves; instead, they need to question the students strategically so they can procure
their own answer or process’® 2%, It has also been found that inquiry-based training

improves the effectiveness of demonstrators?> 2> 127,

4.2.4 Training Programs Focused on Student Outcomes
GTA training program evaluations with more traction examine the impact of GTA training
on student success or behaviors. These outcomes have matured over time, from examining

simplistic trends like student course evaluations, to more complex ones such as attitudes
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toward discipline-based learning, and student attrition in specific programs or courses. As
of now the current interest is largely focused on student development of guided-inquiry
abilities, 16128

The various GTA training programs that have been studied and reported are likely to be (a)
department-specific (b) include a small or moderate number of participants and (c) provide
a newly developed method of exploring variables of interest such as pre-post assessment
protocol or a classroom /laboratory observation protocol. Most of them are evaluated on
the basis of qualitative feedback from the participants collected as surveys, interview
responses or analysis of reflection or videotaped activities during training.

Survey responses consist of individual feedback which are susceptible to contextual biases,
based on the teaching assistants’ experiences at the time. This makes the need for a reliable
evaluation method more crucial than ever.

Classroom or laboratory observation protocols are as expandable as needed, limited only
by the variety and complexity of outcome variables defined by the researchers. Although
such protocols analyze characteristics of classroom teaching and teacher-belief systems
that influence instructional efficacy, they are essentially simple cause-and-effect systems:
focused on identifying on-going teaching practices and addressing gaps and/or providing
supportive interventions to address any shortcomings.

Since undergraduate programs represent an ever-growing and thriving section of university
population, the necessity for well-prepared teaching assistants cannot be emphasized

enough.
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4.3 Research Context

4.3.1 The Issue with Existing Program Evaluation Techniques Measures, And
Approaches

As Pelton & says, “As more programs aim to train graduate students in the role of both
researcher and teacher, assessments strategies are needed that will ensure that these courses
effectively prepare graduate students for their new status in the classroom. The ultimate
measure of success would be improvements in student learning as a direct result of
enhanced teaching effectiveness.” This is very much in alignment with Park’s view
“Training may be defined as bringing the teaching assistant to an agreed standard of
proficiency by practice and instruction” 3 and results in a chicken-and-egg loop wherein
TA training influences student success and student performance helps improve and address
TA training needs. Figure 39 shows a summary histogram of literature sources reporting
on training program evaluations. The criteria for differentiating these programs are the
specific modes of data collection used for training program evaluation. Eight data
collection modes were identified and coded as used (yes) or not used (no) for literature
sources between 1975-2019. These modes are (a) pre/post survey or questionnaire (b)
student evaluations of teaching (c) classroom or laboratory observations (d) TA interviews/
focus groups (e) Student interviews / focus groups (f) Faculty /trainer interview (g) Other
sources — majority reported recorded digital videotapes as sources for either self-evaluation
by GTAs along with the researcher or independent evaluation and coding for specific

themes.
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B Modes of GTA Training Program Evaluation 1977-2019
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Figure 39: Histogram showing different modes of data collection used for training
program evaluations reported in literature.

By and large, surveys/ questionnaires and videotapes are the most consistently used data
sources for evaluation of TA training programs during this period. Although these modes
are excellent data sources for evaluating TA training programs and may be accurate at the
time of collection, the effect of training is not quantifiable or robust like numerical
measures. For example, A GTA may self-report the effectiveness and extreme agreement
with the usefulness of the TA training program in their first-year as a graduate student and
a novice TA. However, their views or beliefs may change over time, and be invalid a few
years later, and therefore utilizing a data source that has a short “shelf-life” may prove
unreliable over time. However, recording a measurable outcome such as a difference of

scores between GTA and expert has a finite error associated with it, and can be verified by
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repeating these measures over and over, if necessary. Thus, a quantifying or analytic

approach devoid of qualitative bias or transience is justified.

4.3.2 Justification of Interest in Growth Models for Assessing TA Training
Programs

Studying the nature of change with time is integral to educational and behavioral research,
almost as common as the study of chemical reaction kinetics in chemistry. A necessity of
any such study is a model, one that can guide the inquiry process, and result in a deeper
understanding of the phenomenon of interest. According to Raudenbush and Bryk (2002),
“studies of change typically use instruments that were developed to discriminate among
individuals [or observations] at a fixed point in time. Many studies collect data at only two
[pre, post] points in time. The practice of scaling instruments [or measures] to have a
constant variance over time can be fatal to studying change and determinants of change.”
A major objective of developmental science is to describe how, when and why individuals’
behaviors change over time!?®, A growth model is a longitudinal analysis of growth (or
change in measured outcomes) over time.

Contemporary use of the term ‘growth curve model’**® typically refers to statistical
methods that allow for the estimation of inter-individual variability (differences between
individuals) in intra-individual patterns of change (changes within an individual) over time.
One of the simplest explanations for the ubiquity of growth models is that this model
accounts for the changes in variance as well as changes in variables of interest.

In the present study, our interest is (1) to achieve accuracy and consistency in grading

general chemistry laboratory reports and exams and (2) provide professional development

139



training for GTAs to achieve that goal. Research and teaching experiences are mandatory
requirements in the graduate level chemistry curriculum. This indicates that the majority
of graduate level programs have a visionary interest in training each graduate student to
become a meticulous researcher as well as developing them as a competent teacher. The
terms ‘training’ and ‘development’ imply the need for monitoring change (1) with training
and (2) over time. The milestones (coursework, qualifying exams, candidacy exams etc.)
and time required for completion of a graduate PhD program are strong indicators it is not
intended to be a “graduate school treatment” with evidence of change using two reference
points: before and after graduate school.

The objective of growth curve modelling is to describe a set of time-ordered, within-person
observations using only a few parameters. Therefore, there is potential in using this
approach for tracking the efficacy of training GTAs in grading laboratory reports and a
promising analytic approach to add to existing program assessment techniques.
Therefore, we attempt to answer the following research question based on our growth
model approach.

¢ How do growth trajectories for individual GTAs or groups of GTAs progress with
time?
¢ Which factor (or predictor variables) can best explain any significant variations in

the grading-related growth trajectories of GTAs in the back reading study?
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4.3.3 Literature Review on The Use of Growth Models in Academic or
Intervention Studies

Growth models have been extensively used in early childhood education and particularly
language fluency studies.'®*** The attraction of a longitudinal approach to examining data
lies in the ability to utilize it to simulate predictions of future trends, and or use predictors
to explain certain trajectories in the observed trends. A great example of a linear growth
model is the study of children’s reading growth during the first two years of school. They
report that children average 1.67 points of reading growth per month. Student-level
variables such as socioeconomic status were significant for reading growth. Similarly,
school-level variables show that the socioeconomic status of school clientele and not
instructional differences or school resource allocations, explain the variation in results.
These findings provide evidence of the importance of early learning intervention programs
for lower socioeconomic status children. A key piece of this study is the use of linear
piecewise growth model to explain the transitions in reading growth when school is in
session and during summer break 3.

Another example of using a quadratic growth model is the characterization of vocabulary
growth rates for children below age 3. This study finds vocabulary growth to best an
exponential model (represented by a quadratic equation) **°

A much more complex analysis is reported by King et al. 32 using a technique known as
latent growth curve analysis (LCGA). Compared to hierarchical linear modeling (HLM)
discussed in this chapter, LGCA is more flexible and can provide unique curves for each
individual or groups of individuals, represented as deviations from the average function, in

addition to testing hypothesis about trajectories of interest.
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In their study examining 2618 students’ self-concepts in English and Math, the researchers
used an unconditional growth model (time as a predictor) to examine any systematic
variation in the self-concept measures. By adding predictors such as gender and school-
band (high, medium, or low ability schools in Hong Kong), they were able to determine
that girls showed higher self-concepts in English, while boys demonstrated these in Math.
Also, students from low-ability schools had lower self-concepts relative to those in higher-
ability schools based on the model results. There are numerous such studies utilizing
growth models or longitudinal analysis to examine the effect of interventions®®® or new
programs on the target audience(s), changes in self-reported measures of success, anxiety,
beliefs, and behavior. (Owens & Shaw, 2003; 3 137 The fields implementing growth
model approaches range from ecological research!® to oncology,'?® 1*° 140 psychometric
treatment?, reading interventionst®: 133 141 and even large scale studies such as traffic
management*? and tourism**,

Considering the scope and interest in using longitudinal analysis for studies from such a
variety of areas, it makes sense to explore whether it has been implemented in the field
STEM education or more specifically, chemistry education. There is only one documented
study thus far!#4, examining students’ cognitive and affective expectations and experiences
within the context of performing experiments in their chemistry laboratory courses. These
measures were collected using the Meaningful Learning in the Laboratory Instrument
(MLLI) administered to general and organic chemistry students from 15 colleges and
universities across the United States. However, the analysis in this paper is neither that of

a hierarchical or latent growth model, therefore, making the present study a first unique
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report of utilizing a growth model approach to evaluate the profesional training in grading

for Chemistry GTAs.

4.4 Growth Model Theory

4.4.1 Explanation of A Growth Model Using Individual GTA Grading Data
Our GTA training in grading focuses on achieving agreement and consistency in scoring
laboratory reports. Therefore, our outcome variable is the difference in the scores (A

score OR DIFSCR) provided by the GTA and the expert for the same laboratory report.

US UNIVERSITIES
West-coast Universities
UPNW (current study)

Department of Chemistry

First-year general chemistry course GTAs \

GTA Ducky (individual)

Measurement
occasions =@

Figure 40: Measurements recorded for an individual at various points in time

An individual is a part of many nested groups, as can be seen in Figure 40. Therefore, when
we collect measures of a variable of interest for multiple individuals, we can also use the

various “nesting” markers to group the data and build complex layers into our approach.
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Consider a set of outcomes measured for an individual GTA, Ducky, at different time
points: t=0,1,2,3.... and so on (Figure 40) *.

Hypothetically assuming an increasing trend in the difference in scores for GTA Ducky
and the expert the outcome variable (abbreviated as (DIFSCR as the term progresses, a
graph of the outcome variable versus time will probably resemble Figure 41°. This is the
most basic inference from a visual examination of a growth trajectory (illustrative only,
not actual data).

Analysis of such an increasing trend over time (simple linear model fit) would
mathematically be represented as:

Dependent Variable (DIFSCR) = (slope)*(time) + intercept

Growth Trajectory

DV v__—

t t+1 t+2  t+3

Figure 41: Graph of dependent variable vs. time, the trendline represents the growth trajectory for
this individual

*IMAGE SOURCE (34) EDLD 650 (spring 2016) Course slides from
SIMAGE SOURCE (35) EDLD 650 (spring 2016) Course slides
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We now have two features of interest in Ducky’s growth trajectory graph: the intercept and
the slope. The intercept represents the predicted value of the individual’s outcome status at
the beginning of measurement, also known as initial status. The slope represents the
average amount of change in the outcome per unit change in time. This growth model is
often referred to as a level-one growth model and requires only an identification variable,
clock variable, and outcome variable as input data. This model is mathematically

represented as shown in Figure 42°.

Level-1 Within-Person Model:
Y, =yt m(lime,)+ e,

Y,; is the outcome at time ¢ for individual i:

7, 15 the status of individual 7 when time =0

m,;1s the growth rate for individual 7 over the data collection
period (the expected change during a fixed unit of time)

e,; 1S a error term representing variation from the latent growth
trajectory at time 7

Figure 42: Statistical representation and terms in an unconditional, level- 1growth model

4.4.2 Examining Multiple Individuals in A Group for Overall Growth Trends

Our back-reading data is a measure of discrepancies (DIFSCR) between the GTAs scoring
and an expert’s scoring and used a strictly defined range of +1 unit of score difference
among raters. An ideal result for each back-reading measurement, after successful GTA
training, would be 100% agreement between the GTA and expert. In other words, for each

report which was graded, there would be no difference between the two raters’ scores.

° EDLD 650 (spring 2016) Course slide from Instructor
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[(GTA score) minus (expert score)] = zero

Understandably, this is an extremely ideal scenario with relatively low probability.

For data pertinent to multiple individuals on multiple occasions (i.e., repeated measures)
variation in the outcome variable is expected. The point of using a growth model is to
partition this variation. That is to say, to explore whether there is a systematic variation in
the outcome variable (DIFSCR), and whether it is significant enough to merit further
exploration. Additionally, if there is detectable significant systematic variation, we can
identify specific predictor variables that help us explain the cause of such variation. For
example, participation in back-reading function as predictor to explain the shift in intercept
or rate of change. If it is systematic, then the positive impact of the back-reading treatment
can be interpreted by detailed analysis of the growth model output. The other component
is random variation (such as random error) which inherently exists with measurements as
with any dataset.

Consider GTA Ducky’s peers in the general chemistry course, Molly, Milo, Klaus, and
May. Please refer to graphs and examples provided in the data and results section of this
report for more details. As a group, we now have a few variables that could influence the
trends we see:

Are the GTASs novices, or experienced? Have they undergone training in grading or not
participated at all? Do male GTAs’ growth trajectories differ significantly from those of
female GTA’s?

The first step of examining longitudinal data is to build an unconditional model. That is, to

simply examine only the outcome variable for any significant variances in slope and initial
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status. By analyzing any systematic variation in just the outcome variable, we can
determine if the next are worth pursuing. If significant variance is detected in the outcome
variable, the addition of a level-one variable (e.g., time) results in a level-one growth
model. This model provides information about the effect of time on the outcome variable.
If the systematic variation can be explained by the addition of the time variable, then the
slope and intercepts values would be statistically significant. That is to say, some of the
variance in the outcome variable is explained by the addition of time or a modified form
such as second order (time squared) or third order derivative (time cubed) of time.

Lastly, using relevant coded data such as participation status in the training program,
gender, discipline or prior experience status as predictors provides us with a conditional
model. A level-two growth model requires an additional layer of information apart from
ID, time, and DIFSCR (or outcome variable). A grouping variable is the key factor for a
level-two growth model. Are we grouping GTAs as experienced or novices? Participants
or non-participants? Male or female? A binary coding system is often used for the level-
two variable (male-female; present-absent etc.) However, the level-two variable is not
limited to just binary data-coding. There can be as many “boxes” in the level-two variable
as required. The essential aspect is that the ID variable linking the outcome variable to the
“boxes” is consistent. This ensures level-one and level two growth model data are correctly
tied-in so that the comparison is accurate. This nesting variable approach (using coded
predictors in level two models) can be used for as many levels as required and generates
what is termed “hierarchical multilevel modeling.” The effects of nested predictor variables
(such as participants versus non-participants; male vs female) provides information about

the changes over time including the effect of the level two variables (participation, gender
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etc.) and attempts to explain any systematic variation or pattern changes due to these
predictors. Thus, to examine the effect of a training program or intervention, a growth

model with predictors can be an extremely powerful tool.

Level-2 Between-Person Model:
o= Bopt Pos(X) + 7
Ty = p]O T BH(‘Yi) + Vi

Var(ry) =1 s S
0i) = Too Var(ry;) =t

Cov(ry;. i) = Tor
Bgg represents the ‘conditional’ mean status of individuals;
B ;o represents the ‘conditional’ mean growth rate of individuals;
X; are mndividual-level predictor variables
Po; represents the average “effect” of X] on individual status
pj; represents the average “effect” of X] on individual growth
1y capture the ‘conditional’ differences between an individual’s status and mean status
r); capture the ‘conditional’ differences between an individual’s growth rate and mean
erowth

Figure 43: Statistical representation and terms in an unconditional, level-2 growth model

A mathematical representation for the level-two or conditional (between persons) growth
model consists of various terms as seen in Figure 43”. When we add a predictor variable to
explore differences among groups of individuals over time, we generate a conditional,
growth model (level two, between individuals). This model compares the average
difference of intercepts and slopes between groups and tests for statistically significant

differences between groups.

" EDLD 650 (spring 2016) Course slide from Instructor
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For example, in the current study for training GTAs in grading, we wanted to explore the
differences between various GTAs by grouping them according to their experience level.
In our study, we used a binary-coding system, where novices = 0 and experienced (trained)
GTAs =1. GTAs Mickey, Mimi and Milo were novices in our study coded as “0” while
Molly had prior experience in grading and back-reading and was coded as “1”. The “prior
experience level” thus becomes a variable (known as a predictor variable) for analyzing
the nature of changes in measured outcome as a function of time. For purposes of brevity
in this chapter, we have included findings for using participation and gender as predictor
variables. Results and discussions for these models are presented in later sections of this
chapter. Of course, the overarching goal of this exercise is not just to provide definitive
answers to these questions but also substantiate them with evidence from observed trends

or statistical data from the growth model.

4.4.3 Missing Data

Often, longitudinal analysts encounter missing data for some participants at some points of
time for various reasons. The Hierarchical Linear Modeling (HLM) software allows for
extrapolation / interpolation to account for missing data in one of two ways: either delete
the missing data during the initial model set-up or include missing data extra/interpolation
during analysis only. The option of excluding missing data while preparing the input file
for HLM modelling versus excluding missing data while running the model analyses is

extremely useful for researchers using this technique.
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4.4.4 Other Useful Results from A Growth Model Output
We have already described unconditional growth models (level one, within individual) and
conditional growth models (level two, between individuals).
Another, rather the most basic model is called a null model which examines just the
variation in the measured outcome (no predictors at level one or level two). This model is
called an unconditional or null model, represented as:

¥; = Bo; +1y

Baj = Yoo + Ugj
In the first equation, Yijis the outcome for the i individual at level-1, nested in the level-
2-unitj. i.e., itis the level-1 intercept Boj + random unexplained variation (or error), rij. This
represents a level -1 of the null model (for within individual variance)
In the second equation, Poj is the outcome at level-2 of the null model, and is the sum of
v00, which is the average initial status across all individuals (level-2 intercept), + ug;, the
random variation (or error) associated with Boj due to individual variations. This null model
is the equivalent of a one-way ANOVA and is used to establish a baseline model for
comparisons with higher-level models.
(i) ICC (ii)Deviance and (iii) Pseudo R?
Intraclass Correlation Coefficient (ICC)
If a substantial proportion of the total variance in the measured outcome (DIFSCR) can be
explained by the amount of variance at level two (between individuals, or the value of ug),
then the most suitable statistical model is likely to be different from a simple regression

model.
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This proportion is termed as the intraclass correlation coefficient (ICC), calculated using
the formula (o) / (62 + T00)

where oo = Uoj = variance at level 2 and 62 = r =variance at level 1.

The value of ICC ranges from 0 to 1. According to literature sources'*®, ICC values > 0.1
can be a valid justification for the use of a multi-level growth model rather than simple
regression models.

Pseudo R?

To examine how much variance is accounted for as predictors are added to a model, we
can calculate Pseudo R2.

Pseudo R? = [(c? (unconditional) — 6? (conditional)] / [c*(unconditional)].

For example, a PseudoR? value of 0.5 calculated after gender is added as a predictor to a
model would be interpreted as 50% variance between individuals is explained by gender.
Deviance Statistic

Lastly, we are interested in the “fit” of our growth model!

Because the null model is like a baseline for later models, a deviance statistic represents
the primary fit in growth model analysis. It is mathematically stated as:
Deviance statistic = -2 (natural log of likelihood ratio)

We begin by examining the deviance statistic of the null model. After entering predictors
in the unconditional growth model (level one, within individual) we compare deviance
statistics for this model with those of the null model by hypothesis testing. Performing
iterative deviance tests before adding higher-level predictors into an existing growth model

ensures that the previous models already have the best possible fit.
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A smaller deviance statistic indicates a better fitting model.

A large deviance statistic indicates a poorly fitting model.

A model with predictors and a similar deviance statistic is not an improvement over the
unconditional or previous model.

4.4.5 Summary

Growth models allow us to track development or changes in desired outcome measures as
a function of time. In the case of GTA training, the measured outcome is the difference
between the scores provided by the GTA and the expert on the same laboratory report
(DIFSCR). Since every academic term and course comprises of a varied demographic
among GTAs, variables such as GTA experience, participation in the study, gender or other
teaching-related beliefs are likely to be informative level two predictors.

A quasi-experimental design does not involve random assignment to a control or treatment
group for data collection and analysis purposes. In our back-reading study, we worked with
several constraining factors such as non-mandatory participation, alignment with
department-laid rules and policies outlined with the Graduate teaching Fellow Federation
(GTFF) for work hours and expectation. Data collected during the back-reading had several
factors contributing to missing data. However, we are looking at growth models as an
exploratory method to assess training program efficacy at this stage. This approach adds to
the uniqueness of studies such as back-reading and adding a novel element to program

assessment in the larger context of chemistry education research.
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4.4.6 Research Questions
With the background information about growth models, we recap with our research
questions for the reader’s benefit:

e How does the trend in individual trajectory for a GTA change with time?

e What inferences can we draw from the growth trajectory about the impact of

training in grading? (Predictor variable: participation)

e Considering other predictor variables such as ‘experience’ or ‘gender’ for a level-
two growth model which factors explain the extent of differences in growth

trajectories /trends for GTAS?

e What information can a multiple predictor growth model provide in the context of

the backreading study?

4.5 Methods, Data and Results

4.5.1 Data Collection

Back-reading training and implementation were carried out as described in the earlier
chapter(s). We now summarize the data sourcing for developing a level-one and level two
growth model below.

All participant GTASs signed IRB forms permitting the use of graded lab reports and any
written comments for inclusion in this research project. All identifying information was
redacted before using scanned images or screen captures of graded student work. GTA

names were substituted with pseudonyms and numeric codes on datasets.
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GTAs were invited to attend a back-reading session with the course instructor or Head
GTA each week. During these sessions, three randomly selected laboratory reports from
the GTAs’ current grading pile were photocopied and graded by both the GTA and the
expert. Back-reading sessions lasted about 30-40 minute for all three laboratory reports
unless the GTA or expert had reasons for further grading/ discussion. These were our
“back-read reports.” As a follow-up to the back-reading process, GTAs were also requested
to draw three additional laboratory reports from their graded pile(s) for photocopying
before returning to the students. These additional samples may be termed as “post-check”
laboratory reports since back-reading on these laboratory reports was performed after the
reports had been graded, and relevant feedback about grading was provided only to the
GTA(s) and any score revisions were not available to students. In case the GTA(S) chose
not to attend a back-reading session with an expert, the only available data was from the
“post-check” laboratory reports (3 per week), and these were used for building the data sets
for growth model analyses.

Since our BR study at UO was implemented for two years, we consider the very first TA
orientation in the laboratory as our initial time-point (t=0). Since we have data from each
week hereon, time coding for the growth model was spans 0-89 weeks in total. We obtained
grading data from sample staff meeting grading, individual back-reading, and post- check
back-reading reports for this duration. The time coding for each “chunk” of our BR study
is shown in Table 20.

Table 19: Time-coding for longitudinal data in two-year back-reading study

Term Fall Y1 | Winter Y1 | Spring Y1 | Fall Y2 | Winter Y2 | Spring Y2
Coding
(Week) 0-10 14-24 26-36 52-62 67-77 79-89
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4.5.2 Data Preparation

Our variable of interest for building the growth model was the difference of scores
(DIFSCR) between those provided by the GTA and expert. For purposes of eliminating the
effect of direction of discrepancy (i.e., GTA score higher or lower than the expert), only
the magnitude of this difference was recorded as raw data. Since more than one graded
laboratory report was available for data recorded each week per GTA, the average and
standard deviation values of DIFSCR were also considered as potential sources of data for
building the growth model. Therefore, in all our growth model simulations, our
independent variable is time (in weeks), and our dependent variable or outcome variable is
the modulus of difference of scores (DIFSCR) which is a unitless quantity. Based on
necessity of our analyses, we also considered a manipulated form of DIFSCR such as
average per week as the dependent variable. For level-two predictor variables, we used (a)
participation and (b) gender. The coding for both predictor variables was intentionally
simplified to a binary format to keep our growth model interpretations simple and easy to
understand.

Table 20: Predictor Coding by Participation and Gender

Predictor Coding Participation Gender
0 Non-Participant Male
1 Participant Female
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4.5.3 Example of GM Data for A Single GTA’s Grading Pattern

We have discussed GTA Molly’s grading of laboratory reports extensively in the previous
chapter. Therefore, our individual GTA growth model analysis is presented in the next
section using GTA Molly’s back-reading data available for the time duration as shown in
Table 22. We collated data from Molly’s back-reading meetings and post-check laboratory
reports. Molly was a GTA for Fall, winter, and spring terms in Year 1 of our study and
Fall, winter terms in year 2. For a total of five terms, we have longitudinal data coded by
week and student ID.

Table 21: Data for GTA Molly; coded for weeks in the back-reading study

Term Fall Y1 Winter Y1 | Spring Y1 Fall Y2 Winter Y2
Coding
(Week) 0-10 14-24 26-36 52-62 67-77

We begin with an unconditional means model (or commonly known as a null model) which
has no predictors at either level to examine whether there is systematic variation in the
outcome worth exploring. If yes, does it exist within person(s) or between two or more
individuals?

For GTA Molly, the unconditional means model output and graph is as shown in Figure
44. This model shows us an intercept value (yoo) = 1.31+0.12, which is statistically

significant (t-ratio = 10.374, df = 35, p<0.001).
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Mixed Model

DJTFSCJ.I.;:' = ::-'_rlh_rlh
+ 735" CLOCK; + g1,

Final Results - Iteration 197

Iterations stopped due to small change in likelihood function

o =123476

INTRCPTL,5;, 0.04583

Fandom level-1 coefficient  Reliability estimate
INTRCPTL.5, 0.127
The value of the log-likelihood function at iteration 197 =-2 280733E+02

Final estimation of fixed effects
(with robust standard errors)

Fixed Effect Coefficient Standard f-ratio Appm‘}i; p-value
BITOT daf
For INTRCPTL. g,
INTRCPTZ, yg5 1917850 0.188941 10.151 35 =0.001
For CLOCK slope, £,
INTRCPT2, y;,  -0.019276 0004058 -4.750 107 =0.001

Final estimation of variance components

. Standard Variance .
Fandom Effect . df e p-value
Deviation Component v -

INTRCPTIL. u; 021408 0.04383 35 3909129 0291
level-1,r  1.1201§ 1.25476

Statistics for current covariance components model

Deviance = 436.146643
Number of estimated parameters =2

Figure 44: Model output for GTA Molly's longitudinal data, unconditional means model
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DJ‘I—F-\-CJ.;.I..' =Tam — L!,-..-— :PI
Ll Ly i

Final Results - Iteration 2
Iterations stopped due to small change in likelihood function

o* = 1.20630

INTRCPT1.5, 020847

Random level-1 coefficient  Reliability estimate
INTRCPTL.5, 0.391

The value of the log-likelihood function at iteration 2 = -2 317212E+02

Final estimation of fixed effects
(with robust standard errors)

Fixed Effect Coefficient Standard f-ratio .r"-.ppru‘:si; p-value
BITOT df
For INTRCPTL. §,
INTRCPT2, 75, 1.305356 0.119924 10.886 35 <0.001
Final estimation of variance components
Random Effect _>2ndard Variance ;o v p-value
Deviation Component ¢ -
INTRCPTL, u, 045638 0.20847 35 3751420 0.010

level-1.,»  1.13835 1.29630

Statistics for current covariance components model

Deviance = 463 442443
Number of estimated parameters = 2

Figure 45: Level-1 model output for GTA Molly's back-reading data
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When we proceed with generating a level-1 model for GTA Molly’s back-reading data, the
model fit improves slightly based on deviance test results as described previously. That is
to say, adding the “time” as a variable allows for a better model fit,

and is likely to help explain the variance in DIFSCR better than the unconditional means
model. Figure 45 shows the model output for the level-1 model.

The intercept value (y00) = 1.91£0.19, is analyzed in the model and determined to be
statistically significant (t-ratio = 10.151, df = 35, p<0.001).

The slope of the level model is = -0.019 + 0.004 indicating a significant decreasing trend
over time (see Figure 46), which is a desirable outcome for our study. (t-ratio = -4.750, df=
107, p< 0.001). We are also limiting our growth model fit to only linear, instead of

exploring a quadratic, cubic or other polynomial fit at this stage.

DIFSCR = By = By ICLOCE ) = ry

MFSCR

Figure 46: Level-1 model graph for GTA Molly's back-reading data

Model Interpretation Summary
Table 23 highlights the estimated parameters of interest from the model outputs along with

a brief explanation of the technical definition and interpretation.
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Table 22: Estimated parameters for GTA Molly, level-1 model

Technical notation
and definition

Interpretation

Values from model
output

) - voo = Average true | Average DIFSCR
(I;r?;ﬁ;lstatl:;tercept initial  status for | value estimated at | 1.91*+0.19
GTA Molly t=0
Levell slope (rate | yio = Average true | Average change in|-0.019* + 0.004
of change) rate of change DIFSCR over time |(per week)
I . Amount of variation | 0.0458 (not
Within —person | o= WIthin person | i individuals |statisticall
variance variance . atistically
over time significant)

Equation: DIFSCRoy) = 1.91 -0.019(Clock) + error

For Molly’s back-reading data from weeks O through 77, an initial status of DIFSCR =

1.91+0.19 which is statically significant compared to O(t = 10.151, df = 35, p<0.001). This

is indicative of the GTASs receptiveness to the training provided at the start of the term.

With regards to slope, a decreasing trend in the outcome variable over time is indicative of

GTA’s grading was progressing in a desirable direction and tending to zero (or 100%

agreement with expert scores). This rate of change is further quantified as (-)0.019 + 0.004

units/week and found to be statistically significant as well. Deviance for the null model is

463.44 and for the level-1 model it changes to 456.15. As described earlier, a lower

deviance is a better fit.

Based on this output, we can say that GTA Molly’s individual growth curve follows a

promising trajectory as a reliable grader.
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4.5.4 Example of GM Data Over Two Years of Back-Reading for Groups of
GTAs

Let us now consider multiple individuals using back-reading data from four GTAs (names
changed) Molly, Mickey, Mimi, and Milo. collected over two years. This dataset contains
the ID, clock and DIFSCR variable but also codes for back-reading participation
(Treatment compliance abbr. TXCOMPLI), term as well year for examining any changes
over time. The TXCOMPLI variable coding was performed based on observational and
empirical evidence from back-reading meetings. If a GTA attended three or more back-
reading meetings, their TXCOMPLI status was coded as a participant or numerically, as
one. Otherwise, it was coded as a non-participant or numerically as 0. (participant = 1, non-
participant =0). Therefore, a GTA who graded inaccurately or unreliably even after
attending individual back-reading was still coded as a participant. Consequently, it was
anticipated that their growth trajectory would reflect the negligible impact of training
despite their participation. A nested model or level-2 model with one predictor variable
provides us additional information such as the effect of that predictor e.g., participation
and therefore the data for participant GTAs with negligible training impact would be
reflected in the nested growth models comparing groups such as participants sand non-
participants.

Model Interpretation Summary

Figure 47 shows the model output for a level-2 model using GTA codes (1,2,3, and 4) and
treatment compliance (TXCOMPLI). Figure 48 is the graph output corresponding to this

model and can be interpreted using the tabulated information below.
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Using four GTAs (Molly, Mickey, Mimi, and Milo) back-reading data from weeks 0
through 90, we observe an initial status of DIFSCR = 4.65+0.30 which is statically
significant compared to O(t = 15.31, df = 108, p<0.001). There is missing data for GTAs
during the weeks 0-14 and therefore we see a gap in the model graph. This tells us that
there is significant difference between the estimates for true initial status for participant
GTAs versus non-participants. The former group has an average 2.48 lower initial DIFSCR
(from yo1) compared to non-participants. The mean difference between GTAs initial status
is statistically significant and tells us that back-reading training has a measurable impact.
With regards to slope, a decreasing trend in the outcome variable over time is indicative of
GTA’s grading was progressing in a desirable direction and tending to zero (or 100%
agreement with expert scores). This rate of change is further quantified as (-)0.019 + 0.004
units/week and found to be statistically significant for the two groups of GTAs as well.
Deviance for the level-1 using time predictor is 1433.74 and for the level-2 model with the
TXCOMPLI predictor, is lowered to 1352.80. Therefore, the addition of participation as
predictor variable is substantive, and helps to explain the variation between trajectories for
groups of GTAs. The individual trajectories for the four GTAs are as shown in Figure 49.
At this stage, we can provide sufficient evidence that participation in back-reading training
follows a linear decreasing trend following the trajectory similar to an expert grader and
impacts grader reliability positively. A model that uses two or more predictor variables
provides useful information about the combined effect of both variables on the outcome.
In the case of using the participation variable and individual GTA codes, model results

continued to be statistically significant.
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DUFSCR, = jog + 75, TXCOMPLI
+7,, CLOCK, +u *r,

Fun-time deletion has reduced the number of level-1 records to 427

Final Results - Iteration 6
Iterations stopped due to small change in likelihood fonection
o° = 1.04993

T
INTRCPTLS, 046338

Fandom level-1 coefficient  Reliabilitv estimate
INTRCPTL.A, 0.633
The value of the log-likelihood function at iteration 6 = -6.764010E+(02

Final estimation of fixed effects:

Fixed Effect Coefficient Standard t-ratio :\ppmﬁ p-value
rTar df ¢
For INTRCPTL, 5,
INTRCFT2, y,, 4637350 0304213 13310 106  =0.001
IXCOMPLL y,,  -2483208 0209287 -11.863 106 =0.001
For CLOCK slope, 8,
INTRCPTL. y,, -0.024976 0.00395F  -6.300 318 =0.001
Final estimation of fixed effects
{(with robust standard errors)
Fixed Effect Coefficient S-'Et;j':? f-ratio Appr;:i p-value
For INTRCPTL. A,
INTRCPTL, y,, 4637350 0207093 22.480 106 <0001
TXCOMPLL y,, -2.48320%8 0.162221 -13.308 106  <0.001
For CLOCK =lope, g,
INTRCPT2. y,, -0.024976 0003331 7408 318 <0.001
Final estimatien of variance components
Fandom Effect Standard vananee df s p-value

Deviation Coemponent
INTRCPTL, u,  0.6821% 046538 106 238.26280 =0.001
level-1.»  1.02466 1.04993

Statistics for current covariance components model

Deviance = 1332.802037
Number of estimated parameters =2

Figure 47: Growth model output for Four individuals using TXCOMPLI (participation) as
predictor variable
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Table 23: Estimated parameters for FOUR GTAs (Molly, Mickey, Mimi, and Molly), level-2
model with participation as predictor

participation

Technical notation and | Interpretation Values from
definition model output
Levl-1 yoo = mean of level-1 | True initial status for | 4.65+0.30*
intercept intercepts for individuals [non-participants.
(initial status) | with predictor variable =0
vor = Mean difference in | True initial status | -2.48+0.21*
level-1 intercepts for a 1- |difference between
unit difference in level-2 jnon-participants  and
predictor participants.
Levell slope | B1 = yi0 = Mean difference | True rate of change | -0.025+0.003*
(rate of | in level-1 slopes for a 1- [for non-participants.
change) unit difference in level-2
predictor.
Within person | 60> = level-2 residual | Residual variance in | --
variance variance in true intercept |intercept  controlling
across all individuals for participation
Between c1> = level-2 residual | Residual variances in | 0.465% (> =
person variance in true slope [true rate of change, | 288.26, df = 107,
variance across all individuals controlling for | p<0.001)

DIFSCR

5.711

371

171

-0.29

—

GTA_CODE =
GTA_CODE =
GTA_CODE =
GTA_CODE =

A w N e

T
40.00

CLOCK

T
0 20.00

T
60.00

T
80.00

Figure 48: Graph output for level-2 growth model using data from four GTAs, TXCOMPLI and
Individual GTA code predictor variables
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—— TXCOMPLI=0

TXCOMPLI=1
4314

DIFSCR
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CLOCK

Figure 49: Graph output for level-2 growth model using data from four GTAs, TXCOMPLI
predictor variable

Note On the Linearity And “Clean Data” Model Graphs

We believe the equidistant and parallel trendlines are due to missing data combined with
the limitations of using a linear fit. We absolutely acknowledge the possibility that better
fitting non-linear trajectories would result if we explored quadratic or other higher order
variables in our datasets. However, due to limited time and beginner-level knowledge of

this approach and technical proficiency, we limited our exploration to a linear fit.
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4.5.5 Example of Two Years GM Data of Back-Reading for All GTAs

We also used the participation (TXCOMPLI) predictor to examine data for 108 TAs over

2 years. Our input data was the average DIFSCR recorded on four discrete occasions in

each term for each GTA. Data was coded for GTA ID (n =108), Clock (weeks),

Participation (TXCOMPLI) and gender. As discussed extensively, not all GTAs were

participants. Complete dataset for each GTA were collected as much as possible, and

coding was informed by observational and empirical data from training, staff meeting and

individual backreading meetings. The model output for a level-1 growth model using

participation (TXCOMPLI) status of 108 GTAs as a predictor variable is shown in Figure

50. We provide a brief discussion of model estimates in Table 25. The model graph is

shown in Figure 51.

Table 24: Estimated parameters for all GTAs (n =108), level-1 model.

Technical notation
and definition

Interpretation

Values from model
output

Level-1 intercept
(initial status)

voo = Average true
initial status for
large group of

Average DIFSCR
value estimated at

1.89+0.27 *

(t=7.034, df =107,

GTAS (n=108) time =0 0<0.001)
Levell slope (rate v10= Average true | Average change in -0.0004 = 0.004
of change) rate of change DIFSCR over time (per week)

Within person
variance

Mo= within person
variance

Amount of
variation within
individuals over

time

1.37* (32 = 629.06,
df=107, p<0.001)

Equation: DIFSCRmory) = 1.88 -0.00004(weeks) + 1.36 + 1.08
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Mixed Model

DIFSCR,,=p,,
+B,"WEEKS, =1, 7e,

Run-time deletion has reduced the number of level-1 records to 424

Final Results - Iteration 6
Iterations stopped due to small change in likelihood function
o® =1.08831

T
INTRCPT1,z, 136750

Random level-1 coefficient  Reliability estimate
INTRCPT1,7, 0.828
The value of the log-likelihood function at iteration 6 = -7.199388E+02

Final estimation of fixed effects:

Fixed Effect Coefficient S t-ratio S

error df ? s
For INTRCPT1, 7,

INTRCPT2, B, 1.880996 0.267420 7.034 107 <0.001
For WEEKS slope, 7,

INTRCPT2,8,, -0.000471 0.004788 -0.098 315 0922
Final estimation of fixed effects
(with robust standard errors)
Fixed Effect Coefficient — t-ratio i p-value
error df.

For INTRCPT1, 7,

INTRCPT2, B,  1.880996 0.185861 10.120 107 <0.001
For WEEKS slope, 7,

INTRCPT2, 8,,  -0.000471 0.004447 -0.106 315 0916

Final estimation of variance components

Random Effect Stagd_ard SR

Deviation Component

INTRCPTL,7, 1.16940 1.36750 107 629.06071 <0.001
level-1, e 1.04322 1.08831

df. s p-value

Statistics for current covariance components model

Deviance = 1439.877666
Number of estimated parameters =2

Figure 50: Level-1 model output for 108 GTAs
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DIFSCR
f

----------------------

Figure 51: Graph output for level-1 model for 108 GTAs

Model Interpretation Summary

The overall group of GTAs over two years showed a decreasing trend in DIFSCR
measures. This was found to be statistically significant. The rate of change in DIFSCR,
although decreasing, is not statistically significant. The error term in the level-1 model
output shows us that the time predictor is substantive in explaining the variance in DIFSCR.
That is, addition of the time predictor variable helps explain the positive impact of back-
reading training over two years. The graph output below agrees with our findings for this
model. Finally, we examine the data for all 108 GTAs with 2 predictors at level 2:
Participation and gender (male or female). The model output for a level-2 growth model
using participation (TXCOMPLI) status of 108 GTAs as a predictor variable is shown in
Figure 52. This is followed by a summary discussion based on the model estimates (Table

26) and model graph (Figure 52).
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DIFSCR, = fl,0+ B IXCOMPLI, + §,,*GENDER,
+ 8, FWEEKES,

N "l'u'_ e.'u

Fun-time deleticn has reduced the number of level-1 records to 424

Final Results - Iteration 7
Iterations stopped due to small change in likelihood function
o= 1.03336

T
INTRCPT1lm, 043031

Fandom level-1 coefficient  Rehliability estimate
INTECPT .7, 0613
The value of the log-hkelihood function at iteration 7 = -6.701312E+02

Final estimation of fixed effects:

Fixed Effect Coefficient Standard t-ratio AppIoE. p-value
eITOr af

For INTRCPTL, 7,
INTRCPT2. 5, 4181316 0346645 12062 105 =0.001
TXCOMPLL £,, -2.383313 0208012 -12.420 105 =0.001
GENDER. £, 0442158 0.186130 2661 105 0.009

For WEEES zlope, 7,
INTRCPTZ, 8., -0.026852 0.003953  -6.793 315 =0.001

Final estimation of fixed effects

(with robust standard errors)

Fixed Effect Coefficient Standard t-ratio Approx. p-value

ETTOr af

For INTRCPTL, a,
INTRCPTL g, 4181326 0276000 15130 105 =0.001
TXCOMPLI £, -2.383515 0.156018 -16.539 105 =0.001
GENDER, 4, 0442158 0139771 2767 10:  0.007

For WEEKS slope, 7,
INTRCPTL, &, -0.026852 0003600 -7.439 315 =0.001

Final estimation of variance components

Random Effect Standard . Variznce df. ' p-value

Deviation Component ¢ - ‘
INTRCPT1,», 0.63398 0.43031 105 27001673 =0.001

level-1, e 1.02633 1.03336

Statistics for current covariance components model

1N 6707

Deviance = 1340262307
Number of estimated parameters =2

Figure 52: Level-2 model output for 108 GTAs using participation and gender as predictor
variables
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Table 25: Estimated parameters for 108 GTAS level-2 model with participation and gender as
predictors.

Technical notation and | Interpretation Values  from
definition model output
Levl-1 Yoo = mean of level-1 True initial status for 4.18+0.346*
intercept intercepts for individuals | male GTAS (t=12.062, df
(initial status) |with predictor variable =1 =105, p<0.001)
vo1 = Mean difference in | True initial status 0.44 (not
level-1 intercepts for a 1- | difference between statistically
unit difference in level-2 | male and female GTAs | significant)
predictor
Levell slope | B1=y10=Mean difference | True rate of change for | -0.027+£0.003*
(rate of in level-1 slopes for a 1- male GTAS
change) unit difference in level-2
predictor.
Within person | co? = level-2 residual Residual variance in 1.05
variance variance in true intercept | intercept controlling for
across all individuals gender
Between 012 = level-2 residual Residual variances in 0.43*
person variance in true slope true rate of change, (x2 =270.02, df
variance across all individuals controlling for gender | = 105 p<0.001)

From the tabulated output estimates (Table 26) and graph in Figure 53 we can see that
backreading does have a measurable impact on the outcome variable. Male GTAs who
participated in backreading have significantly lower initial status compared to those that
did not participate actively. Female participant GTAs also follow a similar trend. There are
no detectable significant differences between male and female GTAs, but definitely exist
between participants and non-participants. Once again, the limitations of using only a linear
fit result in parallel-looking model fits, which appear equally spaced. At this stage, there is
no specific interpretation for these trendlines. The only reliable comment on the slope or

true rate of change is that it is statistically significant over time. The inclusion on
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participation and gender terms allows for a better model fit as seen from the deviance and

the statistically significant estimate of the variance in the data for 108 GTAs.

4697

TXCOMPLI = 0,GENDER =1
””” TXCOMPLI = 0,GENDER =2
TXCOMPLI = 1,GENDER =1
— TXCOMPLI = 1,GENDER = 2

DIFSCR

1.054

-0.16 T T T J
14.00 31.00 48.00 65.00 82.00

WEEKS

Figure 53: Graph output for level-2 model for 108 GTAs using participation and gender as
predictor variables

4.6 Discussion

In response to the research questions stated in this chapter: The individual trajectory as
shown for GTA Molly and as seen from other level-2 model graphs and estimates shows a
downward trend in DIFSCR. This is a desirable outcome for our backreading study.

The rate of change in DIFSCR was found to vary significantly over time. This merited
further inclusion of predictor variables and examination of other influencing factors.
Predictor variables such as participation and gender add substantive robustness to the
model and help us explain the systematic variance in DIFSCR trends. Considering multiple

predictors in a single growth model also provided us with illustrative evidence of the
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positive influence of backreading training and which predictors are relatively more reliable
for explaining the variance in trends.

Our growth model approach is at a preliminary or exploratory stage for this type data and
study. Limitations of our growth model approach include missing data, absence of
informative predictor variables such as educational major/background, years of experience
in teaching and self-reported teaching efficacy measures. The biggest limitation, though, is
the use of only a linear fit to attempt an explanation of the trend and estimates. Utilizing
higher order derivatives of data and including them in the growth model would
undoubtedly provide us with rich, informative, and statistically robust interpretations that
could be used to further fine-tune the backreading process and make it effective using
evidence-based designs.

The use of a growth model approach is most certainly a notch above the conventional
qualitative feedback methods. Further, the statistical estimation, ability to utilize large data
sets with highly simplistic measurement criteria (ID, clock, outcome, predictors) makes it
an attractive tool to explore. Comparatively, quantifying, inductively reasoning with and
coding data obtained from focus groups, surveys, interviews etc., is highly time-
consuming, often impacted by researcher bias and subject to non-continuity i.e., the
feedback may not necessarily be valid at a later time. A growth model accounts for not
only the measures but also the variance in measures and allows for a deeper analysis with
ready-to-use tools, thus making program assessment a robust, informative process with a

relatively faster turnaround time on interpretation and implications.
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CHAPTER V: CONCLUSION AND FUTURE WORK

We conclude by summarizing our research findings from the backreading study and
identifying potential areas of extending its scope for future researchers. The demography
and population of graduate students pursuing higher education has changed drastically over

the last 70 years (Figure 54)4,

Number of doctoral degrees (in thousands) earned in the United
States between 1950-2020
W Female
2020
Male
2010
2000
1600 | e—
1980
1970
1950
0 20 40 60 80 100

Figure 54: Adapted data from Statista for doctoral degrees awarded between 1950-2020

PhD graduates with proficiency in specific disciplines or materials are sought
competitively in industry and other research collaborations. As trained professionals, they
encounter new knowledge and methods to navigate expectations of performance for career
growth. There is also an element of mentorship associated with these career trajectories.
As amentee, receiving timely and effective feedback from supervisors or peers is important

to deliver the best possible results within specified timeframes.
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As a mentor, being able to assess the current success status, rate and provide input on
furthering it becomes critical. As part of their graduate training, doctoral students undergo
regular evaluations at weekly or monthly meetings with academic advisers. They are also
expected to successfully complete annual formal evaluations and presentations at
conferences etc. to demonstrate their academic and research progress. Reliable
understanding of the subject matter and consistent demonstration of progress as mentees
are benchmarks for these evaluations. The frequency and high standards of these
evaluations substantiate the necessity of appropriate training programs for graduate
students.

Teaching experience is often a small element relative to the discipline-specific training and
research components in a graduate students academic and professional development.
However, it is possibly the only exposure to being a ‘mentor’ to another individual and
working to ensure their [student’s] success. As Dewey rightly says, “Education in order to
accomplish its ends both for the individual learner and for society must be based upon
experience—which is always the actual life-experience of some individual”**’. Many
graduate students pursuing doctoral degrees choose to pursue careers as academic scholars
and tenured teaching faculty where the tenure portfolio is broadly partitioned as “research-
teaching-service” with ratio of each vary by type of institution. For example, a Tier 1
research institution would specify an assistant professor’s academic profile as 40%
Research, 40% Teaching and 20% Service with university specific expectations of each. A
two-year community college on the other hand is likely to specify 70% Teaching, 20%
Research and 10% Service.® 148, Thus, future faculty members would be expected to draw

from their experiences as a GTA to perform their teaching responsibilities in academia.
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This further reinforces the need for training in assessment or grading as a key skill for
GTAs.

This dissertation provides a detailed account of development of backreading as a training
protocol. Exploration of areas where further elements of training are required is evidenced
through qualitative and quantitative analysis of grading. Most importantly, we conclude
this work with a first-known implementation of growth models as a longitudinal program

evaluation method.

5.1 Conclusions (Summary of Results from Previous Chapters)

5.1.1 Design and Development of Back-Reading for Training GTAs In Grading

Training in grading for GTAs must be a continuous professional development process.
That is, training should not be restricted to only the “orientation” session at the start of term
or orientation week, but throughout the academic term or year. Back-reading process for
training GTAs is an adaptation of an established evaluation protocol used for grading
Advanced Placement (AP) Chemistry student responses. Thus, validation of this method
itself is not in question. The effect of back-reading training is observable after grading 3-4
laboratory reports initially, and this number decreases with time based on empirical data.
GTAs response and feedback on BR training indicates mostly positive responses where
they recognize the value of being able to grade accurately and consistently. BR process
also serves as needs-based platform for GT As to share their concerns about grading, quality
of student work, or the demands on their own time. Observations specific to international

GTAs (non-native speakers of English) indicate that they valued such training and
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opportunities for interaction more than domestic peers because it helped them overcome
cultural and language barriers when communicating with their students.
Monitoring GTAs’ grading using back-reading and providing them with feedback on their
grading practices throughout the term serves multiple purposes:
e Understanding rubric design and accurately implementing rubric criteria. (GTAs
input during staff meeting grading exercises were included to ensure optimal rubric

design and clearly phrased criteria).

e Consistent grades across the board mean reduced complaints from students about

lower grades.

e Reduction in grade inflation issues due to monitoring and feedback to GTAS via

individual BR meetings.

GTAs who incorporate BR training into their teaching practices are found to not just be
accurate and consistent graders, they are also likely return assignments to students in a
timely manner. By receiving accurate feedback on their weekly laboratory reports, students
learn from their mistakes, improve their writing skills as well as their understanding of
chemistry. These factors impact the overall success rate in general chemistry courses and
STEM discipline attrition. BR Training program design and analysis of the results provide
insight into the factors that potentially impact the success and sustainability of such
initiatives. University and departmental-level policies, time and personnel constraints are
all essential variables to consider with BR studies. Based on our preliminary data at the
beginning of the study, we believe orientation week training should, unquestionably

address grading as a key GTA responsibility. Clearly outlining expectations of accurate
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and consistent grading along with hands-on opportunity to grade and understand these
expectations are critical for GTAs. There is tremendous scope for a shift in perspective
from “grading, a time-consuming task” to “grading, an important skill in a professional’s
toolkit” and training in grading should be designed to be a continuous, heuristic process to

reinforce this view.

5.1.2 Qualitative Analysis of Graded Student Laboratory Reports

Qualitative examination of two high-quality and two low-quality laboratory reports (as
designated by GTAs) were reported to highlight the areas where GTA feedback or
annotations were determined as relevant and effective (or otherwise) for the student.
Molly was a back-reading participant and reliable GTA based on laboratory observations,
constructive and effective feedback to her students. We observed data for Molly’s class as
having an overall positive environment and cumulative development of scientific writing
skills.

Klaus’ grading shows numerous instances of irrelevant and at times, non-legible feedback
which invariably created an overall negative experience for his students. Klaus did not
participate in back-reading meetings and only underwent the required start-of-term
orientations. However, we also believe that Klaus and his students would have greatly
benefited by his continued participation and utilization of resources in back-reading
training.

The implementation of an organically designed conceptual analysis rubric (CAR) designed
to examine the degree (high, medium, or low) of chemistry-specific proficiency in student

responses shows that discrepancies in GTAs grading continue to exist despite provision of
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training. This highlights two major issues for consideration: two independent rubric
designs (back-reading and conceptual analysis) resulted in similar scores for the researcher
but several deviating scores for GTAs. Granted these analyses were performed
independently, however, the significant DIFSCR gaps between expert and GTAs tell us
that the back-reading study lacks a chemistry concept focused component of training.
Inclusion of such a component will not only reduce grading discrepancies, but also help
GTAs evaluate and provide comments specific to chemistry proficiency to their students,
beginning with rubric design. A chemistry concepts component to training would have
GTAs participate in active learning methods like think-pair-share or flipped classrooms,
wherein they would play the role of students during staff meeting and visualize how
students may think or interpret their findings. Such active learning elements work to attune
GTAs to look for critical concepts and the extent students actually understand them during
laboratory experiments. GTAs would then couple the chemistry concepts task they
performed during staff meeting with their own observations of students in the laboratory
during the session and use all this information holistically to comment, annotate, and guide
students on conceptual understanding. It will be interesting to examine such qualitatively
rich data by itself. Additionally, if there is scope of coding or quantifying it, then the
longitudinal analysis of students’ chemistry conceptual mastery within a 4-year majors’

discipline is an exciting long-term project to consider.

5.1.3 Growth Models as A Unique Approach for Evaluation of Grading Training

Our BR longitudinal data spans two years and is the first known report of implementing a

growth model approach to a training program for GTAs.
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Our explorations of using a growth model to explain any systematic variations in outcome
variable (DIFSCR) the difference of scores between GTAs and expert were limited to a
linear fit and yielded promising results. We determined that GTAs’ grading skills generally
improve over time and follow a favorable trajectory having minimal deviations from an
expert grading trajectory. However, many factors can and will influence these trends and
they have not been explored to their full potential.

The individual trajectory as shown for GTA Molly and as seen from other level-2 model
graphs and estimates shows a downward trend and a favorable outcome for our backreading
study. Most GTAs begin at an initial DIFSCR of 4 or 5 points, and gradually understand
and assimilate grading like an expert tending to DIFSCR of 1 or zero. The rate of change
of DIFSCR is very small in most of our model simulation but estimated parameters show
us they are statistically significant. Inclusion of predictor variables and examination of
other influencing factors added substantive value and evidence to explain the systematic
variance in DIFSCR trends. There were no statistically significant differences between
Male and Female GTAs. However, Participation as a predictor variable resulted in
statistically significant differences between BR participants and non-participants, thereby
supporting our hypothesis that BR training is effective and impacts GTA grading practices
positively. The growth model approach presented is preliminary or exploratory at this stage
for this type data and study. Limitations of our growth model approach include missing
data, absence of informative predictor variables such as educational major/background,
years of experience in teaching and self-reported teaching efficacy measures. We also
acknowledge the inherent limitations caused by use of only a linear fit to attempt an

explaining trend from parameter estimates. Utilizing higher order derivatives of data and
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including them in the growth model could certainly provide us statistically robust
interpretations. However, these were not pursued due to researcher’s limited technical

knowledge and availability of time at this stage.

5.2 Future Work ldeas

5.2.1 Furthering the TA Training Protocol: Expectancy Value Theory

We have utilized andragogy °* to develop our framework for present research. This adult-
learner-centric on the adult learner, continues to be process-oriented i.e., it seeks out
information to build a ‘needs-input-feedback’ loop that analyze and enhance adult learning
programs. Our backreading study is a successful example of applying the assumptions in
andragogy to GTAs and providing professional training in grading laboratory reports. We
have also successfully provided evidence of the influence of such training by measuring an
unbiased outcome variable and information-rich longitudinal data. There is tremendous
scope for further exploration of GTA adult learners’ specific motivation and values
associated with the task of grading. Expectancy value theory (EVT) is a development lens
which would be helpful in examining GTAs’ beliefs and values towards grading. This
theory from the early 2000s by Eccles et al. 4° postulates that achievement-related
decisions are motivated by a combination of individuals’ expectations for
success and subjective task value in particular domains. For example, children are more
likely to pursue an activity if they expect to do well and they value the activity. The EVT
model further identifies four major components in task values: attainment value (i.e.,
importance of performing task well), intrinsic value (i.e., personal enjoyment), utility
value (i.e., perceived usefulness for future tasks), and cost (i.e., competition with other
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goals). According to the expectancy-value model, expectations for success and task value
are shaped by a combination of factors. These include child characteristics (abilities,
previous experiences, goals, self-concepts, beliefs, expectations, interpretations) and
environmental influences such as cultural milieu, socializers’ beliefs and behaviors *°°.
Variables or patterns of interest for furthering the backreading study would be (a) pre-and-
post training values GTAs assign to grading-related tasks and (b) quantifying or
numerically coding these measures as predictor variables in a growth model. The working
hypotheses may be stated as:

(i) GTAs with higher positive expectation values would demonstrate more persistent

effects of backreading training and have higher rate of growth as expert graders.

(i) GTAs with lower expectation values would demonstrate a significant shift in their pre-
versus post training trajectories possibly attribute-able to the effect of training and
recognition of actual value added by grading-related activities to their regular

responsibilities.

By implementing the combination of andragogy, EVT and growth modeling methods, we
could also examine the bigger picture with questions about GTAs’ self-concepts as
teachers, their beliefs about their own teaching and grading; values they place on the
outcomes of their grading of student assignments. Findings from these studies would also

inform resources designed to support students in the general chemistry course as well.
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5.2.2 A Unique Rewards program: GTA Digital Badges

Figure 55 is a visualization of the number of articles published in the last decade about
“digital badges. Leading up to and during the COVID-19 pandemic there is a significant
growth in these studies.

A digital badge is a form of recognition for learning achievements outside the traditional
academic records. Digital badges validate the accomplishment, skill, or competencies
earned in typically online learning environments. In other words, Digital badges are virtual
visual representations, accomplishments, skills, or awards that present the characteristics
of physical merit badges or awards but go farther in providing validation to viewers in that
they are linked to metadata or artifacts. This new technology is capable of transforming
accreditation and evaluation processes for educational and corporate contexts using

information participants performance in training or work related activities.®
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Figure 55: Scatter plot showing the rise of publications on "Digital Badges™ between 2004-2022

Digital badges have been extensively reviewed between 2018-2021and are incorporated
for purposes ranging from motivation, encouragement, participation, recognition 1% 1% to
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awareness behavior change self-regulated learning, and achievement, skill accomplishment
or final assessment.® There is empirical evidence of digital badging positively
influencing learner motivation even without affecting grades. 1*°. Utilizing digital badges
for pre-service teachers and students in programs for education licensure provide a wealth
of qualitative data on the perspectives of participants and how they assign a utility value to
their digital badge history. Some examples of grading -related digital badges for TAs are
outlined below. These are designed based on existing digital badges in teaching/education.
156 Therefore, there is substantial evidence that digital badges can be a promising add-on
to goal-specific training programs such as back-reading. Table 27 is an example of some
proposed ideas for GTA digital badges in the backreading training program.

Digital Badge Design is informed by at least three core features: specific function
of badges, the structure of badge systems, and the different types of design and interaction
features used with badges.’®”. Though users can be motivated by the social status
accompanying badges, designers also have to consider that the more users earn a particular
badge, the more its value diminishes 8, Other design considerations for incorporating
rank-based rewards include whether to award badges for meeting absolute or relative levels
of effort and the accessibility of winner information®*® Without highlighting appropriate
information ®° implies that, badges may serve more as “personal affirmation rather than

status” which may impact engagement and motivation significantly.
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Table 26: Proposed ideas for GTA Digital Badges in grading

Back-reading Participation
(successful completion of
AU start-of-term training)

Grading Accuracy badge

at regular intervals (weeks,

quarter, or semesters)

(Demonstrated accuracy

for a specific duration)
week streak week streak,

Consistency badge
(Demonstrated
consistency

(< +1 DIFSCR for one
years or more academic

years)

Grading leader/ Expert
Grader

(Appointed as a
grading lead to guide
or assist novice graders
or peers)

O

o
ASK AN EXPERY
NS

BR Grading >

Lead

There are a few instances of incorporating digital badges in high-school chemistry. digital
badges have been developed for standard solution, volumetric pipetting, and titration.6
162y For first year undergraduate chemistry courses, digital badges for pipetting,*® burets

and volumetric flasks,'%* calibration, titration, distillation and standard solution
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preparation,’®!; chemical hygiene and safety.!®® and transferable skills badges such as
thinking and problem solving; use of tools, technology, and software; oral communication
etc. developed for post-secondary chemistry and other science courses have been
reported. In the Hill et al. study?®, students preferred the badges to be awarded on the basis
of merit rather than completion. Some badges are voluntary assignments while others were

required and worth ~1% of students’ grades 2’.

5.2.3 Vision for The Growth Model Framework to Analyze GTA Training
Programs

Although collecting data for back-reading is definitely a challenge in terms of time-
investment and effort. the biggest factor impacting training in grading and subsequent
longitudinal growth modeling is GTA participation. Between course program outcomes,
fair hours and wages issues, TA union policies and university protocols, GTA participation
can become critical for this type of analysis. However, there is hope for the back-reading
protocol to deliver and generate favorable growth trends if it can be implemented at a larger
scale and involve a wider variety of participants and/or variables. We revisit an image
(reproduced as Figure 56) from the previous chapter as a visual aid to framing this vison
for further implementation of the growth model approach.

Figure 56 shows a nesting model considered for an individual GTA (Ducky) at UO. If we
were to expand this pool of particpants to multiple courses at varying undergraduate levels
(freshman, sophomore, junior, sernior) in multiple disciplines such as Physics, Biology etc.
we would have a significantly large dataset only from UO. Nesting growth models deliver
information about factors that cause positive or negative effects in TA training with

grading. Chapter 4 discusses a simple two-level growth model using compliance
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(participant or non-participant) as a factor. The future vision is two include multiple factors
such as age, gender, teaching experience, major, year of graduate study, self-concept and
measures based on expectancy value theory — each of which could provide an intricate
picture of GTAs professional growth as individuals, groups and even generalize findings

to a larger population.

US UNIVERSITIES
West-coast Universities
UPNW (current study)

Department of Chemistry

/" First-year general chemistry course GTAs \

GTA Ducky (individual)

Measurement
occasions =@

Figure 56: Visualization of an individual GTA as part of a nested population

Piecewise models are another interesting approach in hierarchical linear modeling, where
in the effect of a time-lag or a gap can provide direct evidence of the impact of a training
program or intervention. With GTAs, the likelihood of positive, rapid growth (i.e., grading
trends matching the predictions) is higher during orientation week or the first year of
teaching the course. As GTAs gain experience and familiarity with the course goals,
logistics and develop a professional routine, their willingness to participate and value for

the need for training is likely to decrease or even disappear. This would be reflected in the
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“gap” between initial training and re-training when the issue is identified or addressed at a
later stage. A piecewise growth model with this hypothesis is an excellent way to provide
evidence for training program success and identify a time-based trend to reinforce its
necessity. Of course, there is always the equal probability that a piecewise growth model
will provide evidence of continued persistence of training and disprove the original
hypothesis. Thus, Implementing backreading training at other universities would result in
more nested data to explore the effect of this training program at different universities
locally (Pacific Northwest), regionally (US West-Coast) and even the US (nationally).
Thus, scaling up our data and using nesting variables would not only provide us more
robust data about GTA training program success, but also help us identify predictors that

can be fine-tuned to make such programs impactful for a diverse population.

5.2.4 The learning curve for grading in online courses and virtual classrooms

In 2016, there were approximately 50 symposia at the Biennial Conference on Chemical
Education (BCCE oral presentations) featuring either an online classroom, virtual
laboratory, or similar format of virtual learning such as online classes, learning
management for online classrooms and student engagement in online courses incorporated
into a chemistry curriculum. The extent of such public presentations of on-going research
is indicative of a paradigm shift for STEM learning. By the time this dissertation was
completed, the COVID-19 pandemic had disrupted every imaginable sphere of our lives.
The world as we know is reconstructing itself to around in-person, virtual and hybrid

learning spaces and workplaces. This toggling between modes of learning has also caused
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a tremendous shift in designing courses, materials, compatible learning strategies,
assignments, and assessments.

We have already discussed the importance of laboratory experiences for chemistry students
in the introduction chapter. However, the growth of full-blown online courses in chemistry
now presents serious challenge to evidence-based approaches like guided inquiry. Hands-
on learning experiences in the chemistry laboratory can never be fully replicated in a virtual
setting, despite state-of-the-art the graphics, tools, and simulation software. A large portion
of these approaches is the ability to perform experiments in groups or active learning
settings.zo' 22,25, 60, 144, 167

Student assessment in online learning can be holistic, but difficult to authenticate for actual
evidence of learning. Multiple-choice responses to typed responses can always be worked
around, or for lack of a better metaphor, the system can be gamed. However, there are some
promising studies that are paving the way for navigating novel learning experiences in
chemistry for lecture and laboratory courses, %3 161,162,168

Although there are recent reports of utilizing digital badges as an assessment tool for
successful completion of a laboratory practical exam, 2’ the virtual-ness of today’s world
where the “accuracy” of a response might be the most complex variable available, limits
our operational room for grading. This makes the online assessment simplistic (yes/no,
Likert scale or similar simplified models of assessment), limits merit-based awarding for
students’ responses and challenging to train evaluator to look beyond the simplified
grading scale and provide feedback. Also, back-reading in a virtual setting can become
much more isolating, and even cause participants to turn away form an additional online

meeting in the day. Ensuring accuracy, reliability and consistency of grading depends
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heavily on the content being assessed, the rubric being used and the grader’s skill set. All
these variables are likely to be watered down in online assessments and will require a major

makeover to the back-reading training protocol.

5.2.5 Summary of Research Results

We have reported our findings using a modified format of weekly staff meetings with
chemistry GTAs. The focus of these modifications was GTAs’ grading of student
chemistry laboratory reports. In preliminary studies, we determined there were significant
errors in GTAs’ ability to grade a laboratory report accurately and consistently. Our
modified approach to weekly staff meetings is adapted from existing protocols
implemented in College Board Advance Placement (AP) Readings. When implemented
over two-years the results indicate that GTAs who participate in training of grading and
the back-reading process, are better able to apply rubrics to accurately grade chemistry
laboratory reports. Our study provides valuable information about GTAs’ requirements for
training in grading laboratory reports and the positive impact of such on-going professional

development on GTAs’ grading accuracy and consistency.
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APPENDIX A: COMPONENTS OF LAB REPORT

An outline of the expected components of the post-laboratory report for “Density

Exploration” as provided to students.

EXPERIMENT: DENSITY EXPLORATION

BEGINNING QUESTIONS

List of research questions for this experiment.

CLAIMS, EVIDENCE AND ANALYSIS

Claims made based on data, observations, and calculated results
Evidence to support claims

Analysis of results comparing individual data to pooled (class) data
REFLECTION

Error Analysis

Extend the experiment to explore additional research questions
Explain connection to concepts/ideas from the lecture course
Explain how experiment connects to real life scenarios

Report Literature sources that explain, confirm or dispute experimental findings.
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APPENDIX B: GENERIC RADING RUBRIC

Grading rubric provided to the GTAs at UO for scoring the post-laboratory report on

“Density Exploration.”

Criteria Points Points
awarded possible
1
General Details: Name, Partners, Title, Date
Beginning Question(s): What question(s) did | have? What A
question(s) did the class group decide to investigate?
Claim, Evidence and Analysis:
What results can be reported to answer the beginning c
questions? (Claim)?
What is my interpretation of my data (graphs, class data, trends, .
or other analysis) to support my claim(s) (Evidence)?
Reading and Reflection:
a.  What are the possible sources of error? How would those errors
impact my results? 5
b. How have my ideas changed, what new questions do | have, or what
new things do | have to think about? 5
c. How does this work tie into concepts about that | have learned in
class? 5
d. Towhat can | refer in my text, my notes, or some real-life application
to make a connection with this laboratory work? 5
e.  What related reading have | done to explain, confirm, or dispute what
I have learned via this laboratory experience, how have | tied what |
have read into my work for this activity, and what resources have | S
cited?
TOTAL: 40
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APPENDIX C: SAMPLE LABORATORY EXPERIMENT

The Food Dyes Laboratory (reproduced from laboratory manual)®

Spectrophotometric
Determination of a Food Dye

INTRODUCTION

Food additives, such as artificial colors and flavors, are ubiquitous in the American diet. There is
often concern about whether these substances are safe to consume, or more importantly, whether
they are safe to consume in the quantities that are present. It is not the purpose of this experiment
to determine the safety or efficacy of food dyes but rather, to determine the amount that is present
in several popular drinks. This experiment introduces spectrophotometry as a method for
guantitative analysis.

BACKGROUND

Spectrophotometry
Read Appendix E, Spectrophotometry.

The Beer-Lambert law states:

A =ebc

where
A is absorbance (unitless)
g is the molar absorptivity coefficient (M* cm™)
b s pathlength (cm)
¢ is concentration (M)

We can see that using this relationship, the concentration of a solution is directly proportional to its
absorbance.

8 (105) Exton. General Chemistry Lab Manual vol.2.
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To find the concentration of an unknown, a standard (or calibration) curve is made by measuring
the absorbance, A, of several standard solutions, which are solutions of known concentration.
Note that when A is plotted versus c, a straight line passing through the origin and with a slope of
(eb) results. The concentration of the unknown is determined by using this equation and the
absorbance of the unknown.

It should be noted that when solution concentrations are too high or too low there are deviations
from Beer’s law and there is no longer a linear relationship between absorbance and concentration.
In this case it is no longer possible to utilize a standard curve to determine concentration and
solutions must be diluted until their absorbance is within the linear range.

Food Dyes

Coloring agents have been used as food additives for centuries. They help us to identify foods
visually. For instance, lime and orange sherbets would be nearly indistinguishable based on
appearance if not for the added green and orange colors. They add a festive appearance to foods—
M&M’s candies would still taste just the same if they were all colored gray, but where’s the fun in
that? They are also added to foods because we have very strong expectations about what colors
should be associated with certain foods. All else being equal, would you be more likely to buy a
bright orange-colored orange, or one that is a mottled brown-green?

Coloring agents have been added to foods for less legitimate reasons as well. At the beginning of
the 20th century, when there was no regulation of color additives in this country, coloring agents
were added to food to mask inferior or spoiled foods, and some coloring agents marketed for
inclusion in food were just flat out poisonous. Since passage of the Federal Food, Drug, & Cosmetic
(FD&C) Act of 1938, color additives in the US have been the responsibility of the Food and Drug
Administration (FDA). A recent controversy in the news concerns the addition of a dye,
canthaxanthin, to farm raised salmon. The dye gives the fish the deep red color consumers expect.
After a lawsuit was filed in Seattle by a consumer advocate group, local grocery chains were forced
to label all fish containing the dye.

The FDA splits coloring agents into two categories: “certifiable” and “exempt from certification.”
The former are derived primarily from petroleum; the latter includes agents derived largely from
mineral, plant, or animal sources. Certified colors are further broken down into water-soluble
“dyes” and water-insoluble “lakes,” with most colors being available in both forms. At this time
(2014) there were nine color additives certifiable for food use. Three of these will be used in this
lab.

Red food dyes have a history of controversy. In 1960, additions to the FD&C Act of 1938 included
the so-called Delaney amendment. This amendment prohibits the marketing of any coloring agent
that has been found to cause cancer in animals or humans, no matter what the dose. For many years,
FD&C Red No. 3 was the most important red dye used in foods. But, in 1983, a single study found
that FD&C Red No. 3 could be associated with thyroid cancer in male rats. On the basis of that
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study, the FDA banned all uses of Red Lake No. 3 and several uses of Red Dye No. 3.° FD&C Red
No. 2 met a similar end several years earlier,*® with the curious result that, for a time, there were
no red M&M’s candies. As of today, Red Dye 3 remains certified for use in foods. However, food
manufacturers have almost entirely abandoned this dye in favor of FD&C Red No. 40.

You can read more about color additives in foods, drugs, and cosmetics, at

https://www.fda.gov/food/food-additives-petitions/color-additives-food
(last accessed June 2019)

CHEMISTRY IN A SUSTAINABLE WORLD

Food dyes and other colored substances owe their color to the presence of chromophores, the part
of a molecule that absorbs visible light. For reasons that are beyond the scope of this book,
chromophores are frequently found in organic molecules containing alternating single and double
bonds, such as exist in Allura Red. Complexes containing metal ions can also be chromophores.
Some of these metal ions, particularly those that are referred to as heavy metals, are of concern in
the environment due to their toxicity to plants, animals, humans, wildlife, and aquatic life. Chemists
are engaged in an on-going effort to mitigate the effects of these pollutants in the environment, and
more importantly in terms of global sustainability, to minimize their use.

Traditionally, students studying the Beer-Lambert law performed experiments using brightly
colored solutions of heavy metal ions such as copper, cobalt, or chromium. This resulted in the
generation of large quantities of waste that required hazardous waste disposal. To eliminate the
problem of toxic waste and to enact green chemistry principles, this experimental procedure has
been modified to use food dyes, relatively harmless substances that can safely be washed down the
drain when the experiment is finished.

The drive to replace heavy metal chromophores with less hazardous substances is not limited to
academic teaching laboratories. Red, orange, and yellow pigments for the paint industry and others
have historically been created using toxic heavy metals such as lead, chromium, and cadmium. In
response to concerns about these compounds in the environment, Engelhard Organic Pigments has
developed an environmentally friendly line of pigments for use in packaging and entirely phased
out its use of heavy metals. Prior to this transition, the company produced 6.5 million pounds of
metal containing pigments per year. In addition to eliminating heavy metals, a water-based
manufacturing process was incorporated instead of using the organic solvents typically associated
with the creation of pigments. For this, Engelhard Organic Pigments (now BASF Corporation)
received the 2004 Designing Safer Chemicals Green Chemistry Achievement Award from the
Environmental Protection Agency.**

9 Dept. of Health and Human Services, FDA, Federal Register 1990, 55(22), 3515-3543.

10 U.S. Food and Drug Administration, Color Additives Fact Sheet, https://www.fda.gov/industry/color-additives-
cosmetics/color-additives-and-cosmetics-fact-sheet (last accessed 5/2020)

11 http://www2.epa.gov/green-chemistry/presidential-green-chemistry-challenge-winners (accessed 5/2020)

194



PROCEDURE

CAUTION!

Although the material used in this experiment are food dyes, treat them with
the same respect that you would show for any chemical unknown: do not
taste, do not inhale the dust, and minimize skin contact.

There are 3 different food dyes that will be used this week, FD&C Yellow No. 5, FD&C Red No.
40 (Allura Red), and FD&C Blue No. 1. You will work individually to prepare solutions and make
a Beer’s Law graph for one of the dyes, as assigned by your lab instructor.

Part A: Preparation of Stock Solution

1. Using the information in Table 13-1, calculate the mass of your assigned food dye that is
necessary to produce 500 mL of a solution of the target molarity. To check your work, verify
that your calculated value is less than the mass shown in the last column of the table.

Table 13-1. Food Dye Information

Dve Molar Mass Target Mass should be
y (g/mol) Molarity less than:
| | || || || 1
FD&C Yellow No.
c 534.37 1.75#10% M 0.06g
FD&C Red No. 40 496.42 1.90#10* M 0.06g
FD&C Blue No. 1 792.86 3.65#10° M 0.02g

2. Before carrying out the next steps, make sure your hands are clean and dry! Take a 500 mL
volumetric flask to the balance with you.

3. Place a square of weighing paper on the balance and tare the balance. Carefully weigh to the
nearest 0.0001 g the quantity of food dye calculated in step 1. (Start with a very small scoop of
material—the total quantity required is comparable in size to your small fingernail.) Don’t walk
away from or re-tare the balance yet.

4. Quantitatively transfer the food dye to the 500-mL volumetric flask. Place the weighing paper
(now devoid of food dye) back on the same balance and record the mass. Take the weighing
paper back to your station with you.

5. Fill the volumetric flask to the line with deionized water and mix well. This constitutes the
stock solution from which you will prepare standard solutions. Dribble a few drops of water on
the area of the weighing paper where the food dye sat. Record what you see.
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Part B: Preparation of Standard Solutions

1. Clean and dry four containers of at least 100 mL capacity and label them A, B, C, and D.

2. Refer to Table 13-2 for the recommended quantity of stock solution to use to prepare your
standard solutions. Transfer some of your stock solution to a small beaker and pipet from this
beaker during steps 3 and 4. Because of the risk of contamination you should never pipet
directly from the stock solution flask.

Table 13-2. Quantity of Stock Solution for Preparing Standard Solutions

Dye Solution A SolutionB  SolutionC  Solution D
I | | | | 1
FD&C Yellow No. 5 1 mL 5mL 10 mL 15 mL
FD&C Red No. 40 1mL 5mL 10 mL 15 mL
FD&C Blue No. 1 2mL 5mL 10 mL 15 mL

3. Prepare standard solution A by pipetting the quantity of stock solution given in Table 13-2 into
a 100-mL volumetric flask. Dilute to volume and mix well. Transfer this to your container
marked A, where it will be stored until you need it later.

4. Repeat, using the quantities in Table 13-2 for solutions B, C, and D to prepare the remaining
three standard solutions. The standard solutions will be used to generate the calibration curve,
and to determine Amax. FOr convenience, the standard solutions will hereafter be referred to as
std. soln. A, std. soln. B, etc.

Part C: Collection of Absorption Spectra and Determination of Amax

Amax IS the wavelength at which a sample absorbs most strongly, i.e., at which the absorbance is the
largest. Whatever their concentration, all samples of the same substance have the same wavelength
of maximum absorbance (Amax). The amount of light absorbed may vary, but the energy, or
wavelength, of light absorbed remains the same. To determine Anax for the food dye you are using,
an absorbance spectrum is collected over the visible wavelength range and the wavelength with
maximum absorbance is determined to be Amax.

It is always necessary to use a “blank solution” when calibrating a spectrometer. This is a solution
that contains all species that may be present except the species of interest. In the case of an aqueous
solution, such as the food dye solution, the blank is deionized water. By calibrating with a blank,
you are ensured that the measured absorbance is only due to the species of interest.

Standard Solutions

1. Start the Logger Pro 3.4.5 software.
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10.

11.

12.

13.

To calibrate the Spectrometer, select Experiment > Calibrate > Spectrometer. The
calibration dialog box will display the message: “Waiting ... seconds for lamp to warm up.”
Allow the spectrometer to warm up for at least three minutes. Follow the instructions in the
dialog box to complete the calibration. The small container used to hold the sample is referred
to as a “cuvette.” For this experiment, where water is the solvent, fill the “blank” cuvette about
% full with de-ionized water. When handling the cuvette, touch the ridged sides only to avoid
getting fingerprints on the windows. Insert the cuvette in the spectrometer with the non-ridged
sides facing top and bottom (toward the words “Vernier Spectrometer”). Click Finish
Calibration, and when that is finished Click OK.

Fill a cuvette about % full of your “std. soln. D.” Place the sample in the cuvette holder of the
Spectrometer and click Collect (green button).

Click Stop (red button) to end data collection.

To optimize the view of the absorbance spectrum that you have just collected, select Analyze
> Autoscale > Autoscale.

Fill a cuvette about % full of your “std. sol. C,” place in the cuvette holder and click Collect.
When the dialog box opens, click the blue button “Store Latest Run”; this will allow you to
show (overlay) your “std. sol. C” on the same screen as your “std. sol D.” Click Stop (red
button) to end data collection.

Repeat with “std. sol. B and “std. sol. A.”

Now all 4 absorbance spectra should be on the screen, with “std. sol. D” the “highest” and ‘std.
sol. A’ the “lowest” peak.

To change the absorbance spectrum colored lines to black, Double-click on the box just above
the colored row of data you want to change (“Abs” box), click on the Options radio button,
then on the Color tab, then the “scroll arrows,” scroll down to the bottom to Black and click.
Repeat for remaining colored lines.

To find the wavelength of maximum absorbance (Amax), select Analyze > Examine. This will
bring up a line on the screen that you can move to the wavelength of maximum absorbance.
Record this value. It will also bring up a box with the Wavelength and Absorbance values that
you can “grab” and move anywhere on the graph, and by Double-clicking in this box you can
increase the font size also. Notice that moving the mouse moves the line.

Double-click anywhere else on the graph to bring up the “Graph options” box to type your
name in the title box.

Once you have your graph with the line at exactly maximum absorbance (Amax), Without moving
the mouse, type Command (38) P to print the absorbance spectrum.

The data can now be selected in the data table to the left, copied, and pasted into Excel for
further analysis.
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Part D: Concentration of Food Dye in Commercial Drinks

There are samples of 6 commercial drinks on the center bench. These drinks contain either one
food dye (single component dye) or a combination of two of the food dyes that you and your
classmates have made calibration curves for. Working with the other person at your table who used
the same food dye as you, use a 50-mL beaker to obtain about 30 mL of the single component drink
that contains “your” food dye. You can get more later if needed.

Consider the intensity of the color of this drink and decide whether the absorbance of the drink will
fall within the range of your standard solution data. If uncertain, make a measurement of the
absorbance using the previous procedure.

If the absorbance is not within the standard solution range, prepare a dilution of the drink solution
to obtain one that is within the data range. Be sure to record the dilution factor that you used because
you will need to use it in your calculations to determine the concentration of the food dye in the
original solutions.

Once you have prepared a solution that is within range, measure and record the absorbance at Amax
of that solution.

Working with all of the others at your lab bench, use a 50-mL beaker to obtain about 30 mL of the
drink that contains both of the food dyes used at your lab bench. Repeat the above process to
determine the concentrations of both of the food dye components in the drink. It may be necessary
to prepare different dilutions to measure the different dyes.

CALCULATIONS

Prepare a data table that, for each standard solution (including std. soln. D), includes concentration
and measured absorbance at Amax. Remember to give a sample calculation for the determination of
concentration.

Generate a calibration curve by plotting absorbance vs. concentration. Perform a linear regression
analysis and plot the line of best fit.

Use the equation for the line and the absorbance of the drink solution to determine the molarity of
the food dyes in the drink. Remembering that the drink mixes were diluted and weaker than the
normal drinks would be, calculate the concentration of the food dyes present in the beverage when
consumed at their normal concentration.

REPORT

In addition to the normal components of every lab report, your report for this experiment should
include the identity of the dyes that you studied, the spectrum (absorbance vs. wavelength) used to
determine mmax, the calibration curve, the molar absorptivity coefficient of the food dye that you
studied, the molarity of the food dyes in the diluted drink solutions and the molarity of the food
dyes in undiluted drinks. Additional items to consider in your discussion:
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«  Why do we want to know / use Amax?

*  When you weighed and then transferred the food dye to the volumetric flask, you made the
assumption that the quantity you weighed all actually made it into the flask—that’s what
“quantitative transfer” implies. The point of re-weighing the empty weighing paper and then
dribbling water on it was to help you evaluate the goodness of that assumption. Did all of the
food dye get into the flask? If not, can you estimate (order of magnitude) how much did not?
How does all of this affect the concentration of your stock solution?

» According to the Beer-Lambert law the calibration curve should be perfectly linear. The
amount of “scatter” in the points is a reflection of experimental error. Comment on the linearity
of your data and suggest a major source of error that would account for the scatter.

QUESTIONS

1. A student finishes with her std. soln. A and properly, thoroughly rinses out the 100-mL
volumetric flask using distilled water. Then, however, she immediately proceeds to prepare her
second standard solution without making any attempt to dry or shake out the residual water in
the flask. What effect will this have on her std. soln. B? Will the concentration be too large?
Too small? Explain.

2. Many common materials that we ingest (table salt, aspirin), though quite safe in reasonable
guantities, become toxic when taken in very large doses. A measure of toxicity is the LD50
value (Lethal Dose, 50%). It is the quantity of material, expressed in mg of material per kg of
subject-body-weight that, if administered to a population of subjects, will cause 50% of the
population to perish. The LD50 value for FD&C Yellow No. 5 is 12,750 mg/kg in mice, FD&C
Red Dye No. 40 is > 10,000 mg/kg in rats and for FD&C Blue No. 1 itis > 2,000 mg/kg in rats.

Assume that the LD50 value for humans is the same as for mice and rats. Calculate the number
of mg of food dye present in an eight-ounce glass of the single component beverage you used
in this lab. How many such glasses would a typical adult human have to ingest in order to reach
the LD50 concentration? Be sure to state explicitly any major assumptions you make in order
to do the calculation. Considering only the potential acute toxicity of the food dye and
neglecting anything else that may be present in the drink, do you believe that the beverage you
analyzed is a safe product?

3. Calculate the volume of aqueous waste that you produced while completing this experiment.
Use this value to calculate the volume of aqueous waste that would be produced by a General
Chemistry course with 800 students enrolled.

This lab procedure has frequently been performed using copper sulfate pentahydrate
(CuSOs : 5H20) instead of a food dye. Consult the MSDS (Material Safety Data Sheet) for
copper sulfate pentahydrate to determine the concerns associated with this compound and
appropriate methods of disposal. Would you be able to pour this waste down the drain as you
did the food dye waste?
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APPENDIX D: STUDENT REPORT GUIDELINES

Student Report Guidelines for the Food Dyes Laboratory

Introduction (10 points)

o

Theory: Use your notes, textbook resources and lab lecture material to write briefly
about the theory and principles underlying this experiment. Some of the points you may

want to include are Beer’s Law, Food Dyes; Sustainable Chemistry

BQs: State your beginning questions, class questions and the purpose of the lab.
Remember that beginning questions are usually “researchable” OR explorable through
the experiment you performed.

Procedure: Include a highly concise summary of the experimental procedure which
does NOT exceed 3 sentences* Safety: Highlight any safety measures/ points to note

about chemicals and equipment.

Experimental (27 points)

0

Data tables and observations must be included in an organized fashion (i.e., tabulated where
needed) Always list the chemical identity/ names and details (formula, molar mass etc.) of the

dyes you examined (knowns, unknowns, blanks etc.)

Show Part 1 calculations (include all work) for preparation of Stock solutions and Standard

solutions.

Calibration Curve: Include your calibration curve for absorbance versus concentration of
standard solutions as a graph with a good line-of-fit. Ensure the graph has all necessary features
labeled. Show calculations for the slope and report the values that are needed for further

calculations (with correct significant figures and units)

Details of Unknown sample analyzed

Include all pertinent details (Identification, source, amount used, dilution —if needed)
Tabulate the data collected for absorbance of unknown

Show all work for calculations of dilution and concentration of the unknown(s)
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e Graph Outputs

Attach any graphs/spectrum output that are needed for unknown identification and calculations.

Discussion Section: (33 points)

o Write 1-2 claim statements as “answers” to your BQs and provide evidence for your answers

using experimental results. Be sure to reference tables/ graphs as needed.

o Reflect on how the purpose of the lab was addressed. What did you measure? What did you
calculate? What experimental steps were critical?

o How do the calculated/ output values you got match the literature values?

o If your results were off/ unexpected, what sources of error could have caused this? What
assumptions did you make while performing the experiment? What errors could have affected
the data you have from the graph/ spectra?

o What aspects of this lab were focused on green chemistry principles? How did this help in
making the experiment safer for the environment?

o Answer all questions on page 94 and 95 of your laboratory manuals.
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