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ABSTRACT

In our previous work we piloted a specifications grading system in an organic chemistry laboratory
course with 37 students. Our current work describes the scale up of that specifications grading
system to a course with over 1,000 students. Strategies used for keeping the system manageable and
mitigating the time commitment required to do so are described. We found that the time necessary to
grade student work and manage the specifications grading implementation of the course was not any
greater than for the previous, points-based course, that grade-related interactions were more positive,
and that student letter grades increased. Despite the increase in final letter grades, we encountered
some resistance to the grading system from students and graduate teaching assistants. Here, we
explore their concerns and address the difficulty of alternative grading methods in overcoming
habituation to traditional points-based grading systems. Future work is needed to evaluate student
and GTA buy-in, to assess potential improvement in student work, and to address questions regarding

equity in specifications grading systems.
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INTRODUCTION
The logistics of grading courses for which enrollment nears or exceeds 1,000 students are

challenging. This is particularly true for laboratory courses where, for example, 50 or more laboratory
sections, at 20 students per section, are required to accommodate the 1,000 plus student enrollment.
Having a large number of laboratory sections necessitates the employment of a large number of
graduate student teaching assistants (GTAs), which adds additional challenges to grading logistics. To
mitigate grading challenges associated with running a large laboratory course at the University of
California, Irvine (UCI), we previously piloted a smaller organic chemistry laboratory course using a
scalable specifications grading system with plans to subsequently transition our large enrollment
organic chemistry laboratory courses to specifications grading systems.!

Specifications grading was popularized by Linda Nilson in 2014.2 Under this grading system,
students earn their desired course grade by satisfactorily completing set bundles or modules of
assignments. The instructor defines the assignments that comprise each bundle or module so course
learning outcomes (LOs) are directly aligned with course grades. Student assignments are commonly
assessed as satisfactory or unsatisfactory using rubrics in which meeting set numbers of criteria
define passing thresholds, eliminating the need for partial credit. If students do not earn a
satisfactory assessment, they may choose to revise and resubmit their work to be reassessed. Nilson
recommends that the number of opportunities for revision and resubmission be limited to keep
instructor workload manageable. The number of times students may revise and resubmit assignments
is commonly limited using a token system whereby students may exchange their limited number of
tokens for resubmission.!3-17

Examples of specifications grading systems implemented in college-level courses began appearing

in peer-reviewed journals and in conference proceedings in 2016, and the number published each year
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continues to grow (Table 1). While published examples in journals, conference proceedings, and

conference abstracts include courses from nearly all disciplines,!8-21 including humanities, 522,23 social

sciences,*24-26 education,?27 public administration,2® health sciences,29-31 and veterinary medicine, 1632

STEM courses comprise the majority. Examples of specifications grading systems in STEM courses

come from engineering,510.12,33-41 computer science,*2-49 mathematics,3.7.8.11,50-52 hiological sciences,?-53-

55 physics,”-%¢ and chemistry.16,7,14,17,57-61 In the chemistry discipline, our pilot study is the only

publication that specifically describes implementing specifications grading in a standalone laboratory

course.!

Table 1. Examples Of STEM Courses That Have Implemented Specifications Grading Systems
Published in Peer-Reviewed Journals or As Conference Papers.

Discipline

Chemistry

Chemistry
Physics

Mechanical
Engineering

Mechanical
Engineering
Chemistry
Mathematics

Computer
Science

Computer
Science

Civil Engineering

Chemistry

Chemistry,
Physics, Biology,
Mathematics

Mechanical
Engineering

Mechanical
Engineering

Biomedical
Engineering

Mathematics

Mathematics

Course

Organic Chemistry57

General Chemistryss
Acoustics (Lecture and Laboratory)5é

Kinematics34

Thermodynamics37,38.d

General Chemistrys9
Foundations of Mathematics3

Computer
Architecture+4

Requirements Engineering#s

Structural Design in Reinforced Concrete36

General Chemistry®

Principles of Chemistry I and II
(and 10 others)?

Statics/Dynamics*0
Heat and Mass Transfer39.d
Bioelectricitys

Matrix Algebra and Systems of Differential
Equations, Discrete and Combinatorial
Algebrad

Fundamentals of Algebra and Calculus50.d

Number of
Students

35

32
NAb
28

18
(each course)

60-75
10-20
21

NAb

15
17

20-25

NAb

Year

2017

2017
2017
2017

2018

2018
2018
2018

2018

2018

2019

2019

2019

2019

2019

2020

2020
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Mathematics

Chemistry

Chemical
Engineering

Mathematics

Electrical and

Computer
Engineering

Engineering

Chemistry
Biology
Chemistry

Computer
Science

Computer
Science

Chemistry

Engineering

Mathematics

Chemistry

Mathematics for Preservice Elementary
School Teachers Coursell.a

Organic Chemistry I160.c

Senior Laboratory Course and
Undergraduate Research Coursel3.a

Ordinary Differential Equations5!

Linear Circuits Analysis Laboratory 112

Senior Capstone Design, Biomedical
Engineering Statistics, First-Year
Engineering Course!0a

Organic Chemistry Laboratory!
Cell Biology>5
Writing for Chemists!4

Intro Programming for Web Applications,
Data Structures, Algorithms,
Cybersecurity, Systems43

Game Programming Course+2.a.e
Organic Chemistry6!

Engineering Capstone Coursel0.a

Discrete Math52
Analytical Chemistry!7?

aCourse name not specified
bNA = not specified in the paper

cCourse began in person and converted to online during COVID19

dHybrid course delivery
eOnline course delivery

NAb

12

31, 15-30

<26
31

26, 93, 218

37
24
NAb

<32

NAb

65-85

193
(across six
courses)

128
NAb

2020

2020

2020

2020

2020

2020

2021
2021
2021
2021

2021

2021

2021

2022
2022

In our pilot study, we designed and implemented a specifications grading system in the smallest of

the final course grades students earn and their successful achievement of course LOs. Clear

the three organic chemistry laboratory courses at UCIL.! Similar to many of the published examples of
courses using specifications grading systems, we cited transparency, student agency, and a greater
focus on learning as motivations for adopting the new grading system. Bundling course assignments

and implementing a satisfactory/unsatisfactory assessment system provide transparent ties between

requirements for each course grade facilitate greater student agency, allowing students to choose

where to focus their time and effort in the course based on their target grade. Removing partial credit
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shifts the focus of student-instructor interactions from earning points to understanding course
content. The shift away from partial credit could also reduce grading time, but this reduction could be
offset by the need to grade resubmissions — a concern relevant to one raised by Ring about the
feasibility and management of grading with a specifications grading system in larger courses.5” In this
paper we address the concern about the feasibility of a scaled up specifications grading system by
reporting our adaptation of the system from our pilot course that accommodates 200-student and
1,000-student scale organic chemistry laboratory courses.
SCALING A SPECIFICATIONS GRADING SYSTEM FOR A LARGE LABORATORY COURSE

We chose to implement our specifications grading system, designed for scalability, in a mid-sized
200-student fall term course and a large 1,000-student winter term course. At UCI the large organic
chemistry laboratory courses are taken by all students who need the course except for chemistry
majors and honors students. These courses consist of a weekly, 50 minute laboratory lecture taught
by the instructor and a weekly 3 hour and 50 minute laboratory section facilitated by a GTA. During
the regular academic year, the entire organic chemistry laboratory course sequence described here is
coordinated and taught by a single faculty member in a teaching-track position with the equivalent of
tenure (R.D.L.).62,63 The laboratory courses are offset from the organic chemistry lecture courses, so
students on the normal course sequence complete their organic chemistry laboratory courses in the
winter and spring terms (Figure 1). The full organic chemistry laboratory course sequence comprises
three courses, but most students only need to complete the first two courses for their degree
requirements. The winter and spring on-sequence courses have enrollments that average over 1,000
students. Because these courses are so large, there is a dedicated Head TA to support the instructor.
The Head TA is responsible for assisting with the instruction of the laboratory lecture classes, running
the weekly staff meeting, hosting office hours, and printing and distributing the laboratory practical
exams. Students taking the laboratory courses off-sequence take the first course during the summer
term and the second course during the fall term. The fall course has an average of about 200 students.
The students in the mid-sized fall term and large winter term courses experienced our specifications

grading system for the first time.
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FALL WINTER SPRING

General Chem [JOrganic Chem|] ' Organic Chem
University Lab 2 Lab 1 Lab 2
on sequence on sequence on sequence
Year 2 (larger, scaled-up
course)

Organic Chem
Lab 2

off sequence

(medium course)

Students taking courses
off sequence complete
Organic Chem Lab 1
in a summer term
between years 2 and 3.

University
Year 3

Figure 1. Sequence of organic chemistry laboratory courses at the University of California, Irvine.

In the 208-student fall course and 1,04 1-student winter course, we leveraged the existing grading
structure developed for the pilot course (Table 2). Similar assignment bundles were crafted for letter
grades and students could track their progress toward earning their desired letter grade using a
provided grade tracker. The instructor adapted a computer script using the R statistical programming
language to permit the calculation of final letter grades in an expedient manner. Grading rubrics for
notebook pages had previously been designed by type of experiment (technique-focused, reaction-
focused, etc.) rather than written for individual experiments, which made them suitable for use in all
of the organic chemistry laboratory courses. Although the post-laboratory assignment rubrics had to
be modified for the content covered in the fall and winter term courses, rubric criteria language was
reused when possible. For example, we used the same criteria for the conclusion section of each
postlab assignment. Revision and resubmission of post-laboratory assignments were controlled using
the same token system used in the pilot course and token trade-in requests were monitored using a
Google form embedded in the course learning management system (LMS). An example token trade-in
list and token use workflow are provided in the Supporting Information. To reduce the burden on
GTAs to regrade revised student assignments, students were only required to revise the section(s) of
the assignment they did not earn credit for on the rubric and highlight the changes they made so they

could be found easily. More exam versions were needed in the larger courses, but we limited the
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number needed by giving the same exam version to all laboratory sections that met at the same time

each week.

Table 2. Logistical Differences Between Pilot Course and Larger, Scaled-Up, Course.

Pilot Course

Place in Course Sequence 3rd

(off sequence)

Term Summer
Students Enrolled 37

TAs for Course 2
Laboratory Lecture 1
Sections

Individual Laboratory 2a
Sections

Exam Versions Needed

Knowledge Check 3
Safety 6
Technique 3b
Mastery 4

Mid-Size

2nd

(off sequence)

Fall

208

5

2

10

4)]

3b

Large

1st
(on sequence)

Winter
1,041
34

4

68

10
6

3b
12

aEach TA teaches 2 lab sections per week during the summer term, so the number
of sections TAs teach is different than during the normal academic year terms.
bThere are three versions of exam documents provided, but the quantities of
reagents for the practical are varied and thus result in more exam variations.

To help students understand the specifications grading system and prepare for the exams, we

considered what we learned from the pilot course and applied those considerations to the fall and

winter courses. To prevent student misconceptions about how final course grades are determined

(Table 3), we established student buy-in by reviewing the student grade tracker in detail on the first

day of the class meetings. We also reviewed the tracker with GTAs during the first weekly staff

meeting. Students were reminded about how to determine their final course grade at various points

throughout the course in the laboratory lecture and through announcements on the LMS because we

anticipated there would still be some student and GTA confusion. To allay student fears about the “all-

or-nothing” grading aspect of the specifications grading system, we also began introducing rubric
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items and overall assignment grades as “satisfactory” or “needs revision” rather than “satisfactory” or
“unsatisfactory.” We reemphasized that students could use tokens to resubmit assignments if they did
not achieve a satisfactory assessment. To facilitate student practice on critical thinking questions that
would be seen on the mastery portion of the practical exam, the section most students struggled with
in the pilot course, we incorporated example problems during the weekly 50-minute laboratory lecture
class, posted extra practice problems to the course LMS, and provided solutions to those practice
problems with explicit satisfactory criteria listed.

Table 3. Letter Grade Requirements For The Large, Scaled-Up Course Using The Specifications
Grading System.

Criteria from Specifications Grading System

Course Course Grade Levelab Set of Criteria Completed
Requirements
Online Pre- A 90 - 100 % correct
laboratory B 80 - 100 % correct
f;’;?ger‘l”rgzits c 70 - 100% correct

D < 70% correct

Pre-laboratory A 85 - 100 % correct
Video Quizzes B 85 - 100 % correct
C 75 - 100% correct
D < 75% correct
Laboratory A 7 Satisfactory
Notebook B 6 - 7 Satisfactory
Assignments C 5 - 6 Satisfactory
D 4 Satisfactory
Post-laboratory A 5 Satisfactory + 1 full written laboratory
Assignments B report
C 4 Satisfactory
D 3 Satisfactory
2 Satisfactory
Laboratory Lecture A 7 required
Participation B 6 required
C 4 - 5 required
D < 4 required
Practical Exam A Passed Mastery Final
Passed Knowledge Check w/S
Passed 3 Lab Techniques
Passed 4/6 safety questions
B Passed Mastery Final

Passed Knowledge Check w/S
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Passed 2 Lab Techniques
Passed 4/6 safety questions

C Passed Knowledge Check w/S
Passed 1 Lab Technique
Passed 4/6 safety questions

D < above criteria

aStudents who do not meet the minimum criteria for D grade earn an F in the course.

bUCI does include plus and minus grades, and our course does have set criteria for students to achieve +/-
140 grades. We have left them out here for clarity. The Supporting Information contains full criteria for all letter
grades.

LARGE COURSE IMPLEMENTATION OUTCOMES
To demonstrate that specifications grading is indeed scalable to laboratory courses with at least

1,000 students, and to share lessons learned, we report instructor, Head TA, GTA, and student

145  perceptions of the specifications grading system and changes in student grades. These outcomes are
organized in sections focused on how much time was necessary to manage the course and grade
assignments, how student interactions with the instructor, Head TA, GTAs, and other students
changed, and how letter grades shifted from the points-based course to the specifications grading
course. To assess GTA and student perceptions, we administered surveys to both the points-based

150  and specifications grading courses. We surveyed GTAs (specifications grading course n = 16, 55%
response rate; points-based course n = 19, 58% response rate) to determine if student questions were
more frequently about point attainment or comprehension of course content. We asked students for
their thoughts about the grading system in general, what worked well, and what should be changed.
Because responses from students in both the medium and large courses were similar, only the large

155  course results (n = 794, 76% response rate) are discussed. We end by presenting comparisons of
student letter grades and the quality of student work on one assignment in courses with and without a
specifications grading system. The paper focuses on the comparison between the pilot and larger
winter term course, but we include some data from the mid-sized fall term course as a reference for

instructors who teach courses of that scale.

160  Time to Manage and Implement a Course Using a Specifications Grading System
A prominent concern voiced by some faculty about implementing a specifications grading system

in a large course is the potential for unsustainable time demands to be placed on the instructor. These
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demands include the time needed to design and implement the course under the new grading system,
the time needed to manage the token system, and the time needed to grade revised student work.

Time to Manage Course. We found that the time to manage the course was not a concern. Both the
instructor (R. D. L.) and the Head TA (T. A. T.) found that the time spent on managing course logistics
throughout the term did not change between the specifications grading course and the prior points-
based course. However, we found that the initial development of the specifications grading system did
require additional time, as is inevitably expected with any new course development. The bulk of the
development time was dedicated to revising existing rubrics and designing additional versions of
practical exams.

Time to Manage Token System. We found that managing the token system in the specifications
grading course did not require an increase in overall workload. In the points-based course, each
student was allocated a single due date extension and a single make-up opportunity. To request either
opportunity, students had to email the instructor. With the implementation of a token system, we
returned agency to students. Our system provided additional opportunities to use tokens beyond the
single due date extension and make-up opportunity and gave students the choice of how to allocate
their tokens in the ways that best fit their individual needs. Although time was needed to manage the
token system, this time was offset by the marked decrease in the time the instructor and Head TA
spent responding to emails from students requesting due date extensions or other course policy
exceptions. Because no reason was needed for a student to use a token as a late pass or to make up a
missed laboratory, the token system also removed the affective labor required for the instructor or
Head TA to judge whether or not a student’s reason for requesting an assignment extension or other
course policy exception was for a “valid” reason. Students experiencing major extenuating
circumstances were still encouraged to contact the instructor or Head TA to coordinate necessary,
broader accommodations.

Time to Grade Assignments. Contrary to common concerns, the instructor, Head TA, and GTAs did
not report spending increased time grading assignments in the specifications grading course as

compared to time spent in the points-based course.
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The instructor and Head TA were responsible for facilitating and grading the multiple-choice
knowledge check exams. Passing the knowledge check exam was required for students to pass the
course, so an exam retake was offered for students who did not pass on the first attempt. Additional
knowledge check exam versions were prepared from a pool of multiple-choice questions in advance of
administering the first exam, so there was not a significant time requirement for the instructor and
Head TA to administer exam retakes. In both the fall and winter courses, fewer than ten percent of the
students needed to take the knowledge check exam a second time to meet the passing threshold.
Because we used a multiple-choice format, additional time required to grade exam retakes was
minimal.

GTAs were responsible for grading revised laboratory notebook assignments and post-laboratory
reports. To assess the amount of time GTAs spent grading these assignments, we asked our GTAs —
in both the points-based and specifications grading versions of the course — to report the number of
hours they spent grading them (Q1 and Q2, Table 4). The median number of hours GTAs reported
spending on these assignments were the same in the specifications grading course and the points-
based course, with five hours spent on laboratory notebook assignments and seven hours spent on
post-laboratory reports. While the mean values did increase in the specifications grading course, this
was the result of a GTA who spent an unusually large amount of time on grading (see Supporting
Information). These results suggest that there is not an increased grading burden in the specifications
grading course as compared to prior iterations of the course using a traditional points-based grading
system.

Table 4. Self-reported Hours GTAs Spent Grading Course Assignments. (Specs n = 16, points n =
19)

Survey Question Type Mean (SD) Median (IQR)

Q1. On average, how long did it take you each week to Specs 5.19 (0.83) 5 (1)
grade notebook (pre-lab) pages?

Points  4.89 (0.46) 5 (0)

Q2. On average, how long did it take you each week to Specs 7.38 (0.96) 7 (1)
grade post-labs?
Points 6.95 (0.91) 7 (1.5)
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Although GTAs in the specifications grading course reported spending the equivalent amount of
time grading as GTAs in the points-based course, in a post-course survey, they expressed concerns
about the time they spent grading assignments based on the quality of the initial work submitted by
students. Because students were able to revise and resubmit post-laboratory reports assessed as
needing revision, some GTAs felt students might be turning in lower quality work for their first
submissions to buy additional time to work on assignments after the due dates. This led some GTAs to
feel that they were spending more time grading in the specifications grading course than they would
have otherwise if they were in a points-based course. A suggested approach to mitigate this concern
was to require students to spend more tokens to revise and resubmit an assignment that was assessed
as needing revision. The GTA that recommended this approach felt that it would incentivize students
to try harder and produce higher quality work on the first submission of an assignment, reducing the
time needed to be spent on grading revised work. Despite GTA perceptions that they spent more time
to grade and regrade assignments in the specifications grading course than in the points-based
course, the total time GTAs reported grading was not greater, even with the added load of grading the

revised assignments.

Shifts in Interactions
Although the time needed to administer the course and to grade student work in the specifications

grading course did not change as compared to the points-based course, we observed three main types
of interaction changes between the points-based course and the specifications grading course. Student
comments from surveys and anecdotal reports from the instructor, Head TA, and GTAs suggested that
student-student interactions shifted, as many students felt their learning environment with their
peers was markedly more collaborative and less competitive. Additionally, when interacting with
students, the instructor and Head TA observed a marked shift in student questions from requesting
additional points on assignments to understanding their misconceptions about course content — one
of the reported benefits of specifications grading.? Finally, interactions between the instructor and
students concerning the final exam changed from a focus on how students’ final letter grades were
determined to why student work was or was not satisfactory and the impact of the final exam on their

final letter grade.
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In the specifications grading course, the instructor and Head TA noticed that students collaborated
more often in office hours settings. Students similarly recognized that their grade was no longer
dependent on others and that there was greater incentive to collaborate because there was no longer a
course curve. Students self-reported their reflections on the collaborative environment in the
specifications grading course in the post-course survey:

“Overall, I think the grading system has an emotional positive impact for students by removing
the competition elements of the class.”

“Our own grade is determined by us entirely. We are not blindly hoping for a grade and
unfortunately depending on others doing worse.”

“Because the class is not curved, it seems that students are little [sic] more relaxed and willing to
help each other. It also encourages students who may not usually strive for a high grade to do so
because students are not pitted against each other.”

In addition to changes in student-student interactions, the instructor and Head TA observed
changes in the way students interacted with them during office hours, through email, and in passing
interactions. The students who attended the Head TA'’s office hours in the specifications grading
course appeared less anxious than students who attended in the points-based course. They appeared
to be focused on learning from their mistakes to better understand the course material, being
motivated to do so when they needed to revise assignments that had not earned a satisfactory
assessment. This apparent growth mindset was not observed as frequently in the points-based system
where students appeared to be more motivated to come to office hours to argue for partial credit on
graded assignments rather than to understand their mistakes.

Survey responses from GTAs supported the anecdotal reports from the instructor and Head TA
about changes in their interactions with students. The median number of student emails GTAs
received regarding disagreements about grading on assignments dropped from five in the points-based
course to four and a half in the specifications grading course, and the median number of in-person
interactions on the same topic dropped from five in the points-based course to four in the
specifications grading course (Q1 and Q3, Table 5). In contrast, the median number of emails GTAs
received from students seeking assistance to better understand the course material increased to six in
the specifications grading course, from five in the points-based course (Q2, Table 5). The median

number of in-person interactions remained the same in the two courses (Q4, Table 5). Although the
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changes were not statistically significant,4-66 the survey results are consistent with the anecdotal
reports from the instructor and Head TA.

Table 5. GTA Responses to Survey Questions Regarding Quantity of Student Emails and
Interactions. (Specs n = 16, points n = 19)
Survey Question Type Mean (SD) Median (IQR)
Q1. How many emails did you receive about a student Specs 5.06 (1.48) 4.5(1.25)
disagreeing about whether they met the minimum
criteria for a satisfactory score on rubric items in Points 4.84 5 (1)
general? (1.01)

(Points version: How many emails did you receive about
"points" in general?)

Q2. How many emails did you receive about student Specs 6.38 6 (2.5)
understanding in general? (1.59)

Points  5.21 (1.47) 5 (2)

Q3. How many interactions did you have with students Specs 4.44 (0.63) 4 (1)
in-person about students disagreeing about whether

they met the minimum criteria for a satisfactory score Points 4.58 (0.61) 5 (1)
on rubric items in general?

(Points version: How many interactions did you have

with students in-person about "points'"?)

Q4. How many interactions did you have with students Specs 6.50 (1.83) 6 (2.5)
in-person about student understanding?
Points 6.21 (1.75) 6 (2.5)

Another interaction between the instructor and the students that changed was the way the
students communicated with the instructor about final exams and letter grades. Discussions shifted
from a focus on students not understanding how their assignment and exam scores translated to their
letter grade to a focus on questions about why work on exams did not meet the passing threshold for a
desired letter grade and concerns about the impact one exam could have on the final letter grade. This
shift may have occurred because the specifications grading system eliminated the need for a
normalization process, and the transparency of the system made clear to students the impact of poor
exam performance on their final letter grade.

In the points-based course, students often contacted the instructor at the end of the term to ask
how their assignment and exam scores correlated to their letter grade, to voice concerns about a
student in a different section earning a higher letter grade after normalization despite having lower
scores on some assessments, to ask for their grade to be rounded up, or to argue for more partial

credit on assignments. The students’ questions made it evident that they did not understand the
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impact of practical exams on their final grade because they did not fully understand how their letter
grade was determined using grade normalization. The necessity of normalizing section averages due to
variations in GTA grading and exam versions caused another set of difficult conversations with
students because students in sections with lowered averages after normalization felt that their final
grade was unfair. Both of these types of interactions likely arose because the process of determining
their final letter grade was not transparent.

Under the specifications grading system, the end-of-term conversations between students and the
instructor centered around questions about how students could improve their work to meet passing
thresholds on the mastery exam and concerns about student performance on a single exam
determining their letter grades. When contacting the instructor about their exam performance
specifically, students asked more conceptual understanding questions, such as why their responses to
the questions on the mastery component of the practical exam did not meet expectations for credit.
Despite the transparency of the specifications grading system, some students went into the practical
exam expecting A-level final course grades based on their performance on other assessments in the
course. After performing poorly on one or more components of the practical final exam, some students
earned B-level or C-level grades, but they still felt that they deserved an A-level grade in the course.
The student perception that poor performance on a single assessment should not affect their final
letter grade also occurred in the points-based course, but the instructor received even more emails
regarding this perception in the specifications grading course, likely because the impact of performing
poorly on the final exam was clearer. Without a curve to raise their final grade at the end, students
knew immediately what the impact of poor performance on the exam was and contacted the instructor

to voice their concerns.

Additional GTA and Student Perceptions and Suggestions
In addition to the beneficial changes in student-student, student-GTA, and student-instructor

interactions after transitioning to the specifications grading course, students and GTAs found value in
other aspects of the new grading system. However, we also encountered some resistance to the

specifications grading system in student and GTA feedback. This resistance, in addition to the
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previously mentioned student concern about the impact of the final exam on their final grade,
occurred despite multiple efforts to establish buy-in for the specifications grading system.

GTAs and students found several aspects of the specifications grading system — opportunities for
revision, the token system, the removal of the competitive environment, and increased grading
transparency — valuable. The GTAs found the binary assignment grading to be more clear, organized,
and efficient, and they liked the ease with which they felt it facilitated consistent grading. A number of
GTAs reported that the ample opportunities for students to improve their assignments through
revision when needed, by way of the token system, seemed to reduce their students’ stress because
they did not have to earn a satisfactory assessment on each assignment to earn a “good” grade.

Students included comments on what they liked about the specifications grading system in their
responses to open-ended survey questions (see Supporting Information for question prompts), and
these positive responses were consistent with the benefits cited by the GTAs. Some representative
student comments are included after this paragraph. Students appreciated having the option to
correct their mistakes to earn credit and improve their grade. Some students also commented that the
option to correct their mistakes encouraged them to revisit their work when they would not have done
so in a points-based course, leading to an increased focus on learning and understanding the
material. As discussed previously, students found the grading system to be more transparent and
equitable because they were no longer competing with one another for letter grades. Students also felt
the flexibility offered by the token system (e.g., opportunities to revise and resubmit assignments and
submit assignments late) lowered their stress and anxiety about the course.

“I think getting the students to actually revise the works gets the student to go back and try to
understand what went wrong. It helps them see what went wrong and not only can they improve
their grade, they also see how they can learn from their mistakes.”

“I was able to fix what I got wrong. In other courses I would check my grade and not care about
the mistakes I made. This way I was able to go back and take the time to revise for credit.”

“I think the concept of tokens was very helpful especially when midterm season came along. It
allowed for us to get all the things we need to done and not have to worry about prioritizing a
class over another.”

“I liked that we had tokens to earn and use in case of emergencies or other unexpected

situations.”
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While GTAs and students appreciated many aspects of the specifications grading system, both
groups suggested changes, some of which indicated misunderstandings about the new grading system
or a desire to return to a more familiar system. Some GTAs felt that the specifications grading system
penalized students who only missed the threshold for a satisfactory assessment on an assignment by
one or two rubric items, which gave students the same outcome on an assignment as a student who
did not submit any work. GTAs desired rubrics that were either more specific or that gave them
opportunities to reward student effort through partial credit. The GTA suggestions included offering a
half-credit option or reverting back to a points-based rubric. Another recommendation was to lower
the threshold for earning a satisfactory assessment. Students who were one rubric item away would
then earn credit for the assignment. Consequently, GTAs would not have to spend as much time
discussing with students whether their initial work met the passing threshold.

Students suggested similar changes to the specifications grading system as those suggested by
GTAs, some quotes of which follow this paragraph. Similar to feelings expressed by some GTAs, some
students felt they should be rewarded with partial credit for the effort put into the assignments and
that the thresholds for passing assignments should be lowered. The recommendations for lowering the
passing thresholds commonly came up in cases where students were one or two rubric items below
the threshold so reducing the threshold meant they would not need to spend a token to revise and
resubmit the assignment.

“There should be some partial credit given back for effort/things done right”

“For example the all or nothing approach can be frustrating sometimes especially if I was off by
only a little bit”

“lower some thresholds”

These feelings from the students and GTAs are reflected in observations made by the Head TA
about how students discussed their token usage during office hours. Most students managed their
tokens well, but the Head TA reflected that there were some students who mismanaged their tokens in
one of two ways. Some students failed to appropriately ration their tokens initially (e.g. spending them
mostly on late passes early in the course), leaving them with fewer opportunities to revise and

resubmit assignments later in the academic term. Other students were too hesitant to use their tokens
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earlier in the quarter to revise and resubmit assignments, leaving them with fewer overall

opportunities to pass the number of assignments necessary to earn their letter grade.

Letter Grades in Specifications Grading System vs. Points-Based System
Despite some students’ concerns about their course grade in the specifications grading course,

especially in regards to the impact of the final exam and lack of partial credit, their actual grades were
higher than their student counterparts in the points-based course. In the large course, a comparison
of final letter grades in the specifications grading course (n = 1,041) to those from a points-based
course (n = 1,189) — taught by the same instructor the year prior — showed that in the specifications
grading course, there was an increase in the total percentages of A-level and B-level grades (57% in the
points-based course, 87% in the specifications grading course, Figure 2).64.65.67 The total percentages
of C-level and D-level grades decreased correspondingly (41% in the points-based course, 11.5% in the
specifications grading course, Figure 2), and the amount of failing grades (3%) did not change. A
similar trend was observed in the mid-sized course with an even larger decrease in total percentages of
C-level and D-level grades (61% in the points-based course, 18% in the specifications grading course,

Figure 2).
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Figure 2. Grade distributions of the course using a points-based system (previous course) and the current course with the specifications
grading system. See supporting information for the distribution including +/- grades.

395  Why Did Grades Go Up?
The shift to higher letter grades that we observed under the specifications grading system is not

unique to the courses reported here. We observed similar increases in our pilot course.! In other
specifications grading STEM courses where authors have tracked changes in final letter grades,
similar increases in A-level and/or B-level grades and commensurate decreases in C-level grades were
400  observed.5:8:15.36,55,58,59 While some authors did not track changes in final letter grades, they observed
an increase in the quality of student work or an improvement in student performance on exams in
their specifications grading courses as compared to their prior points-based courses.6.12,55.68 For
example, Ring compared students’ final exam performance in both courses by regrading work from
students in the points-based course using the rubric from the specifications grading course, which did
405  not allow for partial credit.®8 When grading final exams without allocating any partial credit, Ring
found that students in the specifications grading course performed better on the final exam than

students in the points-based course.
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To determine if the higher grades earned in our large specifications grading course, compared to
the previous points-based course, were the result of higher quality work, we compared the student
submissions of one post-laboratory report assignment in each of the two courses. We randomly
selected a total of 60 submissions, 30 student post-laboratory reports from each course. Reports from
the third experiment in the course were selected because that experiment occurred toward the middle
of the academic term after students had adjusted to the specifications grading system. We chose to
grade all reports with the points-based rubric rather than the specifications grading rubric because it
was less detailed than the specifications grading rubric; we did not want to bias the results in favor of
the specifications grading system and potentially cause lower scores for student reports from the
points-based course.

We recruited six graders from GTAs who had taught the course in at least one prior term and
assigned each grader an equal number of student reports from the points-based grading course and
the specifications grading course. Each student report was graded by two different graders, and scores
from the two graders were averaged. To minimize potential bias, the graders were not informed about
which reports were from students in the points-based course and which were from students in the
specifications grading course.

The results of the grading comparison indicate that there was not a significant difference in the
quality of student laboratory reports between the points-based grading course and the specifications
grading course (Figure 3). The median scores for the reports are both 25 out of 40 points. Although we
did not find any statistically significant differences in the quality of a small sample of a single
assignment, a limitation of the small sample size is that we could not assess the quality of work across
the entire student population or the quality of all submitted assignments in the course. It is possible

that the quality of student work may have improved for some assignments and not others.
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Figure 3. Grading comparison of student acid-base extraction laboratory reports submitted in a points-based grading course (n = 30) and the
specifications grading course (n = 30). All reports were graded with a points-based rubric because the specifications grading rubric added
435 additional criteria, which would render grading of reports completed with a points-based rubric a poor comparison.

An additional explanation for the higher letter grades observed in the large specifications grading
course could be the result of removing the course curve used in the previous points-based courses.
Avoiding a curve in the specifications grading course and determining final letter grades based solely

440  on achievement of the course LOs may better reflect the true grades students should be earning,
implying student grades earned in previous points-based courses may have been artificially and
unnecessarily lowered.

Assigning final letter grades using curves is based on flawed assumptions and practices. A curve
creates a competitive environment in which higher letter grades are artificially treated as scarce

445  resources that students earn by outperforming their peers.®® In addition, implementing a curve is
based on the assumption that student performance will follow a normal distribution without
consideration of the external cultural and social pressures that contribute to letter grade scores.’ A
normal distribution should not necessarily arise when comparing student work, even if the student
population in a given course is large.”1.72 Assigning grades based on a curve is a ranking of student

450  performance relative to one another rather than a measure of how well students met the course LOs.
Students at the lower end of a curve based on a normal distribution are assigned final letter grades
that are the result of comparisons to their peers instead of reflections of their achievement of the

LOs.73-75
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Trying to compare letter grades in courses that use a curve to those that use specifications grading
is challenging, and is akin to comparing apples and oranges, because a curve is a ranking and
specifications grading is a measurement of how well students met course LOs. Because students earn
letter grades in specifications grading systems based on whether or not they have met the LOs for a
course, their letter grades should better reflect their learning rather than their rank in comparison to
their peers. If students have met the LOs, they perform well in the course. We are not concerned about
grade inflation in our course because we are confident in the LOs we set and the work required of
students to meet those LOs.

LARGE COURSE IMPLEMENTATION REFLECTIONS AND CONCLUSIONS

We found that scaling the specifications grading system from the pilot study course (37 students)?
to a mid-sized course (208 students) and to a large course (1,041 students) and managing the courses
during the academic term was feasible and successful. Concerns about the time requirements placed
on the instructor when adopting a specifications grading system are mentioned in the literature57.62,76
and, in our experience, are brought up frequently in discussions at seminars, conference
presentations, and workshops. However, we found that the time to manage the course throughout the
term did not exceed that of the points-based course. Others who have implemented specifications
grading similarly found the time to design the grading system was substantial,15,20.28,29,36,51,52,77 hut
that the time to grade assessments and manage the course did not considerably change or
decreased.!3.4.8:9,14,15,17,19,28,36,41,43,44,52,58 The only major time commitment we encountered was the
design of the grading system up front, but it is our experience that courses with preexisting student-
centered structures and policies will require less time to convert to specifications grading.

One of the motivations for adopting specifications grading is increased student agency over their
learning, and indeed, we saw a positive shift in student interactions with the instructor, Head TA,
GTAs, and their peers that suggested they were more focused on their learning. Compared to the
points-based course, the specifications grading course had a larger number of As and Bs. However,
there were no significant changes in the quality of the small subset of student reports we examined
between a course iteration that used a points-based system and one that used a specifications grading

system.
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Despite the increase in As and Bs, similar to the pilot course, we encountered some resistance
from students and GTAs to the grading system. Some students expressed anxiety about the perceived
high stakes of the finals in which poor performance on one assessment could bring their letter grade
down. Some students (and some GTAs) also felt the lack of partial credit and the instructor-defined
passing thresholds were disadvantages that negatively impacted student performance in the course.
Neither of the concerns expressed by students and GTAs above should dissuade others from adopting
specifications grading. We take the next several paragraphs to provide context for these concerns and
address them.

While the student perception of the high stakes of the practical exams is understandable, we have
not found a way of removing this aspect of the specifications grading system. The practical exam
components are the only assessments students complete individually in a controlled setting, and we
feel these assessments are necessary for students to demonstrate their ability to meet the course LOs
independently without help from peers. However, we took steps to mitigate the perceived stressful
nature of these assessments by allowing retakes in the case of the knowledge check exam, keeping the
A-level and B-level thresholds reasonable — 50% and 25%, respectively — for the mastery exam, and
allowing students to use tokens in exchange for a small increase to their mastery exam score when
they were close to the A-level or B-level threshold. In the case of students who completed all A-level or
B-level work but did not score well enough on the mastery exam to earn their target grade even when
using tokens to increase their score, we instituted a B- safety net to ensure that these student's grades
would be no lower than a B-. Additionally, if a student did not pass the knowledge check exam after
the second attempt, we implemented a grade negotiation. During the negotiation, students are asked
to propose what they believe is an appropriate grade based on their full body of work and to consider
the fact that they were not able to pass an exam after two attempts. They were also required to reflect
on why they were not able to pass the exam and describe what they can do to avoid such situations in
the future. In nearly all of these cases students responded with a reasonable proposed grade,
comparable to what the instructor would have assigned, and they reflected on ways they could

improve their study approaches and time management skills or work on managing test anxiety. In a
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few cases students were far too hard on themselves, and the instructor responded with a higher grade
and a suggestion to be kinder to themselves.

The habituation of students to points-based systems in which students are extrinsically motivated
to argue for partial credit points rather than to revise work to earn credit is likely a major contributing
reason for some of their observed resistance to specifications grading. It has been well-documented
that the extrinsic motivation of getting a desired grade “crowds out” the benefits of a student’s intrinsic
motivation to learn.78-81 In traditional points-based grading systems this extrinsic motivation leads to
gamesmanship where students focus more on the accumulation of points rather than the learning
process.82 Because specifications grading requires students to complete specific bundles of
assignments at instructor-defined passing thresholds rather than to earn a select number of points
across all assignments in the course, a primary source of students’ extrinsic motivation has been
modified. Other faculty who have adopted specifications grading have reported similar student
resistance associated with their lack of familiarity with the grading system.!:4.5,10,20,34,35,43,62 Resistance
to other alternative grading systems with similar characteristics to specifications grading, including
contract grading and standards-based grading, is also attributed to the habituation of students to
points-based grading systems.83,84

Another possible reason that students are resistant to having to revise assignments rather than
the potential to earn partial credit points may stem from their perception that needing to revise work is
evidence of failure. We attempted to mitigate this perception in the medium and large courses
discussed in this paper by changing the language of attaining rubric criteria to “satisfactory” or “needs
revision”. However, this change in language may not have been sufficient. In our course, and
potentially others that use specifications grading systems, students may hold that earning a “needs
revision” assessment is equivalent to failure, an idea that stems from the self-worth theory of academic
achievement.85.86 The theory proposes that self-worth that is based on academic performance leads to
helplessness and anxiety in the face of failure. A study of student perceptions of standards-based
grading, which is similar in many ways to specifications grading, found that some students viewed

reassessment as an indication of lower intelligence, which had consequences for social status.s*
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Because of the social value some students placed on intelligence, there was a potential desire to avoid
reassessment.

The habituation to points-based systems also explains why some students and GTAs made
arguments to reincorporate partial credit. Partial credit is often viewed by students as a reward for
effort rather than for the quality of their work, and previous studies have suggested that students
believe about 40% of their grade should reflect the effort put into the course.87.88 A study by
Greenberger found that 34.1% of students believed they should earn at least a B for completing the
course readings and 40.7% for attending all classes.8? The belief that effort should have such a large
contribution to the final letter grade is often discordant with faculty-evaluated performance.? The fact
that specifications grading systems allot no reward for effort on assessments that do not meet a
passing threshold may further exacerbate this discordance between how students and faculty regard
how, if at all, effort should be weighted in assessment.

The desire of some GTAs in our course to reward effort using partial credit is also not surprising
given that GTAs who are resistant to innovative teaching methods prefer to rely on their own
experiences as students to inform how they teach.9! Additionally, Seymour found that GTAs who
resisted innovative teaching methods resented having to grade in the same manner as other GTAs,
viewing this requirement as an infringement on their professional prerogative as teachers.°! Evidence
from a study by Yerushalmi et al. corroborates these findings, noting that GTAs desired rubrics with
flexibility built in so they could have greater discretion in assigning scores. Some GTAs indicated they
would grade based on intuition, inferring student understanding from their work, rather than using
the provided rubrics. Other GTAs were inclined to grade more leniently because they expressed being
able to relate to and identify with their students’ experiences, having been former undergraduate
students themselves.92 This last observation is further supported by work which found that GTAs’
perceptions and interpretations of their prior experiences influenced their instructional practices.93.94

By the time students enter college and GTAs enter graduate school, most have been habituated
and indoctrinated by years spent in courses with points-based systems. It is not surprising that they
exhibit resistance to grading systems that they are not familiar and comfortable with. Specifications

grading is not widely used, so students in our course likely encountered it for the first time. Extra care
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and effort must be taken in courses using a specifications grading system to establish buy-in for both
students and GTAs. The instructor should be as transparent as possible and indicate the similarities
and differences between the specifications grading system and points-based systems. Experiences
described in the literature about pedagogical innovations such as active learning initiatives suggest
that student and GTA resistance to specifications grading will likely diminish with repeated
exposure.91,95,96

Specifications grading systems are still new, and there are many avenues left to investigate and
explore. While we did not identify significant differences in the quality of student performance on one
assignment in our study, a more nuanced comparison and evaluation of student work in points-based
courses versus specifications grading courses would yield insight into whether or not specifications
grading systems facilitate increased student learning. This evaluation provides a ripe opportunity for
instructors who, after the thick of the pandemic, have not yet transitioned their courses to
specifications grading. In the realm of buy-in, investigating how students and GTAs buy-in to
specifications grading over time and whether students view the need to revise work as akin to failure
could yield insight into how and when instructors should implement buy-in interventions during a
course and could help identify the characteristics of students and TAs who exhibit the most
habituated resistance. Finally, there are many questions left still to ask about if and how
specifications grading systems improve equity in the classroom, such as whether the increase we have
observed in letter grades diminishes systemic grade disparities experienced by students from
marginalized groups and how students are benefitting from specifications grading systems in the

affective domain.
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