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WIP: Lessons Learned from Applying Standards Based Grading

to a Software Verification Course
Abstract

One of the newer approaches to grading and assessment is standards-based grading. Standards
Based Grading, otherwise known as SBG, directly measures student’s proficiency in a course
based upon specific course learning outcomes. This approach offers an alternative to traditional,
summative based grading systems. Thus far, there have been very few attempts to integrate
standards-based grading into computing fields. This work in progress paper will discuss the
process of how SBG is being integrated in a sophomore level software verification course. The
paper will include a listing of the specific concepts assessed in the course as well as a discussion
of the mechanisms used to provide feedback to students on their performance. The paper will
also provide a discussion of the challenges of integrating SBG into a college course, and some of
the reasons why a complete SBG approach has not yet been undertaken for the course.

Introduction

Assessment of student learning is an important aspect of any software engineering instructor’s
work. Traditionally, faculty assign grades based on a singular mechanism, a percentage-based
score. Assignments are scored on a percentage basis, and those percentages are then weighted
to determine a final grade. While this can work well, the process itself may hide problem areas.
The grade, while numerically precise, may not necessarily be mapped the learning goals of the
class, and the criteria for success may be unclear.

An alternative approach to grading, gaining significant traction in the K-12 system is standards-
based grading. With standards-based grading, grading is based upon “measuring students’
proficiency on well-defined course objectives.” [1] Instead of arbitrary grading scales, students
are assessed multiple times regarding their performance on course outcomes. By doing this,
there is an increase in student engagement and a more thorough comprehension of course
materials. [2] Standards Based grading focuses on the specific, relevant skills a student should
learn and helps instructors to assess how well students are learning and tailor their teaching to
meet areas of concern. [3] By measuring these goals, students continue to learn. By using
rubrics to articulate these goals, students can use this scaffolding to be more effective learners.
[4] A comparison of the two systems is shown in Figure 1 and Figure 2.



Traditional Grading System

Standards-Based Grading System

1. Based on assessment methods (quizzes, tests, homework,
projects, etc.). One grade/entry is given per assessment

1 Based on learning goals and performance
standards. One gradelentry is given per learning
goal

2. Assessments are based on a percentage system. Criteria
for success may be unclear.

2. Standards are criterion or proficiency-based.
Criteria and targets are made available to students
ahead of time.

3. Use an uncertain mix of assessment, achievement, effort,
and behavior to determine the final grade. May use late
penalties and exira credit

3. Measures achievement only OR separates
achievement from effort/behavior. No penaties or
extra credit given

4. Everything goes in the grade book - regardiess of purpose.

4. Selected assessments (tests, quizzes, projects,
elc.) are used for grading purposes

5. Include every score, regardiess of when it was collected
Assessments record the average — not the best — work

5. Emphasize the most recent evidence of leaming
when grading

Figure 1: A comparison of Standards Based Grading and Traditional Grading [5]

Traditional Grading System vs.
Standards-based Grading System

Based on learning
goals and
standards
Based on different
proficiency levels for
standards
Standards-based Oy e
System extra credit or zeros.
Only items meant to
measure achievement
are recorded
Grade is based on
most-recent
evidence

Figure 2: A second comparison between Standards Based Grading and Traditional Grading
Systems [6]

In the engineering field, standards-based grading is a relatively new phenomenon. Summative
based approaches have tended to be the norm, and still dominate the field. Multiple papers have
been published describing the impacts of Standards Based Grading within the engineering
community. [7] [8] [9] However, no specific papers have been found adopting this technique to
the teaching of software engineering, though papers have been publishing showing it adopted to
other electrical engineering courses, such as Signals and Systems. [10]



Institutional and Course Profile

The Milwaukee School of Engineering offers an accredited Bachelor of Science degree in
software engineering and has been accredited since 2001. There is a strong emphasis on small
class sizes (13:1 student to faculty ratio) and extensive usage of laboratory learning experiences.

The program offers students several unique learning opportunities. One part of the program is a
10 credit Software Development Laboratory experience where students work on large-scale,
industry-sponsored projects. Prior to this, students enroll in a course in software verification,
defined in Figure 2. Specifics of this course are described in [11]. The software verification
course uses many of the approaches of standards-based grading to assess student performance.
However, it cannot be considered to be using pure standards-based grading.

Course Description

This course introduces students to the fundamental concepts of software verification. Topics covered include
the activities within testing, coverage criteria, basic testing techniques and types, basic testability metrics, and
the application of testing tools. Laboratory assignments provide extensive opportunities to apply software
verification techniques and tools. (prereq: <Redacted>)

Course Learning Outcomes

Upon successful completion of this course, the student will be able to:

Explain why testing is important to software development

Explain the relationship between verification and validation

Compose accurate and detailed defect reports and record defects into a defect tracking system
Using appropriate coverage criteria and testing theory, design and construct high quality testing
approaches and prepare tests in a logical, organized fashion

Apply testing theory to design tests based on presented test criteria

Analyze the effectiveness of testing using testing metrics, mutation testing, and other techniques
Design and implement test cases using mock objects

Analyze a given piece of source code for complexity and testability
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Figure 2: Course Catalog Entry

Developing SBG

The course itself has been taught for multiple years, but only recently has the idea of standards-
based grading been considered. It should be noted that while this course currently uses many
aspects of standards-based grading, currently, the course is not assessed purely using standards-
based grading, as there are several key aspects which must be revised to call the grading system
purely standards based.



In deciding to move toward standards-based grading, the first step was to detail the specific daily
objectives! expected of students. In general, the development of daily outcomes is a best
practice for teaching collegiate courses. The course itself had been built using outcomes from
the beginning, so this step purely involved organizing the material in a slightly different fashion
and into key areas. The lab assignments themselves also were developed with documented
outcomes, mapping somewhat indirectly into the course outcomes. By having specific
outcomes, the scope of exercises can be easier to controlled, and students can clearly see what
they will be learning.

Once the course outcomes were organized, certain key concepts began to emerge which could be
readily identified using laboratory exercises. These key concepts are shown in Figure 3. Note
that in an ideal implementation of SBG, these concepts would have a closer mapping to course
outcomes. However, in this case, the way that the course outcomes have been drafted does not
necessarily allow a strong relationship here. There also are a couple of course outcomes that do
not readily map into a lab-based environment, namely outcomes 1 and 2.

Concept
ID Concept Statement

The student demonstrates an ability to submit working projects in Java
100 with working test cases.

The student demonstrates an ability to correct defects in implemented
200 source codein aconcise and meaningful fashion.

The student demonstrates an ability to properly define test cases for a
300 given program.

The student demonstrates an ability to compose accurate and detailed
400 defect reports and record those defects in an appropriate fashion.

The student shall demonstrate an ability to implement a class following a
500 design by contract approach.

The student shall demonstrate an ability to graphically represent code,
600 design, and requirements analysis.

The student demonstrates an ability to understand basic concepts
1100 related to software verification.

The student will demonstrate an ability to communicate in a clear and
1200 concise fashion using appropriate technical writing skills.

Figure 3: The key measurable concepts for Verification using a Standards Based Grading
Approach

Once the key course concepts were identified, more specific sub concepts were developed that
would be assessed one or more times throughout the course of the lab sequence. This again was
an iterative process, incorporating the overall course outcomes, the lab activities, and other
aspects. While ideally this would occur during the design of the course, in this case this process
occurred iteratively over two years as the course ran and labs were being revised. Appendix A
provides a current snapshot of the concepts and assignments in which they are assessed, as well

! or daily outcomes, depending upon terminology being used.



as the weightings placed on each concept in each assignment. Notice that not every concept is
assessed in every lab. For maintainability purposes, each concept was given a number which
uniquely identifies it. These numbers have no specific meaning, other than they tell which major
concept each of the sub concepts is related to in the process.

With this being completed, the focus then moved to the individual feedback to students on each
assignment. This was accomplished by generating a custom rubric sheet for each assignment.
This rubric sheet lists both general and specific concepts assessed on the given assignment, as is
shown in Figure 4. The rubric sheet provides the student with detailed feedback on their
performance across each dimension that was assessed. It also provides the faculty member with
substantial performance information about all students in the class and can be measured across
assignments.
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Figure 4: Sample assignment rubric

Limitations of the Current System

At this point, there are several significant limitations to deploying a complete standards-based
grading system in this course, even though the individual labs are graded in a manner that would
be conducive to fully deploying standards-based grading. First and foremost, the campus LMS is
in the process of being upgraded. The current system is not conducive to recording and
presenting feedback to students and lacks the ability to weigh concepts in a meaningful fashion.



Thus, while the instructor has gone this far toward adopting standards-based grading, truly
assigning final grades based upon individual concepts is not currently feasible. The new LMS
system is supposedly more friendly toward this but is not scheduled to be deployed until the
2020-2021 academic year.

Second, in pure standards-based grading, the only measurements made are assessments of
achievement. This, however, goes against some of the practices that encourage good student
learning and prevent procrastination, such as an early submission bonus which encourages
students to start assignments before they are due. [12] [13] The current rubrics still have an early
performance bonus because it does encourage students to start earlier and work through
assignments, and it also is quite popular with students. But it does go against pure standards-
based grading. Another area is a reflection bonus which is used in a similar manner. We know
as educators that one way our students learn is by reading our feedback. In the language arts and
other fields, it is common for faculty to provide purely constructive feedback on submissions, to
which the students make a second submission incorporating that feedback into a better product.
This is not feasible in the lab environment, so the next best mechanism is to offer students a
small incentive to reflect on their project after receiving comments.

The third issue with pure standards-based grading is that this the grading right now only applies
to lab assignments. The concepts documented are only those which apply to lab activities.

There is currently no attempt to capture terminology and definitions, concepts which are
essential to understanding software verification. It does not make sense to individually list each
term or assign an assessment to each term, but the knowledge of terminology must be captured in
grading. Similar issues arise with quizzes, whereby quizzes are not always mapped directly to
measurable concepts in the same way that the labs have been mapped.
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