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Purpose of Assessment
• communicating achievement to 

other interested parties

• selecting, identifying, or 
grouping students for certain 
educational pathways or programs

• providing information to 
students for self-
evaluation/assessment

• providing incentives for students 
to learn

• documenting student performance 
for the purpose of evaluating the 
effectiveness of instructional 
programs

Guskey & Pollio, 2012; Muñoz & Guskey, 2015



Disturbing Trends
Students in higher education…
• show limited or no improvement in learning – especially in 

regards to critical thinking, complex reasoning, and writing 
skills (NSEE, 2007; Grigsby, 2009; Arum & Roska, 2011)

• experience high levels of anxiety and psychological stress
regarding course grades (Foster & Spencer, 2003; Chapell et al., 2005)

• are more likely to use ADHD 
medication to achieve better 
grades (SAMHSA, 2009; MSNBC, 2011)

• view cheating as an 
acceptable, justified behavior 
(Calabrese & Cochran, 1990; Schab, 1991; 
Newstead et al., 1996; McCabe et al., 2001; 
McCabe, 2005; Kohn, 2007)



Could traditional 
assessment be 

partly responsible 
for some of these 

issues?



Traditional, Score-based Grading

Student

Homework
Total 
(%)

Quiz
Total 
(%)

Midterm
Exam (%)

Final
Exam (%)

Total
(%)

Final
Course
Grade

John 78 80 77 83 80 B-
Bill 50 60 90 87 72 C-
Susan 70 80 75 83 77 C+
Felicia 70 90 85 95 85 B
Jane 95 100 90 85 93 A

What do these student course grades 
represent?
– knowledge, effort, or ability? 
– some combination of all three?
– none of the above?



Traditional, Score-based Grading
Such a system inherently fails to meet 
the conditions for sound assessment of 
student work and learning

So why do we use it?
– long tradition
– remains widely used and promoted 

internationally
– no studies to understand, manage, or improve

Broad, 2000; Freeman & Lewis, 1998; Walvoord & Anderson, 1998; Huba & Freed, 2000; Morgan et al., 
2004; Sadler, 2005; Shay, 2005; Stevens & Levi, 2004; Suskie, 2004



Essence of 
ignored and 

deplored



Call for Change

Specific suggestions:
1. Make course objectives explicit to students 

beyond course syllabi, so that faculty can follow 
student development towards achieving them

2. Provide appropriate feedback to effectively 
increase student learning

Armacost & Pet-Armacost, 2003; Sheppard et al., 2009

US Department of Education (2006) urged 
improvement and increased 
accountability to monitor student 
learning in higher education



Assessment Principles
1. Variations in the amount and quality of instruction can bring every 

student to a mastery level of performance given that aptitude is 
normally distributed

2. Anyone learns best when they know what is expected of them

3. People learn best when procedures can be applied to new 
material and relate to previous knowledge

4. Feedback should be prompt and at each step of learning

5. Learning is best when in small units undertaken regularly

6. Learning is a sequential series of logical steps requiring 
completion of prerequisite steps before attempting the next

Heywood, 2016



Alternative Assessment

Selecting Talent

Developing

1. Variations in the amount and quality of instruction can bring every 
student to a mastery level of performance given that aptitude is 
normally distributed

2. Anyone learns best when they know what is expected of them

3. People learn best when procedures can be applied to new 
material and relate to previous knowledge

4. Feedback should be prompt and at each step of learning

5. Learning is best when in small units undertaken regularly

6. Learning is a sequential series of logical steps requiring 
completion of prerequisite steps before attempting the next

Traditional 
(Normative or 
Summative)

Standards-based

Competency-
based

Mastery-based

Adaptive

Heywood, 2016



Assessment Continuum

Carberry, Atwood, Sinawski, & Diefes-Dux, 2019



standards-based grading 
(SBG)



Standards-based Grading (SBG)
System that has gained popularity in US K-12 
education

Sadler, 2005; Tomlinson & McTighe, 2006; Carpinelli et al., 2008; Scriffiny, 2008

Provides clear, meaningful, and personalized 
feedback

Connects assessment to specific, well-defined 
course objectives

Provides fairness, transparency, and 
flexibility in the grading process

Promotes the encouragement of learning and 
continuous improvement

Serves as a highly effective tool for program 
assessment (e.g., ABET)



SBG Design

1. Well defined course 
objectives

2. An established course 
grading policy

3. Detailed grading rubrics 
and guidelines

4. A complete standards 
achievement report (SAR)



1. Course Objectives
A few simple and general statements 
about what you expect students to know 
after completing a course



2. Course Grading Policy
Determine your grading scale



2. Course Grading Policy
Fit with university policies



3. Grading Rubric
Example: Electronic Toothbrush Product 
Dissection

Assignment
• Individually sketch on 

a scrap piece of paper 
hypotheses of how an 
electric toothbrush 
might internally 
function.



3. Grading Rubric
Example: Electronic Toothbrush Product 
Dissection



4. Standards Achievement 
Report

Example: Electronic Toothbrush Product 
Dissection



4. Standards Achievement 
Report

Project 1 Assignments DB M RTE CO T

1: Design description 2 - - - 3

2: CAD model and 2D print - 2 - - 2
3: Mechanism model and 
calculations - 3 2 - 3

4: Project report - - 3 3 2
Learning Objective Scores 2.0 2.5 2.5 3.0 2.5

Project Score 2.4
Project Grade A-

Progress Level: 3 - Strong development
2 - Demonstrates appropriate development
1 - Approaching appropriate development
0 - Needs practice and further development or not 
assessed

Objective Weighting: DB – 25%; M – 25%; RTE – 20%; CO – 15%; T – 15%

Student: Jane Doe (02/15/2019)



Clear 
understanding of 
progress on LOs
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Research Studies
1. Student perceptions of SBG
2. Faculty perceptions of SBG
3. Student use of feedback

* Full list of publications found at
http://sbghub.lmu.build

http://sbghub.lmu.build/resources/


Research Studies
1. Student perceptions of SBG

• Preference of grading system (pilot)
• Value toward SBG

2. Faculty perceptions of SBG
3. Student use of feedback

Siniawski, Carbery & Dionisio, 2012



Research Questions
1. Do students view SBG as more or less 

conducive to learning?

2. Do students prefer SBG or summative, 
score-based grading?



Research Design
Data Collection: 

– 2 agree-disagree questions
– Included in end of semester course 

evaluations
– Open comment box provided

Data Analysis: 
– Summed totals
– Percentage of students per response



Pilot Data

“The amount of feedback we receive and the ability to redo problems 
increases our ability to learn.”
“SBG is much better because it allows teachers to focus more on 
helping students learn and understand the material rather than 
simply viewing students as a number in a grade book.”
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Course: Mechanics of Materials (N = 30)



Research Studies
1. Student perceptions of SBG

• Preference of grading system (pilot)
• Value toward SBG

2. Faculty perceptions of SBG
3. Student use of feedback

Carberry, Siniawski, & Dionisio, 2012; Atwood, Sinawski, & Carberry, 2014; Vaishnav & Carberry, 2017 



Research Questions
1. What value do students associate with 

SBG?

2. What, if any, differences exist at 
different types (small vs large, public 
vs private) of institutions?



Research Design
Data Collection: 

– 3 agree-disagree questions
• Intrinsic/attainment value
• Utility value
• cost

Data Analysis: 
– Mean scores



Student Value toward SBG

“The feedback is great and very explicit – this is a good system for 
educational growth.”
“The direct correlation between my course grade and the course 
objectives forced me to pay attention to what I should be taking away 
from the course.”
“The grading evaluation was my favorite part of this class, and I wish 
other professors would evaluate students this way in all group projects”

5 different courses at 2 universities (N = 120)



Student Value toward SBG
Small Private University (N = 44) vs Large State University (N = 60) 

Strongly 
Disagree



Student Value toward SBG

• “It makes it difficult for students to know their grades or course 
average during the semester.” 

• “The grading system was fair, but I found that it grouped the 
grades too closely together and did not give as much credit for 
great work.” 

• “I believe I know more than the evaluation gives me credit for.”

Small Private University (N = 44) vs Large State University (N = 60) 
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Students see 
value, but can 
struggle with 

change 



Research Studies
1. Student perceptions of SBG
2. Faculty perceptions of SBG
3. Student use of feedback

Carberry, Siniawski, Atwood, & Diefes-Dux, 2016; Lee, Carberry, Atwood, Diefes-Dux & Sinawski, 2017; 2019



Research Questions
1. What are instructor’s perceived 

benefits of SBG for students?

2. What obstacles must be overcome 
when implementing SBG?

3. What are best practices for SBG 
integration?



Research Design
Data Collection: 

– 3 open-ended questions

Data Analysis: 
– open-coding for salient utterances 
– performed independently by 4 researchers
– final list of emergent themes determined by 

agreement across raters



Faculty Sample
SBG activities Group Proficiency scale 

(Hoffman, 1998)

Before SBG 
implementation

Group 1
SBG workshop participants 
(n = 39)      

Novice
New, minimal exposure in 
the domain

Group 2
SBG community members 
for implementation (n = 8)     

Initiate
Novice who began 
introductory instruction

After SBG 
implementation

Group 3
0 – 1 year of SBG 
experience (n = 20)

Apprentice
Is learning beyond 
introductory level 

Group 4
1 – 2 years of SBG 
experience (n = 8)

Journeyman
Experienced, reliable and 
independent worker

Group 5
~ 2+ years of SBG 
experience (n = 10) 

Expert 
Can deal effectively with 
certain types of tough 
cases



Perceived Student Gains
• Provides clear and direct feedback toward 

expectations that allows students to gage their 
strengths and weaknesses toward relevant skills.

• Provides a mechanism for students to effectively self-
assess their learning.

• Allows a student to fail early and learn from their 
mistakes by rewarding improvement.

• Better connects to real world assessment and skill 
building.

• Encourages students to focus on learning rather than 
what needs to be done to earn a grade.



Obstacles to Implementation
• Faculty and student pushback to change based on 

lack of familiarity with the grading scale.

• Student confusion and frustration in understanding 
their current grade/standing in the course.

• Difficulty integrating the grading system within 
currently available course management systems.

• Increased initial faculty workload.

• Consistency in scores across instructors, teaching 
assistants, graders, and programs.

• Fit within the variety of courses taught within an 
engineering program.



Best Practices
• Establish a manageable set of learning objectives at the 

beginning of the course with rubrics that clearly explain 
expectations for success.

• Utilize a simple 3 to 5 point grading scale.

• Assess each objective multiple times over the course of a term.

• Provide students with clear, detailed, and frequent feedback.

• Map activities and develop assignments around the course 
learning objectives.

• Weight assignments and objectives based on content and 
timing.

• Use student scores to address immediate needs and future 
programmatic changes.



Obstacles can be 
overcome with 

best practices to 
the benefit of 

students



Research Studies
1. Student perceptions of SBG
2. Faculty perceptions of SBG
3. Student use of feedback (current 

research)

Diefes-Dux, 2018; Diefes-Dux & Cruz Castro, 2019; Diefes-Dux & Carberry, 2019a; 2019b) 



Research Questions
1. What is the nature of students’ actions 

and plans, early in the semester, to 
improve their proficiency with course 
LOs? 

2. To what extent do students’ link their 
early semester actions and plans to 
specific LOs? 

3. What is the nature of the reflections of 
students' with different overall course 
performance?



Research Design
Data Collection: Weekly structured 

reflections
1. I have gone on Blackboard and reviewed my feedback on 

PS0X.  [If no, skip to Q4]
2. Based on your feedback, what actions do you still plan to 

take to improve your abilities? Refer to specific learning 
objectives and be specific about your planned actions.

3. Based on your feedback, what actions have you already 
taken to improve your abilities? Refer to specific learning 
objectives and be specific about your actions.

4 – (X-1). [Rate abilities with recent learning objectives]
X.   For those learning objectives that you are not able to do on 

your own, what do you plan to do to improve your abilities 
over the next week? Refer to specific learning objectives and 
be specific about your planned actions.



Research Design
Data Analysis: Code Book

Actions Description
Ask Seek or provide help from/to a person either in-person or virtually. These persons include 

other student(s), teaching assistants, instructors. Also included are office hours and 

providing help to others

Check Check work or changing implementation of habits, such as reading instructions, coding 

differently, remembering to do something, focus on or spend more time on something. This 

might be in reference to the most recently submitted assignment or future assignments.

Create Create study materials on one’s own. Such materials might include study guides (e.g. 

flashcards, sticky notes, etc.) and test cases or data sets

Logistics Actions around submitting work properly (e.g. uploading to Blackboard issue; formatting 

files correctly)

Practice Work or rework problems that are not part of an assignment being submitted for a grade. 

This includes reworking past assignments, doing extra problems provided on Blackboard, 

and references to coding or syntax practice.

Metacognition Keep own learning in mind or look to improve (e.g., recognition of one’s current state of 

learning or setting a goal state of learning)

No Action No actions taken yet

Review/Read/ 

Research (RRR)

Look back at or look up materials already viewed or created.  This included the course 

online modules, lecture slides, materials posted on Blackboard, previously graded 

assignments including feedback, exams, web resources (e.g., Google), tool resources (e.g., 

MATLAB), LO lists, notes

Study Study habits including time management, note taking, and memorizing



Early Semester Reflections
Actions taken as a result of feedback



Early Semester Reflections
Actions planned based on feedback



Early Semester Reflections
Actions planned based on self-assessment



Need to analyze 
reflections later in 

the semester



Early Semester Reflections
Connections to LOs

Increase from week 3 to week 5

Actions
Actions Taken 

Based on Feedback
Actions Planned

Based on PS Feedback
Actions Planned

Based on Self-Assessment
Week 3 Week 5 Week 3 Week 5 Week 3 Week 5

Total LOs Total LOs Total LOs Total LOs Total LOs Total LOs
Ask 8 50% 6 17% 8 0% 4 50% 24 25% 22 64%
Check 21 62% 21 71% 20 55% 28 86% 2 50% 10 70%
Create 0 NA 2 100% 2 100% 2 100% 4 75% 0 NA
Logistics 9 0% 1 0% 4 0% 2 0% 0 NA 1 0%
Metacog. 20 65% 19 68% 16 50% 23 74% 28 46% 36 72%
No Action 8 25% 2 0% 0 NA 1 0% 1 0% 0 NA
Practice 10 60% 14 57% 26 42% 14 50% 38 58% 31 74%
RRR 36 42% 31 58% 23 52% 32 53% 61 36% 68 62%
Study 4 0% 6 17% 7 0% 6 0% 7 14% 8 38%
Total 116 46% 102 57% 106 42% 112 62% 165 41% 176 65%



Student Cases

4 students
1. ABA – starts and ends course well
2. CBB – starts slow and ends ok
3. BFC – starts ok, but is inconsistent in the 

middle and end
4. CFF – starts ok, but struggles throughout

Case Exam Period 1 Exam Period 2 Exam Period 3
PS* 1-3 Exam 1 PS 4-7 Exam 2 PS 8-11 Exam 2

ABA 99% 93% 95% 87% 85% 93%
CBB 88% 76% 84% 83% 84% 89%
BFC 91% 82% 81% 53% 51% 70%
CFF 78% 70% 56% 56% 69% 46%

* PS = Problem Set



Preliminary Findings
• Reflections lacking specificity are a potential 

sign of confidence or an inability to 
effectively reflect

• Practice and creation of study materials tend to 
lead to higher achievement

• Reflections reveal signs of struggle, i.e., high-
risk students

• Clear need to automate the process of 
providing feedback



Conclusions
• Implementation of SBG positively impacts 

students
– High interest, attainment, and utility value 

while not costing them valuable time and 
effort in order to learn 

• Some students are uncomfortable with a non-
traditional grading system

• The overall results suggest standards-based 
grading to be a viable option for engineering 
courses to develop, rather than select talent

• …but, there is NO perfect system



Implications
• SBG is a viable 

alternative to score-based 
grading

• Allows students and 
faculty to gage overall 
knowledge and skills

• Direct benefits to 
students

• Strategies need to 
continually be developed 
to overcome barriers
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