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Abstract—Standards based grading is a formal assessment mechanism that 
tests for student achievement of specified learning objectives, or standards. 
Standards-Based-Grading has been gaining in popularity in K-12 education, and 
also has been seeing increased use in higher education, though it has only re-
cently been used in engineering education. This paper describes how Standards-
Based Grading was implemented in a second-semester Thermodynamics 
course. A total of eleven learning objectives were specified for the course. In 
this implementation of Standards-Based Grading, all assessments are done on a 
pass-fail basis. That is to say, there is no partial credit given. Once a student 
passes an assessment, usually given in the form of a quiz, on a given learning 
objective, it is assumed the student has mastered that concept and is not tested 
on it again. Students are allowed to re-test on particular objectives if they do not 
pass them on the first try. The final exam serves as a last chance for students to 
pass any objectives they did not complete earlier in the semester. The learning 
objectives can be mapped to student outcomes such as those required for ac-
creditation without having to generate a separate set of data outside the normal 
course grading. 
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1 Introduction 

There have been only a very few publications on the use of standards-based educa-
tion in engineering courses, including one outlining the use of the method in a materi-
als science course [1] one for a fluid mechanics course [2], and one for project design 
courses [3]. This paper expands on the limited literature by demonstrating how stand-
ards-based grading could be used in a thermodynamics course. The motivations for 
standards-based grading are given by Post [2]. To summarize they are: 

1. Remove arbitrariness and inconsistency from grading [4] 
2. Reduce time in grading 
3. Make grading and expectations clear to students 
4. Improve students learning and understanding by focusing their efforts on success-

fully completing big picture tasks 

The efficacy of active learning activities [5] and cooperative learning strategies [6-
8] has been demonstrated convincingly in the literature. So how should grading being 
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conducted, in light of the research showing the efficacy of active and cooperative 
learning? We can broadly divide grading strategies into two types of assessments: 
formative and summative. Formative assessments can be thought of as a loop, where 
“students and teachers focus on a learning target, evaluating current student work 
against the target, act to move the work closer to the target, and repeat [9].” Formative 
assessments provide feedback not just to the student, but also to the instructor. They 
inform the instructor of which material the students are having difficulty with and 
should be covered further. Summative assessments are typically performed only at the 
end of a particular instructional module [10]. In summative grading, a weighted-
average of student scores on a diverse set of assignments is added together to arrive at 
a final grade that is supposed to assess students’ performance in the course. The tradi-
tional method to assess student performance in STEM courses is a summative score-
based grading system [11]. In summative grading, it is common to measure student 
achievement on an assignment based on how many “points” they obtain, but the point 
is not a well-defined unit of measurement. The arbitrariness of points is illustrated in 
that its value changes from instructor to instructor, and in fact can even change for a 
single professor from term to term if he/she does not use rubrics or another method to 
assure grading consistency. 

The common use of a 100-point grading system gives the illusion of precision that 
does not exist, and grade cut-off scores are not usually linked directly to mastery of 
specific subject matter or skills, but rather to arbitrary decile levels such as 90/80/70 
[12]. Further there is not agreement on how to translate points to grades. More im-
portantly than grades, there is the issue of how to relate points to learning objectives 
and measures of student learning. “Validity, sampling adequacy, item quality, mark-
ing standards, marking reliability and measurement error generally are all significant 
variables that produce an underlying softness in the basic data that typically goes 
unrecognized [12].” In fact, “research indicates that the score a student receives on a 
test is more dependent on who scores the test and how they score it than it is on what 
the student knows and understands [13].” 

The goal of Standards-Based Grading (SBG) is to measure a student’s progress to-
wards achievement of a standard, and thus to show what students are able to do. Stu-
dents have multiple opportunities to demonstrate their achievement of the standard, 
and the final grade is based on the student’s overall mastery of the standard by the end 
of the term, not a weighted average of material throughout the term. Standards-Based 
Grading can also help instructors to more clearly communicate to the students exactly 
what they will be expected to know and demonstrate on assessments. SBG aims to 
establish strong connections between assessments (and grades) and course objectives 
and provide a tool for program assessment [11,12]. The four main challenges facing 
an instructor who wishes to use SBG are [12]: 

• Coming to grips with the concept of a standard 
• Determining how to set standards 
• Communicating standards to students and colleagues 
• Becoming proficient in the use of standards 
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SBG was first developed in the 90s [11]. Very little information has been published 
on the use of Standards-Based Grading (SBG) in engineering courses. Recently there 
have been examples published of how to do this for a limited number of courses [1-3], 
which can serve as a template for implementing SBG in other engineering courses. 
General publications on SBG include the book by Marzano [10]. Sadler [12] puts 
forth the arguments for why students should be evaluated using Standards-Based 
Grading as: 

1. “Students deserve to be graded on the basis of the quality of their work alone, un-
contaminated by reference to how other students in the course perform on the same 
or equivalent tasks, and without regard to each student’s previous level of perfor-
mance.” 

2. “At the point of beginning a course of study, students deserve to know the criteria 
by which judgments will be made about the quality of their work.” 

The term “Standards-Based Grading” has been used throughout this work as that 
term is used in the literature for similar such grading systems, though Sadler points 
out the term “criteria-based assessment” may be more accurate, as standards refer to 
the levels considered adequate or inadequate, while criteria refers to the properties of 
achievement we are assessing [12]. Standards-Based Grading aims to establish a 
framework that provides more consistent evaluation of student achievement from 
instructor to instructor. SBG would allow for comparison of student achievement 
across different instructors teaching multiple sections of the same course at a single 
institution, and also for measures of student achievement that can be easily compared 
across different institutions. 

2 Implementation 

Since the thermodynamics course was primarily a calculation-based course, it was 
decided to use a 2-point, or binary, scale in assessing students’ completion of objec-
tives. Sadler writes that many “educational outcomes cannot be assessed as dichoto-
mous states, although the competency assessment movement predominantly adopts 
that perspective.”12 Because most of the objectives for this thermodynamics course 
were constructed in terms of students’ ability to perform calculations, it was deemed 
appropriate to use the binary scale for this course. In other words, all objectives were 
graded on a pass/fail basis, with no partial credit given. An objective was considered 
to be passed when the student obtains a numerical answer within +/-2% of the instruc-
tor's calculated value, reported to 3 significant digits, and a valid solution technique is 
used. Objectives were typically assessed with 30-minutes quizzes, and on the final 
exam students could attempt any objectives they had not yet passed. A whole-letter 
grading system is used at the university where this example of standards based grad-
ing was implemented. The relationship between student achievement of course objec-
tives and their final grades is as follows: 

Completing 10 or more course objectives results in a grade of A.  
Completing 9 of 11 course objectives results in a grade of B.  
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Completing 8 of 11 course objectives results in a grade of C.  
Completing 7of 11 course objectives results in a grade of D.  
Completing 6 or fewer course objectives results in a grade of F.  
 
The 11 course objectives were: 

1. Otto Cycle – Calculate P &T at each state & h given CR, Q, and initial conditions 
2. Diesel Cycle - Calculate P &T at each state & h given CR, Q, and initial conditions 
3. Brayton Cycle - Calculate P &T at each state & h given PR, Q, and initial condi-

tions 
4. Rankine Cycle - Calculate P &T at each state & h given Pmax, Q, and initial condi-

tions 
5. Refrigeration Cycle - Calculate P,T, & h at each state & b given conditions 
6. Select Working fluid for an ORC – Select from a list of available refrigerants 
7. Ideal Gas Mixture – Calculate properties of an ideal gas mixture 
8. Psychrometrics – Calculate properties of a humid air mixture 
9. Combustion – Balance a combustion reaction and calculate adiabatic flame tem-

perature 
10. Teamwork – Group completes 70% of Homework problems correctly 
11. Contemporary Issues – Group successfully completes presentation on selected top-

ic (selected from Ethanol, Electric Cars, Fuel Cell Cars, Solar Power, Wind Power, 
or Carbon sequestration) 

While the 70% threshold for completing homework problems is arbitrary, it was 
based on past experience of what was reasonable expectation of the students. It also 
remarkable how students adjust their efforts to meet whatever arbitrary threshold is 
presented to them if they know that threshold will be upheld. Note the grading on 
homework problems is also on a pass/fail basis (1 or 0 points) with no partial credit 
given. By choosing high-level objectives (cycles) as the objectives to be assessed, this 
ensures the students must also be able to master the basic skills to complete these 
more complex tasks, so it is not necessary to add additional objectives such as ideal 
gas law, first law, second law, obtaining property values for tables (an obsolescent 
skill), etc. Keeping the number of objectives minimal helps keep students from feeling 
overwhelmed and helps keeping grading time low. 

Example of the quiz problems that were given are as follows:  

1. An ideal air-standard Otto cycle consists of isentropic compression from intake 
conditions of 300 K and 1.0 bar, constant volume heat addition of 1450 kJ/kg, fol-
lowed by isentropic expansion, and then the air is exhausted at atmospheric pres-
sure in a constant-volume process. Assuming constant specific heats, compute the 
pressure and temperature for each state in the cycle, sketch the process on a P-V 
diagram, and compute the 1st law thermodynamic efficiency for the cycle. The 
compression ratio is 10.8. 

2. An ideal air-standard Diesel cycle consists of isentropic compression from intake 
conditions of 300 K and 1.0 bar, constant pressure heat addition of 1600 kJ/kg, fol-
lowed by isentropic expansion, and then the air is exhausted at atmospheric pres-
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sure in a constant-volume process. Assuming constant specific heats, compute the 
pressure and temperature for each state in the cycle, sketch the process on a P-V 
diagram, and compute the 1st law thermodynamic efficiency for the cycle. The 
compression ratio is 22.0. 

3. An ideal air-standard Brayton cycle consists of isentropic compression from intake 
conditions of 300 K and 1.0 bar, constant pressure heat addition of 1400 kJ/kg, fol-
lowed by isentropic expansion through a turbine to atmospheric pressure. Assum-
ing constant specific heats, compute the pressure and temperature for each state in 
the cycle, sketch the process on a P-V diagram, and compute the 1st law thermody-
namic efficiency for the cycle. The compressor pressure ratio is 40. 

4. An ideal Rankine cycle consists of isentropic compression from saturated liquid at 
20 kPa to compressed liquid at 15 MPa, constant-pressure heating to super-heated 
steam at 800 °C and isentropic expansion through a turbine back down to 20 kPa. 
Calculate the efficiency of the cycle and also determine the pressure, temperature, 
quality, and enthalpy at each state in the cycle.  

5. An ideal Refrigeration cycle with R134a as the working fluid consists of isentrop-
ic compression from saturated vapor at -10 °C, constant-pressure heat rejection in 
the condenser at 34 °C, constant-enthalpy pressure loss across a throttle valve, and 
constant-pressure heat absorption in the evaporator. Calculate the coefficient of 
performance of the cycle and also determine the pressure, temperature, quality, and 
enthalpy at each state in the cycle. 

6. An Organic Rankine Cycle is to be built for a geothermal plant in a location 
where the environment temperature is usually around 10 °C. The maximum tem-
perature of the working fluid is 200 °C. The minimum pressure in the system must 
be just above atmospheric, but as close to atmospheric as possible. Select a suitable 
working fluid for the ORC from the list provided and justify your choice.  

7. A fuel mixture contains 70% H2, 25% CH4, and 25% C8H18 on a volume basis. 
Find the mass fractions of each of the three components, and the density of the 
gaseous fuel mixture at 1 bar and 300 K. 

8. Calculate the adiabatic flame temperature for ethane (C2H6) burning in air at 298 
K and 1 atm, assuming complete combustion and constant specific heats.  

9. Air at 40 °C, 1 bar, and 10% RH goes through an evaporative cooler, and the outlet 
air is cooled to 27 °C. Find (a) the relative humidity at the outlet, and (b) the 
amount of water added (kg H2O per kg of air). 

Generally three chances were given to pass each objective – an initial quiz, a later 
quiz, and the final exam. As new objectives were presented and tested, questions on 
the previous objectives were included in the quiz for those students who still needed 
to pass them. One of the advantages of Standards-Based Grading, as it provides real-
time feedback to the instructor. If none or very few of the students pass an objective, 
it signals to the instructor that more time in lecture should be devoted to that topic 
before the next assessment of that objective. Whereas in the traditional point-based 
system, the awarding of partial credit for incomplete work could lead to a course 
average on a score that indicates acceptable student performance, while masking the 
fact that only a small number of students in the course had mastered the concept.  
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Teamwork is an important part of the course. The class is divided into teams of 3-4 
students each for the homework and project. There is a great deal of literature show-
ing that students learn more effectively in teams than they learn on their own 
[7,8,13,14]. At the end of the semester students were also allowed to evaluate their 
teammates to encourage accountability. Among their other findings, Felder and Brent 
[13] recommend that team sizes are 3-4 students, to collect one assignment per group, 
to have the instructor select the groups, and not to assign grades on a curve, so that 
students are given incentive to help each other. The goal is to create positive interde-
pendence and individual accountability. The instructor selects the teams. 

3 Objective Results 

The final results of student achievement of objectives for the semester are shown in 
Table 1. There were a total of 23 students. It can be seen that on the calculation prob-
lems the pass rate was quite high, as desired. The pass rates were higher on objectives 
presented earlier in the course. This could be either because those objectives were 
based on more basic material as the more advanced problems presented later in the 
course built on that earlier material and were more complex. Alternatively, it could be 
because the students had more time over the course of the term to digest and work on 
the objectives they were initially tested on at the beginning of the term. The students 
correctly completed 78% of the homework problems, with 67% of the groups attain-
ing at least 70% correct to pass the specified objective. The class-average GPA of 3.2 
on a 4.0 scale was higher than previous experience with the course (GPA of 2.9). 

Table 1.  Pass rate of individual learning objectives in a Thermodynamics Course 

Objective Pass Rate 

Otto Cycle 96% 

Diesel Cycle 100% 

Brayton Cycle 100% 

Rankine Cycle 96% 

Refrigeration Cycle 74% 

Psychrometrics 87% 

Ideal Gas Mixture 61% 

Select ORC working fluid 83% 

Combustion reaction 78% 

4 Survey Results 

The same two questions as in the paper on SBG in the materials science course [1] 
were asked to the students in an end of semester survey. Siniawski’s results indicated 
that the vast majority of the students agreed that Standards-Based Grading is more 
conducive to learning (89%) and that they prefer standards-based grading (86%). The 
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results of a similar survey in the current work were much less positive. Students were 
asked the following two questions: 

1. Is the standards-based grading system more conducive to learning than traditional, 
summative score-based grading? 

2. Do you prefer standards-based grading to traditional grading? 

In this study of the thermodynamics course, for question #1 only 38% of the stu-
dents responded with “Strongly Agree” or “Agree” on a 5-point Likert scale, and on 
question #2, 51% responded positively. In the author’s previous use of SBG in a fluid 
mechanics course, for question #1 only 38% of the students responded positively, and 
on question #2 only 28% responded positively.2 Since this is the first time the students 
were encountering SBG at Bradley University, it may have been uncomfortable for 
them to adapt to a grading system to which they were not familiar and unprepared to 
encounter. An important difference between the current work and that of Siniawski et 
al. is that they used a 4-point scale to assess student completion of objectives, while 
students complained primarily about the 2-point scale used in the current work.  

Examples of student comments on the surveys are: 

• “If you understand the concept but make a small error you get the whole question 
wrong; I don't believe this reflects the knowledge of the student”  

• “Liked the idea behind it, but was very frustrated when other students passed ob-
jectives because they "stumbled across" the right number, but failed to completely 
understand the process, while sometimes I got the "wrong number" but understood 
the process.   

• “It makes the goals required much more straightforward. It also eliminates the 
dependency of your grade on how well everyone else does or the professor's grad-
ing practice.” 

• “I preferred this style of grading for this class due to each objective being only one 
thing to obtain it.” 

5 Conclusions 

This paper demonstrates how Standards-Based Grading can be used in an under-
graduate engineering thermodynamics course. The use of Standards-Based Grading in 
an engineering course rests on the assumption that “Completion of each task (even 
after multiple attempts, if necessary) is taken as evidence of achievement of the rele-
vant objective [12].” While there are potential issues with any grading system, it is 
believed that SBG provides a better assessment of student achievement than tradition-
al summative-score systems that use an arbitrary point system. This study follows the 
philosophy of Sadler, “Whether the actual path of learning is smooth or bumpy, and 
regardless of the effort the student has (or has not) put in, only the final achievement 
status should matter in determining the course grade [15].” The advantages of SBG 
are that it provides better feedback to the instructor on student performance, improves 
student achievement of learning objectives [2], it can reduce time in grading com-
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pared to traditional score-based systems [11], and can also be directly used in showing 
student achievement of performance indicators of Student Outcomes for accreditation 
without the need for extraneous bookkeeping.  
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