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INTRODUCTION 
 
Introductory physics courses are required as part of the 
preparatory year in scientific, engineering, and health 
colleges at King Saud University (KSU). Thus, it is 
especially important to remember that for many students, 
such courses serve as indicators of their abili
pursue coursework in a related field of study. Reviewing 
such introductory courses according to 
indicators reveals a type of organizational dynamicity
fosters improvement in the predictions of succes
related fields. Thus, various factors 
investigated of the grading system as a topic of much 
interest. Letter grades indicating a student's progression 
through the grading system are used to 

Merit Research Journal of Engineering, Pure and Applied Sciences (ISSN: 2408-7033) Vol. 5(2) pp. 019-
Available online http://www.meritresearchjournals.org/epas/index.htm  

Introductory Physics in Engineering Pathways: 
Discrimination of Performance Tiers and Prediction of 

Success 
 

, Charles Secolsky2, Fahad S. Alshaya3 and Mariia Mazorchuk
 

Abstract 
 

This study sheds light on the prediction of success using cutoff scores for 
student grades adopted for two required Physics pathway courses (Phys. 
103, and Phys. 104) for study in an engineering prof
Saud University in Saudi Arabia. Data on course grade and GPA for students 
enrolled in these two courses between 2008–2014, were analyzed. Receiver 
Operating Characteristic (ROC) curve analysis was used to determine 
cutoffs for course grades using ranges of GPA. This procedure has promise 
as a new method for quantitatively arriving at cutoff scores using an 
external criterion requiring less human judgment than most existing 
standard setting methods. The cutoff scores are unexpectedly
the analyses for the two different courses with Physics 104 having more 
stringent standards evidenced by the resulting respective cutoff scores. 
Overall, the cutoff scores for the two Physics courses tended to be low or 
moderate, implying that low and moderate course grades were obtained for 
even students with high GPAs, including GPAs above 4.00.
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subjectivity. 

Placement tests bear a high risks if fallibility because 
they can inadvertently assign students into 
developmental or remedial course work when they should 
not have been. To guard against this potential miss-
assignment, cutoff scores have been examined 
empirically for improving the accuracy of predictors of 
placement decisions as to whether students will succeed 
in coursework and hence, be retained in college.  
Secolsky, Krishnan, and Judd (2012) evaluated the cutoff 
scores considered for reflecting readiness in Freshman 
Composition and College Algebra. Previous efforts in 
setting cutoff-scores apparently resulted in the need for 
setting the standard too high with a greater number of 
developmental course sections being offered. Logistic 
regression was employed to invalidate the cut-scores 
thereby recommending that new ones be re-established 
to achieve greater predictive accuracy. 

The Excellence Research Center of Science and 
Mathematics Education at KSU has conducted a series of 
studies to review introductory physics courses from 
different perspectives.  One of the recent studies has 
looked at the prediction of success using cutoff scores for 
student grades adopted for a required Physics pathway 
course for study in a health professions program. Data on 
course grade and GPA for approximately 10,000 students 
enrolled in this course, from 2008–2014, were analyzed.  
Receiver Operating Characteristic (ROC) curve analysis 
was conducted to determine cutoffs for course grades 
using ranges of GPA. This procedure shows promise as 
a method for quantitatively arriving at cutoff scores using 
an external criterion requiring less human judgment than 
most of the other standard setting methods. The cutoff 
scores produced show that GPAs of students who 
complete the Physics course yield successive 
performance tiers that are lower than expected. In 
addition, the correlation between GPA and course grade 
for Physics is only 0.63 and therefore only 39% of the 
variation in GPA explains course grade. As a result, the 
decision was made to maintain the existing                   
standards thereby requiring higher grades in the Physics 
course for students seeking to enter a health                
professions course of study (Alarfaj, Secolsky, and 
Alshaya, 2017). 

Consequently, this study aimed to introduce and 
investigate KSU students' performance in the introductory 
physics courses offered as part of the engineering 
pathway with respect to cutoff scores.  The findings of the 
study are expected to assist decision makers at the 
deanship of academic affairs, and the physics and 
astronomy department in the college of science at KSU to 
recognize strengths and weaknesses of the grading 
system in the introductory physics courses (Phys 103  
and Phys 104), and to take necessary steps for 
improvement.  

 
 
 
 
Research Problem 
 
Cutoff scores are set to discriminate between students' 
performance levels and are usually denoted by letter 
grades. Ranges of GPA and a course grade composite 
are effectively influenced by pre-set cut-off scores.  Thus, 
it is especially important to remember that for many 
students, such courses serve as indicators if their abilities 
to pursue coursework in a related field of study. For 
example, poor grades in STEM courses or earning lower 
grades in STEM courses than in non-STEM courses in 
the first year may push students out of STEM fields 
(OSTR, 2010; Rask, 2010).  In a longitudinal study lasting 
six years, it was shown that US students who leave a 
pathway in STEM in the fresh man year have higher 
levels of failure or withdrawal, from STEM courses.  In 
addition, this report showed that students who entered a 
STEM pathway in the first year, but dropped out of 
college possessed a 2.3 GPA, while those who switched 
to other majors possessed a 2.6 GPA. Students with a 
3.0 GPA were likely to sustain in a STEM major.   

It is likely that introductory physics courses at KSU are 
offered by various colleges as part of first year 
requirements.  Among these courses, there are Physics 
103 and 104, which are offered to students intending to 
take an engineering pathway.  They are competitive 
courses enrolling many of the best and brightest 
students.  In addition, these physics course inspire the 
mind towards logical thinking and deduction, which are 
vital for an engineering professional.  Hence, it is 
important to monitor the initial performance standards 
and the identification of corresponding cutoff scores to 
enable accurate categorization of students' performance 
(Kane, 1994).  This study; therefore, corresponds to this 
essential aim of answering the following question: 
- Do established cutoff scores represent a significant 
indication of the initial performance levels of freshman 
students in the engineering pathway? 
- Can accumulated GPA performance levels of first year 
engineering students predict success on the required 
physics courses? 
 
 
Literature Review 
 
 Studies aimed at validating cut scores for placement 
decisions using logistic regression are common. It is a 
method that classifies students as to whether they pass 
or do not pass some criterion using an established cut-off 
score where the criterion is dichotomous. Logistic 
regression, although there is some inherent subjectivity 
as with all of the standard setting methods, relies on 
subjectivity at an earlier stage in the standard setting 
process, namely in variable selection and  specification 
and  thus  depends  less  so on human judgment art later  



  

 

 
 
 
 
stages of the process. It is the most statistically empirical 
of all the methods routinely described. It does involve 
judgment initially but requires little judgment associated 
with the statistically objective methods for arriving at the 
cutoff score. However, validating the passing score 
requires additional judgment as to whether the obtained 
level of prediction is or is not acceptable in terms of 
accuracy? 

The quality of testing according to standards and 
impact on a grading system can be controlled and 
managed. Yet, the grading system still has a primary 
deficit as scaffolding arbitrary and uncertain borderlines 
or cutoff scores on the 0-100 scale.  Guskey and 
Anderman (2013) ascertain that percentage cutoffs on 
any scale are subjective decisions, and they infer little 
about the objectivity of a student's performance.  A cutoff 
score would determine a student's performance level in A 
or B+, or pass with D- or fail.  The logic behind these 
cutoff points is not readily apparent without a thorough 
explication of the procedure. It continues to be a 
dominant practice used to sort out students based on a 
custom basis.  However, studies aimed at validating 
cutoff scores for placement decisions are not uncommon.   

Cut-off scores can be set using a method that involves 
expert judgments of test items the Angoff method (1971) 
or the modified Angoff method that assist in judge’s 
ratings by supplying them with prior test score data 
(Livingston and Zieky, 1982). A different type of judgment 
coined by Livingston and Zieky (1982) as the contrasting 
groups method collects judgments about test-takers. With 
the contrasting groups method, judgments are made 
about individual students with respect to whether 
teachers or other assessments indicate that students will 
succeed in introductory physics.  Two distributions are 
then created of GPAs -one for students deemed to be 
able to pass the physics course and one distribution for 
students deemed not to be able to pass the physics 
course. These two distributions of GPAs are likely to 
overlap to some degree and the initial cut-off score 
should lay in the area of overlap.  The initial cut-score(s) 
are hen optimally analyzed with course grade data to see 
how well these GPA performance levels predict success 
in introductory physics courses using logistic regression.   

Logistic regression is a basic approach for classifying 
students as to whether they fall-in or fall-out some set 
standard using a cut-off score where the categorical 
setting is dichotomous.   There are a number of standard 
setting methods including: the modified Angoff method, 
the contrasting groups approach, the borderline group 
method (Livingston and Zieky, 1982), and the bookmark 
approach (Mitzel, Lewis, Patz and Green, 2001); 
however, logistic regression is an essential and concise 
approach for standard-setting and validation.   It is more 
quantitative in nature and relies less directly on human 
judgment. 
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Introductory physics courses at King Saud University 
are offered as part of the first-year requirements. Among 
these courses, are Physics 103 and Physics 104, which 
are intended for students planning to take an engineering 
pathway. Each of these courses is three credit hours that 
include two hours for lecture and one hour for lab.  They   
are competitive course enrolling many of the best and 
brightest students. In addition, these physics course 
inspire the mind toward logical and analytical thinking, 
which is germane for a professional career in 
engineering.. They include instructional classes and 
laboratory sessions focusing on various physics concepts   
with direct application to the field of engineering. The 
classes are on such topics as mechanics, electricity, 
mirrors and lenses, light, nuclear physics, and ionizing 
radiation. The experiments cover the simple pendulum, 
Hooke's law, friction, vector components, viscosity, 
Ohm’s law, lenses, and free fall Newton's laws. 

As a dominant practice, letter grades are used to track 
student performance and progression in these courses 
using an A-F scale. In every official course at the 
university,, students are assigned  letter grades 
according to the following grading system: 
- 95 to 100 is A +. 

- 90 to less than 95 is A. 

- 85 to less than 90 is B+. 

- 80 to less than 85 is B. 

- 75 to less than 80 is C +. 

- 70 to less than 75 is C. 

- 65 to less than 70 is D+. 

- 60 to less than 65 is D. 

- Less than 60 is F. 
The overall academic success of a student at graduation 
can be characterized in two ways. One is the final 
cumulative GPA. The cumulative GPA (grade-point 
average) for a student is computed by converting the 
letter grade for each course to date into a numerical 
value (using a scale of 1(F) to 5(A)), multiplying this 
numerical value by the number of credits allotted to each 
course, calculating the total of these weighted values and 
then dividing by the student’s total number of credits, The 
GPA is then categorized into bands as shown below. 

- “Excellent” for GPAs 4.50 and above. 

-  “Very Good” for GPAs from 3.75 to less than4.50. 

- “Good” for GPAs from 2.75 to less than3.75. 

- “Satisfactory” for GPAs from 2.00 to less than2.75. 

- “Fail” for GPAs less than 2. 
Use of these two widespread categorical grading 

scales likely stem from their accessibility in 
communication with students; however, they are 
subjective, and too abstract to be used alone to reflect 
student performance (Marzano, 2010). It is possible that 
various institutions and teachers offering the                 
same courses  use  the  same  grade  to  indicate student  
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performance, but use divergent weighted tasks to arrive 
at a grade. In higher education, the course grading 
system is apparently tied to an administered test. 
Alqataee (2012) claimed that teachers always deviated 
from the test construction rules by implicitly 
overemphasizing certain criteria. In addition, Stiggins and 
Bridgeford (1985) stressed that with teacher-made tests, 
quality control tends to favor unintended domains due to 
the likelihood that teachers do not seek corroborating 
feedback in developing their tests. These factors affect 
the quality of testing and thus the quality of grading. 
However, in introductory physics courses, namely 
Physics 103 and Physics 104, it is a widely held practices 
that faculty who teaches the same course, construct the 
same exam, and check compliance with the same test 
specifications. 

The quality of constructed tests and administration of 
the tests according to the 2014 Test Standards can have 
an impact on a grading system, which can be potentially 
controlled and managed. For instance, if the standard is 
for applying mathematical knowledge in multiple 
authentic ways, the grading system will be orchestrated 
to weight student performance according to a multiplicity 
of purposes. However, the grading system would still 
have a basic weakness, namely supporting arbitrary and 
uncertain borderlines or cutoff scores on the 0-100 scale. 
Guskey and Anderman (2013) stated that percentage 
cutoffs for any scale are a subjective decision, and they 
imply little about the objective evaluation of a student's 
performance. A more objectively derived cutoff score 
would enable the determination of student performance 
tiers. The logic behind creating these cutoff points is a 
dominant practice used to sort out students based on 
customary practice (Pitoniak& Morgan, 2012). Cutoff 
scores can be set using the Contrasting Groups method 
(Livingston and Zieky, 1982). This method uses 
judgments about test-takers with respect to whether the 
teacher or some relevant other assessment indicates that 
students will succeed on some external measure. In the 
present study, instead of just considering whether 
students had high enough or too low GPAs to succeed in 
Physics 103 and Physics 104, the pass/fail cutoff score 
for these courses  in general), cutoff  scores separating 
different passing Physics 103 and Physics 104 course 
grades were created from corresponding ranges of GPA. 
Logistic regression is a fairly robust approach for 
classifying students with respect to some established 
standard – or in this study a range – or between two such 
ranges for finding a cutoff score where the dependent 
variable, course grade, is dichotomous, meaning that the 
dependent variable  takes on only two values. In the 
present study, the dichotomy consisted of two                   
ranges, with each of the two ranges surrounding a  
middle  range  within  which  the cut-off score was sought  

 

 
 
 
 

(Morgan and Michaelides2005). 
 
 
METHOD 
 
This study was conducted on two introductory Physics 
courses (Physics 103 and Physics 104) at King Saud 
University to provide an example of how to statistically 
arrive at cutoff scores for different performance tiers. 
These courses were taken f by students seeking to enter 
the engineering profession. Typically, setting cutoff 
scores requires some use of judgment by the researcher; 
for example, the Contrasting Groups method (Livingston 
and Zieky, 1982) necessitates selecting another variable 
or measure on which to classify students into different 
tiers. This was the situation in the present investigation; 
thus, the judgments in this study resided in the selection 
of the ranges on which to separate groups as a function 
of performance tiers (the ranges of GPA needed to create 
cutoff scores for Physics 103 and 104. course grades). 
Once these ranges were selected, the remainder of the 
procedure was mostly objectively statistical. Administered 
cutoff scores can be judged by whether they represent a 
significant indication of the initial performance                       
tiers on which subsequent physics course grades are 
based 

There were11632 records stored electronically of 
students who had initially enrolled in Physics 103 or 
Physics 104 in the academic years 2008-2014. The 
variable used to create cutoff scores was GPA, which 
excluded observations from the current Physics 103 and 
Physics 104 enrollments. GPAs for the valid 4917 
students for Physics 103 and the valid 6862 students for 
Physics 104 served as the two respective course 
enrollments. .Since all valid 11632student records were 
eligible for inclusion in the analysis, no sampling method 
was performed. This allowed more information to be used 
than by using random, stratified or systematic sampling, 
and it was not necessary to make inferences to a 
population of observations (see Sudman, 1976). 

The distribution for the variable course grade was 
somewhat negatively skewed. Other descriptive statistics 
for the two variables used for creating cutoff scores for 
course grades appear in Tables 1 and Table 2 and Figure 
1 and Figure 2. 

Observations were treated as missing list-wise if the 
student record contained a blank value for GPA and/or 
course grade. The statistical software package used for 
the analyses in this study was SPSS Statistics Version 
23.0 (IBM, 2015). Receiver Operating Characteristic 
(ROC) curve analysis was used to determine cutoffs for 
course grade using ranges of GPA. ROC is a logistic 
regression based procedures based on engineering 
professions.  
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Table 1. Descriptive statistics of Confirmed mark and GPA for Physics 103 

 
   
 
 
 
 
  

Table 2. Descriptive statistics of Confirmed mark and GPA for Physics 104 

 
 
 
 
 
 
 

 
 

Figure 1. Distribution of Confirmed mark and GPA for Physics 103 

 
 

 
 

Figure 2. Distribution of Confirmed mark and GPA for Physics 104 

 

  

 

 
Mean Maximum Minimum Median Mode Missing Count 

Confirmed 
mark 

67.67 100.00 1.00 70.00 60.00 1492 4917 

GPA 3.55 5.00 0.57 3.59 3.49 1492 4917 

 
Mean Maximum Minimum Median Mode Missing Count 

Confirmed 
mark 

73.38 100.00 1.00 75.00 60.00 1158 6862 

GPA 3.62 5.00 .50 3.69 1.00 1158 6862 
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Table 3. Case Processing Summary GPA (4,75-4,99 -- 4,0-4,24) for Physics 103  
 

 Frequency Percent Valid Percent 
Cumulative 

Percent 

Valid 0 454 9.2 63.0 63,0 

1 267 5.4 37.0 100,0 

Total 721 14.7 100.0  

Missing System 4196 85.3   
Total 4917 100.0   

 
 

Table 4. Case Processing Summary GPA (4,75-4,99 -- 4,0-4,24) for Physics 104 
 

 Frequency Percent Valid Percent 
Cumulative 

Percent 

Valid 0 703 10.2 60.1 60,1 
1 466 6.8 39.9 100,0 

Total 1169 17.0 100.0  

Missing System 5693 83.0   
Total 6862 100.0   

 

 
 

Figure 3. The ROC curves for Physics 103 
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Figure 4. The ROC curves for Physics 104 

 
 

Receiver Operating Characteristic (ROC) curve 
analyses (B+ to A) 
 
Presented below are the procedures for the calculation of 
the cutoff point for course grade between B+ and A using 
the selected ranges of GPA. The ranges of GPA used 
were 4.00-4.24 and 4.75-4.99. GPA was on a scale 
ranging from 0 to 5.0. Note that there is a gap between 
these two ranges of GPA, which extends from 4.25 to 
4.74. This gap in the ranges can be considered 
associated with a course grade of A-. Since each set of 
two ranges used in the analysis were not adjacent, as we 
skipped over one range, we sought to obtain a cutoff 
score for the range that was ‘in between’ the two non-
adjacent ranges, one lower and one higher than the 
range of interest.. 

For the ROC analysis used in this example, GPAs in 
the ranges 4.75-4.99 and 4.00-4.24 were treated as a 
dichotomized variable, such that GPAs ranging from 4.00 
through 4.24 were recorded to ‘0’ and those in the range 
4.75 thru 4.99 were recorded to ‘1’. This dichotomized 
variable is the ‘state’ variable in the ROC analysis. The 
course grade scores are the ‘test scores’ in this analysis. 

The Case Processing Summaries below (Table 3 for 
Physics 103 and Table 4 for Physics 104) indicate that 
454 students in Physics 103 and 1169 students in 
Physics 104 had GPAs ranging from 4.75-4.99 while 267 
and 466 students had GPAs ranging from 4.00-4.24.  
The ROC curves for Physics 103 and Physics 104 are 
displayed in Figures 3 and Figure 4 

Visual inspection of the ROC curves suggests that 
course grade is a good ‘discriminator’ of student GPAs in 
the each of the first two ranges under investigation for the 
two Physics courses,, i.e., 4.00-4.24 vs.4.75-4.99. A 
discriminating GPA is one that has a high true positive 
rate, i.e., high sensitivity, and a low false positive rate 
(specificity) across a range of course grade cutoff scores. 
Such screening tests are graphically depicted by ROC 
curves with a substantial “bow” toward the upper left 
hand corner of the ROC graph. The fact that this ROC 
curve does extend toward the upper left hand corner of 
the graph is one indication that course grade is fairly 
effective as a discriminator of the two subgroups of GPA 
corresponding to ‘B+’ vs. ’A’. It is possible to quantify how 
quickly the ROC curve rises towards the upper left hand 
corner  of  the  graph  by  measuring  the  area  under the  
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Table 5. Area Under the Curve for Physics 103 
 

Area Std. Error 
Asymptotic Sig. 

 
Asymptotic 95% Confidence Interval 
Lower Bound Upper Bound 

0.897 0.011 0.00 0.875 0.919 

 
 

Table 6. Area Under the Curve for Physics 104 
 

Area Std. Error Asymptotic Sig. 
Asymptotic 95% Confidence Interval 
Lower Bound Upper Bound 

0.897 0.009 0.00 0.879 0.914 

 
 
 
curve (AUC; see Table 5 and Table 6). A value of ‘1’ for 
this statistic corresponds to a ‘perfect’ test, one which can 
accurately discriminate between the two values of the 
‘state’ variable, here, B+ vs. A. On the other hand, a 
value of 0.5 suggests a ‘worthless’ test. Stated somewhat 
differently, a value of 1 for the AUC statistic indicates that 
the test is maximally discriminating because it achieves a 
100% true positive rate (sensitivity) and a 0% false 
positive rate (1-specificity). That is to say, it always 
correctly identifies A students and never incorrectly 
identifies a B+ student as an A student. Of course, in the 
‘real world’, AUC statistics are not typically found at these 
extremes. While there are different standards for 
interpreting the magnitude of the AUC statistic, 
depending upon the field of inquiry, the following ones 
represent a fairly conservative rule of thumb for the 
purpose of standard-setting (Rice and Harris, 2005): 
- 50 – 0.70 ‘low’ discrimination or accuracy 
- 0.70 – 0.90 ‘moderate’ discrimination or accuracy 
- 0.90 ≥ ‘high’ discrimination or accuracy 
As seen in Table 5 and 6, the AUC statistic in this 
analysis is 0.897, which is statistically significant and 
indicates moderately accurate discrimination.  Returning 
to the plot of the ROC curve, the point at which the 
maximum curvature occurs corresponds to the optimal 
trade-off between sensitivity and specificity and for this 
reason also corresponds to the optimal cutoff score for 
the test (course grade). While it is possible to a 
approximately identify this point from the ROC curve, it is 
not possible to determine the test score, i.e., the actual 
course grade, which corresponds to the point of 
maximum curvature. 

One intuitively appealing way of identifying the optimal 
cutoff score is to take the average of the sensitivity and 
specificity scores for each test score (course grade) and 
choose the test score, which has the highest average. 
The problem with this approach, in these two data  sets is 
that there are course grades which have very low 
sensitivities and very high specificities (or vice versa) but 
which lead to averages of these two statistics which are 

among the highest observed. One would not want to use 
a test score (course grade) with this kind of diagnostic 
profile. It would be preferable to identify the highest 
average score derived from sensitivity and specificity 
values which are themselves as high as possible and as 
similar to each other as possible. That is to say, one 
would like a cutoff score for the course grade which 
exhibits both high sensitivity and high specificity 
indicating that it accurately discriminates between the test 
scores which define the two subgroups of the state 
variable, here B+ vs. A, thereby obtaining the cutoff score 
for a course grade of A-. In other words, the ranges of 
GPA used for determining the cutoff score between 
course grades B+ and A were not adjacent. We thereby 
found the cutoff score for A- using the respective non-
adjacent ranges of GPA for course grades of B+ and A. 

In order to do that, the criterion for selecting the 
optimal cutoff score had to be modified so that it was now 
the highest average of the grade point averages’ 
sensitivities and specificities subject to two additional 
constraints. First, both the sensitivity and the specificity 
values for the optimal cutoff score must be greater than 
0.50. The criterion of 0.50 derives from the fact that a 
cutoff score with a 50% true positive rate (sensitivity) and 
a 50% false positive rate (1-specificity) is a minimally 
discriminating test score, i.e., it is no better than flipping a 
coin as to whether a student with that course grade will 
be classified into one group or the other. Second, the 
discrepancy between the sensitivity and specificity values 
of the optimal cutoff score shold be as small as possible 
subject to the first constraint that both must be greater 
than 0.50. Doing so promotes the selection of an optimal 
cutoff score with a ‘good’ diagnostic profile, i.e., high 
sensitivity and high specificity values. 

By imposing these criteria on the selection of the 
optimal cutoff scores, several desiderata are 
implemented. First, no ‘lopsided’ diagnostic profile of 
sensitivity and specificity values such as 0.80 and 0.20 
(or vice versa) will determine the optimal cutoff score for 
discriminating  between  the  two  groups (B+ vs. A in this  
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Table 7. Coordinates of the Curve for Physics 103 
 

Positive if Greater Than or 
Equal To 

Sensitivity 1 - Specificity Specifity Disc Sens-
Spec 

MnSens-
Spec 

0 1 1 0 1 0.5 

22 1 0.998 0.002 0.998 0.501 

43.5 1 0.996 0.004 0.996 0.502 

45 1 0.991 0.009 0.991 0.5045 
46.5 1 0.987 0.013 0.987 0.5065 
47.5 1 0.985 0.015 0.985 0.5075 

48.5 1 0.982 0.018 0.982 0.509 
49.5 1 0.98 0.02 0.98 0.51 

50.5 1 0.974 0.026 0.974 0.513 
52 1 0.969 0.031 0.969 0.5155 
54 1 0.967 0.033 0.967 0.5165 

56.5 1 0.965 0.035 0.965 0.5175 
59 1 0.963 0.037 0.963 0.5185 

60.5 1 0.87 0.13 0.87 0.565 

61.5 1 0.846 0.154 0.846 0.577 
62.5 1 0.824 0.176 0.824 0.588 

63.5 1 0.817 0.183 0.817 0.5915 
64.5 1 0.815 0.185 0.815 0.5925 

65.5 1 0.733 0.267 0.733 0.6335 
66.5 1 0.694 0.306 0.694 0.653 

67.5 1 0.681 0.319 0.681 0.6595 
69 1 0.672 0.328 0.672 0.664 
70.5 0.985 0.562 0.438 0.547 0.7115 

71.5 0.978 0.533 0.467 0.511 0.7225 
72.5 0.978 0.515 0.485 0.493 0.7315 

73.5 0.974 0.507 0.493 0.481 0.7335 
74.5 0.974 0.498 0.502 0.472 0.738 

75.5 0.955 0.403 0.597 0.358 0.776 

76.5 0.951 0.381 0.619 0.332 0.785 
77.5 0.948 0.368 0.632 0.316 0.79 

78.5 0.948 0.35 0.65 0.298 0.799 

79.5 0.948 0.346 0.654 0.294 0.801 
80.5 0.891 0.253 0.747 0.144 0.819 

81.5 0.854 0.231 0.769 0.085 0.8115 
82.5 0.831 0.205 0.795 0.036 0.813 

83.5 0.82 0.194 0.806 0.014 0.813 
84.5 0.82 0.192 0.808 0.012 0.814 
85.5 0.723 0.143 0.857 -0.134 0.79 

86.5 0.693 0.117 0.883 -0.19 0.788 
87.5 0.67 0.097 0.903 -0.233 0.7865 

88.5 0.644 0.095 0.905 -0.261 0.7745 
89.5 0.64 0.09 0.91 -0.27 0.775 

90.5 0.442 0.042 0.958 -0.516 0.7 

91.5 0.408 0.026 0.974 -0.566 0.691 
92.5 0.356 0.026 0.974 -0.618 0.665 

93.5 0.345 0.02 0.98 -0.635 0.6625 
94.5 0.341 0.02 0.98 -0.639 0.6605 

95.5 0.199 0.004 0.996 -0.797 0.5975 
96.5 0.146 0.004 0.996 -0.85 0.571 
97.5 0.12 0 1 -0.88 0.56 

98.5 0.056 0 1 -0.944 0.528 
99.5 0.026 0 1 -0.974 0.513 
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Table 8. Coordinates of the Curve for Physics 104 
 

Positive if Greater Than or 
Equal To 

Sensitivity 1 - Specificity Specifity Disc Sens-
Spec 

MnSens-
Spec 

26 1 1 0 1 0.5 

31.5 1 0.999 0.001 0.999 0.5005 

42 1 0.997 0.003 0.997 0.5015 

49.5 1 0.996 0.004 0.996 0.502 
51.5 1 0.993 0.007 0.993 0.5035 
52.5 1 0.99 0.01 0.99 0.505 

56.5 1 0.987 0.013 0.987 0.5065 
60.5 1 0.953 0.047 0.953 0.5235 

61.5 1 0.943 0.057 0.943 0.5285 
62.5 1 0.933 0.067 0.933 0.5335 
63.5 1 0.925 0.075 0.925 0.5375 

64.5 1 0.923 0.077 0.923 0.5385 
65.5 1 0.878 0.122 0.878 0.561 

66.5 1 0.861 0.139 0.861 0.5695 

67.5 1 0.853 0.147 0.853 0.5735 
69 1 0.848 0.152 0.848 0.576 

70.5 0.998 0.784 0.216 0.782 0.607 
71.5 0.998 0.76 0.24 0.758 0.619 

72.5 0.998 0.74 0.26 0.738 0.629 
73.5 0.996 0.73 0.27 0.726 0.633 

74.5 0.996 0.728 0.272 0.724 0.634 
75.5 0.987 0.637 0.363 0.624 0.675 
76.5 0.983 0.595 0.405 0.578 0.694 

77.5 0.981 0.573 0.427 0.554 0.704 
78.5 0.974 0.559 0.441 0.533 0.7075 

79.5 0.974 0.558 0.442 0.532 0.708 
80.5 0.951 0.458 0.542 0.409 0.7465 

81.5 0.942 0.413 0.587 0.355 0.7645 

82.5 0.925 0.378 0.622 0.303 0.7735 
83.5 0.916 0.357 0.643 0.273 0.7795 

84.5 0.914 0.357 0.643 0.271 0.7785 

85.5 0.869 0.259 0.741 0.128 0.805 
86.5 0.861 0.238 0.762 0.099 0.8115 

87.5 0.835 0.213 0.787 0.048 0.811 
88.5 0.824 0.208 0.792 0.032 0.808 

89.5 0.822 0.205 0.795 0.027 0.8085 
90.5 0.74 0.125 0.875 -0.135 0.8075 
91.5 0.695 0.098 0.902 -0.207 0.7985 

92.5 0.657 0.075 0.925 -0.268 0.791 
93.5 0.614 0.067 0.933 -0.319 0.7735 

94.5 0.609 0.065 0.935 -0.326 0.772 
95.5 0.431 0.023 0.977 -0.546 0.704 

96.5 0.345 0.011 0.989 -0.644 0.667 

97.5 0.262 0.006 0.994 -0.732 0.628 

98.5 0.167 0.001 0.999 -0.832 0.583 
99.5 0.094 0.001 0.999 -0.905 0.5465 

 
 
 
example) simply because it has the highest average 
value of the sensitivity and specificity values. Second, the 
selected cutoff score is not allowed to have a sensitivity 
value or a specificity value, which is less than minimally 
acceptable. Third, the selected cutoff score is maximally 

discriminating because it will have the highest average 
sensitivity and specificity value subject to the two 
constraints outlined in the preceding paragraph. 

Table 7 and Table 8 each list for Physics 103 and 
Physics 104 (up  to  20)  test scores (course  grades) with  
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Table 9. The values of Test Score refer to 20 different cutoff scores for course grade for 
Physics 103 and Physics 104 
 

Grade Point Averages 
Course Grade Cutoff point 

Physics 103 Physics 104 

5.00-5.00 -- 4.50-4.74 95.5 96.5 
5.00-5.00 -- 4.25-4.49 95.5 95.5 

4.75-4.99 -- 4.00-4.24 84.5 89.5 

4,5-4,74 -- 3,75-3,99 75.5 83.5 

4,25-4,49 -- 3,5-3,74 71.5 79.5 
4,0-4,24 -- 3,25-3,49 69.5 75.5 
3,75-3,99 -- 3,0-3,24 66.5 71.5 

3,5-3,74 -- 2,75-2,99 64.5 69.5 

3,25-3,49 -- 2,0-2,74 60.5 64.5 
2.00-2.75 -- less than 2.00 50.5 58 

 
 

 
 

Figure 5. ROC curve with cutoff points for Physics 103 

 
 

 
the highest average values of their respective sensitivity 
and specificity values subject to the constraints that these 
sensitivity and specificity values both be greater than .50 
and the discrepancy between the sensitivity and 
specificity values be as small as possible. As seen in 
Table 7, the course grade with the ‘best’ cutoff score is 
84.50 for Physics 103. As seen in Table 8, the course 
grade with the ‘best’ cutoff score is 89.50 for Physics 104.  
This particular course grade corresponds to the point of 

maximum curvature in the ROC graphs (Figures 3 and 

Figure 4). 

In Table 9, the values of Test Score refer to 20 

different cutoff scores for course grade with 
corresponding sensitivity and specificity values from the 
ROC analyses. Disc Sens-Spec refers to the discrepancy 
between sensitivity and specificity values. This indicator 
was obtained by subtracting sensitivity and specificity 
values  for  the 20 different cutoff scores. MnSens- Spec 
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Figure 6. ROC curve with cutoff points for Physics 104 

 
 

Table 10. Classification table for Physics 103 
 

Observed 

Predicted 

Percentage 
Correct 

GPA (4.75-4.99 -- 4.10-
4.24) 

0 1 

GPA (4.75-4.99 -- 4.0-4.24) 

0 389 65 85.7brunse 

1 74 193 72.3 
Overall Percentage 80.7 

 
 

Table 11. Classification table for Physics 104 
 

Observed 

Predicted 

Percentage 
Correct 

GPA (4.75-4.99 -- 4.0-4.24) 
0 1 

GPA (4.75-4.99 -- 
4.0-4.24) 

0 559 144 79.5 
1 83 383 82.2 

Overall Percentage   80.6 

 
 
is simply the mean of sensitivity and specificity value. 

Figure 5 and Figure 6 overlay the test scores (course 
grades) on the ROC curves. Although the graphs in these 

figures are dense, by cross-referencing the original ROC 
graphs and the overlay ROC graphs it can be inferred 
that   the   point  of  maximum  curvature  in  both  graphs  
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Figure 7.  Graphical Comparison of Cutoff Scores for Physics 103 and Physics 104. 

 
 
 
corresponds to a test score (course grade) of 80.50. 
While this is the “optimal” cutoff score, note that its 
sensitivity value (.80) and its specificity value (.81) are 
not particularly high values for either of these two 
diagnostic statistics, each of which ranges from ‘0’ to ‘1’. 
This is consistent with the fact that the AUC statistic 
above (.87) finds that the course grades are only 
moderately good discriminators of membership in the B+ 
vs. the A subgroups. 

The above ROC analyses were used to find the cutoff 
score between a letter grade of A and a letter grade of 
B+. The analysis was performed in order to use the 
dichotomized non-adjacent ranges of GPA: 4.00 - 4.24 
and 4.75 - 4.99.  Accordingly, GPAs were classified as 
shown in Tables 10 and 11. 
 
 
 
RESULTS AND DISCUSSION 
 
As can be seen from the example presented, 84.5 is the 
course grade cutoff score for the dichotomized ranges of 
GPA: 4.00-4.24 and 4.75-4.99. Table 9 contains the 
remainder of the cutoff scores for each set of GPA 
ranges for Physics 103 and Physics 104. Note from Table 
9 that the cutoff scores steadily decrease from both 
logistic regression and ROC curve analyses. In addition, 

the cutoff scores are unexpectedly different in the 
analyses for the two different courses with Physics 104 
having more stringent standards evidenced by the 
resulting respective cutoff scores. Overall, the cutoff 
scores for the two Physics courses tended to be low or 
moderate, implying that low and moderate course grades 
were obtained for even students with high GPAs, 
including GPAs above 4.00. 

The establishment of cutoff scores necessarily 
requires some degree of human judgment, which must be 
combined with a statistical cutoff score method for 
arriving at desired cutoff scores. This is the case for any 
of the methods commonly employed. In the present 
study, logistic regression based on.  The optimization of 
sensitivity and specificity values for judgmentally arriving 
at GPA ranges, but the procedure introduced is less 
dependent on direct human judgment. 

The cutoff scores obtained show that the GPAs of 
students who complete Physics 103 and Physics 104 
yielded successive performance tiers that are lower than 
expected. This might be due to the possibility that other 
courses that have grades included in the GPA calculation 
are less difficult than Physics courses. Such courses 
make up the vast majority of course grades used to 
compute GPAs in this investigation of determining ore. It 
is also of interest that the correlation between GPA and 
course  grades  for Physics 103 and Physics 104 are only  
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0.63, implying that only 39% of the variation in GPA 
explains course grade. Other factors could contribute to 
explaining course grade, which could be the core of 
future studies. In addition, the contribution of GPA 
variation in explaining course grade may differ for other 
products physics courses required for other pathways. 
This comparison will drive more discussion on the 
connection between GPAs and introductory physics 
course grades.   

One university was in the position of having to decide 
whether to make the Physics 103 and Physics 104  
gateway courses more lenient or else maintain its 
rigorous standards of being difficult to obtain a high 
Before deciding If the existing high standard found in this 
analysis should be maintained by the university for this 
course, admittance to a graduate program in engineering, 
making comparisons for more selective group of students 
in the engineering pathway in order to improve the 
replicability of the findings that emerged  n this study.  
Accordingly, the results for Physics 13 and Physics 
104,were compared in Table 9. In addition, Figure 7, is 
also presented, for comparison purposes   

As a result, the findings of this study led to the 
decision to maintain the existing high standards thereby 
continuing to require difficult to obtain higher levels of 
education. It was recommended that the cutoff scores 
and related grading practices should remain intact until 
such a time as a follow-up study is conducted to 
determine if there is any adverse impact for students 
receiving somewhat lower grades for this gateway 
course, seemingly used as a screening mechanism for 
entrance into the engineering professions. It is also a 
concern that higher cutoff scores were obtained for 
Physics 104. Prior to implementing any changes in 
standards, it is necessary to understand the reasons, 
curricular or otherwise, for the differences in cutoff 
scores.  In the future, it would also be important to 
examine cutoff scores for course grades for other 
introductory Physics courses and that may be taken by 
students can be considered part of engineering gateway 
or for other course offerings of other departments.  As a 
result, this paper addresses a relevant topic – physics 
performance as a gateway for engineering majors. More 
research is needed to identify barriers in engineering 
advancement, and studies of gateway course 
performance hold promise for identifying important 
contextual constraints 
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