
A Study of Students’ Progress Through Introductory 
Computer Science Programming Courses 

 
Jaime Raigoza 

Computer Science Department 
California State University, Chico 

Chico, USA

 

Abstract— Given the growing demand for skilled workers from 
the Computer Science field, the high attrition rate of entering 
Computer Science students is a serious problem at most 
universities. Much research exists on evaluating the reasons of 
failure with the introductory Computer Science curriculum 
referred to as the CS1, CS2 and CS3 courses. Current research has 
proposed methods to predict patterns and characteristics to offer 
early detection of students likely to fail. The problem is difficult to 
understand due to the existence of many possible reasons students 
drop-out from the computer science curriculum. Factors such as 
student transfers, course diversity, and students repeating failed 
courses are seldom considered. 

The goal of this paper is to extend the understanding of the 
attrition rates for entering Computer Science students by 
analyzing the progress of student success through 10 years of 
course data. The impact of transfer students is considered as well 
as the frequency students repeat the CS1, CS2, and CS3 courses, 
and their success. Analysis is done by following the students up 
until graduation. An analysis is also made to determine how 
courses tend to predict the graduation success rate. 
 

Keywords- Computer Science; student attrition; course 
curriculum; student success; transfer students 

I. INTRODUCTION 

Of the 400+ students who took the first Computer Science 
introductory programming course at California State University 
(CSU), Chico within the 3-year period between the Fall 2006 
and Spring 2009 semesters, only 41 students graduated from the 
Computer Science Department by the Spring 2016 semester. As 
alarming as this statistic is, a similar graduation rate was found 
in [1].  This high attrition rate is a serious and unfortunately, a 
common problem at many universities. Much interest exists in 
research to tackle this problem due to the growing demand of 
STEM-related jobs. The introductory Computer Science 
curriculum at most universities typically consists of courses 
which are commonly referred to as the CS1, CS2 and CS3 
course series. These names will be adopted in this paper. 

The high rate of failure has been attributed to the student’s 
lack of aptitude, misconceptions on what computer science is, 
advising and a multitude of other reasons [1]. Research work in 
this area has also examined methods to predict patterns or 
characteristics that can offer early detection of student success 
or failure. The many well-founded reasons for failure makes it 
difficult to solve the attrition rate problem. A common approach 
to addressing this problem has been to determine methods that 
predict a student’s success/failure, perform intervention 

methods, and make curriculum changes [5, 10]. The authors in 
[11] performed a systematic research work review of 13 
different teaching approaches and determined that educators 
have made positive changes but, the differences in effectiveness 
tend not to be statistically significant. 

The goal of this paper is to first study the progress of student 
success through 10 years of course data. The work is unique 
such that the results are based on tracking and studying several 
characteristics of a large cohort of students as they progress 
through the computer science curriculum up until graduation. 
The attrition rate and the impact of transfer students’ enrollment 
is analyzed. Furthermore, since students can repeat failed 
courses, the repetition distribution and success rate is measured 
for the CS1, CS2, and CS3 courses. An analysis is also made 
between several courses to determine which one better predicts 
the success rate to graduation. 

II. RELATED WORK 

Being able to program a computer is a fundamental skill 
which explains why teaching institutions often begin their 
Computer Science curriculum with a programming course. 
Based on an extensive study of 63 teaching institutions, the 
authors in [2] determined a failure rate of 33% for students who 
take the CS1 programming course. One of the major reasons of 
student failure is commonly attributed to a lack of good study 
habits which typically leads to poor project management. 
Students very often do not properly estimate the amount of time 
it will take to successfully complete their software assignment. 
The student may also prematurely start coding without a true 
understanding of the problem they are attempting to solve, and 
they may have not completed a proper analysis and design. 
Students eventually become frustrated by trying to force their 
entire set of code for a program to run without having built and 
tested it gradually in a modular fashion. The outcome is 
unfortunately, failure to get their code to compile and/or 
execute. 

Students also have a common misconception of what 
Computer Science entails by not realizing it requires logic and 
math skills to develop algorithms that solve problems. It is not 
enough to be able to query the Internet, use applications and 
play games [1]. The results of a study done in [3] indicate that 
students with a high aptitude in mathematics tend to achieve a 
good programming ability since both require similar cognitive 
skills. Many entering computer science students do not have the 
skill to develop a procedural algorithm irrespective of the 
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syntax. The authors in [1] suggest that extra help with problem 
solving, such as by providing a course in introductory problem 
solving would lead to higher retention rates in the computer 
science curriculum, problem solving is a skill that can be 
learned. The work in [8] suggests that by pairing students which 
is commonly used as an agile method in industry, the students’ 
retention rates improves without negatively impacting the 
students’ final exam scores. 

Not only is understanding the possible reasons for student 
failure a start in addressing the high rate of attrition but, also 
being able to predict success and failure is of benefit. An 
extensive study in [12] across 51 institutions revealed that the 
class size is a significant predicter such that a higher CS1 pass 
rate is achieved given smaller classes. The authors in [4] built 
classifiers (decision trees) to predict the dropout rate of 
freshmen with accuracies between 75% to 80%. With an 
accurate model of prediction, students were better advised to 
pursue a field of study.  Additionally, the department was better 
able to allocate resources to aid students. The work in [4] found 
that the grades for linear algebra and calculus classes were 
strong predictors of success in the Computer Science 
curriculum. Their results also helped make improvements in 
classifying the students’ performance metrics. 

 

III. METHODOLOGY 

The approach taken in this study was to follow the success of 
students rather than just simply counting the percentage of pass 
and fails. Students were assigned unique IDs. The actual student 
IDs were not used for privacy protection. Hence, the school 
database administrator ran all the actual student IDs through a 
hashing function to produce a pseudo student ID number. The 
pseudo student ID number was essential in order to follow each 
student through the Computer Science curriculum. 

To follow the progress of each student through the 
curriculum, a script written with the Python language was 
created. A second reason the analysis was easier done via code 
was that the analysis required to maintain intermediate statistics 
on the distribution of courses being repeated with respect to 
each student, and whether the student ultimately graduated. 

The initial step of the analysis was to determine a count on 
how the students progressed through the CS1, CS2, and CS3 
courses. Figure 1 shows a visual representation of the student 
progress flow based on 10 years of enrollment data between the 
Fall 2010 and Spring 2016 semesters. A brief description of the 
nomenclature used is: 

 

T: Transfer students 
P: Pass 
F: Fail with a grade of D+ or lower 
D: Students who Pass but Drop from the CS1, CS2, and CS3 

series curriculum 
CSCI: Computer Science 
CINS: Computer Information Systems 
 

The circular roundabout design represents the possibility that 
students may repeat a course. And the arrows indicate students 
entering and exiting the CS1, CS2, and CS3 curriculum series. 

 
Fig. 1. Student progress flow diagram 

The contents in Table 1 shows the courses from which 
student enrollment data was analyzed. Three early math or 
remedial courses were included in the study, as well as the 
required math courses. The requirements for a B.S. in Computer 
Science (CSCI) are Math 20 and Math 21 whereas, a B.S. in 
Computer Information Systems (CINS) requires Math 05 and 
Math 09. 
 

TABLE 1. Courses from which enrollment data was analyzed 

 

Course ID Course Description 

CS1 Programming and Algorithms I 

CS2 Programming and Algorithms II 

CS3 Algorithms and Data Structures 

Math 51 Intermediate Algebra 

Math 18 Trigonometry 

Math 19 Pre-Calculus Mathematics 

Math 20 Analytic Geometry and Calculus I 

Math 21 Analytic Geometry and Calculus II 

Math 05 Statistics 

Math 09 Survey of Calculus 

IV. RESULTS 

The server used to execute the data analysis consisted of a 
Windows 10 Home 64-bit with an Intel Core i7 5500U@2.4 
GHz and 16GB Dual-Channel DDR3@798MHz. The work was 
executed using VMWare Version 12 Pro with Ubuntu Version 
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16.04LTS. The version of Python was 3.4. A total of 2GB RAM 
was configured on the virtual server. 

The dataset consisted of 10 years of course enrollment data 
from courses within the Computer Science curriculum between 
the Fall 2006 and Spring 2016 semesters. The data consisted 
from all majors and not just of students pursuing Bachelor’s 
degrees in CSCI and CINS. 

The results from Figure 1 are shown in Table 2. An 
unexpected result is that a far greater number of students 
transfer in taking CS2 compared to CS3; the standard approach 
for students transferring in from a 2-year college is to have 
completed CS1 and CS2. A likely reason of a higher percentage 
of CS2 students than expected is that transfer students re-take 
CS2 especially if he/she lacks a good understanding of the C++ 
programming language with pointers. 

Another point of interest is that approximately one third of 
the students drop from the CS series curriculum after 
successfully passing CS1. The reason for this is that 90% of 
these students who drop belong to the Computer Engineering, 
Electrical / Electronic Engineering, or Mechatronic major. 
These three majors require CS1 as part of their curriculum 
towards a B.S. degree. The remaining 10% transfer to a 
different major. It is also of interest to note the high numbers of 
transfer students into the department. A total of 31% (159 / (159 
+ 348) of the students completing CS2 are first-time transfer 
students and a total of 25% (138 / (138 + 405) of the students 
completing CS3 are first-time transfer students. Given this flow 
of transfer students, 48% of the students advancing CS3 are 
transfer students. The percentage of transfer students is actually 
higher because transfer students may start with CS1. 

Further results indicate a minimal difference between the 
success performance between the non-transfer and transfer 
students as shown in the right-most column of Table 2. The 
results also show a trend of improved success performance as 
students progress through the CS series. 

 

TABLE 2. Student progress through CS series 

 Total Pass 
Pass  

(drop CS) 
Fail Success % 

CS1 1570 551 559 460 71% 
CS2 551 348 64 139 75% 

CS2-T 283 159 49 75 73% 
CS3 507 405 - 102 80% 

CS3-T 186 138 - 48 74% 

 
A. Student’s progress based on a 3-year period 

The next task is an attempt to answer the question, “Suppose 
a given student were to enroll in a CS1, CS2, or CS3 course, 
can I then predict their graduation status?” This was 
accomplished by first extracting the first 3 of the 10 years of 
CS1 course data and then follow the progress of these students 
for the next 7 years. The goal was to determine if these students 
either graduated with a CSCI/CINS degree, graduated with a 
non-CSCI/CINS degree or did not graduate. The results indicate 
that given the 411 students enrolled in CS1 over a period of 3 
years, only 41 students graduated with a B.S. degree in 

CSCI/CINS. A similar evaluation was done with 3 years given 
only CS2 course data and thereafter, with only CS3 course data. 
Table 3 represents the results with actual student counts. 

TABLE 3. Student progress from 3-year period 

 Total 
CSCI 
Grad 

CINS 
Grad 

Non-CS 
Grad 

Non-
Grad 

CS1 411 
26 

(6%) 
15 

(4%) 
226 

(55%) 
144 

(35%) 

CS2 206 
36 

(17%) 
19 

(9%) 
84  

(41%) 
67  

(33%) 

CS3 163 
47 

(29%) 
26 

(16%) 
48  

(29%) 
42  

(26%) 

 

Note that the same students within the CS1 dataset may also 
be included in the CS2 and CS3 datasets. For example, a student 
who enrolled CS1 during the Fall 2016 semester would be 
included in the CS1 data set. And if the same student 
successfully proceeded to CS2 in the Spring 2017 semester, the 
student would also be included in the CS2 dataset. The goal of 
this analysis phase was to determine how likely a student will 
succeed as they continue through the CS1, CS2, and CS3 
curriculum. The results show that students who reach CS3 are 
i) over 4 times (29% : 6%) more likely to graduate with a CSCI 
degree compared to students enrolled in CS1 ii) and even after 
successfully passing CS3, only 29% of these students graduate 
with a CS degree. 

Since the CS1, CS2, and CS3 courses are taken by students 
of different majors, the earlier analysis does not thoroughly 
depict the success of CSCI/CINS students. Let’s now analyze 
the success performance of only students whose major is CSCI 
or CINS. The results shown in Table 4 indicate a much higher 
attrition for CSCI students. Table 5 shows that a lower 
percentage of CINS students know they will graduate with a 
CINS major compared to CSCI students. 

 

TABLE 4. CSCI Students 

 Total 

Declared as a 
CSCI major 
and did not 

graduate as a 
CSCI major 

Declared as 
a CSCI 

major and 
graduated 
as a CSCI 

major 

Not declared 
as a CSCI 
major and 

graduated as 
a CSCI 
major 

CS1 130 104 (80%) 22 (17%) 4 (3%) 

CS2 90 54 (60%) 30 (33%) 6 (7%) 

CS3 81 34 (42%) 46 (57%) 1 (1%) 

Figure 2. shows a further comparison graduation analysis 
between the CSCI and CINS students. All though the linear 
regression lines show a similar slope, an increase of students 
leads to a lower relative number of CSCI students compared to 
CINS students. Specifically, in 2007, the relative ratio is 15:5 
and in 2016 it is 25:15 (lower). Between the Fall 2006 and 



Spring 2016 semesters, 209 students graduated with a B.S. in 
Computer Science and 101 students graduated with a B.S. in 
Computer Information Systems. 

TABLE 5. CINS Students 

 Total 

Declared 
as a CINS 
major and 

did not 
graduate 

as a CINS 
major 

Declared 
as a CINS 
major and 
graduated 
as a CINS 

major 

Not 
declared 

as a CINS 
major and 
graduated 
as a CINS 

major 

CS1 36 21 (58%) 7 (20%) 8 (22%) 

CS2 38 19 (50%) 14 (37%) 5 (13%) 

CS3 36 10 (28%) 23 (64%) 3 (8%) 
 

 

Fig. 2. Grade distribution of CS students who graduate 

B. Analysis on course repetition 

To further understand the success of students as they 
progress through the CS series, an analysis was done on how 
often students repeat courses. The frequency of course 
repetition was measured for all three courses, CS1, CS2, and 
CS3. Based on the CS department needs, it was also necessary 
to determine the graduation rates of the students who tended to 
repeat the courses. In this analysis phase, the percentage of 
students graduating is irrespective on being a CSCI/CINS 
major. 

The values for the “# of students” are non-cumulative such 
that the sum of students for each course equals the number of 
students enrolled from Table 2. Thus, the table can be read as 
“87 students or 61% of the students who took the CS1 course, 
were able to pass on their second attempt. Of these 87 students, 
45% eventually graduated but not necessarily with a Computer 
Science degree”. This implies that the 87 students failed CS1 
on their first attempt and are not part of the first attempt failure 
metric. 

The results in Table 6 indicate that very few students attempt 
any of the CS courses a 4th time. This was important to know 
because one of the decision CS departments may make is to 

limit the number of times a course can be re-taken, such as was 
done recently at CSU, Chico. 

It is evident from Table 6 that the total number of students 
progressing through the CS series decreases and that the success 
percentage increases. Given this trend, an anomaly is that the 
frequency for attempts greater than or equal to 3, CS3 is twice 
of either CS1 and CS2. The frequencies are 21, 20, and 42 for 
CS1, CS2, and CS3, respectively. Possible explanations for this 
are: i) students in CS3 have more invested in the CS curriculum 
and are more persistent to continue, ii) CS1 and CS2 students 
are more likely to change their major since they are just 
beginning, and iii) incoming transfer students who begin at CS3 
are not fully prepared and will more likely re-take CS3 rather 
than reverting to CS2. The authors in [9] also found that the 
frequency of CS3 repeats is greater than for CS1 and CS2. 

TABLE 6. Repetition and success of courses 

 
# 

Attempts 
Outcome # Students 

% 
Grad 

CS1 

1 
Pass 1014 (72%) 52% 
Fail 393 (28%) 25% 

2 
Pass 87 (61%) 45% 
Fail 55 (39%) 22% 

3 
Pass 8 (42%) 62% 
Fail 11 (58%) 18% 

4 
Pass 0 (0%) NA 
Fail 1 (100%) 0% 

5 
Pass 1 (100%) 0% 
Fail 0 (0%) NA 

 

CS2 

1 
Pass 539 (76%) 54% 
Fail 174 (24%) 36% 

2 
Pass 69 (68%) 52% 
Fail 32 (32%) 25% 

3 
Pass 9 (56%) 56% 
Fail 7 (44%) 14% 

4 
Pass 3 (100%) 67% 
Fail 0 (0%) NA 

5 
Pass 0 (0%) NA 
Fail 1 (100%) 0% 

 

CS3 

1 
Pass 464 (83%) 61% 
Fail 98 (17%) 26% 

2 
Pass 58 (65%) 55% 
Fail 31 (35%) 10% 

3 
Pass 19 (58%) 47% 
Fail 14 (42%) 21% 

4 
Pass 2 (29%) 50% 
Fail 5 (71%) 40% 

5 
Pass 0 (0%) NA 
Fail 2 (100%) 0% 

C. Which course(s) better predicts a CS Grad? 

Based on the same 3-year data from the earlier section, the 
next analysis was conducted to determine which course(s) are 
better predictors for successful graduation with a CS degree. 



Figure 3 shows the students who graduate with a CS degree are 
more likely to have received an ‘A’ grade in CS1/CS3, and at 
least a ‘B’ grade in CS2. The large number of C grades in CS3 
of students contradicts the notion that a grade of ‘A’ or ‘B’ is 
necessary in CS3 to be an indicator of graduating with a CS 
degree. Hence, the CS1 grade distribution consistently shows 
that given a higher grade, the likelihood of graduating with a 
CS degree is higher. A similar analysis was performed with 
students from Under Represented Minority (URM) groups and 
the results were similar. An URM group refers to students 
classified as female, Hispanic/Latino, African-American, 
and/or Native-American. More work is needed to determine if 
these results are statistically significant. 

 
Fig. 3. Grade distribution of CS students who graduate 

 
The results in Table 7 further suggest that success in CS1 

may be a good predictor by analyzing the grade distribution of 
some courses the CSCI students took towards their graduation. 
Notice that the totals in Table 7 do not add up to 209 since many 
students transferred in from a 2-year college. The data is also 
summarized using a weighted GPA formula. 

TABLE 7. Grade distribution for CSCI students 

 Course 
 CS1 CS2 CS3 M18 M19 M20 M21 

A 47 44 56 4 7 11 12 

B 15 47 60 6 6 18 32 

C 5 15 36 3 3 25 26 

D 1 2 0 0 1 3 4 

F 1 1 0 0 0 2 2 

W 1 1 1 2 0 1 0 

        

TOTAL 70 110 153 15 17 60 76 

GPA 3.52 3.17 3.08 3.15 3.08 2.51 2.57 

A similar course distribution analysis was done for “ALL” 
students independent of major as shown in Table 8. 

TABLE 8. Grade distribution for ALL students 

 Course 

CS1 CS2 CS3 M18 M19 M20 M21 

A 525 675 553 343 379 508 348 

B 478 910 878 466 738 867 700 

C 342 685 886 454 823 1156 957 

D 142 149 137 150 223 279 152 

F 259 158 106 195 250 325 258 

W 110 101 79 139 172 249 148 

        

TOTAL 1856 2678 2639 1747 2585 3384 2563 

GPA 2.48 2.68 2.62 2.36 2.30 2.28 2.27 

 

Table 9 shows that CS students tend to have a higher success 
in CS1 compared the average scores. 

 

TABLE 9. Grade distribution comparison 

 Course 

Major CS1 CS2 CS3 M18 M19 M20 M21 

CS 3.52 3.17 3.08 3.15 3.08 2.51 2.57 

ALL 2.48 2.68 2.62 2.36 2.30 2.28 2.27 

        

Difference 1.04 0.48 0.46 0.79 0.78 0.23 0.30 

 

D. Are there any patterns from students changing majors into 
and out of Computer Science? 

At CSU, Chico, it is easy for students to change their 
declared major. It was of interest to determine any patterns of 
these changes and when were these changes being made. Since 
the course enrollment data contained the declared major of the 
student at the time the course was taken, it was possible to study 
patterns in major changes. For example, by sorting the data in 
chronological order, it is possible to determine changes to a 
student’s declared major based on the courses taken. 

The initial analysis consisted of first determining the 
Computer Science graduates within the Fall 2011 through 
Spring 2016 semesters. There was a total of 121. Based on these 
graduates, the next step was to determine what their declared 
major was upon taking a given course. The course data was 
taken from the full 10-year period between the Fall 2006 and 
Spring 2016 semesters. This way, if a student graduated in the 
Fall 2011 semester, 5 years of prior data for this student was 
available. The results are shown in the top sections of Table 10 
and Table 11. 
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TABLE 10. Computer Science Major 

Enrollment 
Student Course Enrollment 

M51 M18 M19 M20 M21 

Total Grads 7 12 15 51 65 

# Grads declared 
as a CSCI major 

1 
(14%) 

5 
(42%) 

12 
(80%) 

43 
(84%) 

51 
(78%) 

# Grads declared 
as a non-CSCI 
major 

6 
(86%) 

7 
(58%) 

3 
(20% 

8 
(16%) 

14 
(22%) 

 

# Students 
declared as a 
CSCI major 

26 27 53 117 83 

# Students who 
graduated as a 
CSCI major 

2  
(8%) 

4 
(15%) 

9 
(17%) 

34 
(29%) 

38 
(46%) 

# Students who 
never graduated 

8 
(31%) 

8 
(30% 

20 
(38%) 

39 
(33%) 

20 
(24%) 

# Students who 
graduated in a 
non-CSCI major 

16 
(61%) 

15 
(55%) 

24 
(45%) 

44 
(38%) 

25 
(30%) 

The next phase was to study possible patterns of students 
transferring out of Computer Science. This was accomplished 
by first determining all the students who took a given course as 
a declared Computer Science major. Then from these students, 
it was determined if the student graduated as a Computer 
Science major, or possibly if the student did not graduate. The 
bottom sections of Table 10 and table 11 contain these results. 

TABLE 11. Computer Information Systems Major 

Enrollment 
Student Course Enrollment 

M51 M18 M19 M05 M09 

Total Grads 4 8 21 31 36 

# Grads declared 
as a CINS major 

2 
(50%) 

6 
(75%) 

10 
(48%) 

23 
(74%) 

33 
(92%) 

# Grads declared 
as a non-CINS 
major 

2 
(50%) 

2 
(25%) 

11 
(52%) 

8 
(26%) 

3 
(8%) 

 

# Students 
declared as a 
CINS major 

8 6 5 41 30 

# Students who 
graduated as a 
CINS major 

1 
(12%) 

2 
(33%) 

1 
(20%) 

16 
(39%) 

12 
(40%) 

# Students who 
never graduated 

2 
(25%) 

2 
(33%) 

1 
(20%) 

6 
(15%) 

8 
(27%) 

# Students who 
graduated in a 
non-CINS major 

5 
(63%) 

2 
(33%) 

3 
(60%) 

19 
(46%) 

10 
(33%) 

Table 12 and Table 13 contain more detailed results 
pertaining to the majors that Computer Science students 
transferred into and out from. 

TABLE 12. Major transfers for CSCI majors 

 Major 
# of 

Students 

Top majors prior to 
declaring and 

graduating as a CSCI 
major 

Computer Animation: 
Game Development 

10 

Math 9 

Mechanical Engineering 7 

 

Top majors CSCI 
students transfer to 

Management Info. Systems 30 

Computer Info. Systems 24 

Pre-Bus Info Systems 20 

Computer Animation: 
Animation 

18 

Computer Animation: 
Game Development 

17 

 
Most of the students who transfer out of the Computer 

Science major change to the Business Information Systems and 
Computer Animation: Game Development majors. This is a 
trend the Computer Science Department suspected. 

 
TABLE 13. Major transfers for CINS majors 

 Major 
# of 

Students 

Top majors prior to 
declaring and 

graduating as a CINS 
Major 

Computer Science 30 

Pre-Bus Administration 11 

Mechanical Engineering 5 

 

Top majors CINS 
students transfer to 

Management Info. 
Systems 

22 

Pre-Bus Info Systems 6 

Pre-Bus Administration 4 

 

To gain a better understand on how Math impacts the 
success rate of students whose major is Computer Science, the 
graduation percentages were plotted as shown in Figure 4. As 
expected, the percentages of graduating in Computer Science 
increases steadily as the student continues through more 
advanced math courses. Conversely, the probability that a 
Computer Science student transfers to a different major and 
graduates, also becomes less as progress is made through the 
Math curriculum. The results indicate a statistical significance 
using the chi-square test (ρ < 0.01) that Math 119 (Pre-
Calculus) is a critical point. Upon passing Math 119, the 
probability that a student does not graduate is less. Related 
research suggests that Calculus I is the critical class [6, 7]. A 
possible explanation is that the Math competency level may be 
lower in this study compared to other schools. 



 
Fig. 4. Math series success 

E. Graduation duration rates 

A goal of the university from which this study was conducted 
is to reduce the number of years that students take to graduate. 
The 3-year CS1 data was used to compare the time duration 
between students graduating with a CSCI/CINS degree and 
students graduating with a non-CS degree. To visualize the 
difference between the CS students and non-CS students, the 
results were scaled to 100. For example, from the time students 
enrolled in CS1, the largest group of students (consisting of 35 
students) took 3.5 years to graduate. Hence, the value of 35 was 
scaled to 100, and similarly for the remaining values. 

Figure 5 shows the results which indicate a slightly longer 
duration period for students to graduate with a CS degree from 
the time they first enroll in the CS1 course. Note that a value of 
zero for a non-CS student indicates that the student took CS1 in 
his/her last semester before graduating. 

 

Fig. 5. Graduation duration comparison 

V. CONCLUSION AND FUTURE WORK 

A deeper understanding on the students’ progress through the 
CS1, CS2, and CS3 was gained, such as determining that the 
success performance metrics between non-transfer and transfer 
students were similar. Roughly half of the graduates from the 
Computer Science Department originated as transfer students. 

It is also evident that as the student makes progress through the 
computer science curriculum, the success rate increases. More 
data analysis is necessary to validate that the grade for CS1 is 
indeed the best predictor of success. 

Given that the rate of attrition with Computer Science 
students is commonly high among teaching institutions, and 
prevalent at CSU, Chico, it suggests more work is needed to 
better address the problem. Future work consists of analyzing 
the grade outcomes of other courses such as Physics and 
Chemistry to determine if they can better predict success in the 
computer science curriculum. More data will also be requested 
and analyzed to determine what other majors, and their 
distribution, are enrolling in the CS1, CS2, and CS3 courses; 
and also, to better understand the time needed for students to 
graduate. 

 

REFERENCES 

[1] T. Beaubouef and J. Mason, “Why the High Attrition Rate for Computer 
Science Students: Some Thoughts and Observations,” ACM SIGCSE 
Bulletin, New York, USA, Volume 37, Issue 2, pp. 103-106, June 2005. 

[2] J. Bennedsen and M.E. Caspersen, “Failure Rates in Introductory 
Programming,” ACM SIGCSE Bulletin, New York, USA, Volume 39 
Issue 2, pp. 32-36, June 2007. 

[3] P. Byrne and G. Lyons, “The effect of student attributes on success in 
programming,” ACM SIGCSE Bulletin, New York, USA, Volume 33, 
Issue 3, pp. 49-52, September 2001. 

[4] G. Dekker, M. Pechenizkiy, and J. Vleeshouwers, “Predicting Students 
Drop Out: A Case Study,” Proceedings of the 2nd International 
Conference on Educational Data Mining - EDM 2009, Cordoba, Spain, 
pp. 41-50, January 2009. 

[5] J. Elarde, "Toward improving introductory programming student course 
success rates: experiences with a modified cohort model to student 
success sessions," Journal of Computing Sciences in Colleges, Volume 
32 Issue 2, pp. 113-119, December 2016. 

[6] J.E. Froyd, K.J. Shryock, M. Tripathy, A.R. Srinivasa, and R.C. Simon, 
“Patterns of Students’ Success: How Engineering Students Progress 
Through a Course Sequence. Presented at Persistence and Retention,” 
122nd American Society for Engineering Education (ASEE) Annual 
Conference & Exposition. Seattle, WA, June 14-17, 2015. 

[7] J.J. Pembridge and M.A. Verleger, “First-Year Math and Physics 
Courses and their Role in Predicting Academic Success in Subsequent 
Courses,” 120nd American Society for Engineering Education (ASEE) 
Annual Conference & Exposition, Atlanta, GA, June 23, 2013. 

[8] L. Porter, M. Guzdial, C. McDowell, and B. Simon, “Success in 
introductory programming: what works?,” Communications of the 
ACM, volume 56, number 8, pp. 34-36, August 2013. 

[9] C.F. Reilly and E. Tomai, “An examination of mathematics preparation 
for and progress through three introductory computer science courses,” 
Frontiers in Education Conference (FIE) 2014. 

[10] C. Reilly, E. Tomai, and L.M. Grabowski, “An evaluation of how 
changes to the introductory computer science course sequence impact 
student success,” Frontiers in Education Conference (FIE) 2015. 32614 
2015. IEEE, pp. 1-6, 2015. 

[11] A. Vihavainen, J. Airaksinen, and C. Watson, “A systematic review of 
approaches for teaching introductory programming and their influence 
on success,” Proceedings of the 10th Conference on International 
Computing Education Research, Glasgow, United Kingdom, pp. 19-26, 
August 2014. 

[12] C. Watson and F.W.B. Li, “Failure rates in introductory programming 
revisited,” Proceedings of the 2014 Conference on Innovation & 
Technology in Computer Science Education, Uppsala, Sweden, pp 39-
44, June 2014. 

 

 

 

0
10
20
30
40
50
60
70

Math51 Math118 Math 119 Math120 Math121

Pe
rc

en
ta

ge

CS Grad Non-CS Grad Never Grad

0
10
20
30
40
50
60
70
80
90

100

0 1 2 3 4 5 6 7 8 9 10

Sc
al

e 
Fa

ct
or

Years to Graduate

Graduate (CS) Graduate (Non CS)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




