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Student enrollment in college computer science 

(CS) and information technology (IT) programs are in 
a downward trend in most developed countries.1,4,7,9 
At the same time, the U.S. Bureau of Labor and their 
counterparts in other countries forecast an increased 
need for skilled CS/IT graduates.7 

To reverse the downwards trend in college level CS/
IT enrollment, ACM launched the Computer Science 
Teachers Association (csta.acm.org), whose mission is 
to “directly and passionately” advocate for computer 
science education in the high school. 

One major initiative is to develop a 
comprehensive computer science cur-
riculum that educates high school stu-
dents and informs them about the pro-
fession because a major factor in the 
enrollment decline is a lack of knowl-
edge about possible CS/IT careers.4,9 In 
this article, we examine one CS/IT pro-
gram (the Cisco Networking Academy 
that has been offered in high schools 
since 1978) to understand what les-
sons we can draw for other CS/IT high 
school initiatives. 

The Cisco Networking Academy
The Networking Academy offers sever-
al CS/IT programs, but the most popu-
lar is the Cisco Certified Network Asso-
ciate program (CCNA). The four course 
CCNA program has been adopted by 
over 10,000 high school, college and 
non-traditional education institutions 
in more than 150 countries. 

There are four key components to 
the program. First, a centralized cur-
riculum designed by the Academy and 
regularly updated based on task analy-
ses of network engineers is distributed 
over the Internet. It also is linked to high 
school curriculum standards across the 
states in science, mathematics, and lan-
guage arts. The curriculum includes in-
teractive learning materials for key con-
cepts, lab exercises for hands-on skills, 
and a network simulation package that 
enables students to use virtual environ-
ments which contain equipment that 
their schools do not have. 

Second, local high school teachers 
teach the courses as part of the normal 
curriculum in their school. Teachers 
can customize the curriculum materi-
als to their environment. 

Third, the curriculum includes 
standards-based testing designed us-
ing the same psychometrically sound 
methods as the Cisco professional cer-
tification exams. Local teachers can 
use the tests for formative and/or sum-
mative purposes and can weight them 
as part of student grades as is most ap-
propriate for their environment.

Fourth, a program of ongoing train-
ing, technical support, and instructor 

IT Programs 
in High 
Schools: 
Lessons from 
the Cisco 
Networking 
Academy 
Program



July 2010  |   vol.  53  |   no.  7   |   communications of the acm     139

contributed articles

School Factors
One of the most influential factors in 
student achievement is the amount of 
money spent in the schools;10 students 
in economically disadvantaged regions 
generally perform lower on standard-
ized tests. We used the per capita in-
come (in thousands) in the student’s 
ZIP code from the U.S. Census database 
as the measure of income. 

Geographic location of the school 
is important because urban and rural 
locations are often found to have lower 
achievement and confidence.5  We used 
the NCES database to classify schools 
as urban, suburban, town, or rural.

We expected that students at lead 
schools that trained other schools (and 
were selected for their capabilities) 
would have higher achievement be-
cause of better physical, educational, 
and human resources. We used the 
Academy database to classify schools 
as being a lead school or not. 

Instruction Factors
Instruction quality, the ability of an 
instructor to provide instructional ac-
tivities in the classroom that engage 
students in meaningful learning activi-
ties, significantly affects student learn-
ing.2 Instruction quality (alpha=.92) 

certification for participating schools 
is conducted by other high schools 
and community colleges, not by Cisco. 
Thus teachers from “lead” schools 
train and support teachers in course 
content and how to teach. This ap-
proach has enabled the Academy to 
grow to over 10,000 schools worldwide 
in less than 10 years. 

The Study
We examined how the characteristics 
of the students, their school, and the 
instructional practices contributed to 
student achievement and confidence, 
as these factors influence the choice 
to enter college programs. We studied 
U.S. high school students entering the 
first course in the CCNA program us-
ing a multilevel statistical technique 
called Hierarchical Linear Model-
ing; 27% of eligible U.S. students par-
ticipated (5,392 students at 764 high 
schools). 

Individual Factors
Demographic data (age, gender) were 
collected by the Academy during 
course registration. Males often have 
greater interest in computers than 
do females.3 We tracked age because 
the program is taken by students as 
young as 14, and age may be a factor in 
achievement.

We examined students’ prior aca-
demic success and computer technical 
skills as these are often important pre-
dictors of achievement.6 Many studies 
have linked short term and long term 
motivation to achievement,11 so we ex-
amined student’s motivation in this 
class, their desire for lifelong learn-
ing, and their career goal (CS/IT or 
not). Students who have selected a ca-
reer closely related to an educational 
program tend to perform better than 
students who are indecisive about 
their goals.11 These variables were as-
sessed using a survey administered 
as students entered the program. We 
used self-reported Grade Point Aver-
age (GPA) as the measure of prior aca-
demic success, as self-reported GPA is 
a reliable measure.6 Technology skills, 
short-term motivation and long-term 
motivation (desire for life-long learn-
ing) were measured using 3-6 ques-
tions for each variable (alpha values 
from .86 to .92). Career goal was a sin-
gle item question.

was collected via a course evaluation at 
the end of the course.

Class size may affect student achieve-
ment, as it influences the amount of 
attention each student gets from the 
instructor, especially for younger stu-
dents. We used the Networking Acad-
emy enrollment database to determine 
class sizes.

Achievement and Confidence
The individual, school, and instruc-
tional factors were used to predict 
student achievement and confidence 
with technology. Achievement was 
measured using the grade from the on-
line, final exam administered by Net-
working Academy testing system. Con-
fidence focused on confidence with 
networking as this was the subject of 
the course. Confidence is an important 
factor influencing the choice of a CS/
IT major.1 It was collected via a course 
evaluation at the end of the course  
(alpha=.92).

Results
Table 1 shows the results from the sta-
tistical analysis, including the relative 
importance of each factor (the “effect 
size” as measured as a percent of the 
variance explained). A factor with a rel-

Table 1. Factors influencing student achievement and confidence

Factor

Statistical Results Relative Importance

Impact on 
Achievement

Impact on 
Confidence

For  
Achievement

For  
Confidence

School Factors None Low

Urban -1.200 0.071 * 3%

Town -3.183 -0.0118

Rural 2.175 0.0119

Per Capita Income 0.110 0.006 *** 5%

Lead School 2.367 -0.028

Instruction Factors Low Moderate

Quality of Instruction 2.063 *** 0.346 *** 17% 31%

Class Size -0.085 -0.003

Student Factors High High

GPA 6.600 *** 0.137 *** 38% 8%

Technology Skills 0.851 *** 0.087 *** 15% 17%

Motivation 3.158 *** 0.266 *** 19% 17%

CS/IT Career Goal 0.469 0.064 ** 3%

Lifelong Learning -0.313 0.079 ** 4%

Female -3.652 *** -0.349 *** 11% 11%

Age -0.012 0.002

* p < 0.05, ** p < 0.01, *** p < 0.001 
Note: Relative importance is the effect size in terms of percent of explained variance 
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ative importance below 10% has little 
practical impact, so while it may be sig-
nificant, it is not particularly useful in 
developing programs.

Student Achievement
Student ability (GPA and technol-
ogy skills), short term motivation, and 
gender affected student achievement. 
Females scored lower than males by 
about 3.6 percentage points, even after 
controlling for other factors. However, 
age, the desire for lifelong learning, and 
whether or not one had a CS/IT career 
goal had no impact on achievement. 

At the instructional level, quality of 
instruction, but not class size affected 
achievement. Surprisingly however, no 
school level factors had a significant 
impact on achievement. Geographic lo-
cation, per capita income, and whether 
the school was a lead school had no im-
pact on achievement. 

The most important factor influenc-
ing student achievement in high school 
CS/IT classes is the individual student’s 
GPA. After this, four factors play a mod-
erately important role: the student’s 
motivation, the quality of instruction, 
the student’s technology skills, and, 
to a lesser extent, the student’s gender 
(males achieve higher).

Student Confidence
Student ability (GPA, and technology 
skills), motivation (short term motiva-
tion, career goal, and desire for life-
long learning) and gender all affected 
students’ confidence in their use of 
technology. However, age did not affect 
confidence. At the instructional level, 
quality of instruction mattered, but 
class size did not. At the school level, 
per capita income and an urban loca-
tion increased confidence but being a 
lead school did not.

The most important factor influenc-
ing student confidence in high school 
CS/IT classes is the quality of instruc-
tion. After this, three factors play a 
moderately important role: the stu-
dent’s motivation, the student’s tech-
nology skills, and, to a lesser extent, 
the student’s gender (males are more 
confident).

Recommendations
The most important factors influenc-
ing student achievement and confi-
dence are individual student factors 

(ability, motivation, technology skills, 
and gender) and the quality of instruc-
tion they receive. One common sense 
recommendation is therefore to select 
able students who want to succeed; CS/
IT courses should be elective courses, 
not required courses so that motivated 
students can self-select into courses 
and teachers can screen for abilities.

Having a CS/IT career goal did not 
have an important impact on achieve-
ment or confidence. About 50% of the 
high school students in the Network-
ing Academy program had no intention 
of pursuing a career related to CS/IT, 
aspiring instead to business, trade, or 
professional careers. Thus we recom-
mend that entry-level CS/IT courses in 
high schools should be designed for 
CS/IT majors and non-majors alike. 
By attracting those who do not initially 
intend to pursue CS/IT education, we 
have the opportunity to win over stu-
dents to CS/IT careers. These courses 
should not focus on skills needed by 
CS/IT professionals, but rather on gen-
eral CS/IT skills of use to all. For ex-
ample, programming is a key skill for 
some CS/IT professionals, but is not a 
key CS/IT skill for all. In contrast, anal-
ysis, design, and effective use of IT is a 
critical CS/IT skill for all. 

Male students had higher achieve-
ment and were more confident than 
female students, even though the aver-
age GPA of females in our sample was 
higher than that of males. One impor-
tant recommendation is to pay particu-
lar attention to the recruitment, educa-
tion, and retention of female students, 
who, without such attention, are likely 
to under perform and feel less confi-
dent than their male counterparts.

Age had no impact; 15-year-olds per-
formed as well as 18-year-olds. Thus 
CS/IT programs can be geared to all 
high school levels; they should not be 
targeted only to juniors or seniors who 
may have already formed career plans 
and opinions of CS/IT. 

The quality of instruction was espe-
cially important for confidence. The 
Networking Academy devotes consid-
erable resources to teacher training, re-
quiring teachers to pass a standardized 
exam before teaching a course. In addi-
tion to initial training, teachers must 
complete 16 hours of annual training 
and regular re-testing to ensure their 
skills remain up to date in the ever 

changing world. Given the importance 
of instruction quality, we believe that 
other CS/IT initiatives should also pro-
vide considerable initial and ongoing 
teacher training and certification.

Perhaps most surprisingly, school 
factors such as geographic location, 
and income had little impact. This is in 
sharp contrast to research showing that 
students from wealthier suburbs out-
perform students from poorer urban 
and rural locations.5,10 This program 
overcame the traditional handicaps 
faced by low income, urban schools, 
and enabled students to rise to the lev-
el of their own ability and motivation 
as influenced by the quality of instruc-
tion they received. We hypothesize that 
this leveling of the playing field is due 
to the balancing of centralized support 
(training, 24/7 help, curriculum, and 
assessment materials) with local con-
trol permitting instructors to adapt the 
curriculum to their students’ particu-
lar circumstances. 

The Networking Academy program 
is a prime example of corporate stra-
tegic philanthropy8 in which Cisco Sys-
tems, Inc. has built on its core strength 
in networking to develop a program to 
improve CS/IT education worldwide 
(in both developed and developing na-
tions). By partnering with high schools 
(and colleges, universities, and non-
governmental organizations), Cisco 
has leveraged its unique skills and the 
unique skills of these institutions to af-
fect the lives of over 1 million students 
in more than 150 countries around the 
world. We believe this type of partner-
ship is a useful model for enhancing 
CS/IT education in the US and around 
the world.

The Cisco model assures a common 
curriculum and assessment strategy 
in schools across the U.S. As such, the 
Cisco program, in addition to provid-
ing a public/private partnership mod-
el, provides an ideal opportunity to 
identify success factors in the design of 
any program. We suspect the training 
and technical support for instructors 
is a critical factor in student success 
as reflected in the importance of in-
structional quality in student learning 
and confidence. As importantly, the 
results suggest programs should ap-
peal broadly to students: to majors and 
non-majors and to students at all level 
of high school. 
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We conclude that the blend of 
centralized curriculum and testing, 
combined with local instruction and 
a strong instructor support program, 
enables the best of both worlds: clear 
standards-based national curriculum 
and assessment, and local control and 
customization of instruction with well-
trained teachers.�
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Fakültesi at Gazi University, Besevler – Ankara, Turkey.

© 2010 acm 0001-0782/10/0700 $10.00



Copyright of Communications of the ACM is the property of Association for Computing Machinery and its

content may not be copied or emailed to multiple sites or posted to a listserv without the copyright holder's

express written permission. However, users may print, download, or email articles for individual use.


