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As humanity moves forward into the digital age of computing, there will be a great shift
in the infrastructure of employment and education. In order for today’s students to keep up
with the demands and needs of our quickly evolving work force they must begin to start
thinking about their education from a strategic and applicable perspective. The technology
sector is one of the fastest growing industries and was projected to grow by 30% from 2004 to
2012 in the US (Horrigan, 2004). There has been much debate about whether or not the US
population has been keeping up its required levels of education in the computing industry as a
means to satisfy the growing demand. Many fear that the US may end up in the impervious
position of needing to outsource a large majority of technology jobs as the US just does not
have the workforce needed to support the growing demand. In this study we do an analysis of
the growth rates of college graduates in the field of computing in the US from the years 1998 to
2008 to assess whether or not the percentage of US graduates in computing are increasing as
time moves forward in contrast to other disciplines. Is there a noticeable difference in the
percent of US students graduating with computing degrees between the years 1998 to 2008 in
contrast to total graduation averages in all other fields? And does this data seem to be
reflective of the general growth rates of the technology sector in the US from the years 1998 to
2008?

Literature Review
There has been a longstanding concern in the United States regarding the education of
American citizens in the mathematics, science and engineering fields. We have noticed a large
deviation of test averages in these areas in US public education systems when compared with
many other countries. The National Center for Education Statistics (IES) did a cross comparative
analysis in the year 2006 test scores among 15 year old students in the OCED countries and
others who chose to join with 58 countries in total. In the mathematics literacy category the US
ranked 36 with a score of 474 when the average was 498. In the category of science literacy
the US ranked 30 with a score of 489 when the average was 500 (National Center for Education
Statistics, 2006). It’s difficult to comprehend why the world’s largest super power could be
lagging so far behind in levels of public educational competency in both science and math.
Unfortunately the data for reading literacy levels was not available for the US in this analysis.
But for the considerations of this paper the values for math and science provide a benchmark
for historical US policy and intentions in the realm of education that is a necessary precursor for
the growth of a population of successful computing professionals in the United States of
America.
There are many in industry who argue that there is a shortage of qualified workers
available in the US in the technology sector. Although critics and mainly academics have
expressed skepticism about this shortage and claim that is greatly exaggerated. They claim that
the idea of a so called shortage has been carefully crafted to keep labor costs low. Roberts
makes three claims about the reasons there is such a disagreement about whether or not there
is an actual labor shortage. The first claim states that most analysis has been done from a
analysis on the whole perspective which does not take into account the dynamics of particular
specialty areas where the shortages generally exist. The second claim recognizes the general
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view that individual workers in the software development industry and interchangeable which
is generally a fallacy. The third claim states that industry is much more concerned with hiring
individuals that are highly productive as opposed to reducing labor costs. An interesting thing
about the technology industry is the variability in productivity of individual workers.
“Programmers with the same level of experience exhibited variations of more than 20 to 1 in
the time required to solve particular programming problems. Beyond this high variability in
coding time, the study revealed that individual programmers showed highly correlated
differences in other metrics that contribute to overall productivity, in the sense that the best
programmers were not only able to complete the problem in less time, but in so doing typically
produced programs that had fewer errors and were more efficient in both running time and
utilization of memory (Roberts, 2000, p.3).” Because of these variations it is impossible to truly
understand the dynamics of the labor market without factoring in this variability. Another
interesting occurrence in individuals in the software industry is that talent does not necessarily
result from a traditional education. There are many accounts of individuals that are self taught
and have superseded general expectations, as in the case of Bill Gates. Even when cross
comparing the abilities of those who did follow the route of attaining a traditional college
education one can see that the variance of productivity in comparison to other industries is off
the charts. One begins to question where this variation is coming from. Although today as
systems are becoming more sophisticated the requirement for success in industry is almost
always the traditional route (Roberts, 2000).
Because there is such fierce competition in industry for highly qualified computing
professionals the incentive for those professionals to be in industry is much greater than it is for
them to be in education. The bottom line is that they will make more money in industry. So
the dilemma today is that many schools are unable to maintain a competitive edge because
they are unable to recruit and maintain a workforce that can provide academic curriculum
rigorous enough to produce the type of talent that industry is looking for. So the so called
shortage that we see is not necessarily in the number of possible workers, it is more about the
skill level of these qualified workers (Roberts, 2000).
IT can be seen as a driving force for the acceleration of US productivity. Stiroh found
that, “particular, industries that made the largest investments in computer hardware, software,
and telecommunication equipment in the 1980's and early 1990's show larger productivity
gains after 1995.” In his decomposition of aggregate productivity analysis he found that
industries that were IT using or IT producing had a big impact on the US productivity revival
which he thinks is attributed to their involvement with IT in general. As a cross comparison
industries that were generally isolated from the IT revolution had a negative impact on the US
productivity revival. Stiroh concludes that, “the strong and robust correlation between IT
intensity and the subsequent productivity acceleration, however, implies that there may be a
deeper relationship between IT investment and productivity growth.” This analysis supports
the thesis that in order for the US to be successful careful attention must be given to producing
highly qualified professionals in the computing field.
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In order to combat the lack of qualified professionals in the field of computing in the US
two things must be done. The standards for education in math and science in the early years of
American citizens must be increased, as well as those at the university level. Secondly we must
find a way to inspire US students to participate in the field of computing, which will probably
come more naturally once the foundational skill set has been established in their primary
education.
As with any new field computing does not have children shouting I want to be a
programmer when I grow up. This field is complex and difficult to understand, and is generally
not understood by the public for the most part. In order to counter this trend extra attention
must be spent in colleges and universities across the nation in making sure they are doing there
part to recruit students into this field. Akbulut laid out 4 a model that describes the major
variables included in the student decision making process. See below:





Self-Efficacy - A student’s judgment of his or her capability to perform effectively as a
computing major.
Outcome Expectations - A student’s judgment regarding the likelihood that valued
rewards will occur as a result of pursuing a computing major.
Interest - An emotion that arouses attention to, curiosity about, and concern with a
computing major.
Major Choice Goals - A student’s aspirations to choose a computing major.

US educational institutions are under pressure to produce qualified professionals in the field of
computing. By utilizing the above factors that drive student decision making these academic
institutions will have better success in converting students into computing professionals and
secondly will be strengthening the US in ways that we now may not even be able to conceive of
(Akbulut, 2007).
As we can now see that it is imperative for the US to continually produce a population of
highly qualified computing students to support industry. But the question still stands, has the
US been keeping up with this need.
Research Design & Methodology
In this analysis we collected data for two general areas. We started out by extracting a
data set that included statistics on general graduation rates in the US from the years 1998 to
2008. The second step that we took was to focus down on the graduation rates for students in
the US specifically in the area of computing, also from the years 1998 to 2008. At that point we
had enough information to do an analysis on the trends in growth rates of graduates in the US
as whole and as a comparison with the single field of computing. But as our research question
states we wanted to know if there was a correlation between the growth rates in students
graduating in the field of computing when compared with the growth rate of the US technology
sector in general. The next step was to seek out information on the US technology sector. As
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there were a lack of direct statistics available as a whole for the US technology sector a number
of variable indicators were extracted instead, and an index was created. Once the index had
been established we could then correlate the dependent variable US computing student
graduation rates with that of the growth in the technology sector in general (independent
variable). Time here is also an independent variable.
The data used for this project was secondary; it was collected from two different online
resources. The first set corresponding with US student graduate information was accessed
from the UNESCO-OECD-Eurostat (OECD) database online. This data collection was on
education statistics, and was compiled on the basis of national administrative sources, reported
by Ministries of Education or National Statistical Offices. The units measured were number of
graduates, variables collected included; distribution of graduates by country, year, level of
education, program destination, program duration, program orientation, field of education and
gender, the periodicity was yearly, and the reference period was the calendar year.
The graduates included in this data set encompass those who have graduated during the
reference year of data. Any student who does no complete their final year of school but later
gains an equivalency in the form of a test based on education from outside of this system are
not considered ‘graduates’ in this data set. A successful completion is determined by the
requirements set forth by the United States; these requirements may include a final
examination series or total number of experiential hours accomplished for a specific discipline.
Each qualifying variable for ‘graduate’ also included a number of sub-defining
categories. As level of education can be considered a deleterious title it must be explained.
The statistical title for level of education utilized in the UOE database read 905160: Tertiarytype A and advanced research programs, see definition below:
“Tertiary-type A programs (ISCED 5A) are largely theory-based and are designed to provide sufficient
qualifications for entry to advanced research programs and professions with high skill requirements,
such as medicine, dentistry or architecture. Tertiary-type A programs have a minimum cumulative
theoretical duration (at tertiary level) of three years’ full-time equivalent, although they typically last
four or more years. These programs are not exclusively offered at universities. Conversely, not all
programs nationally recognized as university programs fulfill the criteria to be classified as tertiarytype A. Tertiary-type A programs include second degree programs like the American Master. First and
second programs are sub-classified by the cumulative duration of the programs, i.e., the total study
time needed at the tertiary level to complete the degree. “
Source: http://stats.oecd.org/glossary/detail.asp?ID=5440

The variable program destination includes; further education/ theoretically based programs,
and further education/ practical/technical/occupationally specific programs. Program duration
encompasses anything from three to five years, less than five years, five to six years, five years
or more, and more than six years. The program orientation can include; vocational and
technical programs, first degree/qualification, and second qualification degrees. This was not a
gender specific study and did include all males and females, although not the topic of this study
these data points are available for further analysis. The data comes from, The Organization for
Economic Co-operation and Development (OECD), and was established on September 30th
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1961. This organization consists of about 40 countries, all of them in cooperation of identifying
economic problems and working together to solve them.
The second database of information accessed was drawn from the World Bank, this
included the variables used to create an index for growth in the US technology sector between
the years of 1998 and 2008. These variables Include; labor participation rate, total (% of total
population ages 15+), high-technology exports (% of manufactured exports), high-technology
exports (current US$), patent applications (nonresidents), patent applications (residents),
research and development expenditure (% of GDP), researchers in R&D (per million people),
scientific and technical journal articles, trademark applications (direct nonresident), trademark
applications (direct resident), and trademark applications (total). Two variables that were
included in this section on the World Bank website under labor statistics and technology were
technicians in R&D (per million people) and trademark applications (aggregate direct). These
variables contained no data for the specified requested data set, and their absence may
contribute to the range of error in the following computations.
The population size that we were dealing with in these data sets was the entire
population of students graduating in computing in the United States, this number varied by
year, by 2008 there were 57,261 graduates in the US the field of computing, and there were
2,343,517 graduates in all fields total. The population statistics for the technology industry
indicators variables included; numerical values, percentages, and dollars, these values were
also representative of the entire population, no samples were used. These data sets had to
further broken down in order to create an index. Instead of using the hard data, all of the
information was converted into growth rate statistics between each year so that the units were
the same across all sets. Both the data from UOE and the World Bank was converted into
growth rate percentages for ease of use in the following statistical analysis models.
A number of descriptive statistics tables were utilized in this analysis including crosstabs
and graphs. The main statistical method employed was correlation-regression analysis to test
whether or not the number of students graduating in computational fields follows a similar
growth pattern to growth rates in the technology sector in the United States. After laying out
the data for the growth rates in the technology sector and the growth rates of computing
graduates in a crosstab I suspected there was an association between these two data sets. So
in the next step I went on to calculate the measures of association to test whether or not this
assumption was correct.
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Research Analysis
US Graduation Summary Statistics with Focus on Computing

Source: Organization for Economic Co-operation and Development (OECD) online database.
In the above table of summary statistics you can see the percent of graduates in the
computing field from the years 1998 to 2008. Although the numbers do seem to go up and
down throughout this time period there is an overall increase of graduates in the field of
computing of .36% which accounts for an increase of 21,538 graduates since 1998. This
increase is not directly correlated with the percentage as the total US population of graduates
grew throughout this time period as well. Percent increase is a more appropriate measure
when analyzing the growth of graduates in the computing field as a whole.
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Cross-tabulation of % Growth in US Computing Graduates & Us Technology
Sector

Source: Organization for Economic Co-operation and Development (OECD) online database & World
Bank online database.

In the crosstabulation above one can see that there was a fluctuation in growth rates for
both the technology sector as well as in computing graduates. The growth in the technology
sector dips between the years of 2000 and 2002, whereas in computing graduates it dips in
2004-2008. This could potentially be a residual effect that the technology sector had on
graduation rates later on, but further analysis would need to be done in order to make that
conclusion. In the graphs below one can see a steady rise in the graduation rates of US
students on the whole, but that dip in computing graduates is more apparent when looking at it
in graphic format.

9
The Relationship between Technology Revolution and College Graduates in the Field of Computing

Graph 1: US Computing Graduates 10 Year Perspective (1998-2008)

Years
Source: Organization for Economic Co-operation and Development (OECD) online database.

Graph 2: US Graduates All Fields 10 Year Perspective (1998-2008)

Years
Source: Organization for Economic Co-operation and Development (OECD) online database.
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Linear Regression Analysis
Variables Entered/Removedb
Model
dimension0

Variables Entered

Variables Removed

Method

% Increase Technology Indexa

1

. Enter

a. All requested variables entered.
b. Dependent Variable: % Increase Computing Majors

Model Summary
Model
dimension0

R

R Square
a

1

.072

Adjusted R Square
.005

Std. Error of the Estimate

-.161

15.777

a. Predictors: (Constant), % Increase Technology Index

ANOVAb
Model
1

Sum of Squares
Regression

df

Mean Square

7.804

1

7.804

Residual

1493.454

6

248.909

Total

1501.258

7

F

Sig.
.031

.865a

a. Predictors: (Constant), % Increase Technology Index
b. Dependent Variable: % Increase Computing Majors

Coefficientsa
Model

Standardized
Unstandardized Coefficients
B

1

(Constant)
% Increase Technology

Std. Error
2.542

6.656

.254

1.433

Coefficients
Beta

t

.072

Sig.
.382

.716

.177

.865

Index
a. Dependent Variable: % Increase Computing Majors

After running a statistical analysis between the values provided for percent increase in
computing graduates in the US from the years 1998 and 2008 and the values for percent
increase in the growth of the technology sector in the US from the years 1998 to 2000 we can
conclude that there is very little to no association between the two. Pearson’s r is only .072,
and the coefficient of determination is a very small .005. Although, this test is not conclusive of
a lack of association between these two data sets. There are many things that may have been
overlooked. For instance the data set regarding growth in the technology sector may not have
been representative, the variables included in this calculation were missing in two categories,
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and more research may have been needed to better represent what variables that were
required to assess the US technology sector as a whole. Although we did not find a correlation
between these two data sets some things can be recognized. US computing graduate numbers
fluctuated a lot between the years 1998 and 2008, this movement could represent the settling
of the industry as a whole as it finds a way to fit into the US economy. The graduation rates
have also increased in the field of computing as compared with that of other fields from 1998
to 2008 suggesting that this is a field that is on the rise. Although the increase is less than one
percent in context of all of the other competing fields this should still be recognized as an
indicator that change that is occurring in US graduation rates. One factor that was not
discussed here but should be recognized is that the graduation rates of US schools also include
international students. This is something that should be explored further so that we can have a
realistic idea of what percentage of those computing graduates are actually US citizens. As the
statistics above showed that the US is lacking in educational levels at 15 years old, it would
follow that it is very likely a large majority of computing majors in American schools are not
actually American citizens. In conclusion we can say that the analysis above suggests that the
percent increase in US computing graduates from 1998 to 2008 is not affected by the percent
increase in growth rates of the US technology sector.
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Appendices:

US Statistical Indicators for Technology Industry

Source: World Bank
Note: I included the entire linear regression analysis in the paper, as I thought you would want
to be able to see all of the numbers. Also because I was working with population numbers I
was not able to do any of the hypothesis tests because I was not working with a sample. The ttests from earlier on required means… which did not fit my data set either, so it seemed that
the only plausible test that could be used was a regression correlation between the two data
sets.

