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Executive Summary 

Development of the Digital Tutor (DT) was undertaken by the Defense Advanced 
Research Projects Agency (DARPA) to accelerate the acquisition of expertise in initial 
technical training courses—well beyond the entry and journeyman levels typically tar-
geted by these courses. 

DARPA chose Information Systems Technology (IT) as the Tutor’s subject matter 
after extensive analysis revealed its ubiquity and criticality in defense and civilian opera-
tions. The Tutor was intended to accelerate the development of IT expertise in newly 
recruited U.S. Navy sailors who had little or no prior experience in the subject. 

Research has found that expertise can be effectively produced by the intense indi-
vidualized, interactive, and adaptive instruction provided by one-on-one tutoring. Except 
for very sensitive and critical activities, however, such tutoring is unaffordable when per-
formed at scale by human tutors. Its delivery by affordable and accessible digital means 
has been a target of research since the 1960s. 

The DARPA Tutor and similar Intelligent Tutoring Systems differ from other forms 
of computer-assisted instruction in that their focus is on enabling mixed-initiative tutorial 
dialogues (either the computer or the learner can initiate lines of inquiry) and active gen-
eration of tutorial instruction from information structures rather than from ad-hoc, antici-
pated states of the learner. The DARPA Tutor’s information structures are used to  

• Model the subject matter;  

• Generate evolving models of the learner;  

• Generate, adapt, and assign problems that maximize individual learning pro-
gress;  

• Enable tutorial exchanges that shadow, assess, and guide learners’ problem 
solving; and  

• Ensure learners’ understanding of the deeper issues and concepts illustrated by 
the problems being presented—understanding that is essential for retention and 
transfer of knowledge and skill. 
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The Tutor emphasizes  

• Frequent and substantive interaction with learners;  

• Problem solving in authentic environments;  

• Continuing, diagnostic assessment of individual learning and progress;  

• Concentration on concepts underlying problem content and processes; and  

• Integration of human mentors. 

Five assessments of the DARPA Tutor were performed. The final “capstone” 
assessment found that after receiving its 16 weeks of training, sailors who had no prior IT 
experience were substantially superior in IT knowledge and job-sample troubleshooting 
to others who had received 35 weeks of classroom instruction and to Navy IT technicians 
who had an average of 9 years’ experience in the Fleet. 

The DARPA Tutor was modified and extended to 18 weeks for the Department of 
Veterans Affairs (DVA) to prepare veterans for civilian employment in IT. The DVA 
project was to determine if the Tutor could provide similar accelerated learning for veter-
ans, as demonstrated by their success in finding civilian IT employment with higher sala-
ries and greater levels of responsibility than those trained by more conventional means. 

Similar to the analysis performed for the Navy Tutor, the design of the DVA Tutor 
was based on a comprehensive review of the competencies that technicians need for high-
level civilian IT employment. Most civilian requirements were consistent with those 
found in the Navy Tutor. Modifications for the DVA version were primarily a matter of 
fine tuning, adjusted emphasis on specific topics, and preparation for civilian 
employment. 

These modifications were made to ensure that graduates of the DVA program fully 
met civilian requirements with demonstrable knowledge and skills that were well beyond 
those of other entry-level applicants. 

The DVA Tutor was assessed with 100 veterans, who were taught in 5 classes of 20 
that convened at different times from February to November 2013. Recruitment for this 
instruction yielded 2,390 applicants who were then required to complete 2 more cycles of 
surveys. The full application process was finished by 837 veterans. At this point, the 
applicants were selected with regard to the following:  

• Completion of the application, which included submission of Armed Services 
Vocational Assessment Battery (ASVAB) scores and some telephone 
interviews;  

• Honorable discharge;  
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• Meeting Army and Navy qualification for IT training, which is based on a 
weighted combination of ASVAB scores;  

• Post 11 September 2001 service;  

• Preference for unemployed veterans;  

• Preference for veterans with an interest in computers; and  

• Preference for veterans with limited or no prior education or training in IT. 

A characteristic veteran in the course was a 30 year-old, prior-enlisted, unemployed, 
and unmarried male who had limited education beyond high school and no prior IT 
instruction but had the above-average intelligence required to qualify for Army and Navy 
training in IT. 

These requirements were satisfied by 222 veterans. Of the 100 veterans who were 
accepted for the training, 97 completed it. Two left for medical reasons, and one left 
because of a death the immediate family. There were no academic dropouts. 

The following sources of data were available for assessing the DVA training:  

• Short-answer, practical, and essay topic area exams, which were administered at 
the end of each topic’s session;  

• A 110-item written mid-term exam of general IT knowledge, which was admin-
istered to each class at the end of week 10;  

• A final exam consisting of 10 job-sample troubleshooting problems, which were 
derived from a database of 20,000 trouble tickets;  

• Scores from the Gates-MacGintie reading vocabulary and comprehension tests, 
which were administered to each class on the first day of instruction; and  

• The proportion of graduates who found employment and their salaries. 

ITs in the civilian workforce have not taken the DVA Tutor’s final exam, so the 
calibration of veterans’ final exam scores with those of civilian ITs is not available. 
However, some calibration of results from the DVA program can be obtained by com-
paring the veterans’ mid-term scores with those of Navy Digital Tutor students. Both 
groups completed the same mid-term exam after 10 weeks of training. The veterans’ 
scores on the test were higher than those of the Navy students, but the difference was not 
statistically significant. Nonetheless, it suggests that at the 10-week mid-term level, the 
veterans’ basic knowledge of IT was at least equal to that of Navy Digital Tutor students, 
who went on to substantially outperform both Fleet-experienced ITs and 35-week Infor-
mation Technology Training Continuum (ITTC) students in IT knowledge and 
troubleshooting. 
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Other findings were as follows: 

• Although general mental ability and IT qualification scores were highly corre-
lated with each other, they accounted for less than 1% of the variance in veter-
ans’ mid-term and final scores. This finding suggests that the Army and Navy IT 
qualification requirement could be relaxed—if not eliminated—in accepting 
veterans for future administrations of the course. 

• A similar result was found for reading vocabulary and reading comprehension 
scores. These scores were highly correlated with each other but accounted for no 
more than 2% of the variance in mid-term and final exam scores. 

• The sizable correlations between the practical tests and their written and essay 
questions suggest that, in addition to solving IT problems in the workplace, the 
DVA DT students understand and can articulate the conceptual bases underlying 
their solutions. 

Within 6 months of graduation, 97% of graduates who sought IT jobs had found 
employment, with an average annual salary of $73,000, which is about 30% above the 
median U.S. 2014 entry salary for Network Administrator I and about the same as the 
median salary for Network Administrator II after 3–5 years of experience. 

Because of the accelerated acquisition of advanced IT knowledge and skill, an 
18-month graduate of the DVA DT program would, over 20 years, accumulate more than 
twice the income of an IT with a 4-year college degree supported by the DVA. The Net 
Present Value (NPV)—discounted benefits less discounted costs—to the government of 
DVA support for the Tutor was also found to be more than twice that of a DVA-
supported 4-year college degree followed by employment. 

On the basis of these findings, it seems reasonable to conclude that acceleration of 
expertise using digital tutors—as demonstrated by both the Navy assessment and the one 
reported here—is within our reach if not our grasp. It also seems reasonable to conclude 
that this capability is of substantial personal and monetary value to veterans who might 
otherwise be unemployed or underemployed and to their employers. Finally, and given 
the great importance of IT and the growing opportunities for IT employment, it seems 
reasonable to continue DVA support of the Digital Tutor course for veterans. 

 

vi 



Contents 

A. Introduction .........................................................................................................1 
B. Accelerating Expertise ........................................................................................1 
C. Expertise and IT ..................................................................................................3 
D. Tutoring and Digital Tutoring .............................................................................4 
E. The DARPA DT ..................................................................................................5 

1. Why IT? .........................................................................................................5 
2. Design and Development of the DARPA DT ...............................................5 

F. Navy Assessment ................................................................................................7 
1. Participants ....................................................................................................8 
2. Curriculum Content .......................................................................................8 
3. IT Troubleshooting and Knowledge Assessment ..........................................8 

G. DVA Assessment ..............................................................................................13 
1. The Civilian IT Job Market .........................................................................13 
2. Modifications for Civilian IT Employment .................................................13 
3. Recruiting and Selecting Veterans ..............................................................14 
4. Data sources ................................................................................................19 

H. DVA Assessment Results ..................................................................................20 
1. Final and Mid-Term Scores .........................................................................20 

I. Employment, Return on Investment (ROI), and Net Present Value (NPV) ......24 
1. Employment ................................................................................................24 
2. ROI ..............................................................................................................26 
3. NPV .............................................................................................................30 

J. Final Word .........................................................................................................31 

Illustrations ..................................................................................................................... A-1 
References ........................................................................................................................B-1 
Abbreviations ...................................................................................................................C-1 

 

  

vii 





A. Introduction 
Preparing military veterans for civilian employment is an acknowledged responsi-

bility and a continuing challenge. Despite substantial efforts by the Department of Veter-
ans Affairs (DVA), the percentage of post-Gulf War II veterans who are unemployed or 
underemployed after 1–2 tours of service ranges about 2% above the average for non-
veterans and 3%–4% above the average for other veterans (Collins et al., 2014). 

Education and training programs play a vital role in improving veterans’ employ-
ment opportunities. The DVA provides access to these opportunities through programs 
such as the GI Bill, which pays tuition, fees, and living costs for higher education, trade 
schools, and apprenticeships, and Vocational Rehabilitation and Employment (VR&E), 
which supports veterans by offering counseling, job training, résumé development, and 
job-seeking skills. Other examples include the Reserve Educational Assistance Program 
(REAP), which provides education and training assistance to members of reserve compo-
nents called to active duty, the Veterans Educational Assistance Program (VEAP), which 
matches contributions made by Service members from their military pay on a 2 for 1 
basis, and the Montgomery GI Bill (MGIB), which provides education and training 
assistance for active and reserve component Service members. 

These programs make significant contributions in preparing veterans for civilian 
occupations and otherwise improving their quality of life through formal education. 
However, formal education programs are time consuming—time that veterans who have 
economic and family responsibilities cannot easily spare—and are generally limited to 
preparation for entry-level positions. Finding ways to accelerate the development of job-
relevant expertise is a serious and growing challenge for all sectors of the economy 
(Ericsson, Charness, Feltovich, & Hoffman, 2006). Meeting this challenge may be critical 
for veterans whose formal education may be limited to high school or General Education 
Development (GED) degrees and whose needs for employment and economic security 
are immediate. 

B. Accelerating Expertise 
To an appreciable extent, accelerating expertise may be achievable for technical 

occupations. Most examples of this capability are based on digital tutoring that provides 
dialogue-based, guided practice in solving authentic problems. For instance, the 
SHERLOCK project (Lesgold, Lajoie, Bunzo, & Eggan, 1992) was a guided practice, 
digital tutoring environment that prepared technicians to troubleshoot complex problems 
that occurred in a test stand used to troubleshoot components of Air Force avionics sys-
tems. Assessments found that 20–25 hours of SHERLOCK training produced about the 
same improvement in performing difficult and rarely occurring diagnostic tasks as 
4 years of on-the-job experience (Gott & Lesgold, 2000; Lesgold & Nahemow, 2001). 
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In a review covering five evaluations of SHERLOCK, Gott, Kane, & Lesgold 
(1995) reported an overall improvement of 50th percentile students to about the 85th per-
centile of performance, an effect size1 of 1.05 standard deviations, which, in comparisons 
of training approaches and as suggested by Table 1, is considered by the training and edu-
cation community to be very large.2 

 
Table 1. Overview of Effect Size 

Effect Size Suggested Designationa 
50th Percentile (Roughly) 

Raised To … 
ES < 0.25 Negligibleb 59th percentile 
0.25 < ES < 0.40 Small 60th–65th percentile 
0.40 < ES < 0.60 Moderate 66th–73rd percentile 
0.60 < ES < 0.80 Large 74th–79th percentile 
ES > 1.00 Very Large 80th percentile and up 
ES > 2.00 Bloom’s challengec 98th percentile and up 

Legend for Table 1: 
a Extended from suggestions by Cohen (1988). 
b What Works Clearinghouse (2010). 
c Bloom (1984). 

 
The Navy’s Interactive Multi-Sensor Analysis Training (IMAT) system provided 

additional evidence of accelerated expertise (Wetzel-Smith & Wulfeck, 2010). At-sea 
trials found that 2 days of training with a laptop version of IMAT increased the sub-
marine effective search area by a factor of 10.5 (Chatham & Braddock, 2001). In effect, a 
submarine that had IMAT-trained sonar operators onboard could provide the sonar sur-
veillance of 10 submarines that lacked the IMAT system. The monetary and operational 
value of this capability is substantial. 

Evidence that learning in K–12 education can also be accelerated has been accumu-
lating, as reported in reviews by Kulik and Fletcher (2012) and VanLehn (2011). These 
reviews suggest an overall improvement of 50th percentile students to about the 
78th percentile of performance, with overall effect sizes of 0.75–0.79 standard deviations, 
which, as suggested by Table 1, is considered to be large. 

1 Effect size is a descriptive (not inferential) statistic commonly used to estimate the magnitude or 
practical value of an effect such as an experimental treatment. Effect Size = (Mean of Group 1 – Mean of 
Group 2)/Standard Deviation. 

2 Effect sizes in this report were calculated as Hedges g (Hedges, 1981). Because of continuing discussion 
about the calculation of effect sizes, means reported in this document are followed by their standard 
deviations enclosed in parentheses, allowing readers to use other procedures in calculating effect sizes. 
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A third and more recent example of accelerated expertise is the Defense Advanced 
Research Projects Agency (DARPA) development of a computer-based Digital Tutor 
(DT), a modified version of which was used for the Veterans’ project. The Tutor provides 
training in a full course of Information Systems Technology (IT) training. It is intended 
to develop the high-level technical competencies that are characteristic of IT expertise—
competencies well beyond the journeyman level generally targeted by initial military 
training to certify individuals for military occupations. 

This report focuses on enhancing veterans’ employment opportunities by accel-
erating the development of their technical expertise. It provides a brief, general discus-
sion of how technical expertise is developed and accelerated by digital tutoring; a des-
cription of the DARPA DT, which was developed and used for Navy IT training; findings 
from the Navy’s assessment of the Tutor’s effectiveness; its modification for the DVA’s 
Veterans project; and a description of that project, its findings, and implications of these 
findings for monetary return to the government. 

C. Expertise and IT 
Designing and maintaining IT systems are multi-dimensional, complex activities 

that require reasoning at different levels of abstraction considered simultaneously. Prob-
lems can occur with local workstations, their connection to a network, the network itself, 
receiving workstations, security and administration practices, the source and version of 
all software involved, user error or intentional misbehavior, and even the actions of IT 
technicians themselves. IT technicians must master the fundamentals of computer and 
network hardware, rapidly evolving operating systems, network and application software, 
and a multitude of administrative factors that govern user services, permissions, 
groupings, and sub-groupings. 

Expertise in IT problem solving matches Wetzel-Smith and Wulfeck’s (2010) 
description of “incredibly complex tasks,” which they describe as multi-faceted, abstract, 
co-dependent, non-linear tasks. Performing these tasks successfully requires competen-
cies that are characteristic of expertise, which, as research reviewed by Mayer and 
Wittrock (1996) suggests, enables learners and problem solvers to deal with problems 
that confront them with too much data, too many options, and unknown levels of risk. 

Clark and Wittrock (2000) suggested that “experts must have X-ray vision” to see 
through surface features and symptoms, identify conceptual structures, and focus on rele-
vant underlying principles in solving these problems. Sternberg and Hedlund (2002) 
describe the ability to do so as tacit knowledge—knowledge acquired from years of expe-
rience that enables experts to solve unusually complex, real-world problems. 

Individuals who develop expertise purposefully extract abstract principles from the 
experiences that come their way and seek out novel situations and challenging problems 
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as they become available (Ericsson, 2006). A key to accelerating expertise, then, is to 
provide opportunities for authentic, deliberate practice that compresses years of relevant 
experiences, which ordinarily occur infrequently and at random, into weeks or, at most, 
months. 

D. Tutoring and Digital Tutoring 
Over the last 50 years, researchers have attempted to develop computer systems 

with sufficient intelligence to tailor tutorial interactions to individual needs, devise prob-
lem solution paths, and abstract specific issues and problem features into the conceptual 
understandings that learners need to attain persistent and transferable levels of compe-
tence. Carbonell (1970) identified two features that distinguish this instructional approach 
from other forms of computer-assisted instruction: 

• Use of information structures rather than pre-programmed, frame-oriented exer-
cises; and  

• Inclusion of mixed-initiative tutorial interactions that allow either the computer-
tutor or the learner to initiate open-ended questions during an instructional 
dialogue. 

Fundamentally, these capabilities allow computers to assume much of the 
“authoring” needed to design, develop, and deliver instructional interactions. They were a 
major, early incentive for the application of machine intelligence to education and 
training (Fletcher, 2009; Fletcher & Rockway, 1986). 

Given equal instructor expertise, one-on-tutoring has been shown to be significantly 
more effective than many-on-one classroom instruction (Bloom, 1984; VanLehn, 2011; 
Kulik & Fletcher, 2012). The economic argument against providing an individual human 
tutor for every student is, with few exceptions, obvious and decisive. The DARPA pro-
gram, among others, sought to capture in computer technology—which is readily afford-
able and available—the practice and capabilities of individuals who were expert in a spe-
cific area of IT and in one-on-one tutoring. 

In short, digital tutoring accelerates expertise by presenting opportunities for guided, 
authentic, and deliberate practice that compresses years of critical experience into months 
or weeks and by focusing attention on the concepts and principles underlying problems to 
be solved. This approach requires computer systems with sufficient intelligence to gener-
ate adaptive tutorial interactions that concentrate on deliberate practice with events and 
problems that are tailored to the needs of individual learners and that focus on the reflec-
tion and abstraction needed to extract the higher levels of knowledge to be gained from 
them (Evans & Michael, 2006; Feurzeig, 1969; Fletcher 2009). The goal of these systems 
is to operate much in the same way that expert human tutors do. 
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E. The DARPA DT 
The DARPA Tutor and its assessment provided the basis and motivation for the 

DVA project. Development of the Tutor was initiated by DARPA in cooperation with the 
U.S. Navy. This project was to serve two broad purposes: advance the technology of 
computer-assisted learning and meet the operational needs of the Navy. 

The goal for the DARPA Tutor was to provide a 16-week course of technical 
training that would graduate Navy Information Systems Technicians (ITs) with the 
knowledge and skills of those who have expertise gained from years of Fleet experience. 
The 16-week duration was chosen to match that of existing qualification training for the 
Navy’s IT rating, but its instructional objectives substantially exceeded the journeyman 
level targeted by the Navy training. 

For each learner, the Tutor established a problem-based, tutorial environment using 
information structures functionally similar, if not identical, to those of humans who had 
substantial expertise in IT topics and in one-on-one instruction. 

1. Why IT? 
DARPA identified about 40 technical domains as targets for investment. Navy 

training for the IT rating was among the most prominent of these. Navy materiel systems 
(e.g., ships, aircraft, operations centers) are increasingly dependent upon IT systems. If 
these systems fail, naval operational capability suffers, sometimes catastrophically. 

Each year about 2,000 sailors, newly graduated from recruit training, attend an “A” 
school course intended to qualify them for the Navy’s IT rating and various IT certifica-
tions. Nonetheless, about 5,000 trouble tickets that cannot be solved by uniformed IT 
technicians in the Fleet are referred for assistance each year to shore-based civilian 
experts: Fleet Systems Engineering Technicians. The frequency of these referrals indi-
cates a current operational demand in the Fleet for IT problem-solving expertise, a 
demand that is likely to increase in the near future and one that is not unique to the Navy. 

2. Design and Development of the DARPA DT 

a. Identifying learning objectives 
The design of the Tutor was unusual for its comprehensive and detailed analysis to 

identify the knowledge, skills, and standards required for expert IT performance. This 
analysis included numerous observations and interviews focused on IT personnel in Fleet 
assignments who were singled out by their managers, peers, and subordinates for IT 
expertise. Learning objectives and activities were then focused on the key experiences, 
problems, and conceptual insights that contributed to the development of this expertise. 
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b. Identifying human tutors 
A second, basic strategy used to design and develop the Tutor’s instructional proce-

dures was to collect, observe, and replicate the best practices of IT experts who were also 
highly skilled human tutors. Objectives and standards suggested by the prior analysis of 
IT expertise guided the search for these individuals, who were subsequently identified by 
their peer-acknowledged IT expertise, significant contributions to IT technology, and 
authoritative publications covering one or more IT sub-domains identified as course 
objectives. These experts were then examined (auditioned) for their ability to tutor repre-
sentative learners in a topic of their choice in one-on-one settings, which differ signifi-
cantly from one-on-many classroom settings (e.g., Graesser, D’Mello, & Cade, 2011). 
Twenty-four individuals were chosen by this process to provide (human) tutorial instruc-
tion in their IT sub-domain for capture and replication by computer. 

c. Digital Tutor development 
Development of the Tutor was fundamentally eclectic and pragmatic, based on an 

iterative, formative evaluation approach (i.e., building the Tutor segment by segment, 
testing each segment empirically, and then revising each segment until a satisfactory 
level of effectiveness was achieved). It was not focused on verifying any particular theory 
of learning, cognition, and/or instruction. Its primary objective was to accelerate learning. 

Strategically, the Tutor emphasizes  

• Active, constant interaction with learners;  

• Problem solving in authentic environments;  

• Continual, diagnostic assessment of individual learner progress;  

• Focus on higher order concepts underlying problem solving processes and solu-
tions; and  

• Integration of human mentors. 

The Tutor uses information structures to  

• Generate evolving models of the learner; 

• Generate, adapt, and assign problems that maximize individual learning 
progress; 

• Engage in tutorial exchanges that shadow, assess, and guide learners’ problem 
solving; and  

• Ensure that learners understand the deeper issues and concepts illustrated by the 
problems. 
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Mirroring its development strategy, the Tutor’s instructional approach is also spiral. 
It presents conceptual material that is immediately followed and applied in solving prob-
lems intended to be comprehensive and authentic. Learners interact directly with IT sys-
tems while the Tutor observes, tracks, and models their progress and solution paths. 

Tactically, the Tutor employs the following prescriptive procedures:  

• Pose problems that are selected to maximize individual learners’ progress in 
acquiring IT knowledge and skill;  

• Promote reflection by eliciting learner explanations of what went well and what 
did not;  

• Probe vague and incomplete responses;  

• Allow learners to discover careless errors but assist learners in correcting errors 
arising from lack of knowledge or misconceptions;  

• Never articulate a misconception or give the correct answer or a direct hint;  

• In the case of a learner impasse, review knowledge and skills already success-
fully demonstrated by the learner and probe for why they are or are not relevant 
to the current problem; and  

• Require logical, causal, and/or goal-oriented reasoning in reviewing or querying 
correct and incorrect actions taken by the learner to solve problems. 

The design and development of the Tutor was basically a matter of identifying high-
quality ingredients and applying these ingredients in proportions determined by system-
atic empirical testing. This approach established a problem-based learning environment 
using generative information structures functionally similar to those of human tutors who 
have expertise in the subject matter and one-on-one instruction. 

F. Navy Assessment 
The Tutor was assessed five times during its development—initially by the Navy 

and four more times by the Institute for Defense Analyses (IDA) acting as an independent 
third party. The fifth assessment provided summative evaluation of the completed Tutor. 
It was conducted in late March and early April 2012. The assessment included, among 
other activities, 2.5 days of troubleshooting IT problems and 4 hours of IT knowledge 
testing. 

IDA was assisted by two teams: 

• A White Team, made up of six senior Navy ITs and three members of the 
Navy’s Fleet Systems Engineering Team (FSET), provided oversight of partici-
pant teams for the practical exercises, ensured that exercise parameters and pro-
cedures were observed, and scored all performance in the practical exercise. 
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• A Technical Support team was responsible for injecting practical problems into 
the assessment and for proper initialization, management, and operation of the 
necessary hardware and software. 

No technical disruptions occurred during the Navy Tutor assessment. Results from this 
testing are summarized here because they motivated initiation of the DVA effort, and its 
tutor was based on and fundamentally similar to the one used by the Navy. Fletcher and 
Morrison (2014) provide a more complete description of the Navy assessments and their 
results. 

1. Participants 
Thirty-six participants were examined in two, separate week-long sessions. Eighteen 

participants (six from each of three groups) were assessed each week. The participating 
groups were as follows: 

• Twelve graduates of the Navy’s 16-week Digital Tutor course. Six individuals 
were drawn at random from each of two 20-student classes that had completed 
the Digital Tutor instruction. 

• Twelve graduates of the 35-week Information Technology Training Continuum 
(ITTC) course, which finished at about the same time. These participants were 
the first 12 who passed a certification exam from two 20-student classes. 

• Twelve Fleet ITs with more than 4 years (average of 9.1 years) experience as 
Fleet ITs. They were identified and recommended by their mangers and peers 
for their IT expertise. 

2. Curriculum Content 
Both ITTC and Digital Tutor training covered the basic topics of IT, such as hard-

ware, servers, routers, Internet Protocol (IP), Windows Operating Systems, the Open Sys-
tems Interconnection (OSI) model, Domain Name System (DNS), Dynamic Host Con-
figuration Protocol (DHCP), Exchange Server, and Group and Sub-Group Policy. 

3. IT Troubleshooting and Knowledge Assessment 

a. Troubleshooting 
The core assessment for the Navy’s Tutor was troubleshooting authentic job-sample 

problems. The problems were drawn and adapted from a database of 20,000 trouble tick-
ets that had been referred from the Fleet to shore-based Fleet Systems Engineering Tech-
nicians for assistance. Problem difficulty was derived from e-mail discussion of the 
problem. Results reported here are based on efforts of three-member Digital Tutor, ITTC, 
and Fleet teams to solve 140 troubleshooting problems, the maximum attempted in the 
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exercise. Differences in team performance were based on group (Digital Tutor, ITTC, 
and Fleet) scores averaged from four data points (four teams for each group). Trouble-
shooting problems were presented to the teams as they are at Navy duty stations—as 
trouble tickets. 

Scoring was determined by consensus among three White Team members, who 
awarded 0 to 5 points for each problem. They were assigned points, as shown in Table 2. 
A problem was considered correctly solved if its solution was rated 4 or 5 in accord with 
the descriptions listed in Table 2. 

 
Table 2. Scoring for Troubleshooting Problems 

Score Description 
5 Solved as described in the instructions or judged equal in quality 
4 Solved, but omitted items such as documentation or full implementation 
3 Weak solution with explanation (e.g., workaround that requires later upgrading) 
2 Solution that relieves the symptom but not the underlying problem 
1 Solution does not solve the problem 
0 No attempt 

 
Problem difficulty ranged from 1 (very easy) to 5 (very hard), as shown in Table 3. 

 
Table 3. Rating of Troubleshooting Problems for Difficulty and Severity 

Difficulty Description 
1 (Very Easy) Solved by the average “power user” 
2 (Easy) Solved by the average IT technician 
3 (Average) Solved by an average network administrator 
4 (Hard) Solved only by experienced network administrators 
5 (Very Hard) Solved only by seasoned IT professionals 

 
Figure 1 shows troubleshooting problems attempted and solved. The figure arranges 

problems by difficulty. Digital Tutor teams attempted a total of 140 problems and suc-
cessfully solved 104 (74%), with an average score of 3.78 (1.91). Fleet teams attempted 
101 problems and successfully solved 52 (51%), with an average score of 2.00 (2.26). 
ITTC teams attempted 87 problems and successfully solved 33 (38%), with an average 
score of 1.41 (2.09). One-way analysis of variance found significance for the group 
means: F(2,417) = 41.23, p < .0001. 

All pairwise differences are statistically significant. Digital Tutor teams outscored 
Fleet teams, with effect sizes, which were based on total team scores, of 4.19 (very large),  
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Figure 1. Troubleshooting Problems Solved by DT, Fleet, and ITTC Teams 

 
and ITTC teams, with effect sizes of 7.98 (very large). Overall, Figure 1 shows that Digi-
tal Tutor teams attempted and solved more troubleshooting problems with a higher prob-
ability of success than either Fleet or ITTC teams. It also shows that Digital Tutor teams 
were more likely to attempt and correctly solve very difficult problems—none of which 
were attempted by Fleet or ITTC teams. 

The assessment also found that Digital Tutor teams took fewer steps to solve prob-
lems, with very large effect sizes, based on average number of unnecessary steps per 
attempt, of –2.26 for Digital Tutor teams compared to Fleet teams and –2.10 for Digital 
Tutor teams compared to ITTC teams. The Digital Tutor teams were also more likely to 
clean up their work after problem solving, leaving fewer harmful changes in IT systems, 
with very large effect sizes, based on average number of errors per attempt, of -1.48 for 
Digital Tutor teams compared to Fleet teams and –1.63 for Digital Tutor teams compared 
to ITTC teams. These differences were all statistically significant (p < 0.001). 

b. Knowledge testing 
Because the Tutor is a training program focused on performance, the assessment of 

primary interest was IT troubleshooting, with its direct job relevance. However, the 
amount of subject matter knowledge obtained is relevant and is an indicator of instruc-
tional quality. It is the measure commonly used to evaluate the effectiveness of 
instruction. 

The IT Knowledge Test consisted of 3 parts totaling 272 one- and two-point items 
worth 349 points in all. Most test items were short-answer questions, but some multiple 
choice and paragraph-length items were also included. IDA professional and technical 
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staff and the Naval Network Warfare Command (NAVNETWARCOM) vetted all of the 
items for their central relevance to Navy IT duty assignments. 

All participants completed the Knowledge Test before beginning other exercises in 
the Navy assessment. All three parts were administered under “closed-book, closed-
notes” conditions. The test was intended to be sufficiently difficult to avoid ceiling or 
floor effects. All participants finished the three parts in the times available. 

Figure 2 shows average scores on the Knowledge Test for the three groups: Digital 
Tutor graduates, Fleet ITs, and ITTC graduates. The averages (and standard deviations) 
for total scores on the Knowledge Test were 237.92 (27.95) for Digital Tutor graduates, 
104.79 (41.09) for Fleet ITs, and 133.25 (20.08) for ITTC graduates. Analysis of variance 
found that the overall difference between groups was significant: F(2,33) = 61.59, 
p < 0.001. All pairwise differences were statistically significant. Effect sizes were very 
large: 3.66 for Digital Tutor scores compared to the Fleet scores and 4.15 for Digital 
Tutor scores compared to ITTC scores. 

 

 
Figure 2. Knowledge Test Scores of Digital Tutor, Fleet, and ITTC Teams 

 
Effect sizes of this magnitude are rare—if not unprecedented—in training and edu-

cation assessments. Even though knowledge is not the core outcome in training, it is not 
inconsequential. Scores on the Knowledge Test accounted for about 40% of trouble-
shooting variance among Digital Tutor students. 
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The Fleet ITs were likely to be at a disadvantage on the Knowledge Test. Although 
Fleet ITs attend follow-on “C” schools and receive sustainment training and technical 
updates, this training is likely to vary in content and quality and be less current than 
training received by the Digital Tutor and ITTC students. Also, Fleet duties may limit the 
range of IT experience. Large-deck ships (e.g., carriers and cruisers) with many ITs 
aboard may require ITs to specialize in specific areas, thereby increasing but also nar-
rowing their expertise. These factors do not apply to the ITTC graduates who had just 
completed 35 weeks of IT qualification training. 

c. Return on investment (ROI) 
ROI was calculated over a 12-year period as the cost of developing the Tutor for 

4 years and then implementing and delivering it to 2,000 students a year, which is the 
Navy’s current IT training “pipeline.” This cost was then compared to the cost of the cur-
rent ITTC training and further developing its graduates’ competencies through 7 years of 
on-the-job training (OJT) in the Fleet (Cohn & Fletcher, 2010). 

The net present value (NPV) of Digital Tutor expenses minus the expenses of the 
current training approach was, as expected, negative during its years of development. 
However, the accumulation turned positive in the first year of the Tutor’s implementation 
and averaged about $170 million per year, while graduates of the current system garnered 
7 years of OJT, attaining a level of competency that, given the assessment of the Tutor, 
might still be inferior to the competency of the 16-week Digital Tutor graduates. The 
12-year monetary savings to the Navy in this analysis exceeded an NPV of $1.3 billion. 
The operational value of these IT capabilities was not assessed, but it is likely to be a 
critical factor in Navy operations. 

d. Summary 
If graduates of the Navy’s Tutor program had simply matched Fleet IT performance 

in troubleshooting, the goals of DARPA’s program to accelerate acquisition of expertise 
would have been met. However, the Tutor exceeded those goals. It produced in 16 weeks 
newly recruited sailors who substantially outperformed in IT knowledge testing and 
troubleshooting other new sailors with 35 weeks of training to the same IT goals and 
older sailors with years of OTJ IT experience in the Fleet. Assessment of the Tutor 
demonstrated its ability to significantly accelerate the development of technical compe-
tency, if not expertise, and the substantial monetary value of doing so. The operational 
value to the Navy of doing so remains to be determined, but it, too, is likely to be 
substantial. 
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G. DVA Assessment 
The DVA assessment was performed by IDA, again acting as an independent third 

party. The assessment was to determine the Tutor’s ability to improve the prospects of 
veterans in securing gainful civilian employment. The assessment collected and reviewed 
data on course performance, course completions, success in finding employment, level 
and remuneration of employment, and ROI to the government collected and reviewed. 

1. The Civilian IT Job Market 
The U.S. Department of Labor has formally described various civilian IT job cate-

gories for which graduates of the DVA Tutor might be suited. Two of these categories fit 
the DVA Tutor particularly well: (1) Computer Systems Analyst and (2) Network and 
Computer Systems Administrator (United States Department of Labor, 2014). Workers in 
these positions analyze an organization’s activities and operations and then design, 
install, and maintain computer information system networks, along with the procedures 
that support them. These positions together accounted for about 887,000 jobs in 2012, 
with annual job growth expected to increase by 12%–25% over the next 10 years, poten-
tially to more than 1.5 million in 2022. In 2014, annual median salaries for these posi-
tions ranged from $56,000, for an entry level Network Administrator I, to $109,000 for a 
highly experienced Network Administrator V (Salary.com, 2014). 

2. Modifications for Civilian IT Employment 
The Navy’s Tutor was modified for the DVA program, which was extended from 

16 to 18 weeks. Similar to the IT analysis performed for the Navy, modifications and 
design of the DVA Tutor were based on a careful review of the capabilities technicians 
need to be considered seriously for civilian IT employment and the levels of expertise 
they need to be fully productive once hired. For instance, router reconfigurations and 
their algorithms are frequently changed in the Navy (e.g., every time a ship leaves or 
enters a port). By contrast, once routers are configured in civilian practice, they are 
rarely—if ever—changed. Wireless IT, as another example, is seldom deployed in the 
Fleet, while understanding and mastering wireless networks is critical in industry. 
Accordingly, router configuration received somewhat less attention in the DVA Tutor, 
and wireless networking received considerably more. 

Additional modifications were made in applications support, firewall configuration, 
remote access, patch management, backup administration, Web server configuration, and 
Internet Protocol Version 6 (IPv6) configuration. Training in all these areas was present 
to some degree in the Navy Tutor. Modifications for the DVA Tutor were primarily a 
matter of fine tuning and adjusted emphasis. As in the case of the Navy Tutor, analysis to 
determine training objectives and associated performance standards is continuing and 
informs Tutor improvements. 
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Generally, however, civilian requirements were consistent with those identified for 
the Navy Tutor. The overall goal in modifying the Tutor for civilian IT employment was 
to ensure that graduates of the DVA program fully met civilian needs for basic IT 
knowledge and skills. In addition, however, the DVA Tutor was intended to differentiate 
Digital Tutor graduates from other applicants by preparing them with the advanced com-
petencies and expertise of IT technicians who have many years of experience. 

The Navy and the DVA Tutors emphasize the concepts and principles illustrated by 
the IT problems learners are required to solve. This conceptual understanding appears to 
be essential in the development of the advanced competencies characterized by Clark and 
Wittrock’s (2000) “X-ray vision” and Sternberg and Hedlund’s (2002) tacit knowledge 
discussed earlier. Research has demonstrated that this level of learning is especially 
requisite for rapidly evolving technologies such as IT, which inevitably require adapta-
tion and transfer of what is learned in training and education to the variety of problem 
solving challenges that arise in practice (e.g., Chase & Simon, 1973; Gick & Holyoak, 
1983; Holyoak, 1991). Finally, reviews of research in cognition and memory have found 
that concepts and principles enhance retention of knowledge and skills and further com-
petency growth (e.g., Feltovich, Prietula, & Ericsson, 2006; Wisher, Sabol, & Ellis, 
1999). 

Aside from technical training for civilian IT positions, the necessity of preparing 
veterans for the civilian workplace became evident. A portion of the 2 weeks that were 
added to the instructional program were spent in visiting local technology companies and 
preparing the veterans to describe their relevant military experiences, present their level 
of IT competency, deal with the pressures of employment interviews, and negotiate for 
salaries, allowances, and benefits. 

3. Recruiting and Selecting Veterans 
Twenty veterans were recruited and accepted for each of five separate classes, 

which were presented on-site in Palo Alto, California. Beginning in October 2012, veter-
ans were recruited for this study using job fairs, Facebook, recruit e-mail, Twitter, and 
other sources summarized in Table 4. The table lists each of these recruiting sources, the 
number and percentage of applicants who completed the initial application, and the num-
ber and percentage of applicants who were finally accepted for the course. 

The most productive recruiting sources were DVA counselors, the DVA website, col-
leagues or family, and Craig’s List. The source that produced the most veterans who were 
eventually accepted for the training was Craig’s List, which was included for recruiting 
as an afterthought. 
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Table 4. Responses to Digital Tutor Information from Different Sources 

 

Applicants Who 
Completed the  

Initial Application 

Applicants Who Were 
Finally Accepted  

for the Course 
Recruiting Source Number Percent Number Percent 

Local VA Representativea 456 24.7% 22 21.8% 
Local Veterans Organizationb 159 8.6% 10 9.9% 
National Veterans Organizationc 39 2.1% 1 1.0% 
DVA Website 248 13.4% 11 10.9% 
Military Job Fair 39 2.1% 1 1.0% 
Recruiting Emaild 88 4.8% 3 3.0% 
Facebook 36 2.0% 3 3.0% 
Twitter 5 0.3% 0 0.0% 
Colleague or Familye 304 16.5% 9 8.9% 
Craig’s List 338 18.3% 30 29.7% 
Military Chain of Command 50 2.7% 4 4.0% 
DVA Transition Coordinator 52 2.8% 2 2.0% 
Higher Education 11 0.6% 3 3.0% 
Other 21 1.1% 1 1.0% 
Total 1846f 100.0% 101g 100.0% 

Legend for Table 4: 
a Veterans representative or counselor in Northern California who had been directly contacted about the 
program. 

b Northern California Veterans Organizations (e.g., veterans’ organizations at local colleges, Next Step 
Centers, Swords to Plowshares). 

c Veterans’ organizations with a national presence (e.g., Foreign Legion, Veterans of Foreign Wars, 
Wounded Warriors). 

d Veterans recruiting sites (e.g., Dice.com, RecruitMilitary). 
e Word-of-mouth referrals. 
f Not all of the 2,390 applicants responded to all questions. 
g One veteran who was accepted dropped out and was replaced. 

 
A total of 2,390 Veterans completed the initial application and questionnaire. About 

40% of original applicants and about 48% of those eventually accepted for the training 
were from California. Other applicants were distributed across the United States. The 
neighboring states of Washington (6%) and Nevada (3%) attracted an appreciable num-
ber of veterans, but Texas (8%), Virginia (6%), Florida (6%), and Maryland (4%) also 
did. 

Of the original applicants, 1,563 submitted a second questionnaire covering their 
background and interests. In addition to standard demographic data (e.g., age, marital 
status, Service, rank, education level, current employment) applicants were asked about 
their interests, school experiences, and current employment; why they were interested in 
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a career in IT; why they were applying for this training; and what they expected to 
receive from it. A third questionnaire requested formal documentation to determine, 
among other matters, discharge status. 

Eight hundred thirty seven applicants completed all three questionnaires. Although 
responses to each questionnaire were carefully read and discussed, another reason for this 
qualification process was to identify applicants who were sufficiently motived to respond 
fully to all three rounds of questionnaires and, therefore, to complete the training. 

The only requirement specifically involving mental ability was for all veterans to 
score at or above the criterion required by the Army and Navy to qualify individuals for 
IT training. The criterion is the highest score obtained on either of two weighted compo-
sites of the Armed Services Vocational Aptitude Battery (ASVAB) tests, which are taken 
by all applicants for enrollment in a U.S. Armed Service. To qualify, an individual must 
score at least 222 points on either of the following combinations of ASVAB Arithmetic 
Reasoning (AR), Electronics Information (EI), General Science (GS), and Mathematics 
Knowledge (MK) tests: 

• Method 1: AR + (2 × MK) + GS. 

• Method 2: AR + EI + GS + MK. 

Coincidentally, 222 of the applicants would have qualified for Army or Navy IT 
training. These scores are related to general measures of mental ability, so that veterans 
who qualified for the final round of selection were above average in intelligence. 

At this point, the selection of 100 individuals for Digital Tutor training was com-
pleted by a group of 4 individuals who understood the Tutor, IT technology, and the need 
for variability in abilities and background for an initial assessment of the course used by 
veterans. As it turned out, 101 veterans were accepted because one dropped out just 
before the course began and had to be replaced. 

Briefly, selection for the course was based on the following considerations: 

• Completion of the application process; 

• Honorable discharge; 

• A score of 222 or higher calculated from their ASVAB scores as described pre-
viously and thereby qualified for Army or Navy IT training; 

• Post 11 September 2001 service; 

• Preference for unemployed veterans; 

• Preference for veterans with an interest in computers; and 

• Preference for veterans with limited or no prior background in IT. 
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As Table 4 suggests, most of these criteria were met by the veterans accepted for 
training with the DVA Tutor, but requirements for unemployment and lack of prior IT 
background were relaxed in some cases. 

Table 5 shows the characteristics of the 2,390 applicants and the 101 veterans 
accepted for the course. 

• Most of the applicants (47%) and those accepted (56%) served in the Army. Ser-
vice representation of applicants and accepted veterans was about the same for 
Marines, Air Force, and Coast Guard, with about 5% fewer applicants accepted 
from the Navy. 

• Most of the applicants (96%) and accepted veterans (91%) were enlisted person-
nel. All veterans were treated equally throughout the course. 

• Accepted veterans had, on average, accumulated about 2 years less time in the 
Services and were separated from the military about 2 years more recently than 
applicants. 

• Accepted veterans were about 5 years younger than the full field of applicants 
(30.5 vs. 35.5 years of age, respectively). More applicants (32%) compared to 
those accepted (11%) were under the age of 25. In contrast, 65% of those 
accepted for the course were 25 to 34 years of age compared to 30% of the 
applicants. 

• Most of the accepted veterans (91%) and applicants (87%) were male. 

• Most of the accepted veterans (70%) and applicants (75%) were unmarried. 

• About 73% of the accepted veterans and 74% of applicants had served in the 
active forces rather than a reserve component. 

• Most veterans accepted for the course (83%) and applicants (82%) were unem-
ployed when they applied. Eleven percent of those accepted and 13% of the 
applicants were employed full time. 

• More of the accepted veterans possessed a high school or GED degrees (61%) 
than the applicants (45%). 

• Fewer of the accepted veterans (8%) reported civilian training in computer sci-
ence and/or IT than the applicants (12%). Of the accepted veterans, two held 
bachelor’s degrees in Computer Science, and one held an associate degree in 
Computer Science. The five remaining accepted veterans reported study in com-
puter science or IT but had no formal degrees. Veterans who had military 
training in IT were about the same proportion in both groups (4%). 
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Table 5. Characteristics of Applicants and Veterans Accepted for Training 
 Applicantsa Percentage Acceptedb Percentage 

Service 

Army 1,113 47% 57 56% 
Navy 565 24% 19 19% 
Marines 345 14% 12 12% 
Air Force 337 14% 13 13% 
Coast Guard 30 1% 0 0% 

Officer/Enlisted 
Officer 107 4% 9 9% 
Enlisted 2283 96% 92 91% 

Average Years of 
Service 

 7.46 (5.82)  5.60 (3.17)  

Average Years of 
Separation 

 7.12 (8.78)  5.20 (4.47)  

Duty 
Active 1762 74% 74 73% 
Reserve/Guard 628 26% 27 27% 

Gender 
Male 2,070 87% 92 91% 
Female 320 13% 9 9% 

Age 

< 25 760 32% 11 11% 
25–20 257 11% 36 36% 
30–34 465 19% 29 29% 
35–39 530 22% 14 14% 
> 40 267 11% 7 7% 
N/A 111 5% 4 4% 
Avg (SD) 35.5 (10.0)  30.5 (5.2)  

Marital Status Married 590 25% 30 30% 

ASVAB 

IT-Qualifiedc N/A – 248.7 (12.8)  
Armed Forces 
Qualiificaiton 
Test (AFQT)d 

N/A – 87.1 (8.8)  

Employment 
Full Time 301 13% 11 11% 

Part Time 125 5% 6 6% 

Highest Education/ 
Degrees Held 

HS/GED 1,464 61% 45 45% 
AA 303 13% 11 11% 
BA/BS 497 21% 44 44% 
Other 126 5% 1 1% 

Prior IT Instruction 
Civilian 292 12% 8 8% 
Military 103 4% 4 4% 

Legend for Table 5: 
a 2,390 Veterans completed the registration process. 
b 101 Veterans were accepted for training. 
c Average (Standard deviation) score on the IT qualification test (222 required to qualify). 
d AFQT. Most individuals who qualify for IT training would be classified as AFQT mental Category II. This level 
ranges from the 65th to the 92nd percentile of scores on the AFQT, which is a rough measure of overall mental 
ability and calculated using another weighted combination of ASVAB scores. 
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In accord with the selection of cohorts, 5 classes of 20 veterans were convened in 
2013: 

• Class 1: 11 February–14 June; 

• Class 2: 18 February–28 June; 

• Class 3: 24 June–30 October; 

• Class 4: 1 July–1 November; and 

• Class 5: 8 July–8 November. 

Of the 100 veterans who began the course, 97 successfully completed it. In contrast 
to the 50%–70% dropout rate of veterans in other forms of education (Cate, 2014; Collins 
et al., 2014), there were no academic dropouts. Two veterans left for medical reasons, 
and one left because of a death in the immediate family. 

4. Data sources 
The following sources of data were available for use in this assessment: 

• Short-answer, practical, and essay topic area exams, which were administered at 
the end of each topic’s session. 

– Characteristic short-answer questions required brief factual responses to 
questions concerning matters such as data flow in a network, network com-
munication layers, or IP addresses. 

– Practical questions might require designing a system, dealing with Active 
Directory databases and logs, or configuring a DNS environment to meet 
specifications. 

– Essay questions might require a description of situations calling for different 
assignments of permissions, explanation of the purposes of different system 
configurations, or a description of different approaches to account 
management. 

• A 110-item written mid-term exam of general IT knowledge, which was admin-
istered to each class at the end of week 10. 

• A final exam, consisting of 10 job-sample troubleshooting problems derived 
from the same database of 20,000 trouble tickets used in the Navy assessment. 

• Scores from the Gates-MacGintie reading vocabulary and comprehension tests, 
which were administered to each class on the first day of instruction. 

• The proportion of graduates who found employment and their salaries. 
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H. DVA Assessment Results 

1. Final and Mid-Term Scores 
Table 6 shows the scores on the final troubleshooting exam averaged by the five 

classes separately and overall. The exam consisted of 10 problems worth 0–2 points each. 
It was administered and scored automatically. The first two classes, which began in Feb-
ruary 2013, averaged scores that were significantly lower (p < 0.01) than classes that 
began in June and July 2013: F(4,85) = 3.42, p < .05. The difference appears to have been 
due to class management procedures, which are discussed later in this section. 

 
Table 6. Veterans’ Final Exam Scores 

 Class 1 Class 2 Class 3 Class 4 Class 5 Overall 
Average 11.33 9.56 15.28 14.88 15.17 13.20 
St Dev 4.85 5.09 5.94 6.88 6.28 4.97 
N 18 16 18 20 18 88 

 
Troubleshooting testing procedures for the veterans differed from most of the Navy 

Digital Tutor assessments in that the veterans took the test as individuals rather than in 
groups of three. Aside from that, the testing procedures were similar. The veterans could 
use their notes but not the Internet to solve problems. The problems were presented in a 
fixed order. Veterans could skip a problem after 15 minutes if they chose, but they could 
not return to it later. There was no time limit, but all veterans completed the test in less 
than 4 hours. 

Scores from the DVA final exam are difficult to interpret because they could not be 
calibrated with any comparable control group, such as one consisting of ITs currently in 
the workplace. Partial calibration can be obtained by comparing the veterans’ scores on 
the mid-term written knowledge test to those of Navy DT students. The veterans’ mid-
term was exactly the same as that administered in week 10 to 40 Navy DT students 
(12 students from this group were later selected at random to participate in the Navy 
assessment described previously). As shown in Table 7, the Navy students averaged 0.79 
(0.10) on this test compared to veterans’ overall average of 0.81 (0.12). The equivalence 
between Class 1 and Class 3 mid-term scores is coincidental. 

Although the veterans’ scores averaged slightly higher than the Navy’s on the mid-
term exam, the difference between them is not statistically significant: F(5,131) = 1.14. 
Nonetheless, it suggests that at the 10-week mid-term level, the veterans’ basic 
knowledge of IT was at least equal to that of Navy DT students, who went on to substan-
tially outscore Fleet-experienced ITs and 35-week ITTC students in IT knowledge and 
troubleshooting tests at the end of the Navy’s 16-week course. 
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Table 7. Navy and Veterans’ Mid-Term Scores 

 Navy Class 1 Class 2 Class 3 Class 4 Class 5 
Veterans 
Overall 

Average 0.79 0.79 0.85 0.79 0.82 0.83 0.81 
St Dev 0.10 0.14 0.08 0.14 0.11 0.10 0.12 
N 40 19 19 20 19 20 97 

 
A more conclusive calibration of the DVA Tutor performance would be to admin-

ister the Digital Tutor final exam, which consists solely of job-sample IT troubleshooting 
exercises, to workplace ITs who have different but known levels of education, experi-
ence, and workplace positions. Comparing their scores on the final test with those of 
Digital Tutor veterans would do much to anchor and calibrate the IT job performance 
capabilities of Digital Tutor graduates with those of ITs currently in the workforce. This 
activity is planned but has not yet begun. Until then, evidence of learning by the veterans 
must rely on the judgment of the marketplace (i.e., employment and salaries received by 
the veterans). 

a. Additional data 
Other data available for analysis were scores on the written, essay, and practical 

tests concerning specific IT topic areas. These tests were administered after each topic 
had been covered by the Tutor. The purpose of these tests was to provide general infor-
mation on the learning progress of individual learners and diagnostic information con-
cerning specific areas in which an individual might need help. The information that these 
tests provide about the capabilities of the Digital Tutor veterans is indirect but relevant to 
their progress and assessment. These tests are treated here in aggregate—averaged over 
the course to provide an overall indication of learner knowledge and skills. 

Gates-MacGintie Reading Tests (GMRT) reading comprehension and vocabulary 
tests (MacGintie, MacGintie, Maria, Dreyer, & Hughes, 2007) were administered to 
address a different issue. Given the amount of learning that is acquired through textual 
interaction with the Tutor, it is reasonable to ask whether reading ability affects the abil-
ity of individuals to learn from it. Performance scores on tests of IT knowledge and skills 
might reflect reading ability rather than IT competencies or indicate that veterans who 
have less reading ability do poorly and are handicapped in learning from the Tutor. 

Table 8 provides correlation data to address these and related issues. It displays the 
data in a matrix showing linear inter-correlations among DVA mid-term tests; DVA final 
tests; AFQT scores; IT qualification scores; average written, essay, and practical learning 
progress scores; and GMRT reading comprehension and reading vocabulary scores. 

Table 9 lists correlations that account for at least 10% of the variance in scores. 
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Table 8. Correlation Data Concerning Learning from the DVA DT 
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Mid-Term ## 0.456 0.067 0.029 0.897 0.790 0.789 0.148 0.158 
Final Raw Score  ## 0.047 0.072 0.501 0.491 0.632 0.036 0.057 
AFQT   ## 0.659 –0.029 0.051 0.064 0.158 0.083 
IT Qual.Score    ## –0.001 0.059 0.091 0.106 0.078 
Written     ## 0.894 0.826 0.233 0.211 
Essay      ## 0.742 0.211 0.158 
Practical       ## 0.176 0.117 
GMRT Comp.        ## 0.700 
GMRT Voc.         ## 

 
Table 9. Correlations Accounting for at least 10% of Variance 

Test Correlation Percent Variance 
Mid-term and Final Exam (Raw Scores) 0.456 20.8% 

Mid-term and Written (Raw Scores) 0.897 80.5% 

Mid-term and Essay (Raw Scores) 0.790 62.4% 

Mid-term and Practical (Raw Scores) 0.789 62.3% 

Final and Written 0.501 25.1% 

Final and Essay (Raw Scores) 0.491 24.1% 

Final and Practical (Raw Scores) 0.632 39.9% 

AFQT and Max IT Method 0.659 43.4% 

Written and Essay (Raw Scores) 0.894 79.9% 

Written and Practical (Raw Scores) 0.826 68.2% 

Essay and Practical (Raw Scores) 0.742 55.0% 

GMRT Comprehension and GMRT Vocabulary 0.700 49.0% 
 

Some observations concerning these correlations are as follows: 

• The lack of correlation between fundamental mental ability as it is measured by 
AFQT and IT qualification scores and measures of IT competency is notable. 
This result could be attributed to poor test design, but that possibility seems 
unlikely in light of the substantial correlation between the two mental ability 
measures, which account for 43% of variance in using one score to account for 
scores on the other, and the many sizable correlations between scores on various 
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tests of IT knowledge and skill, which account for 25%–80% of the variances. 
These results suggest that tests on both sides (mental ability and IT competency) 
provide reliable measures of something; otherwise, the amount of variance for 
which they account within their separate areas of mental ability and IT compe-
tencies would be smaller or nonexistent. These findings further suggest that the 
DVA Tutor can accommodate a much wider spread of IT qualification scores 
than were required for this study. 

• The GMRT reading tests were given at the beginning of each class. These tests 
similarly establish reliability (i.e., they are measuring something) by accounting 
for 50% of the variance in their two scores. Their correlations with IT knowl-
edge and skill as measured by the DVA Program are essentially zero. This result 
corroborates findings from the Navy DT assessments suggesting that reading 
ability does not determine or appreciably affect successful use of the Tutor. 
These findings may be particularly important for the increasing number of vet-
erans who have learned English as a second language. That these individuals are 
handicapped in solving mathematics word problems has been noted and meas-
ured (Abedi & Herman, 2010). However, this handicap may not be a barrier to 
learning IT from the Digital Tutor, which seems to be a favorable sign for them 
and the economy’s need for IT knowledge and skill. 

• The sizable correlations between the practical test and the written and essay tests 
suggest that, in addition to solving problems in the workplace, Digital Tutor stu-
dents understand and can articulate the conceptual bases underlying their solu-
tions. A long-standing finding in cognitive psychology is that concepts are 
retained considerably longer and enable more transfer to new tasks, new proce-
dures, and novel problems than rote memory and simple procedural learning 
tasks, which are lost from memory early and may even handicap effective and 
adaptive problem solving (Chase & Simon, 1973; Clark & Wittrock, 2000; 
Feltovich, Prietula, & Ericsson, 2006; Wisher, Sabol, & Ellis, 1999). 

These correlations support the Navy finding that although job-sample skills, like 
IT troubleshooting, directly indicate the value of technical training and ROI, IT 
knowledge remains relevant in its own right—accounting for 40% of the vari-
ance in Navy troubleshooting and 55%–68% in this DVA study. 

• The overall correlation between mid-term knowledge testing and final exam 
troubleshooting scores is appreciable but not strong. It accounts for only 21% of 
variance of the scores, which is about half that found in the Navy assessments. 
However, if the correlation is limited to Classes 3, 4, and 5, 45% of the variance 
is accounted for, with a correlation of 0.668. This finding contrasts with the cor-
relation for Classes 1 and 2, which accounts for only 16% of the variance, with a 
correlation of 0.406. 
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One explanation for this difference may be that the final exam for Classes 1 and 
2 was administered on the last day of classes. At that point, the veterans had 
little incentive to do well on the exam or to take it at all. Many of the veterans 
had found employment by that time or were actively interviewing and 
negotiating for jobs. Despite these factors, many veterans paid serious attention 
to the test. They may have viewed it as an interesting challenge or validation of 
their newly acquired competencies. Other veterans may have viewed it as 
superfluous. Nine veterans chose not to take the exam, and evidence from scores 
and time spent on the test is that others limited their effort on it. 

Veterans in Classes 3, 4, and 5 took the final exam at the beginning of their last 
week. They were still in the school and still had material to cover, including 
preparation for job interviews. The exam was more likely to be seen as an 
integral part of the training and may account for the stronger relation of mid-
term and final scores found for Classes 3, 4, and 5. Again however, many were 
already interviewing for jobs and negotiating job offers—their first priority. As 
with Classes 1 and 2, the incentive to do well on the exam may not have been 
comparable to that found in other training courses in which the final exam 
produces a grade, determines pass or fail in the course, and/or receipt of job 
certification. 

The final exam appears to be a reliable test of direct, IT job-relevant ability. 
Because of incentive issues, however, the scores now available may not be as 
strong indicators of IT ability and training quality as desired. Nonetheless, the 
45% of variance in final exam troubleshooting scores accounted for by mid-term 
knowledge testing for Classes 3, 4, and 5 is similar to the 40% of variance in 
troubleshooting performance that knowledge testing accounted for in the Navy 
assessments. 

I. Employment, Return on Investment (ROI), and Net Present Value 
(NPV) 
A core purpose of the DVA Tutor was to assess its ability to prepare veterans for 

gainful civilian employment as ITs. 

1. Employment 
Table 10 shows the veterans’ prior education, prior employment, and, as of 1 Sep-

tember 2014, their employment status and average salaries. Only 1 of the 76 graduates 
who sought IT jobs has not been hired. Their average and median salaries are the same, 
$73,000. 
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Table 10. Employment of IT Graduates as of 1 September 2014 

 
High School 

or GED 
Degree 

2-Year 
Associate 

Degree 
BA/BS 
Degree Totals 

Number of Graduates 
(Percent of All Graduates) 

45 (46%) 10 (10%) 42 (43%) 97 

Prior Full Employment  
(Percent of All Graduates) 

4 (4%) 0 6 (6%) 10 (10%) 

Prior Part-Time Employment  
(Percent of All Graduates) 

4 (4%) 0 2 (2%) 6 (6%) 

Number of IT Job Seekers  

Percent of All Graduates) 
35 (36%) 8 (8%) 33 (34%) 76 (78%)a 

Number of IT Hires 
(Percent of IT Job Seekers) 

35 (100%) 8 (100%) 32 (97%) 75 (98%) 

Average Annual Salary $70,000 $69,000 $76,000 $73,000 
Median Annual Salary $72,000 $78,000 $75,000 $73,000 

Legend for Table 10: 
a Non-IT Job Seekers: 
 14 continuing education or employed outside IT, 
 2 unemployed due to medical conditions, and  
 5 no response. 

 
Twenty-one (i.e., 22%) of the 97 graduates did not actively pursue IT employment. 

Of these, 14 are continuing their education or are employed outside of IT; 2 did not 
immediately seek employment because of medical conditions; and 5 have not responded 
to inquiries. 

Compared to beginning salary medians reported in Table 10, beginning salary aver-
ages were less for high school/GED and 2-year Associate Degree graduates. This result 
may have been due to the urgent need of some graduates to find employment and by their 
inexperience in dealing with civilian marketplace negotiations. Despite the efforts 
described earlier to familiarize veterans with civilian work and its processes, some gradu-
ates accepted the first offer they received. Many of these DT graduates have subsequently 
received bonuses and raises or have taken better paying positions. Because this infor-
mation is uncertain and incomplete, Table 10 is limited to the graduates’ entry salaries. 

Several graduates have received and accepted job offers in excess of $100,000 per 
year. The number of these instances appears to have increased as word about the DVA 
program and the capabilities of its graduates began to spread. 

Although veterans who only have high school or GED degrees averaged lower sala-
ries than veterans who had more formal education, their success in finding jobs is the 
same as veterans with Associate degrees (100%) and better (by one graduate) than those 
with Baccalaureate degrees. 
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The veterans’ accomplishments and successes are indicated by the enthusiasm of 
major commercial enterprises in hiring course graduates. Most graduates were hired at 
levels reserved for IT technicians who had 3–5 years of IT experience. The program met 
its goals of avoiding student dropout, providing avenues to remunerative employment, 
and producing high levels of competencies in all ITs it trained. These achievements 
should contribute substantially to the veterans’ economic well-being as well as that of 
their employers. 

2. ROI 
The program may be further assessed in terms of monetary returns on investment. 

Development of the Tutor and its underlying technology are still undergoing research and 
development (R&D). At present, it costs about $50,000 per graduate to maintain and 
administer the Tutor and to continue the research needed to design, develop, and imple-
ment it more effectively. Research investment appears to be worthwhile, not just for IT 
training, but more generally. The principles that contribute to Digital Tutor success need 
to be further refined and articulated so they can be reliably applied elsewhere as viable 
and generally applicable techniques for accelerating the development of technical 
expertise. 

Costs for research and delivery can be expected to decrease substantially as the 
instructional community develops a better understanding of the technical processes and 
techniques that contribute to the Tutor’s success and develops more effective tools and 
infrastructure to support it. Nonetheless, ROI, even at present, deserves attention. 

The Navy assessment found that investment in this technology produced sizable 
returns, especially when compared to the costs of OJT and the years of experience now 
required to produce sailors with levels of expertise comparable to those of Navy DT 
graduates. A challenge for the DVA program was to assess monetary return from the 
Tutor’s ability to accelerate the development of expertise in preparing veterans for the 
civilian workforce. 

Because the government paid for the course, the approach taken here was to com-
pare returns to the government with those of other government-supported means to pre-
pare veterans for civilian IT employment. Accordingly, returns in the form of taxes paid 
by the DVA Tutor graduates over a 20-year period were compared to taxes paid by veter-
ans using other government-supported IT instruction. 

Four comparison groups were used for this analysis: 

• Veterans who receive no DVA support, who graduate from 4-year programs of 
education, and are employed as ITs; 

• Veterans who, with DVA support, graduate from 2-year programs of education 
and are employed as ITs; 
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• Veterans who, with DVA support, graduate from 4-year programs of education 
and are employed as ITs; and  

• Veterans who graduate from the DVA DT program and are employed as ITs. 

Basic assumptions for the analysis were as follows: 

• Veterans with 2-year and 4-year degrees receive the same salaries as non-veter-
ans with the same degrees. 

• Veterans who obtain 4-year degrees without DVA support, begin IT employ-
ment the same time that the other three groups begin learning IT. 

• Entry annual salaries, based on DVA DT medians and 2012 Bureau of Labor 
Statistics medians adjusted for increases to 2014, were assumed to be the 
following: 

– 4-year bachelor degree with or without DVA support, $45,000; 

– 2-year associate degree, $34,000; 

– Digital Tutor training, $73,000. 

• All students are employed 2 months after graduation. 

• Gross income set aside for deductions: 15%. 

• Based on College Board statistics, education cost were assumed to be 
$10,000 per year for in-state, public school tuition, fees, books, and supplies, 
plus $12,000 per year for living expenses and transportation, totaling 
$22,000 per year. 

• Per-veteran cost of DVA DT training including cost of “tuition,” lodging, and 
meals, was assumed to be $66,380. 

• All three forms of education/training would graduate 100% of participants. This 
assumption is helpful for a conservative estimate, but optimistic for veterans 
entering 2- and 4-year higher education where the overall dropout rate is about 
48% (Cate, 2014). 

• Annual salary increases: 6% years 1–10, 4% thereafter. 

• Tax rates for married couples, filing jointly. 

• State tax at 5%, federal tax at 2014 rates. 

• Other taxes such as payroll, Medicare, Social Security, and unemployment taxes 
were not included in this analysis. Because of their omission, government tax 
revenue was underestimated in this analysis. 
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• An NPV discount rate of 3.6%. which is the nominal rate for 2014 mandated by 
the US Office of Management and Budget (2013) for 20-year government 
investments. 

Based on these assumptions, Table 11 shows estimated total gross income and total 
taxable income (assuming constant 15% reduction for deductions) accumulated over 
20 years for the four groups working as ITs. The total taxable income was estimated to be 
the following: 

• $1,311,070 for veterans with 4-year college degrees who received no DVA edu-
cation support; 

• $826,680 for veterans who received DVA support for a 2-year college degree; 

• $973,053 for veterans who received DVA support for a 4-year college degree; 
and 

• $1,923,547 for veterans who received support for DVA DT Training. 

 
Table 11. Estimated Accumulated 20-Year Gross and Taxable Income ($000) 

 

Formal Education/Training 
No VA Support  
4-Year College 

VA Support  
2-Year College 

VA Support  
4-Year College 

VA Support  
DT Training 

Gross Income 1,542.4 983.2 1,144.8 2,263.0 
Taxable Income 1,311.1 826.7 973.1 1,923.5 

 
The absolute numbers here are certainly subject to review, but their ratios are not 

likely to change substantially. The value of training programs that successfully reduce 
time to produce high levels of competence seems evident. 

As shown in Table 12, the total accumulated tax revenues estimated for the four 
groups are the following: 

• $408,680 for veterans with 4-year college degrees who received no DVA educa-
tion support;  

• $193,106 for veterans who received DVA support for a 2-year college degree;  

• $286,238 for veterans who received DVA support for a 4-year college degree; 
and  

• $721,795 for veterans who received support for DVA DT training. 
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Table 12. Estimated Accumulated 20-Year Income Tax Revenue ($000) 

 

Formal Education/Training 
No VA Support  
4-Year College 

VA Support  
2-Year College 

VA Support  
4-Year College 

VA Support  
DT Training 

Income Tax 
Revenue 408.7 193.1 286.2 721.8 

 
Government investment in all three forms of education/training yield net positive 

returns over a 20-year period, but those from DVA investment in Digital Tutor training 
appear to be 2–3 times greater than those from 2- and 4-year programs of education. The 
analysis also suggests that the return to the government from investment in Digital Tutor 
training for veterans is substantially greater than that from veterans who complete a 
4-year college degree without government support. 

Another source of monetary return is the multiplier effect of veterans who find IT 
employment. Analyses of this sort estimate the indirect impact of employed workers on 
the local workforce. For instance, Moretti’s research (2012), which covered about 11 mil-
lion workers in 320 metropolitan areas, suggests that hiring a single high-technology 
worker creates 2 professional jobs and 3 non-professional jobs in the local economy. 
Lower but still substantial multiplier effects have been estimated by the California Eco-
nomic Strategy Panel (2009), which reported a range of 2.5 to 3.1 as the multiplier effect 
of computer jobs in California. These effects are not included here, but they may deserve 
attention in a more comprehensive analysis. 

This analysis does not account for likely decreases in the unemployment benefits 
that would otherwise be paid to veterans by the states out of a Department of Defense 
(DoD) budget for that purpose. These costs may be substantial, but they, too, are not 
included here. 

Finally, and as noted earlier, this analysis does not include various forms of tax rev-
enue based on commercial payrolls. 

The uncertainty and range of these latter variables put them beyond the scope of this 
assessment, but their effects are likely to be sizable and worthy of consideration in a more 
comprehensive economic analysis of the Navy and DVA Tutors and the economic impact 
of digital tutor technology in IT or elsewhere. 

Support for IT training programs made available by various trade schools, especially 
those operating online, were not included in this report because of the uncertain nature of 
their quality and the high dropout rates of veterans who attend/take them (Cate, 2014). 
Apprentice programs were similarly not included because of wide variance in their costs 
to the DVA and, again, because of uncertainty surrounding their quality. In both cases, 
DVA costs are most likely available, but follow-on assessment data for veterans appears 
to be scarce, difficult to certify, and largely anecdotal. 
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3. NPV 
NPV is used in cost analysis to analyze potential investments to account for dis-

counting and inflation. It determines how much in net payoff an investment is worth in 
present-day dollars at the time that the investment is made. It provides a way to track the 
effectiveness of investments over the acquisition lifecycle, including, if needed, invest-
ments in R&D. With few exceptions, NPV is mandated for the assessments of federal 
programs. NPV is “net” in that it is defined as the difference of discounted benefits less 
discounted costs. 

The U.S. Office of Management and Budget (OMB) (2013) updates and publishes 
nominal (market) discount rates annually. The OMB rates are widely used, but different 
rates are available from other sources such as the Congressional Budget Office and the 
General Accountability Office. The OMB discount rate mandated for a 20-year govern-
ment investment initiated in 2014 is 3.6%. 

NPV analysis can be used by itself to determine how viable a proposed effort may 
be, but it can also be applied in cost-effectiveness assessments. If, for instance, we wish 
to compare the value in present-day funds of developing and implementing a new 
instructional approach vs. continuing with the approach already in place, we could cal-
culate the NPV for each approach over a number of years using a discount rate. The pre-
ferred approach is the one with the greater NPV. 

Another approach is to use the Internal Rate of Return (IRR), which applies NPV 
analysis to determine an effective interest rate for investments. The higher the interest 
rate, the better the investment. 

Table 13 reports the NPV and IRR of tax revenue returned from government invest-
ment in the DVA DT as compared to other investments in IT training. No DVA ROI can, 
of course, be reported for ITs who complete a 4-year college without DVA support (i.e., 
investment). Assuming 3.6% NPV discounting as recommended by the U.S. Office of 
Management and Budget (OMB) (2013), these revenues are the following: 

• $249,030 for veterans who received no DVA education support;  

• $126,000 for veterans who received support for a 2-year college degree;  

• $174,514 for veterans who received support for a 4-year college degree; and  

• $462,453 for veterans who received support for the DVA DT training. 

Substantial IRR returns are shown for all three DVA investments in training for vet-
erans, but, even with the conservative constraints applied here, ROI in DT training is 
nearly twice that for investment in 4-year education and almost three times that for 
investment in 2-year education. 
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Table 13. NPV and IRR Estimated for 20-Year Income Tax Revenue ($000) 

 

Formal Education/Training 
No DVA Support 
4 Year College 

DVA Support  
2-Year College 

DVA Support  
4-Year College 

VA Support  
DT Training 

NPV at 3.6% 
Discount Rate 

260.90 126.00 174.50 462.45 

IRR No government 
investment 

12% 18% 35% 

 
In summary, these data suggest that ROI in the DVA DT is substantially greater 

than that of other means for preparing veterans for IT careers. Within 8 months of gradu-
ation, all but one of DVA Tutor graduates seeking IT jobs had found IT employment. 
Their median annual salary was $73,000, which is about 30% above the median U.S. 
2014 entry salary for Network Administrator and about the same as the median Salary for 
Network Administrator II with 3–5 years of experience (Salary.com, 2014). Over a 
20-year period, an 18-month graduate of the DVA DT program is likely to accumulate 
about 32% more in gross income than an IT with a 4-year college degree who began 
employment at about the same time as the Digital Tutor training. The NPV tax revenue 
returned to the government by a graduate of the Digital Tutor program is substantially 
greater than that returned by a 4-year college graduate without DVA support and both 
2-year and 4-year graduates who receive DVA support for their education. 

J. Final Word 
This assessment found that 97 of the 100 veterans—most of whom were unem-

ployed and had no prior IT experience—who began the DVA Tutor course completed it. 
There were no academic dropouts. All but one of its graduates who sought employment 
were hired when this assessment was completed. These veterans received a median 
annual salary of $73,000, which is roughly equivalent to that of Network Administrator II 
in industry with 3–5 years of experience (Salary.com, 2014). Return from government 
investment in the course was estimated to be substantially greater than that of veterans 
supported by the DVA for either 2 or 4 years of higher education and then hired as ITs. 

Data collected for this assessment did not consider quality-of-life improvements that 
veterans might realize from their participation in this effort. Supplementing monetary 
ROI with cost-utility, quality-of-life improvements deserves consideration, but it is 
beyond the scope of this assessment. Such an analysis would be worthwhile, especially 
since it would begin to address the inattention to cost utility analysis in training and edu-
cation, which Levin (1983) and others have been calling for since the 1980s. However, 
proper assessment of cost-utility would require longitudinal study of veterans over a 
number of years. 

31 



On the basis of the findings in this report, it appears reasonable to conclude that 
substantial acceleration of expertise using digital tutors—as demonstrated by both the 
Navy and DVA assessments—is within our reach if not our grasp. Further, this capability 
is of significant personal and monetary value to veterans, who might otherwise be unem-
ployed or underemployed. It is also likely to be of value to their employers and, if its 
scale is increased, to the information processing capabilities and competitiveness of the 
nation and its economy. Given the importance of IT, the growing opportunities for IT 
employment, the monetary return, and the success of this effort, it seems reasonable to 
continue, if not increase, support of the Digital Tutor course for veterans. 
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GED General Education Development 
GMRT Gates-MacGintie Reading Tests 
GS General Science 
IDA Institute for Defense Analyses 
IMAT Interactive Multi-Sensor Analysis Training 
IP Internet Protocol 
IPv6 Internet Protocol Version 6 
IRR Internal Rate of Return 
IT4 Information Systems Technology 

Information Systems Technician 
ITTC Information Technology Training Continuum 
MGIB Montgomery GI Bill 
MK Mathematics Knowledge 
NAVNETWARCOM Naval Network Warfare Command 
NPV net present value 
OMB Office of Management and Budget 
OSI Open Systems Interconnection 
OTJ on-the-job training 
R&D research and development 
REAP Reserve Educational Assistance Program 
ROI return on investment 
VEAP Veterans Educational Assistance Program 
VR&E Vocational Rehabilitation and Employment 

3 The Navy and the author use FSET to refer to the Navy’s Fleet Systems Engineering Team or one of 
their engineers. 

4 The Navy and the author use IT to refer to the Information Systems Technology rating, the field of 
information technology, and IT technician(s) 
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