T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software1Priorities for the Education and Training of Software EngineersCanada K1N 6N5

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software2Priorities for the Education and Training of Software Engineers1of our 1998 survey of In world 75 topics. For topic, we how know now was of suggest should less, Keywords: Software 1. Introductionof 1998. survey was isfor survey our work. we new

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software3us Northis for who engineers, profession involves. From sources, of art. However, is of of areas, of industry. aour survey of was 1997 1998b) as study. 1998 surveyquestions. In 1998survey was North(Lethbridge, 1999c).In section, we discuss survey how survey of questions, as as

1 Tel: +1 613 652-5800x6685; email:

web:

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software4shouldof on of is

.working of Group on (Hilbert, 1998), group (IEEE,1998), Body of 2. The Survey Instrumenttwoways: of of also, lists, postal (e.g. four Fig. 1 of 75 Fig. 2. by byof prepared, abias). In work of survey using

), however, a paper version was used byof responses was 214. these, 212 of industries,

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software5towards systems or processing. thus few of we used3. Knowledge Learned in Formal Education: Question 1In 1 2, we 1 1 2 by b) ofwho of 4 or 5 topic, orof who of 5 In fact, was for of 66% of as of 3.1 Differences Among Subsets of Participants in Answers to Question 1looks responses 1

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software63 of who four 1998of who 1976 (experts). topics, those, such as known years. hand, (Lethbridge, 1999c).4 5 how of how was topics. For analysis, we 49 23 engineers). 88 graduates, 22graduates, 10 of systems. of we by graduates, such as transforms, as well as physics. such 4. Present Knowledge: Question 2In we on answers 2 6 7 for discussed know

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software7of 25 most-known �soft� writing, professionalism.of who experts. design, as as such as25 7 university, norused on job. If of4.1 Differences Among Subsets of Participants in Answers to Question 28 of 37 who spendtasks), large. Not surprisingly, is of list. 17who �soft�study should, also, study process standards and software metrics.9 10 of of of ofas However, know lessshould

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software85. Importance of Topics: Questions 3 and 4of survey was work. Fig. 1), two3 ofhow In section, we of answers we of 3 of for 75 11 13. should know; of 13, 5.1 Importance of The Details: Question 33). 14has of as 11 five. is note, however, writing, systems. of �soft skills�. Perhaps for as as is

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software95.2 Influence of Topics: Question 44) how 16 answers using we whose is exist. afor for professionalism, is is of Not of has 5.3 Forced Learning: An Alternative Measure of Importance17 oftopics. is his or has his or 17 of 2 1 large. However who knew 1 0 or 1) considered. ofwhen using of

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software10so 17 knowledge, of is discussed section 6.5.4 Differences Among Subsets of Participants Regarding of ofsubsets of 18 20 was high. by 18 19 developers,others. on asHowever isof 20 large.Process standards, of managers. 6. On-The-Job Knowledge ChangeIn we responses 2 responses 1

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software11of on when is positive, or when isIf is of topic, must, use as of has on-for is so of is less. is suggests of was survey was of or design. issue. would know is21 shows two ways of as of of 22 shows has as asis forgotten, no how is. However, when is

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software12section, we 7. Needs for Learning and Training5 6 programs. However, us gaps is or known is Knowing us 23 of of suggests of that, For 23, we less topics. (e.g. transmission), we would should 24 is 23. however, isof purpose of is

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software13scale, warrant. is of as¥of by work, if, survey, doit. is would for as asas of use. wise for or ¥should work —˚especially such is ¥ engineers. is used For suchas of of doctors, so doctors know.¥person ¥

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software14reasons for programs. However, our survey emphasis, of for (e.g. equations, 8. DemographicsIn we 26 degrees, Fig. 327 Fig. 4 of survey 76% of is 16 of working or more. 72% of of by industry. �business� 30 of worked. 45 working on 1.5 of however, nobody

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software15spend spend of found 31 of (e.g. of of ofof of was 12.4 9.4). of was 9. Conclusions1998 survey of used for on of trainers, as asof is survey topics, structures, top. when know about. of of or design. dospend of 40% of it), tasks of is our of

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software16such as user testing. is grasp ofelse, languages. turns for forgotten. If we ofis work: show is not. on do it. least, should of how — so is by survey. writing, as as professionalism. shouldof of knowledge. issystems way jobs, offor such as

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software17bydesign, user writing. focus on focus on as as professionalism.would onwas by for (CSER). I (who anonymous). I Kark of foras as who of W. of Texas, University, UK; of University, UK. Finally, I K. for Bourque, P., Dupuis, R., Abran, A., Moore, J. W., Tripp, L., Shyne, K., Pflug, B., Maya, M. and

Hilburn, T.B., Bayert, D.J., Mengol, S., Oexman, D., 1998. Software engineering across computing

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software18IEEE, 1998. Draft Software Engineering Accreditation Criteria, , April 1998, 73-77.Annals of Software Engineering, 6, 91-110.

.Lethbridge, T.C., 1999b. What knowledge is important to a software engineer?" Submitted January 1999,

Timothy C. is professor of of Hecourses new establish. tools, He is of for (CSER) is how In works corporations. his Ph.D. ofOttawa, and his M.Sc. and B.Sc. from the University of New Brunswick, Canada. He is a

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software19Question 1. How much did you learn about this inyour formal education (e.g. University or= at all a lot Question 2. What is your current knowledgejob as well as forgotten?=

Know nothing=Am

=Know the

=Am

=Know a lot=Know

/ am

(Know almostQuestion 3. How useful have the details of thisspecific material been to you in your career as aleave blank if you know little about the material.=Completely

= useful= useful=

, but perhaps only in certain=

= Question 4. How much has learning thematerial had on your thinking (i.e. yourmaturity), whether or not you have directlyused the details of the material? Please considerinfluence on both your career and otheraspects of your life. Please leave blank if youknow little about the material.= at all=

Almost no

= = influence in some activities= influence in many activities= influence on almost everything I doFig. 1. The that about of the 75 topics in the survey. key

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software20Software Engineering Process �2 / ISO 9000 etc Software Cost Estimation Software Design Core Design of Algorithms Software Subsystem Design Parsing and Compiler DesignOther Software Computer EngineeringSoftware Topics Operating Systems Real-Time System Design Systems ProgrammingComputer ScienceTheoretical Topics Complexity and AlgorithmAnalysis Mathematical TopicsWidely Used inComputer Science Control Theory Other Mathematics Calculus Probability and StatisticsComputer EngineeringHardware Topics Other Hardware Digital Signal Processing Basic Science Humanities & Skills Giving Presentations to an Fig. 2: The 75 topics in the survey, arranged in categories; alphabetically within each category.

2 CMM is a trademark of Carnegie Mellon University.

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software21

Masters31%PhD6%Bachelors48%High School & Other8%College Diploma7%

Fig. 3. Highest educational level reached by the participants (170 responses).

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software22

California8%Quebec9%Other Canada2%Texas15%Other Country17%Ontario12%UK6%Other USA27%Minnesota4%

Fig. 4. Work locations of the participants. Participants work in a total of 24 countries.

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software23

Architecture and Design16%Testing Software Written by Others8%Requirements Analysis or Specification11%Installation and Customer Support9%Management or Project Management16%Programming40%

Fig. 5. How the average participant distributes his or her time. This data should be consideredhighly subjective, and accounts for no idle time, meetings, phone calls etc.

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software24

12 to 17 years21%6 to 11 years26%>= 18 years26%< 6 years27%

Fig. 6. Experience of participants developing software: the number of years working in thesoftware industry.

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software25Table 1Topics about which participants had learned most in their formal education:The topics ranked 1 to 25 according to the means of question 1. The textfor question 1 is found in Fig. 1.RankTopicMean ofQ1Std. dev.% rating4 or 5% rating> 11Specific Programming Languages3.21.3644%89%2Differential and Integral Calculus3.21.4152%89%3Linear Algebra and Matrices3.11.4345%85%4Probability and Statistics2.91.2534%87%5Data Structures2.91.5542%78%6Physics2.71.4231%82%7Differential Equations2.71.4430%79%8Set Theory2.51.5229%75%9Design of Algorithms2.31.5426%68%10Operating Systems2.31.4920%71%11Computer System Architecture2.21.6528%63%12Programming Language Theory2.21.5019%68%13Predicate Logic2.21.6425%65%14Chemistry2.21.4014%70%15Computational Methods for Numeric Problems2.21.5018%67%16Formal Languages2.21.6629%63%17Digital Electronics & Digital Logic2.11.7025%59%18Computational Complexity & Algorithm Analysis2.11.6525%59%19Software Architecture2.01.5417%59%20Microprocessor Architecture1.91.5919%56%21File Management1.91.4816%57%22Databases1.91.5818%56%23Graph Theory1.91.5520%56%24Analysis and Design Methods1.91.5213%57%25Second Language Other than English1.81.6115%57%

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software26Table 2Topics about which participants had learned least in their formal education:The topics ranked 51 to 75 according to the means of question 1. The textfor question 1 is found in Fig. 1.RankTopicMean ofQ1Std. dev.% rating4 or 5% rating> 151Simulation1.21.437%38%52Parallel and Distributed Processing1.21.4411%36%53Project Management1.21.488%37%54Management1.21.366%37%55Human Computer Interaction / User Interfaces1.11.354%35%56Psychology1.11.273%36%57Software Reliability & Fault Tolerance1.01.285%29%58Digital Signal Processing1.01.4210%31%59Telephony and Telecommunications1.01.336%31%60Accounting1.01.336%33%61Real-Time System Design1.01.346%30%62Pattern Recognition and Image Processing0.91.388%26%63Leadership0.81.223%26%64Software Metrics0.81.215%24%65Security and Cryptography0.81.294%26%66Data Acquisition0.81.172%23%67Maintenance, Reengineering & Reverse Engineering0.81.113%21%68Marketing0.71.134%20%69VLSI0.61.144%17%70Robotics0.61.115%19%71Software Cost Estimation0.61.053%18%72Configuration and Release Management0.50.962%15%73Entrepreneurship0.51.073%13%74Process Standards such as CMM and ISO 90000.50.931%14%75Negotiation0.50.941%14%

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software27Table 3Topics which those graduating in the last four years (junior participants)learned more thoroughly in their formal education as opposed to thosegraduating 12 or more years ago (expert participants).RankTopic% that juniorslearned moreJunior learningExpert learning1Object Oriented Concepts & Technology256%2.40.72Parallel and Distributed Processing161%2.00.83Software Reliability & Fault Tolerance154%1.50.64Software Cost Estimation154%1.00.45Computer Graphics141%2.00.86Human Computer Interaction / User Interfaces141%1.60.77Software Metrics135%1.30.58Pattern Recognition and Image Processing131%1.40.69Digital Signal Processing121%1.40.610Configuration and Release Management108%0.80.411Artificial Intelligence100%1.70.8

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software28Table 4Topics where engineering graduates learned considerably more thancomputing graduates in their formal education. This includes onlycases where significant learning occurred (Q1 > 2).RankTopic% Engineerslearned moreEngineeringlearningComputinglearning1Digital Signal Processing142%2.10.92Analog Electronics119%2.51.13Control Theory98%2.31.24Laplace and Fourier Transforms89%3.11.65Physics32%3.52.66Differential Equations32%3.42.67Digital Electronics & Digital Logic27%3.02.3

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software29Table 5Topics where computing graduates learned considerably more thanengineering graduates in their formal education. This includes onlycases where significant learning occurred (Q1 > 2).RankTopic% that CS/SElearned moreComputinglearningEngineeringlearning1Parsing and Compiler Design90%2.41.32File Management80%2.51.43Programming Language Theory70%2.91.74Databases69%2.51.55Systems Programming65%2.21.46Software Architecture61%2.61.67Operating Systems49%3.02.08Automata theory44%2.11.59Design of Algorithms43%2.92.010Computational Complexity & Alg. Analysis38%2.51.8

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software30Table 6Topics about which participants currently know most. The topicsranked 1 to 25 according to the means of question 2. The text forquestion 2 is found in Fig. 1.RankTopicMean ofQ2Std. dev.% rating4 or 5% rating> 11Specific Programming Languages4.11.0378%97%2Data Structures3.71.1265%96%3Operating Systems3.41.1146%96%4Software Design and Patterns3.41.3052%90%5Software Architecture3.31.3649%87%6Giving Presentations to an Audience3.31.3450%89%7Databases3.21.2245%89%8Object Oriented Concepts & Technology3.21.4145%85%9Testing, Verification & Quality Assurance3.21.1841%91%10Analysis and Design Methods3.21.3350%85%11Requirements Gathering & Analysis3.11.3748%87%12Project Management3.11.2539%91%13File Management3.11.4645%84%14Ethics and Professionalism3.01.4738%84%15Design of Algorithms3.01.4644%83%16Technical Writing3.01.4341%85%17Data Transmission and Networks3.01.2939%87%18Configuration and Release Management2.81.5034%79%19Human Computer Interaction / User Interfaces2.81.3930%81%20Programming Language Theory2.71.4833%77%21Computer System Architecture2.71.4531%79%22Performance Measurement & Analysis2.61.4328%79%23Maintenance, Reengineering and Rev. Engg.2.61.4233%79%24Network Architecture & Data Transmission2.61.4127%77%25Systems Programming2.51.6736%68%

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software31Table 7Topics about which participants currently know least. The topicsranked 51 to 75 according to means of question 2. The text forquestion 2 is found in Fig. 1.RankTopicMean ofQ2Std. dev.% rating4 or 5% rating> 151Security and Cryptography2.01.4512%62%52Predicate Logic1.91.5518%55%53Telephony and Telecommunications1.91.5314%57%54Second Language Other than English1.81.5614%54%55Philosophy1.71.4210%52%56Graph Theory1.71.4311%51%57Psychology1.61.389%50%58Entrepreneurship1.61.5313%50%59Information Theory1.61.4813%49%60Queuing Theory1.61.439%47%61Differential Equations1.61.308%47%62Accounting1.51.347%49%63Data Acquisition1.51.6013%42%64Automata theory1.51.5613%44%65Chemistry1.41.184%47%66Marketing1.41.429%42%67Combinatorics1.41.428%43%68Artificial Intelligence1.41.296%43%69Digital Signal Processing1.31.4410%36%70Pattern Recognition and Image Processing1.31.417%36%71Laplace and Fourier Transforms1.21.366%37%72Analog Electronics1.21.397%36%73Control Theory1.11.325%34%74Robotics0.91.194%27%75VLSI0.71.194%20%

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software32Table 8Topics that managers know better than the participants at large. Thisincludes only cases where knowledge of managers is significant (Q2 > 2).RankTopic% that managersknow moreKnowledgeof managersKnowledge ofparticipants at large1Negotiation50%3.02.02Management48%3.62.53Process Standards CMM / ISO 900040%2.92.14Psychology38%2.21.65Software Metrics37%2.92.16Leadership35%3.42.57Project Management32%4.13.18Software Cost Estimation31%2.82.29Accounting29%2.01.510Entrepreneurship27%2.11.611Ethics and Professionalism21%3.63.012Requirements Gathering & Analysis20%3.83.1

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software33Table 9Topics that programmers know more about than participants at large. Thisincludes only cases where knowledge or programmers is significant (Q2 >2 ) . RankTopic% thatprogrammersknow moreKnowledge ofprogrammersKnowledge ofparticipants at large1Design of Algorithms10%3.33.02Object Oriented Concepts & Technology9%3.53.23Specific Programming Languages8%4.44.14Parsing and Compiler Design8%2.12.0

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software34Table 10Topics that programmers know less about than the participants at large.This includes only cases where knowledge of participants at large issignificant (Q2 > 2).RankTopic% thatprogrammersknow lessKnowledge ofprogrammersKnowledge ofparticipants at large1Process Standards CMM / ISO 9000-23%1.62.12Management-22%1.92.53Leadership-19%2.12.54Negotiation-17%1.72.05Software Metrics-16%1.82.16Software Cost Estimation-15%1.82.27Project Management-13%2.73.18Giving Presentations to Audience-12%2.93.39Requirements Gathering & Analysis-10%2.83.1

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software35Table 11The most important 25 topics — based on the average of both importance ofdetails and influence.RankTopicOverall ImportanceDetails(Q3)Influence(Q4)1Specific Programming Languages3.84.13.52Data Structures3.63.73.43Software Design and Patterns3.53.63.54Software Architecture3.43.53.35Requirements Gathering & Analysis3.43.53.36Human Computer Interaction / User Interfaces3.33.33.37Object Oriented Concepts & Technology3.33.33.38Ethics and Professionalism3.33.23.49Analysis and Design Methods3.33.33.310Giving Presentations to an Audience3.33.53.111Project Management3.33.43.212Testing, Verification & Quality Assurance3.23.33.113Design of Algorithms3.23.33.114Technical Writing3.13.42.915Operating Systems3.13.33.016Databases3.13.32.817Leadership3.03.13.018Configuration and Release Management3.03.32.819Data Transmission and Networks3.03.12.820Management2.92.92.921File Management2.83.22.422Software Reliability & Fault Tolerance2.82.92.723Systems Programming2.82.92.724Network Architecture & Data Transmission2.82.82.725Negotiation2.82.92.6

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software36Table 12The middle 25 topics in terms of importance — based on the average of bothimportance of details and influence. Continuation of Table 11.RankTopicOverall ImportanceDetails(Q3)Influence(Q4)26Performance Measurement & Analysis2.72.82.627Maintenance, Reengineering and Rev. Engg.2.72.82.628Programming Language Theory2.72.72.729Computer System Architecture2.72.72.630Computational Complexity & Algor. Analysis2.62.62.631Probability and Statistics2.62.42.732Software Cost Estimation2.62.72.433Real-Time System Design2.52.62.534Information Retrieval2.52.72.335Software Metrics2.52.62.436Formal Languages2.42.42.437Formal Specification Methods2.42.42.438Process Standards CMM / ISO 90002.42.42.439Predicate Logic2.42.22.540Entrepreneurship2.42.22.541Simulation2.32.42.342Security and Cryptography2.32.22.443Telephony and Telecommunications2.32.32.344Parsing and Compiler Design2.32.32.345Parallel and Distributed Processing2.32.32.346Microprocessor Architecture2.22.22.347Digital Electronics & Digital Logic2.22.12.348Set Theory2.22.22.249Automata theory2.12.02.350Data Acquisition2.12.22.0

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software37Table 13The least important 25 topics — based on the average of both importance ofdetails and influence. Continuation of Table 12.RankTopicOverall ImportanceDetails(Q3)Influence(Q4)51Marketing2.12.02.352Computational Methods for Numeric Problems2.12.22.053Psychology2.12.02.254Accounting2.12.12.155Economics2.11.82.356Linear Algebra and Matrices2.02.02.157Philosophy2.01.52.558Second Language Other than English2.01.92.159Physics2.01.62.360Information Theory2.01.92.061Graph Theory2.02.01.962Queuing Theory1.92.11.863Computer Graphics1.91.91.864Digital Signal Processing1.81.71.865Control Theory1.71.61.866Pattern Recognition and Image Processing1.61.61.767Differential and Integral Calculus1.61.31.968Combinatorics1.61.51.669Artificial Intelligence1.51.31.870Analog Electronics1.51.41.771Laplace and Fourier Transforms1.31.31.472Differential Equations1.31.11.473Chemistry1.30.91.674Robotics1.31.21.475VLSI1.21.11.3

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software38Table 14Topics whose details are perceived to be most important. Meanresponses to question 3. The text for question 3 is found in Fig. 1. SeeTable 15 for the bottom scores.RankTopicMean ofQ3Std. dev.% rating4 or 5% rating> 11Specific Programming Languages4.11.1975%95%2Data Structures3.71.2260%96%3Software Design and Patterns3.61.3458%91%4Software Architecture3.51.2953%92%5Requirements Gathering & Analysis3.51.2253%93%6Giving Presentations to an Audience3.51.4557%88%7Technical Writing3.41.4153%90%8Project Management3.41.3245%92%9Analysis and Design Methods3.31.3848%87%10Object Oriented Concepts & Technology3.31.4548%88%11Operating Systems3.31.3144%89%12Human Computer Interaction / User Interfaces3.31.2344%91%13Testing, Verification & Quality Assurance3.31.3044%90%14Databases3.31.5148%87%15Configuration and Release Management3.31.3548%88%16Design of Algorithms3.31.3047%90%17File Management3.21.3442%87%18Ethics and Professionalism3.21.5044%85%19Data Transmission and Networks3.11.3044%88%20Leadership3.11.4641%84%

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software39Table 15Topics whose details are perceived to be least important: Meanresponses to question 3 (see Table 14 for the top scores).RankTopicMean ofQ3Std. dev.% rating0 or 11Chemistry0.91.1571%2Differential Equations1.11.2971%3VLSI1.11.4370%4Robotics1.21.2868%5Laplace and Fourier Transforms1.31.4665%6Artificial Intelligence1.31.2761%7Differential and Integral Calculus1.31.3366%8Analog Electronics1.41.3455%9Philosophy1.51.3853%10Combinatorics1.51.3647%

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software40Table 16Topics that have had the most influence. Mean responses to question 4.RankTopicMean ofQ4Std. dev.% rating4 or 5% rating> 11Specific Programming Languages3.51.4855%86%2Software Design and Patterns3.51.4857%86%3Ethics and Professionalism3.41.4956%86%4Data Structures3.41.3052%91%5Human Computer Interact. / User Interfaces3.31.3251%90%6Requirements Gathering & Analysis3.31.3449%88%7Object Oriented Concepts & Technology3.31.5049%86%8Software Architecture3.31.4649%87%9Analysis and Design Methods3.31.4245%87%10Project Management3.21.4744%84%11Testing, Verification & Quality Assurance3.11.4042%85%

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software41Table 17Topics which people needed to learn most about on the jobwhen they knew almost nothing to start with — indirectlyindicating importance.RankTopicForced Learning(Q2 - Q1)Std. Dev.n1Specific Programming Languages3.11.45202Data Structures2.71.61383Operating Systems2.71.24524Testing, Verification & Quality Assurance2.71.231065Project Management2.71.351116Object Oriented Concepts & Technology2.61.541037Databases2.61.30798Configuration and Release Management2.61.581469Requirements Gathering & Analysis2.51.4710010Ethics and Professionalism2.51.6510411Software Design and Patterns2.51.438312Giving Presentations to an Audience2.41.4288

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software42Table 18Topics that real-time developers consider more important than otherdevelopers. This considers only topics for which overall importancewas greater than 2.5.RankTopic% increasedimportance forreal-timeImportance for realtime developersImportance forparticipants atlarge1Technical Writing12%3.53.12Giving Presentations to an Audience6%3.53.33Real-Time System Design29%3.32.54Software Reliability & Fault Tolerance10%3.12.85Systems Programming5%2.92.86Negotiation6%2.92.87Computer System Architecture9%2.92.78Digital Electronics & Digital Logic24%2.82.29Process Standards. CMM / ISO 90009%2.62.410Simulation11%2.62.3

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software43Table 19Topics that MIS developers consider more important than developers atlarge. This considers only topics for which overall importance wasgreater than 2.5.RankTopic% increasedimportance forMISImportance forMISImportance forparticipants atlarge1Databases10%3.43.12Information Retrieval6%2.62.53Entrepreneurship12%2.62.4

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software44Table 20Topics that managers consider more important than developers at large.This considers only topics for which overall importance was greater than3 . RankTopic% increasedimportance formanagersImportance formanagersImportance forparticipants at large1Project Management25%4.13.32Requirements Gathering & Analysis14%3.93.43Giving Presentations to an Audience14%3.73.34Management26%3.72.95Ethics and Professionalism11%3.73.36Analysis and Design Methods8%3.63.37Software Architecture5%3.63.48Leadership17%3.53.09Testing, Verification & Qual. Assurance7%3.43.210Technical Writing9%3.43.111Negotiation20%3.32.812Network Architecture & Data Transmission17%3.22.813Data Transmission and Networks7%3.23.014Software Cost Estimation25%3.22.615Process Standards CMM / ISO 900032%3.22.416Software Metrics24%3.12.5

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software45Table 21Topics for which on-the-job learning was greatest: Large positivedifferences between questions 2 and 1.RankTopicOn-the-joblearning(Q2-Q1)Q1:KnowledgeaftereducationQ2:Knowledgenow% whereQ2 -Q1> 21Configuration and Release Management2.30.52.854%2Project Management1.91.23.141%3Testing, Verification & Qual. Assurance1.91.33.239%4Maintenance, Reengineering and Rev. Engg.1.90.82.634%5Object Oriented Concepts & Technology1.81.43.236%6Requirements Gathering & Analysis1.81.43.136%7Ethics and Professionalism1.81.23.035%8Leadership1.70.82.533%9Human Computer Interact. / User Interfaces1.71.12.835%10Giving Presentations to Audience1.61.63.331%11Process Standards CMM / ISO 90001.60.52.132%12Software Cost Estimation1.60.62.232%

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software46Table 22Topics for which there was the most forgetting of material followingcompletion of education. Negative differences between questions 2 and 1.RankTopicForgettingsince education(Q2-Q1)Q1:KnowledgeaftereducationQ2:KnowledgeNow% whereQ2 -Q1<= -21Differential Equations-1.22.71.638%2Differential and Integral Calculus-1.13.22.138%3Linear Algebra and Matrices-0.83.12.324%4Chemistry-0.82.21.421%5Physics-0.72.72.121%6Laplace and Fourier Transforms-0.61.81.221%7Probability and Statistics-0.52.92.417%8Combinatorics-0.41.71.412%9Set Theory-0.42.52.112%10Predicate Logic-0.32.21.912%11Graph Theory-0.21.91.77%12Control Theory-0.21.21.17%13Analog Electronics-0.21.31.29%

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software47Table 23Topics for which there may be the most need for training. Important(Q3>3) topics where current knowledge lags most behind the importanceof details (ordered by importance).RankTopic% LagCurrentknowledge (Q2)Importance ofdetails (Q3)1Software Design and Patterns6%3.43.62Software Architecture7%3.33.53Requirements Gathering & Analysis10%3.13.54Giving Presentations to an Audience6%3.33.55Technical Writing13%3.03.46Project Management8%3.13.47Analysis and Design Methods5%3.23.38Human Computer Interaction / User Interfaces17%2.83.39Configuration and Release Management13%2.83.310Design of Algorithms9%3.03.311Ethics and Professionalism5%3.03.212Data Transmission and Networks6%3.03.113Leadership17%2.53.1

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software48Table 24Topics for which there may be the most need for improvement in universitycourses. Important (>3) topics where learning in educational programslagged most behind overall importance (ordered by importance).RankTopic% LagKnowledge aftereducation (Q1)Overall importance(Q3+Q4)/21Software Design and Patterns48%1.83.52Requirements Gathering & Analysis60%1.43.43Software Architecture43%2.03.44Human Computer Interaction / User Interfaces67%1.13.35Object Oriented Concepts & Technology58%1.43.36Ethics and Professionalism63%1.23.37Analysis and Design Methods44%1.93.38Giving Presentations to an Audience52%1.63.39Project Management63%1.23.310Testing, Verification & Quality Assurance59%1.33.211Technical Writing48%1.63.1

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software49Table 25Topics taught relatively more than their importance might warrant.RankTopic% ExcessKnowledge aftereducation (Q1)Overallimportance(Q3+Q4)/21Differential Equations115%2.71.32Differential and Integral Calculus97%3.21.63Chemistry73%2.21.34Linear Algebra and Matrices50%3.12.05Laplace and Fourier Transforms39%1.81.36Physics37%2.72.07Set Theory15%2.52.28Probability and Statistics13%2.92.69Combinatorics11%1.71.610Computational Methods for Numeric Problems3%2.22.1

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software50Table 26Degree subjects of the 169 participants (out of 181) who responded tothis question. Note that many participants had more than one degree.Type of educationNumber of participantsPercentageComputing degree10662.0%Computer Science8851.5%Software Engineering (mostly masters degrees, but alsosomewhat inflated by participants who really meantcomputer engineering)2212.9%Computing Information Systems105.8%Engineering Degree4928.7%Computer Engineering127.0%Electrical Engineering2313.5%Other Engineering179.9%Math / Science Degree3721.6%Math2917.0%Other Science127.0%No Scientific Degree3319.3%Business Degree137.6%Other including no degree2212.9%

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software51Table 27Country where each of the 174 (out of 181) respondingparticipants had obtained their highest degree.Country of highest degree# participantsPercentageUSA9252.9%Canada4023.0%Non North America (20 countries)4224.1%UK137.5%Israel42.3%India31.7%Sweden21.1%Norway21.1%Netherlands21.1%Italy21.1%Germany21.1%1 each: Yugoslavia, Ukraine, SouthAfrica, Portugal, Poland, France,Finland, Denmark, Chile, Bulgaria,Belgium, Australia126.9%

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software52Table 28The type of software developed by each of the 169 participants whoanswered this question. Participants were given the list of four categoriesand were asked to check all that apply.Type of software developed#participantsPercentageManagement Information Systems (MIS) or other software for running thebusiness (e.g. accounting, inventory etc.) that is being developed or tailoredlargely for in-house use7845.1%MIS Software ONLY2916.8%Only NON MIS software9554.9%Consumer or mass-market software (typically sold on the open-market in shrink-wrapped packages)2011.6%Consumer Software ONLY31.7%Application software produced for specialized markets that does not fit into theMIS, Consumer or Real Time categories9554.9%Specialized Application software ONLY2715.6%Real-time, embedded, systems or telecommunications software (in general,software that is developed as part of a larger system)8247.4%Real Time software ONLY3319.1%Only NON Real Time software9152.6%

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software53Table 29Industries in which the participants worked. Note that some categories (e.g.�telecommunications software�, and �military�) have been counted in morethan one higher-level category.Industry# participantsPercentageSoftware Industry7442.0%Telecommunications or networking software development1910.8%Development of other application software for specialized markets2011.4%Software consulting137.4%Financial software development105.7%Engineering or scientific software development84.5%Consumer software development42.3%Industries Whose Main Focus is Other than Software10258.0%Public Sector3620.5%Military (also included in military / aerospace below)169.1%Other government including agencies, law enforcement, local2011.4%Military / Aerospace2715.3%Aeronautics, space, defense contracting137.4%Engineering (includes also military/aerospace and engineering software)5330.1%Telecommunications or networking equipment manufacturing21.1%Manufacturing other computer hardware, computer engineering105.7%Other engineering63.4%Business (includes also financial software)3519.9%Banking, Finance, Insurance, Financial Services or Consulting etc.137.4%Health Care52.8%Retailing, Marketing, Distributing10.6%Broadcasting, Publishing, Media21.1%Law, Legal Services10.6%Other Service Industry31.7%Telecommunications (includes also telecom software and telecom equipmentmanufacturing)2413.6%Telecommunication or Networking Service31.7%Education84.5%Food Processing10.6%Non-Profit10.6%

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software54Table 30The sizes of teams in which participants worked.Team sizeNumber ofparticipantsPercentSmall team: 1-7 people working on a small system (typically less than10000 lines of code)7846.4%Medium team: 5-20 people working on a medium sized system(typically8000 to 150000 lines of code)6840.5%Large team: 15-60 people working on a large and complex system (typicallybetween 100000 and 2 million lines of code)2213.1%

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software55Table 31Details of percentage of time spent by participantsNo timespent onthis0-5% oftime5-10%of time10-25%of time25-50%of time50-75%of time75-100%of timeProgramming: Working withSource Code (writing code,understanding code etc.)7%9%10%14%35%15%9%Requirements Analysis orSpecification5%22%37%27%7%1%1%Software Architecture andDesign8%17%24%23%22%3%2%Testing Software Written byOthers21%34%25%11%6%1%1%Installation and CustomerSupport28%29%18%15%5%5%1%Maintenance: Understandingor Modifying Software orDocuments Written byOthers7%18%24%21%14%11%5%Management or ProjectManagement13%27%18%20%8%10%4%

T.C. Lethbridge. Submitted (1999) to Journal of Systems and Software56Table 32Graduation decades of participants in the survey.Graduation decadeNumber of participantsPercent50s graduates00.0%60s graduates74.3%70s graduates2917.8%80s graduates3823.3%90s graduates8954.6%