T.C. Lethbridge1998 Software Education Relevance Survey Data1The Relevance of Education to Software Practitioners:Data from the 1998 SurveyUniversity of Ottawa Computer Science Technical Report TR-99-05 (Rev. 2)July 1999Timothy C. LethbridgeSchool of Information Technology and EngineeringUniversity of OttawaOttawa, Canada, K1N 6N5tcl@site.uottawa.caWe present the complete results of our 1998 survey of software practitioners. In thissurvey we asked over 200 software developers and managers from around the world whatthey thought about 75 educational topics. For each topic, we asked them how much theyhad learned about it in their formal education, how much they know now about it andhow important the topic has been in their career. The objective of the survey was toprovide data that can be used to improve the education and training of informationtechnology workers. The results suggest that some widely taught topics perhaps shouldbe taught less, while coverage of other topics should be increased.

T.C. Lethbridge1998 Software Education Relevance Survey Data2Table of ContentsAbstract..........................................................................................................................1Table of Contents............................................................................................................21. Introduction................................................................................................................22. The Survey Instrument................................................................................................43. Knowledge Learned in Formal Education: Question 1.................................................7Variability in the Responses to Question 1.................................................................13Differences Among Subsets of Participants in Answers to Question 1........................154. Present Knowledge: Question 2.................................................................................19Variability of Responses to Question 2......................................................................25Differences Among Subsets of Participants in Answers to Question 2........................265. Importance of Topics: Questions 3 and 4...................................................................31Aggregate Measures of Importance...........................................................................31Importance Compared with Amount Learned and Current Knowledge......................36Importance of The Details: Question 3......................................................................39Variability of Responses to Question 3......................................................................42Influence of Topics: Question 4.................................................................................43Variability of Responses to Question 4......................................................................45Comparison of Importance vs. Influence...................................................................46Forced Learning: An Alternative Measure of Importance..........................................47Differences Among Subsets of Participants Regarding Overall Importance...............486. On-The-Job Knowledge Change...............................................................................577. Needs for Learning and Training...............................................................................618. Comparisons with the 1997 Survey...........................................................................659. Demographics...........................................................................................................73Educational Backgrounds.........................................................................................73Geographical Distribution........................................................................................74Type of Software Developed......................................................................................75Industry in Which Participants Work.........................................................................76Team Size..................................................................................................................77Type of Work Performed...........................................................................................78Experience of Participants........................................................................................7910. Conclusions.............................................................................................................80Acknowledgements.......................................................................................................81References....................................................................................................................811. IntroductionThis report presents the complete results of a survey of software practitioners conductedduring the summer and autumn of 1998. The survey was designed to discover whatknowledge is important to the participants, and to better understand their educational andtraining needs.Our motivations for conducting this survey arose from our interactions with softwarepractitioners and managers: During these interactions, it became clear that the knowledge

T.C. Lethbridge1998 Software Education Relevance Survey Data3they were taught in their formal computing education did not always match theknowledge they needed to apply to their daily work. At the same time, we wereestablishing a new academic program in software engineering, and wanted data to help usmake curriculum decisions.Our studies of the work practices of software practitioners (Lethbridge and Singer 1998)have shown us that they spend a great deal of time performing activities oriented arounds o f t w a r e d e s i g n , p r o g r a m m i n g , r e q u i r e m e n t s a n a l y s i s a n d t e s t i n g . T h e y s p e n d considerable time on-the-job learning about software process issues as well as the detailsof specific types of software architectures — topics they had not learned much about inuniversity. On the other hand, we did not observe practitioners making significant use ofcertain material they were taught in university such as much of the mathematics. Thisapparent imbalance suggests that university curricula might be improved in order tobetter serve the needs of both industry and students. One manager, told us that he wouldprefer to hire somebody from a good community college, rather than a university,because such people were more likely to have the skills he required.It is currently a good time to study software practice and curricula because a significanttransition is occurring, especially in North America: Traditional programs in computerscience and computer engineering are being joined by programs specializing in softwareengineering. It is important for designers and accrediters of such programs, as well asthose who will be licensing the resulting software engineers, to have a full understandingabout what the profession involves. To gain that understanding normal approachesinclude reading textbooks and research literature, and also talking to practitioners. Fromthese sources, one can learn about the many ideas and principles that comprise the stateof the art. However it is very hard to get a view of the relative importance of the variousknowledge areas; for this, one needs a body of data from a systematic survey ofpractitioners.This report covers our second survey of software practitioners. The first was conducted in1997 (Lethbridge 1998a and 1998b) and served as a pilot study. The 1998 surveyinvolved substantially better sampling and improved questions. In particular the 1998survey was a collaborative effort among researchers at various universities in NorthAmerica and the UK (for a list of collaborators, see the acknowledgements).Data in this report can also be found in an on-line spreadsheet (Lethbridge 1999a) and inarticles submitted to IEEE Software (Lethbridge 1999b) and the Journal of Systems andSoftware (Lethbridge 1999c). The latter is an abridged version of this report.Section 2 of this report discusses the survey instrument and how the survey wasconducted. Section 3 focuses on the knowledge learned by the participants in their formaleducation, while section 4 looks at their current knowledge. Section 5 then examines howimportant the topics were to the participants, while sections 6 and 7 analyse changes inknowledge over time as well as their education and training needs. Section 8 comparesthe 1998 data to the 1997 data. We leave discussion of the demographics of theparticipants to the end (Section 9), since it is of secondary importance.

T.C. Lethbridge1998 Software Education Relevance Survey Data42. The Survey InstrumentThe survey was conducted from May to October 1998. Participants were solicited in twomain ways: Members of the research team approached the management of variouscompanies to have their employees participate; also, requests were sent to various emaillists, postal mail lists (e.g. university computer science and computer engineering alumni)as well as several Usenet newsgroups. The participation rate on mailing lists was 5%.Four distinct questions (see Figure 1) were asked about each of 75 topics listed in Table1. The topics were determined by studying typical university curricula and by includingtopics that were suggested by participants in the 1997 survey.Several versions of the questionnaire were prepared, each with the same topics but in adifferent order (this rearrangement was intended to reduce inter-question bias). Inaddition, we asked several demographic questions in order to learn about the educational,geographic and work backgrounds of the participants. Most participants completed thesurvey using the Web (see ), however, a paperversion was used by a small percentage of the participants.The total number of responses was 214. Of these, 212 were complete and contained validdata. We wanted to achieve a balance of participants from various industries, yet thedistribution of our 212 participants was somewhat biased towards real-time processingand away from MIS systems or data processing. We thus randomly eliminated a few ofthe real-time responses, and arrived at a more balanced sample of 181 participants thatwe used for further analysis.

T.C. Lethbridge1998 Software Education Relevance Survey Data5Question 1. How much did you learn about this inyour formal education (e.g. University or College)?0=Learned nothing at all1=Became vaguely familiar2=Leaned the basics3=Became functional (moderate workingknowledge)4=Learned a lot5=Learned in depth; became expert (Learnedalmost everything)Question 2. What is your current knowledge aboutthis, considering what you have learned on the jobas well as forgotten?0=Know nothing1=Am vaguely familiar2=Know the basics3=Am functional (moderate working knowledge)4=Know a lot5=Know in depth / am expert (Know almosteverything)Question 3. How useful have the details of thisspecific material been to you in your career as asoftware developer or software manager? Pleaseleave blank if you know little about the material.0=Completely Useless1=Almost never useful2=Occasionally useful3=Moderately useful, but perhaps only in certainactivities4=Very useful5=EssentialQuestion 4. How much influence has learning thematerial had on your thinking (i.e. your approachto problems and your general intellectual maturity),whether or not you have directly used the detailsof the material? Please consider influence on bothyour career and other aspects of your life. Pleaseleave blank if you know little about the material.0=No influence at all1=Almost no influence2=Occasional influence3=Moderate influence in some activities4=Significant influence in many activities5=Profound influence on almost everything I doFigure 1. The four questions that were asked about each of the 75 topics inthe survey. Bold or underlined words and phrases were designed to ensurethat participants would understand key aspects of each question even if theyread it quickly.

T.C. Lethbridge1998 Software Education Relevance Survey Data6Software Engineering Process• Analysis and Design Methods• Configuration and Release Management• Formal Specification Methods• Maintenance, Reengineering and ReverseEngineering• Performance Measurement and Analysis• Process standards CMM� / ISO 9000 etc• Project Management• Requirements Gathering and Analysis• Software Cost Estimation• Software Metrics• Software Reliability and Fault Tolerance• Testing, Verification and QualityAssuranceSoftware Design Core• Data Structures• Design of Algorithms• Human Computer Interaction / UserInterfaces• Object Oriented Concepts and Technology• Software Architecture• Software Design and Patterns• Specific Programming LanguagesSoftware Subsystem Design• Databases• File Management• Parsing and Compiler DesignOther Software• Artificial Intelligence• Computational Methods for NumericalProblems• Computer Graphics• Information Retrieval• Pattern Recognition and Image Processing• Security and Cryptography• SimulationEngineering SoftwareTopics• Data Transmission andNetworks• Operating Systems• Parallel and DistributedProcessing• Real-Time System Design• Systems ProgrammingComputer ScienceTheoretical Topics• Computational Complexityand Algorithm Analysis• Programming LanguageTheoryMathematical TopicsWidely Used inComputer Science• Automata theory• Control Theory• Formal Languages• Graph Theory• Information Theory• Predicate Logic• Queuing Theory• Set TheoryOther Mathematics• Combinatorics• Differential and IntegralCalculus• Differential Equations• Laplace and FourierTransforms• Linear Algebra andMatrices• Probability and StatisticsComputer EngineeringHardware Topics• Computer System Architecture• Digital Electronics and DigitalLogic• Microprocessor Architecture• Network Architecture andData Transmission• Telephony andTelecommunicationsOther Hardware• Analog Electronics• Data Acquisition• Digital Signal Processing• Robotics• VLSIBasic Science• Chemistry• Physics• Accounting• Economics• Entrepreneurship• Management• MarketingHumanities & Skills• Ethics and Professionalism• Giving Presentations to anAudience• Leadership• Negotiation• Philosophy• Psychology• Second Language Other thanEnglish as Second Language• Technical WritingTable 1: The 75 topics in the survey, arranged in categories; alphabeticallywithin each category.

T.C. Lethbridge1998 Software Education Relevance Survey Data73. Knowledge Learned in Formal Education: Question 1In this section, we discuss the answers to question 1: In Tables 2 and 3, we present thetopics about which participants said they learned most and least respectively. The samedata is graphically presented in Figures 2 and 3.Three separate metrics are presented about each topic:¥The mean score given to each topic in question 1 (Tables 2 and 3 are sorted by thiscriterion);¥The percentage of participants who gave each topic a score of 4 or 5 (they learned alot about the topic, or learned it in depth);¥The percentage of participants who gave the topic a score of at least 2 (they learnedthe basics or more).Some interesting observations are as follows:¥Five of the top 8 topics are from the mathematics category. We will see in section 5that this contrasts starkly with data from the questions about importance of topics.¥Participants did not in general think they became experts during their formaleducation. In fact, Calculus was the only topic for which more than half of theparticipants thought they had become expert.¥There are only 13 topics about which over 66% of the participants had becomebasically familiar during their education. These topics might be considered as the coreof current educational programs.

T.C. Lethbridge1998 Software Education Relevance Survey Data8RankTopicMeanof Q1%rating4 or 5%rating> 1nStd.Err.Std.Dev.1Specific Programming Languages3.244%89%1780.101.362Differential and Integ. Calculus3.252%89%1760.111.413Linear Algebra and Matrices3.145%85%1790.111.434Probability and Statistics2.934%87%1790.091.255Data Structures2.942%78%1780.121.556Physics2.731%82%1730.111.427Differential Equations2.730%79%1770.111.448Set Theory2.529%75%1750.121.529Design of Algorithms2.326%68%1770.121.5410Operating Systems2.320%71%1780.111.4911Computer System Architecture2.228%63%1790.121.6512Programming Lang. Theory2.219%68%1720.111.513Predicate Logic2.225%65%1730.131.6414Chemistry2.214%70%1720.111.415Comp. Meth. for Numeric Probs.2.218%67%1770.111.516Formal Languages2.229%63%1710.131.6617Dig. Electronics & Dig. Logic2.125%59%1720.131.718Comp. Complex. & Alg. Analysis2.125%59%1750.131.6519Software Architecture2.017%59%1750.121.5420Microprocessor Architecture1.919%56%1720.121.5921File Management1.916%57%1730.111.4822Databases1.918%56%1790.121.5823Graph Theory1.920%56%1740.121.5524Analysis and Design Methods1.913%57%1760.121.5225Second Lang. Other than English1.815%57%1730.121.61Table 2: Topics about which participants had learned most in their formaleducation: The topics ranked 1 to 25 according to the means of question 1.

T.C. Lethbridge1998 Software Education Relevance Survey Data9RankTopicMeanof Q1%rating4 or 5%rating> 1nStd.Err..Std.Dev.51Simulation1.27%38%1750.111.4352Parallel and Distributed Proc.1.211%36%1740.111.4453Project Management1.28%37%1770.111.4854Management1.26%37%1720.101.3655HCI / User Interfaces1.14%35%1780.101.3556Psychology1.13%36%1710.101.2757SW Reliability & Fault Tolerance1.05%29%1740.101.2858Digital Signal Processing1.010%31%1670.111.4259Telephony and Telecom.1.06%31%1730.101.3360Accounting1.06%33%1680.101.3361Real-Time System Design1.06%30%1750.101.3462Pattern Recog. and Image Proc.0.98%26%1740.101.3863Leadership0.83%26%1740.091.2264Software Metrics0.85%24%1770.091.2165Security and Cryptography0.84%26%1710.101.2966Data Acquisition0.82%23%1670.091.1767Maint., Reeng. and Rev. Engg.0.83%21%1770.081.1168Marketing0.74%20%1710.091.1369VLSI0.64%17%1660.091.1470Robotics0.65%19%1670.091.1171Software Cost Estimation0.63%18%1740.081.0572Config. and Release Mgmt.0.52%15%1720.070.9673Entrepreneurship0.53%13%1750.081.0774Process Stds. CMM / ISO 90000.51%14%1680.070.9375Negotiation0.51%14%1730.070.94Table 3: Topics about which participants had learned least in their formaleducation: The topics ranked 51 to 75 according to the means of question 1.

T.C. Lethbridge1998 Software Education Relevance Survey Data10Probability and Statistics

Physics

Set Theory

Design of Algorithms

Operating Systems

Computer System Architecture

Amount Known (0 to 5)

% FamiliarFigure 2: Graph of the three learning metrics for the top 25 topics.

Psychology

Digital Signal Processing

Real-Time System DesignVLSI

Robotics

Software Cost Estimation

Process standards CMM / ISO 9000 etc

% FamiliarFigure 3: Graph of the three learning metrics for the bottom 25 topics.

T.C. Lethbridge1998 Software Education Relevance Survey Data11Table 4 gives the mean scores given to question 1 for each of the of topics (seefigure 1 for a list of categories).These figures are only marginally useful because, for example, a few highly-learnedsoftware topics are averaged with many software topics that are normally taught aselectives, if at all. Nevertheless it is interesting to note that mathematics appears to be themost taught category, while software engineering process is tied with business as the leasttaught category.Amount learnedAll 75 topics1.6General mathematics (14 topics)2.1Computer science theory (10 software & math)1.9Software (all 36 topics)1.5Software design (10 topics)2.0Software engineering process (12 topics)1.0Specialized software techniques (10 topics)1.4Computer engineering (10 topics)1.7Hardware (10 topics)1.3Non-computing, non-math (15 topics)1.3Business (5 topics)1.0Table 4: Average learning for the categories of topics. Mean answers toquestion 1 (see Figure 1).

T.C. Lethbridge1998 Software Education Relevance Survey Data12Tables 5 and 6 provide top-10 rankings of those topics in which people became experts,or minimally familiar, respectively during their education. These tables highlight some ofthe data found in columns 4 and 5 of Table 2.RankTopic% Expert1Differential and Integral Calculus52%2Linear Algebra and Matrices45%3Specific Programming Languages44%4Data Structures42%5Probability and Statistics34%6Physics31%7Differential Equations30%8Formal Languages29%9Set Theory29%10Programming Language Theory28%Table 5: Top 10 topics in terms of the percentage of people who becameexperts (scored question 1 with 4 or 5) during their education. See Figure 1for the test of question 1.RankTopic% Familiar1Specific Programming Languages89%2Differential and Integral Calculus89%3Probability and Statistics87%4Linear Algebra and Matrices85%5Physics82%6Differential Equations79%7Data Structures78%8Set Theory75%9Operating Systems71%10Chemistry70%Table 6: Top 10 topics in terms of the percentage of people who becameminimally familiar with each topic (scored question 1 with 2 or above) duringtheir education. See Figure 1 for the test of question 1.

T.C. Lethbridge1998 Software Education Relevance Survey Data13Variability in the Responses to Question 1Tables 7 and 8 provide information about the variability of the responses to question 1.Table 7 shows bipolarity, which is the tendency for there to be two distinct peaks in thedata. Bipolarity is a measure of the depth and width of valleys between any two peaks inthe histogram for a topic; a monotonically increasing or decreasing histogram would havea bipolarity of 0, as would a histogram with just one peak. Bipolarity reaches a maximumvalue of 100 if all the responses are evenly distributed between the two extreme bucketsof the histogram (buckets 0 and 5 in our case). The formula for bipolarity is:

bipolarity valley( ,) = � Ł � � � ł � � - - = + =

-

- �100 22_{1212} 3_{jijihih} h_{i j}^n

(eq. 1)where: i s t h e t o t a l n u m b e r o f p a r t i c i p a n t s r e s p o n d i n g t o t h e q u e s t i o n ( t h e s u m o f a l l t h e buckets in the histogram) h is the number of buckets in the histogram (in our case 6)

,)intermax(

,)intermin(

,),intermin(

,)ijn ij n ijn ijn iji ji j= �- -º ß if > > then else 0

(eq.2)

intermax(

,)ij kk ijn== +-Ø ø11

(eq.3)

intermin(,)ij kk ijn== +-º ß11

(eq.4)

ni

is the number of responses in the ith bucket of the histogram.The data show that the strongest bipolarity occurs in formal languages. This indicates thatstudents either learned a considerable amount about this topic or else almost nothing —there were few people who responded with intermediate scores. In general the bipolartopics tend to be ones that are normally elective (e.g. second languages), or else arecompulsory in certain programs but not others (e.g. formal languages, predicate logic,combinatorics, etc.).Knowing that a topic has high bipolarity can be useful:

T.C. Lethbridge1998 Software Education Relevance Survey Data14¥To those hiring people needing certain knowledge, so they do not assume that allapplicants have the knowledge.¥To curriculum designers, so that they can be aware of strong differences of opinionabout what might be included in a program.The standard deviation figures given in Table 8 provide further information about thevariability of the data. However, unlike bipolarity, a high standard deviation does notnecessarily point to systematic and sharp differences in the types of education received.For example, there was a wide variability in the amount participants learned aboutautomata, digital electronics and parsing; however, none of these topics showed bipolardistributions.RankTopicBipolarity1Formal Languages20.62Second Language Other than English10.13Predicate Logic9.14Combinatorics9.05Technical Writing8.46Analysis and Design Methods8.27Computational Methods for Numerical Problems7.88Chemistry7.59Operating Systems6.610Network Architecture & Data Transmission6.5Table 7: The 10 topics with the most pronounced bipolar distributions,suggesting the presence of distinctly different types of education.RankTopicStandard Deviation1Automata theory1.702Digital Electronics & Digital Logic1.703Parsing and Compiler Design1.674Laplace and Fourier Transforms1.675Formal Languages1.666Computational Complexity & Algorithm Analysis1.657Programming Language Theory1.658Predicate Logic1.649Combinatorics1.6310Second Language Other than English1.61Table 8: The 10 topics with the most pronounced standard deviations ofamount learned, indicating wide variability in education.

T.C. Lethbridge1998 Software Education Relevance Survey Data15Differences Among Subsets of Participants in Answers to Question 1Tables 9 and 10 compare the education of those who graduated in the four years prior to1998 (junior participants) with that of those who graduated prior to 1976 (experts).The expert participants had learned more about non-computing topics, while the juniorparticipants learned more about computing topics, particularly those, such as objectoriented technology, that have only become widely known in recent years.RankTopic% Increasefor juniorsJuniorlearningExpertlearning1Object Oriented Concepts & Tech.256%2.40.72Parallel and Distributed Proc.161%2.00.83SW Reliability & Fault Tolerance154%1.50.64Software Cost Estimation154%1.00.45Computer Graphics141%2.00.86HCI / User Interfaces141%1.60.77Software Metrics135%1.30.58Pattern Recognition and Image Proc.131%1.40.69Digital Signal Processing121%1.40.610Config. and Release Management108%0.80.411Artificial Intelligence100%1.70.812Data Transmission and Networks98%2.61.313Process Stds. CMM / ISO 900094%0.60.314Network Arch. & Data Trans.94%2.41.215Project Management92%1.70.9Table 9: Topics which those graduating in the last four years (juniorparticipants) learned more thoroughly in their formal education as opposedto those graduating 12 or more years ago (expert participants).RankTopic% Decrease forjuniorsJuniorlearningExpertlearning1Psychology-42%0.71.22Marketing-41%0.40.83Accounting-38%0.71.14Economics-30%1.41.95Philosophy-29%1.01.46Second Lang. Other than English-19%1.51.87Analog Electronics-15%1.11.38Set Theory-7%2.42.6Table 10: Topics which junior participants learned less about in their formaleducation than did expert participants

T.C. Lethbridge1998 Software Education Relevance Survey Data16Tables 11 and 12 provide information about how a computer science education differsfrom an engineering education, in terms of how much was learned about various topics.For this analysis, we have grouped together all 49 engineering graduates (including 23electrical engineers, 12 computer engineers and 17 other engineers). We have alsogrouped together into the 106-member �CS/SE� category, the 88 computer sciencegraduates, the 22 software engineering graduates, and the 10 graduates of informationsystems. We performed the calculations at this level of granularity to ensure we hadreasonable sample sizes for the comparison.There are few surprises in the data: Software topics are clearly learned far more by theCS/SE graduates, while the engineers learn more about traditional engineering topicssuch as electronics and Fourier transforms, as well as physics and chemistry. Engineersalso have more background in such computing-related topics as digital signal processing,control theory, telecommunications and simulation. It is interesting to note that engineershave more background in entrepreneurship and also ethics and professionalism thancomputer scientists.RankTopic% CS/SELearned LessEngineeringLearningCS/SELearning1Digital Signal Processing-59%2.10.92Analog Electronics-54%2.51.13Control Theory-50%2.31.24Laplace and Fourier Transforms-47%3.11.65VLSI-43%1.10.66Telephony and Telecom.-36%1.71.17Entrepreneurship-35%0.70.48Simulation-31%1.81.29Physics-25%3.52.610Differential Equations-24%3.42.611Dig. Electronics & Dig. Logic-22%3.02.312Ethics and Professionalism-21%1.41.113Data Acquisition-20%1.10.914Chemistry-18%2.72.215Robotics-17%0.90.7Table 11: Topics where computer science graduates learned considerably than engineering graduates.

T.C. Lethbridge1998 Software Education Relevance Survey Data17RankTopic% CS/SELearnedMoreEngineeringLearningCS/SELearning1Parsing and Compiler Design90%1.32.42Process Stds. CMM / ISO 900090%0.30.73File Management80%1.42.54Information Retrieval79%0.91.75Security and Cryptography73%0.61.16Programming Language Theory70%1.72.97Databases69%1.52.58Systems Programming65%1.42.29Software Cost Estimation65%0.50.810Software Architecture61%1.62.611Operating Systems49%2.03.012Automata theory44%1.52.113Design of Algorithms43%2.02.914Information Theory39%1.41.915Comput. Complexity & Algor. Analysis38%1.82.516Artificial Intelligence37%1.21.717Software Design and Patterns36%1.62.218Requirements Gathering and Analysis35%1.21.619Formal Languages35%2.02.720Analysis and Design Methods34%1.72.321Data Structures33%2.73.522Graph Theory31%1.72.323Project Management29%1.11.424Parallel and Distributed Processing28%1.21.525Computer Graphics28%1.31.6Table 12: Topics where computer science graduates learned considerablymore than engineering graduates

T.C. Lethbridge1998 Software Education Relevance Survey Data18Table 13 lists the topics for which students with masters or PhD degrees in computerscience had learned considerably more during their education compared with thosehaving only undergraduate degrees in computer science.This data might be useful for managers who are attempting to decide whether to look forapplicants with a postgraduate degree, or whether a bachelors degree is sufficient. It isinteresting that Table 13 contains topics such as management and marketing that are notnormally taught as part of CS graduate programs: Perhaps those who are interested inpursuing graduate degrees were also motivated to learn about these business topics in atsome other time.RankTopic% Increase1Simulation31%2Pattern Recognition and Image Proc.25%3Second Language Other than English23%4Management22%5Marketing21%6Formal Specification Methods18%7Real-Time System Design18%8Configuration and Release Management18%9Robotics18%10Project Management18%Table 13: Topics where graduate students in computer science had learnedconsiderably more in their formal education than undergraduates.

T.C. Lethbridge1998 Software Education Relevance Survey Data194. Present Knowledge: Question 2In this section we move on to examine the answers to question 2 in the survey: Thepresent knowledge participants have about the topics.Tables 14 and 15, as well as Figures 4 and 5, give data for the three metrics discussed inthe last section: The mean score, the percent that know the topic very well, and thepercent that know the topic at least minimally. As the figures show, these three metricsprovide very similar information about which topics are better known.We see that all but three of the 25 most-known topics are related to computing, and theremaining three are �soft� topics: Giving presentations, technical writing, and ethics andSpecific programming languages and data structures are far out in front of all other topicsin terms of both mean knowledge, and the percentage of those who know themminimally. These are followed by topics that have to do with design, as well assupporting technologies such as operating systems and databases.The bottom 25 topics are courses that were both not extensively taught in university, andalso not significantly used on the job. If a company expects to start a project that requiresany of these topics, then it would do well to find out if employees have sufficientknowledge and provide training courses as appropriate.

T.C. Lethbridge1998 Software Education Relevance Survey Data20RankTopicMeanof Q2%rating4 or 5%rating> 1nStd.Err.Std.Dev.1Specific Programming Languages4.178%97%1790.081.032Data Structures3.765%96%1780.081.123Operating Systems3.446%96%1790.081.114Software Design and Patterns3.452%90%1790.101.305Software Architecture3.349%87%1750.101.366Giving Presentations to an Audience3.350%89%1720.101.347Databases3.245%89%1800.091.228Object Oriented Concepts & Tech.3.245%85%1780.111.419Testing, Verif. & Quality Assurance3.241%91%1790.091.1810Analysis and Design Methods3.250%85%1790.101.3311Requirements Gath. & Analysis3.148%87%1800.101.3712Project Management3.139%91%1800.091.2513File Management3.145%84%1760.111.4614Ethics and Professionalism3.038%84%1730.111.4715Design of Algorithms3.044%83%1780.111.4616Technical Writing3.041%85%1720.111.4317Data Transmission and Networks3.039%87%1790.101.2918Configuration and Release Mgmt.2.834%79%1740.111.5019HCI / User Interfaces2.830%81%1790.101.3920Programming Language Theory2.733%77%1800.111.4821Computer System Architecture2.731%79%1730.111.4522Performance Meas. & Analysis2.628%79%1800.111.4323Maintenance, Reeng. and Rev. Engg.2.633%79%1800.111.4224Network Architecture & Data Trans.2.627%77%1730.111.4125Systems Programming2.536%68%1740.131.67Table 14: Topics about which participants currently know most. The topicsranked 1 to 25 according to the means of question 2. See Figure 1 for the textof question 2.

T.C. Lethbridge1998 Software Education Relevance Survey Data21RankTopicMeanof Q2%rating4 or 5%rating> 1nStd.Err.Std.Dev.51Security and Cryptography2.012%62%1780.111.4552Predicate Logic1.918%55%1730.121.5553Telephony and Telecommunications1.914%57%1680.121.5354Second Language Other than English1.814%54%1710.121.5655Philosophy1.710%52%1690.111.4256Graph Theory1.711%51%1760.111.4357Psychology1.69%50%1700.111.3858Entrepreneurship1.613%50%1670.121.5359Information Theory1.613%49%1690.111.4860Queuing Theory1.69%47%1760.111.4361Differential Equations1.68%47%1790.101.3062Accounting1.57%49%1690.101.3463Data Acquisition1.513%42%1660.121.6064Automata theory1.513%44%1690.121.5665Chemistry1.44%47%1710.091.1866Marketing1.49%42%1680.111.4267Combinatorics1.48%43%1640.111.4268Artificial Intelligence1.46%43%1750.101.2969Digital Signal Processing1.310%36%1650.111.4470Pattern Recognition and Image Proc.1.37%36%1740.111.4171Laplace and Fourier Transforms1.26%37%1720.101.3672Analog Electronics1.27%36%1690.111.3973Control Theory1.15%34%1730.101.3274Robotics0.94%27%1670.091.1975VLSI0.74%20%1650.091.19Table 15: Topics about which participants currently know least. The topicsranked 51 to 75 according to means of question 2. See Figure 1 for the text ofquestion 2.

T.C. Lethbridge1998 Software Education Relevance Survey Data22

Operating Systems

Systems ProgrammingAmount Known (0 to 5)

% Familiar

Figure 4: Graph of the three knowledge metrics for the top 25 topics.

Queuing theoryAutomata theory

Chemistry

Combinatorics

Digital Signal ProcessingControl Theory

Robotics

VLSI

T.C. Lethbridge1998 Software Education Relevance Survey Data23Table 16 shows the mean answers to question 2 for the categories of topics presented inTable 1.CategoryAmount knownAll 75 topics2.2General mathematics (14 topics)1.7Computer science theory (10 software & math)1.8Software (all 36 topics)2.6Software design (10 topics)3.2Software engineering process (12 topics)2.7Specialized software techniques (10 topics)2.1Computer engineering (10 topics)2.5Hardware (10 topics)1.7Non-computing, non-math (15 topics)2.1Business (5 topics)1.8Table 16: Amount known about specific categories of topic.

T.C. Lethbridge1998 Software Education Relevance Survey Data24Tables 17 and 18 highlight data from columns 4 and 5 of Table 14. Many of the sametopics are in these top-ten lists; the most interesting observation is the appearance ofproject management near the top of Table 18: Although few people are expert in projectmanagement, almost everybody knows the basics.RankTopic% Expert1Specific Programming Languages78%2Data Structures65%3Software Design and Patterns52%4Giving Presentations to an Audience50%5Analysis and Design Methods50%6Software Architecture49%7Requirements Gathering & Analysis48%8Operating Systems46%9File Management45%10Databases45%Table 17: Topics with the highest percentage of people who are experts.RankTopic% Familiar1Specific Programming Languages97%2Operating Systems96%3Data Structures96%4Project Management91%5Testing, Verif. & Quality Assurance91%6Software Design and Patterns90%7Databases89%8Giving Presentations to an Audience89%9Software Architecture87%10Requirements Gathering & Analysis87%Table 18: Topics with the highest percentage of people who have becomefamiliar with the topic.

T.C. Lethbridge1998 Software Education Relevance Survey Data25Variability of Responses to Question 2Table 19 presents those topics where there is the greatest bipolarity in the distribution ofresponses to question 2. A definition of bipolarity was given in equation 1 of section 3.The data suggest that some organizations use metrics while others do not — with fewintermediate cases. Similarly there are sharp differences between those who do costestimation, lead projects or perform negotiation, and those who do not. The bipolarity inreal-time knowledge makes sense because of the natural split between real-time softwaredevelopers and MIS developers: Differences between these groups will be explored in thenext subsection.Some of these same differences appear in wide standard deviations of current knowledge,presented in table 20. Also notable in Table 20 is the wide variation in the amount ofknowledge that participants have about process standards.RankTopicBipolarityPeak 1Peak 21Software Metrics11.8032Software Cost Estimation7.9033Leadership7.4034Negotiation6.9035Real-Time System Design6.8036Queuing Theory6.1037Data Acquisition5.8038Parsing and Compiler Design5.7039Telephony and Telecom.5.20310Predicate Logic4.90311Information Retrieval4.70312Formal Languages4.503Table 19: Topics with the most pronounced bipolar distributions — indicatingsystematic differences in the kinds of knowledge needed for work.RankTopicStandard Deviation1Systems Programming1.672Process Stds. CMM / ISO 90001.653Real-Time System Design1.634Formal Languages1.625Data Acquisition1.606Software Metrics1.597Parsing and Compiler Design1.598Information Retrieval1.58Table 20: Topics with the highest standard deviations of knowledge —indicating wide differences in amounts known.

T.C. Lethbridge1998 Software Education Relevance Survey Data26Differences Among Subsets of Participants in Answers to Question 2This section looks at differences in responses to question 2 from various demographicsubsets. See section 9 for details of the demographic groups themselves.Table 21 and 22 compare the knowledge of Real-Time and MIS developers. There arerelatively few surprises: Real-time developers know more about real-time design, as wellas related topics such as control theory, digital signal processing, systems programmingand electronics. Interestingly, they also know more about process standards and softwaremetrics; this is likely because organizations developing real-time software have greaterrequirements for reliability, and the software often is more complex.As expected, MIS participants know more about business topics, information retrievaland databases. However, the number of topics where they beat real-time developers isrelatively few, suggesting that real-time developers are more knowledgeable overall.RankTopic%IncreaseKnow-ledge ofreal timeparticip-antsKnow-ledgeofwholesampledifference1Control Theory37%1.51.10.42Real-Time System Design35%2.82.10.73Digital Signal Processing34%1.71.30.44Data Acquisition29%1.91.50.45Robotics29%1.10.90.36Process Stds. CMM / ISO 900029%2.72.10.67VLSI21%0.90.70.18Analog Electronics21%1.51.20.39Simulation20%2.32.00.410Laplace and Fourier Transforms20%1.51.20.211Microprocessor Architecture19%2.72.20.412Digital Electronics & Digital Logic19%2.52.10.413Software Metrics17%2.52.10.414SW Reliability & Fault Tolerance15%2.92.50.415Systems Programming13%2.92.50.316Computer System Architecture13%3.02.70.417Queuing Theory13%1.81.60.218Software Cost Estimation13%2.42.20.319Automata theory12%1.61.50.220Technical Writing12%3.33.00.3Table 21: Topics with the greatest relative difference in amount knownbetween real-time developers and the whole sample.

T.C. Lethbridge1998 Software Education Relevance Survey Data27RankTopic%IncreaseKnow-ledge ofMISparticip-antsKnow-ledgeofwholesampledifference1Marketing21%1.61.40.32Accounting19%1.81.50.33Psychology16%1.91.60.34Security and Cryptography14%2.22.00.35Information Retrieval11%2.62.30.36Entrepreneurship10%1.81.60.27Databases10%3.53.20.3Table 22: Topics with the greatest relative difference in amount knownbetween MIS developers and the whole sample.Tables 23 and 24 compare the current knowledge of junior and expert participants. Asmight be anticipated, the expert participants have a much longer list of topics in whichtheir knowledge is superior — the list is also very diverse.Junior participants continue to know more about object-oriented technology (see alsoTable 9) and a few other topics that are still relatively fresh in their minds from theireducation (graph theory, predicate logic etc.).RankTopic%IncreaseKnow-ledge ofjuniorparticip-antsKnow-ledgeofwholesampledifference1Graph Theory13%1.91.70.22Object Oriented Concepts & Tech.12%3.63.20.43Combinatorics8%1.51.40.14Predicate Logic8%2.01.90.15Linear Algebra and Matrices7%2.42.30.26Programming Language Theory5%2.82.70.17Computer Graphics5%2.12.00.1Table 23: Topics that junior participants (up to 4 years experience) knowbetter than the whole sample.

T.C. Lethbridge1998 Software Education Relevance Survey Data28RankTopic%IncreaseKnow-ledge ofexpertparticip-antsKnow-ledgeofwholesampledifference1Data Acquisition28%1.91.50.42Real-Time System Design25%2.62.10.53Software Cost Estimation24%2.72.20.54Robotics24%1.10.90.25Analog Electronics21%1.41.20.26Software Metrics19%2.52.10.47Psychology16%1.91.60.38Economics16%2.32.00.39Simulation15%2.32.00.310Accounting15%1.71.50.211Maint., Reeng. and Reverse Engg.15%3.02.60.412Process Stds. CMM / ISO 900013%2.42.10.313Management13%2.82.50.314Negotiation13%2.32.00.315Digital Signal Processing12%1.51.30.216VLSI12%0.80.70.117Philosophy12%1.91.70.218Configuration and Release Mgmt.12%3.22.80.319Marketing11%1.51.40.220Systems Programming11%2.82.50.321Laplace and Fourier Transforms11%1.41.20.122Microprocessor Architecture10%2.52.20.223SW Reliability & Fault Tolerance10%2.82.50.224Telephony and Telecom.10%2.01.90.2Table 24: Topics that expert participants (12 or more years experience) knowbetter than the whole sample.

T.C. Lethbridge1998 Software Education Relevance Survey Data29Table 25 examines the current knowledge of managers (those 37 participants who spend25% or more of their time performing management tasks), comparing it to theparticipants at large. Not surprisingly, �management� itself is near the top of the list. Ofthe top 17 topics, all but two are very clearly management-related topics.The table can provide guidance to those who desire to become managers: Among �soft�topics, they should clearly study negotiation, marketing, psychology and leadership. Theyshould also study process standards and software metrics.RankTopic%IncreaseKnow-ledge ofmanagersKnow-ledgeofwholesampledifference1Negotiation50%3.02.01.02Management48%3.62.51.23Marketing42%1.91.40.64Process Stds. CMM / ISO 900040%2.92.10.85Psychology38%2.21.60.66Software Metrics37%2.92.10.87Leadership35%3.42.50.98Project Management32%4.13.11.09Software Cost Estimation31%2.82.20.710Accounting29%2.01.50.411Entrepreneurship27%2.11.60.412Ethics and Professionalism21%3.63.00.613Queuing Theory21%1.91.60.314Requirements Gath. & Analysis20%3.83.10.615Giving Presentations to Audience19%3.93.30.616Information Theory19%1.91.60.317Configuration and Release Mgmt.18%3.32.80.518Real-Time System Design18%2.52.10.419Testing, Verif. & Qual. Assurance18%3.83.20.620Artificial Intelligence17%1.61.40.221Data Acquisition15%1.71.50.222Formal Languages14%2.32.10.323Formal Specification Methods14%2.62.30.324Parallel and Distributed Proc.13%2.42.10.325Network Arch. & Data Trans.12%2.92.60.326Digital Signal Processing12%1.51.30.227Security and Cryptography12%2.22.00.228Pattern Recog. and Image Proc.12%1.41.30.129Technical Writing12%3.33.00.3Table 25: Topics that managers know better than the whole sample.

T.C. Lethbridge1998 Software Education Relevance Survey Data30Tables 26 and 27 compare the knowledge of programmers with that of the rest of theparticipants. Programmers are defined as those 102 participants who spend 25% or moreof their time programming.As expected programmers know more about core programming topics such as algorithmdesign, programming languages, object technology and parsing. However, they know lessabout certain other topics that probably should be important to a programmer: Processstandards, metrics, cost estimation and requirements.RankTopic%IncreaseKnowledgeof pro-grammersKnow-ledge ofwholesampledif-ference1Design of Algorithms10%3.33.00.32Object Oriented Concepts & Tech.9%3.53.20.33Specific Programming Languages8%4.44.10.34Parsing and Compiler Design8%2.12.00.25Combinatorics8%1.51.40.1Table 26: Topics that programmers know better than the whole sample.RankTopic% In-creaseKnowledgeof pro-grammersKnow-ledge ofwholesampledif-ference1Process Stds. CMM / ISO 9000-23%1.62.1-0.52Management-22%1.92.5-0.53Robotics-21%0.70.9-0.24Leadership-19%2.12.5-0.55Negotiation-17%1.72.0-0.36Software Metrics-16%1.82.1-0.37Data Acquisition-15%1.21.5-0.28Control Theory-15%0.91.1-0.29Software Cost Estimation-15%1.82.2-0.310Project Management-13%2.73.1-0.411Giving Presentations to Audience-12%2.93.3-0.412Marketing-12%1.21.4-0.213Entrepreneurship-12%1.41.6-0.214Psychology-11%1.41.6-0.215Accounting-10%1.41.5-0.216Requirements Gath. & Analysis-10%2.83.1-0.317Telephony and Telecom.-10%1.71.9-0.218Information Theory-10%1.51.6-0.2Table 27: Topics that programmers know less about than the whole sample.

T.C. Lethbridge1998 Software Education Relevance Survey Data315. Importance of Topics: Questions 3 and 4An important objective of this survey was to determine the topics that softwarepractitioners find most important to their work. As presented earlier, two distinctquestions were asked about each topic: Question 3 asked about the importance of eachtopics� details, while question 4 asked about how much each topic had influenced theparticipant.In this section, we present several different analysis of the answers to these questions.Tables 28 to 31 provide rankings of topic importance that combine various analyses.Tables 32-38 look specifically at question 3; Tables 39-45 look at question 4; Table 46looks at topics that novices with no education were forced to learn, and the remainingtables in the section look at how importance differs according to the participant�sbackground and job function.Aggregate Measures of ImportanceTable 28, on the next page, provides an aggregate importance ranking. A topic is listed onTable 28 if it appears in the top ten of any one of seven other importance tables. Theseven tables considered were:Rankings of the importance participants attributed to the topics� details:¥Table 32: Mean of question 3.¥Table 33: Percent of people who considered the topic�s details very important (scoredquestion 3 with 4 or 5).¥Table 34: Percentage of people who considered the topic�s details at least minimallyimportant (scored question 3 with at least 2).Rankings of the influence that participants attributed to the topics:¥Table 39: Mean of question 4.¥Table 40: Percent of people who considered the topic to have influenced them verymuch (scored question 4 with 4 or 5).¥Table 41: Percent of people who considered the topic to have at least minimallyinfluenced them (scored question 4 with at least 2).Forced learning:¥Table 46: Topics that people were forced to learn about when they knew nothing to startwith.To arrive at the aggregate importance ranking for the topics, we applied the followingformula to each of the top-ten rankings.

TopicAggrImportance

=-� 11topicRanking

table table

(eq. 5)The most interesting observations about table 28 are: a) no math topics appear; b) 14 outof 17 topics (including the top 5) are software topics; and c) professional topics such asethics, technical writing and giving presentations rank very high.

T.C. Lethbridge1998 Software Education Relevance Survey Data32Table:32333439404146RankTopic# oftop-10sAg-gregateimport-anceDetailsmeanDetails%import-antDetailsminimallyimportantInflu-encemeanInflu-enced %import-antInflu-encedmin-imallyNoviceforcedto learn(eq. 5)(rank)(rank)(rank)(rank)(rank)(rank)(rank)1Data Structures76122144122SpecificProgrammingLanguages75911213913Software Designand Patterns6443362174RequirementsGath. & Analysis74057365295SoftwareArchitecture6334658646Ethics and421328107HCI / UserInterfaces42175838Object OrientedConcepts & Tech.620101077669ProjectManagement4178410510Analysis andDesign Methods51399910511TechnicalWriting31275912Giving Presenta-tions to Audience2126413Testing, Verif. &Qual. Assurance311810414OperatingSystems18315Configurationand ReleaseMgmt.268816Databases14717Design ofAlgorithms23109Table 28: The most important topics, determined by combining the top-10rankings from various other tables in this section. Each of the 17 topicsappeared in at least one top-10 list. Topics nearest the top of this listappeared near the top of the other lists.

T.C. Lethbridge1998 Software Education Relevance Survey Data33Another approach to computing overall importance of topics is to simply take the averageof questions 3 and 4. Results of this computation for all 75 topics are presented in tables29 through 31.This approach gives similar results to the approach taken for Table 28; topics are onlyshifted up and down a very few points in the rankings.The most interesting data is found near the top of table 29, the most important topics thatevery software engineer should presumably know; and near the bottom of table 31, topicsthat most software engineers clearly do not need to know.RankTopicOverallDetails(Q3)(Q4)1Specific Programming Languages3.84.13.52Data Structures3.63.73.43Software Design and Patterns3.53.63.54Software Architecture3.43.53.35Requirements Gathering & Analysis3.43.53.36HCI / User Interfaces3.33.33.37Object Oriented Concepts & Tech.3.33.33.38Ethics and Professionalism3.33.23.49Analysis and Design Methods3.33.33.310Giving Presentations to an Audience3.33.53.111Project Management3.33.43.212Testing, Verif. & 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 Trans.2.82.82.725Negotiation2.82.92.6Table 29: The most important 25 topics — based on the average of bothimportance of details and influence.

T.C. Lethbridge1998 Software Education Relevance Survey Data34RankTopicOverallDetails(Q3)(Q4)26Performance Measurement & Analysis2.72.82.627Maintenance, Reeng. and Rev. Engg.2.72.82.628Programming Language Theory2.72.72.729Computer System Architecture2.72.72.630Comput. 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 Acquisition2.12.22.0Table 30: The middle 25 topics in terms of importance — based on the averageof both importance of details and influence. Continuation of Table 29.

T.C. Lethbridge1998 Software Education Relevance Survey Data35RankTopicOverallDetails(Q3)(Q4)51Marketing2.12.02.352Comput. Methods for Numeric Probs.2.12.22.053Psychology2.12.02.254Accounting2.12.12.155Economics2.11.82.356Linear 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 Proc.1.61.61.767Differential and Integral Calculus1.61.31.968Combinatorics1.61.51.669Artificial Intelligence1.51.31.870Analog Electronics1.51.41.771Laplace and Fourier Transforms1.31.31.472Differential Equations1.31.11.473Chemistry1.30.91.674Robotics1.31.21.475VLSI1.21.11.3Table 31: The least important 25 topics — based on the average of bothimportance of details and influence. Continuation of Table 30.

T.C. Lethbridge1998 Software Education Relevance Survey Data36Importance Compared with Amount Learned and Current KnowledgeFigures 6, 7 and 8 present the topics ordered by overall importance, as in Tables 29through 31, with the addition of data about the amount learned in formal education (Q1;discussed in Section 3) and the amount currently known (Q2; discussed in Section 4).The data from question 1 (amount learned) is shown using boxes, and data from question2 (amount currently known) is shown by the ends of the vertical bars. It can be seen thatthe amount currently known is quite similar to the importance, while there is aconsiderable difference between the amount learned and the importance. In particular,Table 6 shows many topics where the amount learned is considerably less than theimportance; on the other hand Table 8 shows 10 topics where the amount learned exceedsthe importance. This relationship is discussed further in Tables 64 and 65 in Section 7.The vertical lines indicating amount currently known in most cases extend upwards fromthe boxes. This indicates how much the participants have learned since their formaleducation. In a few cases (in Figure 7 and 8), however, the vertical lines extenddownward into the boxes, indicating that material has been forgotten since education.This phenomenon will be discussed further in Section 6.

T.C. Lethbridge1998 Software Education Relevance Survey Data37

T.C. Lethbridge1998 Software Education Relevance Survey Data38

T.C. Lethbridge1998 Software Education Relevance Survey Data39Importance of The Details: Question 3Tables 32 to 38 present the data for the importance of the details, one of the twocomponents of importance investigated by the survey. In the 1997 survey (see section 8)we did not separate importance into the two components, however participants informedus that some topics might have influenced their thinking even though they had little usefor the details and vice-versa.Table 32 has most of the same topics in the same order as in Table 29 (combined overallimportance), including the top five. It is interesting to note, however, the topics nearestthe top that have risen in the rankings: Giving presentations, technical writing, projectmanagement and operating systems. Three of these are �soft skills�. On the other handhuman-computer interaction has fallen somewhat in the rankings: Perhaps this areateaches awareness of the issues, more than the details.RankTopicImportance ofdetailsStandardDeviation1Specific Programming Languages4.11.192Data Structures3.71.223Software Design and Patterns3.61.344Software Architecture3.51.295Requirements Gathering & Analysis3.51.226Giving Presentations to an Audience3.51.457Technical Writing3.41.418Project Management3.41.329Analysis and Design Methods3.31.3810Object Oriented Concepts & Tech.3.31.4511Operating Systems3.31.3112HCI / User Interfaces3.31.2313Testing, Verif. & Quality Assurance3.31.3014Databases3.31.5115Configuration and Release Mgmt.3.31.3516Design of Algorithms3.31.3017File Management3.21.3418Ethics and Professionalism3.21.5019Data Transmission and Networks3.11.3020Leadership3.11.46Table 32: Topics whose details are perceived to be most important. Meanresponses to question 3 (see Table 35 for the bottom scores).

T.C. Lethbridge1998 Software Education Relevance Survey Data40Tables 33 and 34 show complementary data to Table 32, the percentages of people whobelieve the topics to be very important, or minimally important, respectively.Many of the topics in these lists are also in Table 32, indicating widespread agreementabout the most important topics. A significant point to note in Table 33 is that details ofconfiguration and release management are considered of moderate importance (ranked 15in Table 32), but have a particularly large number of people who consider them to bevery important (the ranking has risen to 8 in Table 33).In Table 9, some topics are higher in the rankings than in Table 32, includingrequirements gathering, project management and user interfaces: This indicates awidespread acknowledgement that the details are useful.RankTopic% who believe important1Specific Programming Languages75%2Data Structures60%3Software Design and Patterns58%4Giving Presentations to an Audience57%5Technical Writing53%6Software Architecture53%7Requirements Gathering & Analysis53%8Configuration and Release Management48%9Analysis and Design Methods48%10Object Oriented Concepts & Tech.48%11Databases48%12Design of Algorithms47%Table 33: Topics by the percentage who perceive the details to be veryimportant (those who rated question 3 with 4 or 5).RankTopic% believe at least minimallyimportant1Data Structures96%2Specific Programming Languages95%3Requirements Gathering & Analysis93%4Project Management92%5Software Architecture92%6Software Design and Patterns91%7HCI / User Interfaces91%8Testing, Verification & Qual. Assurance90%9Technical Writing90%10Design of Algorithms90%Table 34: Topics by the percentage who believe the details to be at least ofminimal importance (those who rated question 3 with at least 2).

T.C. Lethbridge1998 Software Education Relevance Survey Data41Tables 35 and 36 show the topics for which participants believe the details are leastimportant. The presence of continuous mathematics as well as chemistry and electronicsis notable in these tables.RankTopicImportance1Chemistry0.92Differential Equations1.13VLSI1.14Robotics1.25Laplace and Fourier Transforms1.36Artificial Intelligence1.37Differential and Integral Calculus1.38Analog Electronics1.49Philosophy1.510Combinatorics1.5Table 35: Topics whose details are perceived to be least important: Meanresponses to question 3 (see Table 32 for the top scores).RankTopic% who believe not important1Differential Equations71%2Chemistry71%3VLSI70%4Robotics68%5Differential and Integral Calculus66%6Laplace and Fourier Transforms65%7Artificial Intelligence61%8Pattern Recognition and ImageProcessing59%9Analog Electronics55%10Control Theory53%11Philosophy53%12Digital Signal Processing48%13Physics48%14Combinatorics47%15Second Language Other than English46%Table 36: Topics by the percentage who believe the details to be not at allimportant (those who rated question 3 with 0 or 1).

T.C. Lethbridge1998 Software Education Relevance Survey Data42Variability of Responses to Question 3Tables 37 and 38 show topics where there were differences of opinion about theimportance of details.Table 37 shows two topics where there is a bipolarity (defined in section 3) in theopinions, suggesting two schools of thought about the importance of the details of thesetopics.Table 20 shows a variety of topics where there is a variety of opinion about the details. Itcan be seen that many of these are topics that are used only in particular job functions, orparticular types of organizations.RankTopicBipolaritypeak 1peak 2Detailsimportance1Economics5.5031.82Digital Signal Processing3.7031.7Table 37: Topics with the most pronounced bipolar distribution in terms ofthe importance of details, indicating the presence of specific subpopulationswith differing needsRankTopicStd. Dev.1Second Language Other than English1.732Entrepreneurship1.703Formal Languages1.644Real-Time System Design1.625Telephony and Telecommunications1.606Marketing1.607Digital Electronics & Digital Logic1.568Process Standards CMM / ISO 90001.569Software Cost Estimation1.5610Negotiation1.5511Parsing and Compiler Design1.5312Microprocessor Architecture1.53Table 38: Topics with the widest standard deviations of importance of details- indicating widely varying needs

T.C. Lethbridge1998 Software Education Relevance Survey Data43Influence of Topics: Question 4The second question about importance asked about how influential each topic has been tothe participants, irrespective of whether the details have been important.Tables 39, 40 and 41 present the answers to question 4 using the three metrics that wehave presented in earlier sections: Mean, percent rating 4 or 5, and percent rating at least2.Although it is clear that many of the same topics whose details are important, also proveinfluential, it is interesting to note where differences exist: The following topics have ahigher ranking for influence than for details in each of the tables: Ethics andprofessionalism, and human computer interaction / user interfaces.It is interesting to note that �specific programming languages� is at the top of Table 39:Not only are the details of programming languages important, but learning them has beenmore influential, on average, than anything else. However in Table 41, this topic dropsdown to 9th rank behind other topics that have had more widespread at-least-minimalinfluence.RankTopicInfluence1Specific Programming Languages3.52Software Design and Patterns3.53Ethics and Professionalism3.44Data Structures3.45HCI / User Interfaces3.36Requirements Gathering & Analysis3.37Object Oriented Concepts & Tech.3.38Software Architecture3.39Analysis and Design Methods3.310Project Management3.211Testing, Verif. & Quality Assurance3.1Table 39: Topics that have had the most influence. Mean responses toquestion 4.

T.C. Lethbridge1998 Software Education Relevance Survey Data44RankTopic% influenced1Software Design and Patterns57%2Ethics and Professionalism56%3Specific Programming Languages55%4Data Structures52%5Requirements Gathering & Analysis51%6Software Architecture49%7Object Oriented Concepts & Tech.49%8HCI / User Interfaces49%9Design of Algorithms47%10Analysis and Design Methods45%Table 40: Percentage of participants who believe they were very influencedby each topic (those who rated question 4 with 4 or 5).RankTopic% minimally influenced1Data Structures91%2Requirements Gathering & Analysis90%3HCI / User Interfaces88%4Software Architecture87%5Analysis and Design Methods87%6Object Oriented Concepts & Tech.86%7Software Design and Patterns86%8Ethics and Professionalism86%9Specific Programming Languages86%10Testing, Verif. & Quality Assurance85%Table 41: Percentage of participants that were at least slightly influenced bythe topic (those who rated question 4 with at least 2).

T.C. Lethbridge1998 Software Education Relevance Survey Data45Variability of Responses to Question 4Tables 42 and 43 show topics where there was considerable variability of opinion abouttheir influence.Participants were somewhat divided about the influence obtained from learning aboutprocess standards, second languages and physics. On the other hand, there was a widerange of opinion, but not a division of opinion, about the influence obtained by learningabout other topics such as entrepreneurship, formal languages, marketing, logic, etc.RankTopicBipol-arityPeak1Peak2Peak3Infl-uence1Process Standards CMM / ISO 90009.0042.42Second Language Other than English8.8032.13Physics6.9032.34Digital Electronics & Digital Logic4.9032.35Parsing and Compiler Design3.3032.36Formal Languages2.9032.47Differential and Integral Calculus2.8031.9Table 42: Topics with the most pronounced bipolar distribution in terms ofinfluence, indicating the presence of specific subpopulations with differingperceptions.RankTopicSt. Dev.1Process Standards CMM / ISO 90001.732Entrepreneurship1.713Second Language Other than English1.694Physics1.695Formal Languages1.686Marketing1.667Predicate Logic1.648Parsing and Compiler Design1.639Digital Electronics & Digital Logic1.6210Real-Time System Design1.62Table 43: Topics with the widest standard deviations of influence - indicatingwidely varying perceptions.

T.C. Lethbridge1998 Software Education Relevance Survey Data46Comparison of Importance vs. InfluenceTables 44 and 45 compare the means of questions 3 and 4: Importance of details vs.general influence.Table 44 shows those topics (some of them with low importance scores) whereparticipants felt whatever importance they had came from their general influence. It isinteresting to note that chemistry and calculus, two widely-taught topics are consideredunimportant by participants primarily because their details are unimportant: At least somepeople think that learning these topics has been of some influence.The topics listed in table 45 are mostly technical topics that presumably do not inspireparticipants: Their importance, if high, stems from a need to know the details.RankTopic% by whichinfluence wasgreaterInfluenceDetails1Chemistry70%1.60.92Philosophy63%2.51.53Differential and Integral Calculus47%1.91.34Physics43%2.31.65Artificial Intelligence41%1.81.36Differential Equations30%1.41.17Economics28%2.31.88Analog Electronics23%1.71.49Robotics16%1.41.210Entrepreneurship15%2.52.2Table 44: Topics where influence was highest relative to detailsRankTopic% by whichinfluence was lessInfluenceDetails1File Management-24%2.43.22Technical Writing-16%2.93.43Specific Programming Languages-15%3.54.14Configuration and Release Mgmt.-15%2.83.35Software Cost Estimation-14%2.42.76Databases-13%2.83.37Information Retrieval-13%2.32.78Queuing Theory-13%1.82.19Giving Presentations to an Audience-11%3.13.510Data Transmission and Networks-11%2.83.1Table 45: Topics where influence was lowest relative to details, suggestingthat the material didn’t make participants think in new ways

T.C. Lethbridge1998 Software Education Relevance Survey Data47Forced Learning: An Alternative Measure of ImportanceTable 46 presents a completely different approach to ascertaining the importance oftopics. The premise is that if a participant did not learn much about a topic in his or herformal education, but has since increased his or her knowledge very substantially in orderto meet the requirements of work, then the topic must be important.Table 46 lists topics with the highest increase in knowledge since completion of formaleducation, i.e. the difference between question 2 and question 1. However only thosepeople who had said that they knew almost nothing about the topic at the time theycompleted their education (scoring question 1 with 0 or 1) are considered. The number ofpeople considered is listed in the last column of the table.The table contains the same topics that were seen when using the other ways ofcomputing importance, with only slight differences in the order.Several institutions are in the business of retraining people from other fields so that theycan enter the information technology field. The topics listed in table 46 might be the mostsuitable material for such retraining.Note that increase in knowledge, irrespective of the amount learned in education, isdiscussed further in section 6.RankTopicForcedLearningStd. 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 Audience2.41.4288Table 46: Topics which people where forced to learn most about on the jobwhen they knew almost nothing to start with — indirectly indicatingimportance.

T.C. Lethbridge1998 Software Education Relevance Survey Data48Differences Among Subsets of Participants Regarding Overall ImportanceThis section examines the differences of opinion about overall importance (average ofquestions 3 and 4) for various demographic subsets of the participants. The tables onlyinclude topics where there was a significance in overall importance from developers atlarge and where overall importance was greater than 2.5. The tables are ordered byoverall importance so as not to give false impressions about which topics are important.Tables 47 and 48 list the topics that real-time developers and MIS developersrespectively consider more important than others. Certain topics are on the lists asexpected: Databases in the MIS list and real-time design on the real-time list. However itis notable that technical writing and giving presentations are of particular importance toreal-time developers, while entrepreneurship is of particular interest to MIS developers. Itis interesting to compare these tables with Tables 21 and 22.RankTopic% increasedimportanceImportancefor real timedevelopersImportancefordevelopers atlarge1Technical Writing12%3.53.12Giving Presentations to an Audience6%3.53.33Real-Time System Design29%3.32.54Software Reliability & Fault Tol.10%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%2.62.311Data Acquisition19%2.52.112Parallel and Distributed Processing11%2.52.313Microprocessor Architecture11%2.52.214Telephony and Telecommunications8%2.52.3Table 47: Important topics (>= 2.5) that real-time developers consideredmore important than other developers.RankTopic% increasedimportanceImportancefor MISImportancefor all1Databases10%3.43.12Information Retrieval6%2.62.53Entrepreneurship12%2.62.44Security and Cryptography9%2.52.3Table 48: Important topics (>=2.5) that MIS developers consider moreimportant than developers at large.

T.C. Lethbridge1998 Software Education Relevance Survey Data49Tables 49 and 50 compare the importance scores given by participants with differentlevels of experience.In Table 49, it can be seen that those topics that junior developers consider moreimportant than developers at large have to do with programming and low-level design.On the other hand, it can be seen in Table 50 that experts ascribe relatively greaterimportance to topics that have to do mostly with management, communication andprofessionalism.These tables can be compared with Tables 23 and 24 that look at the current knowledgeof the same subsets of the participants.RankTopic% increasefor juniorsImportancefor juniors1Data Structures5%3.82Software Design and Patterns5%3.73Object Oriented Concepts & Technology8%3.64Systems Programming6%3.05Programming Language Theory9%2.96Parsing and Compiler Design9%2.5Table 49: Important topics (>=2.5) that junior developers consider moreimportant than developers at large.RankTopic%increaseforexpertsImportancefor expertsImportancefordevelopers atlarge1Ethics and Professionalism10%3.63.32Giving Presentations to an Audience5%3.53.33Project Management5%3.43.34Technical Writing7%3.43.15Databases5%3.23.16Management6%3.12.97Software Cost Estimation11%2.82.68Real-Time System Design7%2.72.59Probability and Statistics6%2.72.610Formal Languages8%2.62.411Process Standards CMM / ISO 90005%2.52.4Table 50: Important topics (>=2.5) that expert developers consider moreimportant than developers at large.

T.C. Lethbridge1998 Software Education Relevance Survey Data50Table 51 gives a long list of topics that managers consider more important thandevelopers at large. There are few surprises in this table: Process standards, marketing,management, project management and cost estimation are the topics with the greatestincrease in importance in the opinion of managers. These same topics are also found nearthe top of Table 25, the topics which managers know most about.RankTopic%increaseformanagersImportanceformanagersImportancefordevelopers atlarge1Project 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 Trans.17%3.22.813Data Transmission and Networks7%3.23.014Software Cost Estimation25%3.22.615Process Stds. CMM / ISO 900032%3.22.416Software Metrics24%3.12.517File Management6%3.02.818Performance Meas. & Analysis8%3.02.719Maintenance, Reeng. and Rev. Engg.5%2.92.720Probability and Statistics10%2.82.621Formal Specification Methods17%2.82.422Simulation20%2.82.323Marketing31%2.82.124Real-Time System Design10%2.82.525Information Retrieval8%2.72.526Entrepreneurship14%2.72.427Parallel and Distributed Processing14%2.62.328Telephony and Telecommunications11%2.62.329Psychology21%2.52.130Security and Cryptography8%2.52.331Economics19%2.52.1Table 51: Important topics (>=2.5) that managers consider more importantthan developers at large.

T.C. Lethbridge1998 Software Education Relevance Survey Data51The topics that programmers consider more important than developers at large, as listedin Table 52, also hold few surprises.RankTopic%increaseforprogram-mersImportancefor program-mersImportancefordevelopers atlarge1Specific Programming Languages8%4.13.82Object Oriented Concepts & Tech.5%3.53.33Maintenance, Reeng. and Rev. Engg.5%2.92.74Comput. Complexity & Algor. Analysis7%2.82.65Parsing and Compiler Design10%2.52.3Table 52: Important topics (>=2.5) that programmers consider moreimportant than developers at large.Table 53 presents a list of topics that those most knowledgeable consider to be moreimportant than do developers at large. The most knowledgeable participants are thosewhose weighted average knowledge on question 2 was in the top 40%. The weightedaverage was calculated by counting the most important topics with a greater weight.The objective of doing this separate analysis was to eliminate any bias that might havebeen introduced by the presence of participants with relatively little knowledge aboutwhat is actually important to a software developer.It is not surprising that somebody who learns more about a topic should find it moreimportant: Such a person may well have been motivated to learn a topic precisely becauseit was important to them. Also, in learning a topic they become both personally involvedin the topic and see its potential.The topics that rank highest in Table 53 are thus those topics that have the greatestsynergy between learning and appreciation of importance. Interestingly, the highestranking topics are high-level computer topics that have to do with architecture (softwarearchitecture, computer system architecture and microprocessor architecture), design (real-time design and compiler design), parallel processing and computational complexity.One very significant piece of information does not appear on the table: There was exactlyone topic where the more knowledgeable people were, the less they found this topicimportant: Differential and Integral Calculus.One might have expected that the set of 83 expert software developers, discussed inTable 50, would be very similar to the set of knowledgeable developers. In fact, the twosets only share about 35 participants.

T.C. Lethbridge1998 Software Education Relevance Survey Data52RankTopic%increaseImportancefor the mostknowledge-ableparticipantsImportancefor allparticipants1Specific Programming Languages7%4.13.82Data Structures13%4.03.63Software Design and Patterns14%4.03.54Software Architecture16%4.03.45Analysis and Design Methods13%3.73.36Requirements Gath. & Analysis6%3.63.47Object Oriented Concepts & Tech.9%3.63.38Testing, Verif. & Qual. Assurance11%3.63.29Operating Systems14%3.63.110Design of Algorithms12%3.63.211HCI / User Interfaces6%3.53.312Databases7%3.33.113Computer System Architecture18%3.12.714SW Reliability & Fault Tolerance10%3.12.815File Management8%3.12.816Systems Programming9%3.02.817Comput. Complexity & Algor. Analysis16%3.02.618Maint., Reeng. and Rev. Engg.9%3.02.719Real-Time System Design16%3.02.520Negotiation7%2.92.821Performance Meas. & Analysis7%2.92.722Programming Lang. Theory6%2.92.723Software Cost Estimation9%2.82.624Formal Specification Methods14%2.72.425Entrepreneurship15%2.72.426Information Retrieval7%2.72.527Parsing and Compiler Design18%2.72.328Parallel and Distributed Proc.18%2.72.329Predicate Logic11%2.62.430Microprocessor Architecture17%2.62.231Simulation10%2.62.332Formal Languages7%2.62.433Security and Cryptography7%2.52.3Table 53: Important topics (>=2.5) that the most knowledgeable peopleconsider more important than developers at large.

T.C. Lethbridge1998 Software Education Relevance Survey Data53Table 54 provides a similar analysis to Table 53, but this time the participants selectedwere those who scored above the 50th percentile in terms of mathematics knowledge. Wewanted to see if these people would rank mathematics substantially higher in importancethan it was ranked by others.Indeed we do see two mathematics topics with significant increases in importance: Settheory and linear algebra. Notably absent is calculus — even those knowledgeable inmathematics don�t see it as important to computing.Physics and parsing also show significant increases in importance among thoseknowledgeable in mathematics.RankTopic%increaseImportancefor thosemostknowledge-able in mathImportancefor all1Software Design and Patterns8%3.83.52Software Architecture10%3.83.43Design of Algorithms15%3.63.24Object Oriented Concepts & Tech.8%3.63.35Operating Systems7%3.43.16Programming Lang. Theory11%3.02.77Comput. Complexity & Algor. Analysis16%3.02.68SW Reliability & Fault Tolerance6%3.02.89Network Arch. & Data Trans.8%3.02.810Systems Programming6%3.02.811Computer System Architecture10%2.92.712Real-Time System Design13%2.92.513Parsing and Compiler Design26%2.92.314Formal Languages19%2.92.415Probability and Statistics11%2.82.616Set Theory30%2.82.217Predicate Logic19%2.82.418Simulation19%2.82.319Dig. Electronics & Dig. Logic24%2.72.220Linear Algebra and Matrices34%2.72.021Formal Specification Methods10%2.72.422Physics33%2.62.023Microprocessor Architecture14%2.62.224Parallel and Distributed Proc.12%2.52.325Automata theory17%2.52.1Table 54: Important topics (>=2.5) which the most knowledgeable people inmathematics consider more important than developers at large.

T.C. Lethbridge1998 Software Education Relevance Survey Data54Table 55 gives a similar analysis to Tables 53 and 54, but this time considering those whoknow most about software process.All but one of the process topics listed in Table 1 appear in Table 55; most notably costestimation and formal specification. In addition, process experts find real-time design andparsing to be important — perhaps because experts in those areas tend to become processexperts.Topic% increaseImportancefor thosemostknowledge-able aboutthe softwareprocessImportancefor allparticipantsSoftware Design and Patterns18%4.13.5Software Architecture21%4.13.4Requirements Gath. & Analysis17%4.03.4Analysis and Design Methods20%3.93.3Data Structures9%3.93.6Project Management16%3.83.3Testing, Verification & Quality Assurance14%3.73.2Giving Presentations to an Audience11%3.63.3Design of Algorithms12%3.53.2Leadership12%3.43.0Configuration and Release Mgmt.12%3.43.0Negotiation17%3.22.8Real-Time System Design26%3.22.5Performance Measurement & Analysis17%3.22.7Computer System Architecture19%3.22.7Software Cost Estimation24%3.22.6File Management12%3.22.8Maintenance, Reeng. and Rev. Engg.14%3.12.7Formal Specification Methods29%3.12.4Comput. Complexity & Algor. Analysis17%3.02.6Software Metrics21%3.02.5Programming Lang. Theory11%3.02.7Process Standards CMM / ISO 900019%2.92.4Parsing and Compiler Design23%2.82.3Formal Languages15%2.82.4Simulation17%2.72.3Predicate Logic15%2.72.4Table 55: Important topics (>=2.5) which the most knowledgeable people insoftware process consider more important than developers at large.

T.C. Lethbridge1998 Software Education Relevance Survey Data55Tables 56, 57 and 58 list those topics that people with different educational backgroundshave found relatively more important in their careers than have others.As Table 56 shows, those with a graduate degree in computing show an increasedappreciation for process standards and software metrics.Topic% increaseImportance forthose with aCS/SEpostgraduatedegreeImportance forall participantsSoftware Architecture9%3.73.4Analysis and Design Methods13%3.73.3Project Management11%3.63.3Object Oriented Concepts & Tech.8%3.63.3Giving Presentations to an Audience8%3.53.3Config. and Release Mgmt.11%3.43.0Leadership8%3.33.0Systems Programming17%3.32.8Management8%3.22.9Process Standards CMM / ISO 900029%3.12.4Software Metrics23%3.12.5Negotiation10%3.02.8Performance Measurement & Analysis8%3.02.7Software Cost Estimation11%2.82.6Real-Time System Design7%2.72.5Formal Specification Methods11%2.72.4Marketing18%2.52.1Entrepreneurship6%2.52.4Table 56: Important topics (>=2.5) which those with a CS/SE postgraduatedegree consider more important than do developers at large (ordered byimportance)

T.C. Lethbridge1998 Software Education Relevance Survey Data56For participants with an engineering degree (Table 57), the greatest increases inperceived importance are towards marketing, digital electronics and formal languages.Finally, as Table 58 shows, for those with a computing degree (undergraduate orgraduate) the topic with the greatest increase in importance is process standards.Topic% increaseImportance forthose with anengineeringdegreeImportance fordevelopers atlargeFormal Languages17%2.82.4Probability and Statistics7%2.72.6Digital Electronics & Digital Logic19%2.72.2Simulation12%2.62.3Marketing20%2.62.1Table 57: Important topics (>=2.5) which those with an engineering degreeconsider more important than developers at large (ordered by importance).Topic% increaseImportance forthose with aCS/SE degreeImportance fordevelopers atlargeData Structures6%3.83.6Software Architecture6%3.63.4Object Oriented Concepts & Tech.6%3.53.3Analysis and Design Methods6%3.53.3Operating Systems6%3.33.1Systems Programming9%3.02.8Programming Lang. Theory7%2.92.7Software Metrics11%2.82.5Process Stds. CMM / ISO 900015%2.82.4Comput. Complexity & Algor. Analysis6%2.72.6Formal Specification Methods7%2.62.4Table 58: Important topics (>=2.5) which those with a CS/SE degree considermore important than developers at large (ordered by importance).

T.C. Lethbridge1998 Software Education Relevance Survey Data576. On-The-Job Knowledge ChangeIn this section we examine the difference between responses to question 2 (currentknowledge) and responses to question 1 (knowledge after education). This differencerepresents the amount of on the job-learning when it is positive, or forgetting when it isnegative.If there is much on-the-job learning of a topic, then that topic must, to some extent, beimportant. We cannot use the difference as a direct measure of learning, however,because if a topic has already been extensively taught then this will reduce its potentialfor on-the-job-learning.The most important application for this data is to find out cases where formal educationshould be improved so that the amount of on-the-job learning needed is less. Similarly, ifthere is net on-the-job forgetting, then this suggests reductions in the amount of formaleducation that should be devoted to the topic in question.Graphical views of the data provided in this section can be seen in Figures 6 through 8,where the length of the vertical lines extending from the bars is the on-the-job learning.Forgetting is indicated by vertical lines that extend downward into the boxes.One factor that was not measured in this survey was the ease with which a given topiccan be learned on the job. It seems clear that a topic like configuration management,which appears at the top of Table 59, should be relatively easier to learn on the job that acomplex topic like a branch of mathematics, or real-time design. Future researchers mightconsider studying this issue. Knowing this information would help educators knowwhether in fact it is necessary for them to provide coverage of topics listed here, orwhether they can safely rely on the workplace to provide the needed training andexperience.Tables 59 and 60 provide two different ways of measuring high on-the-job learning: Themean difference between questions 2 and 1, as well as the percentage of people reportinga large difference. Both lists contain most of the same topics.

T.C. Lethbridge1998 Software Education Relevance Survey Data58RankTopicOn-the-joblearning(Q2-Q1)Q1:Knowledgeaftereducation.Q2:Knowledgenow1Configuration and Release Mgmt.2.30.52.82Project Management1.91.23.13Testing, Verif. & Qual. Assurance1.91.33.24Maint., Reeng. and Rev. Engg.1.90.82.65Object Oriented Concepts & Tech.1.81.43.26Requirements Gath. & Analysis1.81.43.17Ethics and Professionalism1.81.23.08Leadership1.70.82.59HCI / User Interfaces1.71.12.810Giving Presentations to Audience1.61.63.311Process Stds. CMM / ISO 90001.60.52.112Software Cost Estimation1.60.62.213Negotiation1.50.52.014Software Design and Patterns1.51.83.415SW Reliability & Fault Tolerance1.51.02.516Databases1.31.93.217Software Metrics1.30.82.118Analysis and Design Methods1.31.93.219Management1.31.22.520Technical Writing1.31.63.021Software Architecture1.32.03.322Performance Meas. & Analysis1.21.42.623Data Transmission and Networks1.21.73.024File Management1.21.93.125Entrepreneurship1.10.51.626Security and Cryptography1.10.82.027Real-Time System Design1.11.02.128Operating Systems1.02.33.4Table 59: Topics for which on-the-job learning was highest: Differencesbetween questions 2 and 1.

T.C. Lethbridge1998 Software Education Relevance Survey Data59RankTopicPercentage reporting highon-the-job learning1Configuration and Release Mgmt.54%2Project Management41%3Testing, Verif. & Qual. Assurance39%4Requirements Gath. & Analysis36%5Object Oriented Concepts & Tech.36%6Ethics and Professionalism35%7HCI / User Interfaces35%8Maintenance, Reeng. and Rev. Engg.34%9Leadership33%10Software Cost Estimation32%11Process Stds. CMM / ISO 900032%12Giving Presentations to an Audience31%13Software Design and Patterns29%14SW Reliability & Fault Tolerance29%15Software Metrics29%16Databases28%17Negotiation27%18Software Architecture24%19Technical Writing24%20Management23%21Data Transmission and Networks23%22File Management23%23Real-Time System Design22%24Analysis and Design Methods22%25Performance Measurement & Analysis22%26Operating Systems21%27Entrepreneurship21%28Network Arch. & Data Trans.20%Table 60: Topics for which the most people reported very high on-the-joblearning (A difference between question 2 and question 1 of 3 points orgreater).It may be considered a waste if students forget significant amounts of what they havelearned following graduation. Table 61 and 62 show those topics where this hashappened: Both tables show very similar sets of topics, starting with continuousmathematics, and also containing other mathematics as well as basic science andtheoretical material.It might be the case that mathematical and theoretical material might be more prone to beforgotten, no matter how important it is. However, when the forgetting data is comparedwith the data about which topics are unimportant from the last section, we see a lot ofcorrelation.

T.C. Lethbridge1998 Software Education Relevance Survey Data60RankTopicForgettingsinceeducation(Q2-Q1)Q1:KnowledgeaftereducationQ2:KnowledgeNow1Differential Equations-1.22.71.62Differential and Integral Calculus-1.13.22.13Linear Algebra and Matrices-0.83.12.34Chemistry-0.82.21.45Physics-0.72.72.16Laplace and Fourier Transforms-0.61.81.27Probability and Statistics-0.52.92.48Combinatorics-0.41.71.49Set Theory-0.42.52.110Predicate Logic-0.32.21.911Graph Theory-0.21.91.712Control Theory-0.21.21.113Analog Electronics-0.21.31.214Formal Languages-0.12.22.115Automata theory-0.11.51.516Comput. Methods for Numeric Probs.-0.12.22.1172nd Lang. Other than English-0.11.81.8Table 61: Topics for which there was net forgetting of material followingcompletion of education.RankTopicPercentage reporting highforgetting since completingtheir education1Differential Equations38%2Differential and Integral Calculus38%3Linear Algebra and Matrices24%4Chemistry21%5Physics21%6Laplace and Fourier Transforms21%7Probability and Statistics17%8Formal Languages12%9Set Theory12%10Combinatorics12%11Predicate Logic12%12Comput. Methods for Numeric Probs.11%Table 62: Topics for which the most people reported a high level of forgettingsince their education.

T.C. Lethbridge1998 Software Education Relevance Survey Data617. Needs for Learning and TrainingThe data presented in sections 5 and 6 provide insights into which topics are importantand therefore should be included in education and training programs. However,additional analyses presented in this section can help inform us where the biggest gaps liebetween what is taught or known and what is important. Knowing this information canhelp us to focus curriculum improvement process on the most needed topics.Table 63 presents the difference between the importance of details and the currentknowledge of practitioners. A large lag suggests that although practitioners recognise theimportance of the topic�s details, they don�t feel that, relative to its importance, they haveadequate knowledge. We suggest that topics in this table might be the most suitabletopics for focus by corporate training programs.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%3.23.38HCI / User Interfaces17%2.83.39Configuration and Release Mgmt.13%2.83.310Design of Algorithms9%3.03.311Ethics and Professionalism5%3.03.212Data Transmission and Networks6%3.03.113Leadership17%2.53.114Systems Programming14%2.52.915Software Reliability & Fault Tolerance14%2.52.916Management15%2.52.917Negotiation31%2.02.918Performance Meas. & Analysis7%2.62.819Maintenance, Reeng. and Rev. Engg.6%2.62.820Network Arch. & Data Trans.8%2.62.821Software Cost Estimation21%2.22.722Information Retrieval13%2.32.723Real-Time System Design21%2.12.624Comput. Complexity & Algor. Analysis10%2.32.625Software Metrics17%2.12.6Table 63: Topics for which there may be a need for training. Important(>2.5) topics where current knowledge lags most behind the importance ofdetails (ordered by importance).

T.C. Lethbridge1998 Software Education Relevance Survey Data62For Table 63, we have selected only the topics that have an overall importance greaterthan 2.5 (the half-way point) because trainers probably would not care about a large lagfor other topics. We have also ordered the table by importance; ordering it by lag wouldhave placed some topics near the top that are only moderately important (e.g. real-timedesign), and we thought that this would be misleading. Trainers should pay particularattention to topics that are both near the top of the table and have the highest lag:Requirements gathering, technical writing and human-computer interaction / userinterfaces.Table 64 is structured similarly to table 63. This time, however, the comparison isbetween overall importance of topics and the amount students learn in their highereducation. The purpose of the table is to guide educators about which topics might needmore emphasis. It is notable that the topics in both tables are very similar, and in a similarorder. Again we see requirements analysis and user interfaces as having both high lagsand high importance.

T.C. Lethbridge1998 Software Education Relevance Survey Data63RankTopic% LagKnowledge aftereducation (Q1)Overallimportance(Q3+Q4)/21Software Design and Patterns48%1.83.52Requirements Gathering & Analysis60%1.43.43Software Architecture43%2.03.44HCI / User Interfaces67%1.13.35Object Oriented Concepts & Tech.58%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, Verif. & Quality Assurance59%1.33.211Technical Writing48%1.63.112Leadership73%0.83.013Configuration and Release Mgmt.83%0.53.014Data Transmission and Networks42%1.73.015Management61%1.22.916SW Reliability & Fault Tolerance64%1.02.817Systems Programming42%1.62.818Network Architecture & Data Trans.40%1.72.819Negotiation84%0.52.820Maintenance, Reeng. and Rev. Engg.72%0.82.721Performance Meas. & Analysis48%1.42.722Software Cost Estimation77%0.62.623Real-Time System Design61%1.02.524Information Retrieval46%1.42.525Software Metrics67%0.82.5Table 64: Data showing the need for improvement in university courses.Important (>2.5) topics where learning in educational programs lagged mostbehind overall importance (ordered by importance).Table 65 shows a similar comparison to table 64, but for topics that are apparently taughtfar more in universities than their importance might warrant. It is interesting that all thesetopics are from the mathematics or basic science categories, and most of them are taughtas compulsory topics to computing students.The topics on this table are taught in university programs for a variety of reasons, someof which are:¥Some of the topics are considered by many educators, in fact, to be useful tocomputing professionals in their work, even if, according to the survey, softwarepractitioners do not recognize it. This is particularly true for set theory as well asprobability and statistics. Both these topics might come to be seen as more important ifformal methods and statistical analysis of metrics come into more widespread use. Itmight therefore be wise for educators to keep these topics in curricula, or evenincreased coverage, so future professionals are adequately prepared.

T.C. Lethbridge1998 Software Education Relevance Survey Data64¥The topics perhaps should be taught in case students need to work in applicationdomains that require the knowledge —˚especially since such knowledge is not the kindthat can be readily picked up on the job.¥The topics are useful to other scientists and engineers, and hence many believe thatthey must be taught to computing professionals so they can communicate withcolleagues and be considered real scientists and engineers. This reasoning is widelyused in other disciplines: For example, certain medical specialists like psychiatristshave to learn a full spectrum of medical knowledge even though they will only need apart of it: They are doctors, so they must learn a common core that all doctors know.¥The knowledge perhaps helps create a well-rounded person with a broader educationalbackground.¥Learning the topics might help discipline the mind.We do not conclude absolutely whether the above reasons provide sufficient justificationfor keeping the topics in educational programs. However, given that our survey resultsshow that certain topics might need greater emphasis, it seems logical to look near the topof this list for topics where emphasis can be reduced (e.g. differential equations, calculusand chemistry).RankTopic%ExcessKnowledge aftereducation (Q1)Overallimportance1Differential 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%1.71.610Comput. Methods for Numeric Probs.3%2.22.1Table 65: Topics taught relatively more than their importance mightwarrant.

T.C. Lethbridge1998 Software Education Relevance Survey Data658. Comparisons with the 1997 SurveyIn this section we present a comparison between the 1997 survey (Lethbridge 1998a,1998b) and the 1998 survey.The topics and questions were not exactly the same between the two surveys; wetherefore have attempted a best-match comparison. We have only included the 53 topicsthat are present in both surveys. In general, the 1998 survey covered more topics; mostnotably missing from the 1997 survey was �Specific Programming Languages� — the topicconsidered the most important in 1998.The first two questions asked about each topic were roughly similar between the twosurveys. In 1997, however, we asked a single question about importance; this was splitinto two separate questions in 1998 (details vs. influence). To form a comparison we aretherefore using the average of the two 1998 questions; we also used this �overallimportance� data earlier in this report.In all of the comparison tables (Tables 66 to 71), we present both the differences in meanscore and the differences in topic rank. Add the given differences to arrive at the 1998score or rank. Differences are more interesting if they occur at the top of the tables wherethe differences between successive mean scores are wider.We have highlighted the most important differences in bold. Any differences should becaused by one of the following reasons:¥ Differences in questions or topic names¥ Differences in the sampling approach¥ Normal statistical variationWe will attempt to explain each of the significant differences according to one of thesereasons.Tables 66 and 67 compare the two surveys� responses to question 1: The amount learnedin education. We attribute most of the negative differences (lower scores in 1998) to bedue to a bias in 1997 towards real-time developers. The negative value for �GeneralSoftware Design and Analysis� was probably because in 1998 we split this into twoseparate topics (the average is given for comparison purposes).The positive change for second language learning is probably because of the increasedinternational coverage in 1998; and the positive change for object orientation is probablydue to this material being more widely taught in recent years. The positive change forchemistry is not easy to explain, but may have to do with differences in the types ofeducation given to international audiences.

T.C. Lethbridge1998 Software Education Relevance Survey Data66Topic1997meanscoreDifferencewith 1998mean scoreRankdifferenceDifferential and Integral Calculus3.43-0.220Linear Algebra and Matrices3.38-0.330Data Structures3.21-0.33-1Probability & Statistics3.10-0.201Differential Equations2.96-0.24-1General software Design and Analysis2.88-1.00-11Set Theory2.83-0.330Physics2.75-0.023Programming Language Theory2.73-0.49-1Operating Systems2.65-0.342Computer Architecture2.64-0.402Computational Methods for Numeric Problems2.56-0.40-1Digital Electronics & Digital Logic2.52-0.43-2File & Information Management2.43-0.53-2Predicate Logic2.43-0.254Graph Theory2.33-0.46-3Computational Complexity & Algorithm Analysis2.28-0.193Chemistry2.20-0.036Databases2.07-0.191Parsing and Compiler Design2.06-0.32-1Systems Programming2.03-0.40-4Data Transmission And Networks1.93-0.21-1Simulation1.91-0.70-13Information Theory1.87-0.35-2Analog Electronics1.86-0.55-8Table 66: Top 25 topics according to question 1, the amount learned informal education, considering topics found in both 1997 and 1998 surveys.Interesting differences highlighted in bold are explained in the text.

T.C. Lethbridge1998 Software Education Relevance Survey Data67Topic1997meanscoreDifferencewith 1998mean scoreRankdifferenceEconomics1.720.024Requirements Gathering and Analysis1.66-0.31-2Artificial Intelligence1.58-0.37-9Technical Writing1.550.095Second Language Other Than English1.530.3010Information Retrieval1.46-0.111Real Time System Design1.43-0.44-13Formal Methods1.41-0.101Parallel And Distributed Processing1.39-0.19-4Computer Graphics1.33-0.101Project Management1.30-0.11-3OO Analysis And Design1.260.1210Human Computer Interaction/User Interfaces1.24-0.15-3Ethics And Professionalism1.24-0.024Philosophy1.240.1212Testing And Quality Assurance1.220.0910Pattern Recognition & Image Processing1.19-0.27-4Psychology1.15-0.091Accounting1.06-0.060Software Metrics0.91-0.09-2Software Reliability0.910.113Management0.880.277Robotics0.88-0.26-2Maintenance, Reengineering and Rev. Engg.0.83-0.071Software Cost Estimation0.76-0.17-1Configuration Management0.60-0.08-1Marketing0.520.173Process Standards0.440.020Table 67: Continuation of table 66; topics about which less was learned,comparing 1997 with 1998 data.

T.C. Lethbridge1998 Software Education Relevance Survey Data68Tables 68 and 69 compare the two surveys� responses to question 2: The amountcurrently known. The major negative differences (lower scores in 1998) for real-timesystem design and process standards are probably due to the real-time bias in 1997. Itwould appear from the data that organizations that develop software care more aboutprocess standards, perhaps because they have more stringent reliability needs. Thepositive differences for databases and information retrieval are also probably due tocorrection of the 1997 real-time bias: In 1998 there was a more appropriate representationfrom MIS and data processing practitioners who apparently need databases more.The negative difference for second language is interesting and unexplained. Whereas1998 participants had learned more second languages, they currently know less than their1997 counterparts.Topic1997meanscoreDifferencewith 1998mean scoreRankdifferenceGeneral software Design and Analysis3.87-0.56-2Data structures3.670.051Testing and quality assurance3.36-0.18-3Requirements gathering and Analysis3.28-0.15-3Operating systems3.240.123Project management3.18-0.09-2Technical writing3.17-0.20-4File & information management3.060.02-1Data transmission and networks3.04-0.09-3OO analysis and design3.020.185Configuration management3.00-0.17-2Databases2.950.288Human Computer Interaction/User interfaces2.89-0.14-1Real time system design2.88-0.80-18Ethics and professionalism2.880.125Computer architecture2.87-0.220Programming language theory2.84-0.142Maintenance, Reengineering and Rev. Engg.2.84-0.201Systems programming2.83-0.291Process standards2.57-0.49-13Management2.460.011Software reliability2.440.073Computational complexity & algorithm analysis2.310.010Software cost estimation2.30-0.14-2Probability & statistics2.300.144Table 68: Top 25 topics according to question 2, the amount currentlyknown, considering topics found in both 1997 and 1998 surveys. Interestingdifferences highlighted in bold are explained in the text.

T.C. Lethbridge1998 Software Education Relevance Survey Data69Topic1997meanscoreDifferencewith 1998mean scoreRankdifferenceSecond Language Other than English2.28-0.45-15Physics2.26-0.18-7Formal methods2.250.034Linear Algebra and Matrices2.230.034Parsing and compiler design2.22-0.27-8Parallel and Distributed Proc.2.22-0.084Information retrieval2.210.1210Software metrics2.20-0.065Digital Electronics & Dig. Logic2.18-0.064Simulation2.12-0.17-4Set Theory2.080.067Differential. and Integ. Calculus2.030.052Predicate logic2.00-0.13-2Computational Methods for Numeric Problems1.900.218Economics1.840.123Graph Theory1.75-0.10-2Computer Graphics1.740.236Information Theory1.66-0.05-2Differential Equations1.63-0.08-2Psychology1.510.121Accounting1.480.04-1Philosophy1.470.215Artificial Intelligence1.46-0.11-2Chemistry1.440.001Analog Electronics1.41-0.21-2Pattern Recognition and Image Processing1.35-0.100Marketing1.330.033Robotics0.89-0.030Table 69: Continuation of table 68; topics about which less is known,comparing 1997 with 1998 data.

T.C. Lethbridge1998 Software Education Relevance Survey Data70Tables 70 and 71 compare the two surveys� responses to the questions about importanceof topics.There are many more interesting differences between the surveys for importance than foramount learned or known. We have no clear explanation why this should be so.The big negative difference in real-time design appears in the importance data, as it did inthe current-knowledge data. As before, this is attributed to 1997 survey bias; the 1998figures are seen as more representative. Negative changes for operating systems, datatransmission, testing and possibly technical writing might also be related to a real-timebias. We also see a significant mean-score difference in �General Software Design andAnalysis� that was found in the �amount learned� data, and attributed to a split in the topicfor 1998.

T.C. Lethbridge1998 Software Education Relevance Survey Data71Topic1997ScoreDifferencewith 1998mean score1998 RankdifferenceGeneral software Design and Analysis4.33-0.88-1Data structures4.05-0.461Testing and quality assurance3.71-0.50-5Requirements gathering and Analysis3.69-0.281Technical writing3.63-0.49-4Operating systems3.51-0.37-4Project management3.51-0.260Data transmission and networks3.50-0.52-5Real time system design3.35-0.81-15OO analysis and design3.300.025Configuration management3.28-0.26-1File & information management3.23-0.41-3HCI/User interfaces3.190.139Maint., Reeng. and Rev. Engg.3.17-0.44-4Systems programming3.11-0.32-2Databases3.10-0.045Ethics and professionalism3.010.2911Computer architecture2.90-0.24-2Management2.840.075Programming language theory2.80-0.101Software reliability2.690.135Software cost estimation2.62-0.07-1Process standards2.51-0.11-5Computational complexity & algorithm analysis2.410.174Information retrieval2.370.141Table 70: The most important 25 topics, considering topics found in both1997 and 1998 surveys. Interesting differences highlighted in bold areexplained in the text.

T.C. Lethbridge1998 Software Education Relevance Survey Data72Two interesting positive changes can be noted, although with little explanation: Humancomputer interaction /user interfaces, and ethics and professionalism were both foundsignificantly more important in the 1998 data.Other new positive differences appear in the importance data: These are found inbusiness topics (marketing, economics and accounting) and mathematics topics (statisticsand predicate logic). Since these differences are nearer to the bottom of the rankings, theyare of less interest.Topic1997ScoreDifferencewith 1998mean score1998 RankdifferenceFormal methods2.310.100Parallel and Distributed Proc.2.31-0.05-4Software metrics2.220.273Dig. Electronics & Dig. Logic2.210.02-3Parsing and compiler design2.190.090Probability & statistics2.180.3910Simulation2.130.2132nd Lang. Other than English2.11-0.10-8Predicate logic1.880.486Psychology1.820.27-1Set Theory1.760.403Comput. Methods for Numeric Probs.1.750.352Linear Algebra and Matrices1.620.42-1Information Theory1.580.39-4Physics1.560.43-2Graph Theory1.550.40-3Marketing1.550.598Computer Graphics1.470.38-2Economics1.470.596Accounting1.290.798Analog Electronics1.270.27-3Differential. and Integ. Calculus1.130.501Philosophy1.090.939Pattern Recog. and Image Proc.1.040.614Artificial Intelligence0.970.573Differential Equations0.940.322Chemistry0.600.664Robotics0.560.694Table 71: Continuation of table 70; topics that are considered less important,comparing 1997 with 1998 data.

T.C. Lethbridge1998 Software Education Relevance Survey Data739. DemographicsIn this section we describe the participants with respect to their educational and workbackgrounds.Educational BackgroundsTable 72 indicates the fields in which participants had obtained degrees, while Figure 9describes the highest level of education they reached.Type of educationNumber of participantsPercentageComputing degree10662.0%...Computer Science8851.5%...Software Engineering (mostlymasters degrees, but also somewhatinflated by participants who reallymeant computer 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%Table 72: Degree subjects of the 169 participants (out of 181) who respondedto this question. Note that many participants had more than one degree.

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

Figure 9. Highest educational level reached by the participants (170responses).

T.C. Lethbridge1998 Software Education Relevance Survey Data74Geographical DistributionTable 73 and Figure 10 provide information about the geographical origin of theparticipants. The survey can be said to be North-America biased since 76% of theparticipants came from this continent.It is interesting to note that all but 16 of the participants were working in the samecountries where they had obtained their highest degree. Of the 16 who had emigrated, 11had emigrated to the USA.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, South Africa,Portugal, Poland, France, Finland, Denmark,Chile, Bulgaria, Belgium, Australia126.9%Table 73: Country where each of the 174 (out of 181) responding participantshad obtained their highest degree.

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

Figure 10. Work locations of the participants. Participants work in a total of24 countries.

T.C. Lethbridge1998 Software Education Relevance Survey Data75Type of Software DevelopedTable 74 describes the types of software developed by the participants. Participants weregiven four categories from which they could choose one or more. Only 28% ofparticipants just chose one of the categories.Type of software developed#participantsPercentageManagement Information Systems (MIS) or othersoftware for running the business (e.g. accounting,inventory etc.) that is being developed or tailored largelyfor in-house use7845.1%MIS Software ONLY2916.8%Only NON MIS software9554.9%Consumer or mass-market software (typically sold on theopen-market in shrink-wrapped packages)2011.6%Consumer Software ONLY31.7%Application software produced for specialized marketsthat does not fit into the MIS, Consumer or Real Timecategories9554.9%Specialized Application software ONLY2715.6%Real-time, embedded, systems or telecommunicationssoftware (in general, software that is developed as partof a larger system)8247.4%Real Time software ONLY3319.1%Only NON Real Time software9152.6%Table 74: The type of software developed by each of the 169 participants whoanswered this question. Participants were given the list of four categories andwere asked to check all that apply.

T.C. Lethbridge1998 Software Education Relevance Survey Data76Industry in Which Participants WorkTable 75 presents a breakdown of the participants by industry. It appears from this datathat no one sector had an unduly large representation, although the �business� categorywas probably somewhat under-represented.Industry# parti-cipantsPercentSoftware 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 engineeringsoftware)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 Consultingetc.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 andtelecom equipment manufacturing)2413.6%Telecommunication or Networking Service31.7%Education84.5%Food Processing10.6%Non-Profit10.6%Table 75: Industries in which the participants worked. Note that somecategories (e.g. �telecommunications software�, and �military�) have beencounted in more than one higher-level category.

T.C. Lethbridge1998 Software Education Relevance Survey Data77Team SizeTable 76 describes the sizes of the teams in which participants worked. We originallyincluded a �very large� category (Over 45 people working on an extremely large andcomplex system; typically more than 1.5 million lines of code); however, nobody in thefinal sample selected this category.Team sizeNumber ofparticipantsPercentSmall team: 1-7 people working on a small system (typicallyless than 10000 lines of code)7846.4%Medium team: 5-20 people working on a medium sizedsystem(typically 8000 to 150000 lines of code)6840.5%Large team: 15-60 people working on a large and complexsystem (typically between 100000 and 2 million lines ofcode)2213.1%Table 76: The sizes of teams in which participants worked.

T.C. Lethbridge1998 Software Education Relevance Survey Data78Type of Work PerformedFigure 11 and Table 77 describe how the participants say they spend their time. Clearlythey believe they spend most of their time programming. The �Maintenance� categoryfound in table 76 contains time that overlaps with some of the other categories (e.g.maintenance programming, or maintenance design).

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

Figure 11. How the average participant distributes his or her time. Thesefigures should be considered highly subjective, and account for no idle time,meetings, phone calls etc.No timespent onthis0-5%of time5-10%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 Architectureand Design8%17%24%23%22%3%2%Testing Software Written byOthers21%34%25%11%6%1%1%Installation andCustomer Support28%29%18%15%5%5%1%Maintenance:Understanding or ModifyingSoftware or DocumentsWritten by Others7%18%24%21%14%11%5%Management or ProjectManagement13%27%18%20%8%10%4%Table 77: Details of percentage of time spent by participants

T.C. Lethbridge1998 Software Education Relevance Survey Data79Experience of ParticipantsTable 78 and Figure 12 characterize the experience of participants in terms of the numberof years since their highest degree, and the number of years working in the softwareindustry. The data shows that there was a very wide range of participants.The mean number of years of software experience was 12.4 (maximum 25; standarddeviation 9.4). The mean number of years since receiving the highest degree was 10.2(maximum 38; standard deviation 9.3).Graduation decadeNumber of participantsPercent50s graduates00.0%60s graduates74.3%70s graduates2917.8%80s graduates3823.3%90s graduates8954.6%Table 78: Graduation decades of participants in the survey.

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

Figure 12. Experience of participants developing software: the number ofyears working in the software industry.

T.C. Lethbridge1998 Software Education Relevance Survey Data8010. ConclusionsThe data from the 1998 survey of software practitioners contain relatively few surprises.However, they provide concrete evidence that can be used for decision-making on thepart of educators and trainers.Among the important conclusions that can be drawn are:¥ There is far more to software development than programming; however the participantsin this survey put programming topics, specifically languages and data structures, at thevery top when asked both what topics were the most important, and what they know mostabout. This might be a symptom of the tendency in much of software development tojump into coding without much requirements analysis or design. On the other hand itmight just reflect the observation that whereas most software developers do someprogramming (and spend an average of 40% of their time at it), other tasks may bedistributed to various members of the team. It is also possible that our data are biasedtowards programmers to some extent.¥ Behind programming in the amount-known and importance questions come a cluster oftopics that have to do with software design, and then a variety of topics that have to dowith other activities such as requirements, user interface design and testing. Supportingknowledge such as databases and operating systems also rank quite high.¥ Mathematics, especially calculus, is extensively taught in computing programs.Participants feel that following their education they had a more thorough grasp ofcalculus than practically anything else, except perhaps programming languages. On theother hand, relatively little mathematics turns out to be important for software engineersin practice and it tends to be forgotten. If we are to continue to teach the amount and typeof mathematics, we must justify it by other means than by saying it is important to asoftware developers work: It is normally not. Other justifications could include the needto communicate with other scientists and engineers, or the occasional need to work onproblems that do indeed require it. At the very least educators should look at themathematics elements of computing programs and examine how they can be made morerelevant — at least so the investment in math education is not wasted by it beingsubsequently forgotten.¥ Many �skills� or �soft� topics were placed very high in this survey. Giving presentations,technical writing, as well as ethics and professionalism were given very prominentrankings. Educators should therefore increasing their emphasis to these topics.¥ At the time they graduate, there are considerable differences between engineeringstudents and computing students in terms of the amount of computing knowledge. This isparticularly the case for parsing, information retrieval, databases and software processtopics. Since many engineering students find their way into computing jobs, this might beof concern: Engineering educators perhaps should boost the computing content inengineering curricula, while corporate trainers might target their engineering new-hires

T.C. Lethbridge1998 Software Education Relevance Survey Data81for additional computing training. At the same time, engineering graduates typically havegreater knowledge than computer science graduates in important areas such as digitalsignal processing, telecommunications, control systems, simulation and entrepreneurship.¥ Both universities and corporate training departments could improve their offerings byadding more material about software design, architecture, user interfaces and projectmanagement as well as giving presentations to an audience and technical writing.Training departments ought additionally to focus on configuration management, whileuniversities ought additionally to focus on object-oriented concepts as well as ethics andprofessionalism.We would be happy to provide additional data to readers on request, although of coursewe cannot release the individual responses.AcknowledgementsThis research was supported by the Consortium for Software Engineering Research(CSER). I thank all the participants and participating companies (who must remainanonymous). I also thank Anatol Kark at the National Research Council of Canada forassistance with data gathering, as well as the following researchers who provided muchessential feedback and helped solicit participants: Nancy Mead at the SoftwareEngineering Institute of Carnegie Mellon University; W. Michael McCracken at GeorgiaTech; Laurie Werth at the University of Texas, Austin; Lawrence West at ColumbiaCollege; Lesley Beddie at Napier University, UK; Michael Lutz at the RochesterInstitute of Technology, and Pearl Brereton at Keele University, UK. Finally, I thank K.Teresa Khidir for editing the report.ReferencesLethbridge, T.C. (1998a), "A Survey of the Relevance of Computer Science and SoftwareEngineering Education", 11th IEEE Conference on Software Engineering Educationand Training, Atlanta, pp. 56-66.Lethbridge, T.C. (1998b), "The Relevance of Software Education: A Survey and SomeRecommendations", Annals of Software Engineering, 6, pp. 91-110.Lethbridge, T.C (1999a) Online Excel spreadsheet with the data for the survey.http://www.site.uottawa.ca/~tcl/edrel/EdrelData1998.xls.Lethbridge, T.C. (1999b), "What Knowledge is Important to a Software Engineer?"Submitted January 1999, IEEE Software.Lethbridge, T.C. (1999c), "Priorities for the Education and Training of SoftwareEngineers", to be submitted, Journal of Systems and Software.Lethbridge, T.C. and Singer, J. (1998), "From Work Patterns to Requirements",Submitted December 1998, International Journal of Human-Computer Studies.