Productivity of Object-Oriented SoftwareDevelopmentTom PotokIBM CorporationMladen VoukNorth Carolina State UniversityIntroduction of object-oriented technology does not appear to hinder overall productivityon commercial projects, but it neither seems to improve it in the first two productgenerations. In practice, the governing influence may be the business work flow and notthe methodology.As software development cycles become shorter, and software markets become morecompetitive, the software industry is, yet again, faced with a productivity crisis. There are manywho believe that object-oriented software development is the solution to this problem. Therefore,it is quite surprising to see how sparse the quantitative evidence is on the subject ofproductivity of object-oriented software development.In this paper we present empirical productivity data for a number of commercial softwareproducts developed using object-oriented methods. We compare productivity on object-orientedprojects with that observed for commercial projects developed using "classical" proceduralmethods in the same organization and under the same business model. Our results indicate thatalthough the introduction of object-oriented technology does not appear to hinder overallproductivity on commercial projects, it neither seems to improve it in a systematic way, at leastnot in the first two product generations. Examination of the data indicates that the governinginfluence may not be the methodology, but the business model (market and business constraintsimposed on schedules, milestones, and resources). We use simulation to further investigate theimpact different business models can have on software development productivity. We show thatunder business models which may be common in software industry, it may not be possible to(fully, or even partially,) realize productivity gains that object-oriented development promises.

2EvidenceThere is surprisingly little quantitative evidence that productivity of object-oriented softwaredevelopment is indeed consistently better than that of "classical" procedural softwaredevelopment in a commercial environment. Published evidence appears to derive primarily fromproductivity studies made in non-commercial environments under non-commercial businessmodels, and the scalability of the results to commercial environments is not clear.For example, Lewis et al.1 performed an experiment with undergraduate software engineeringstudents to study the effect of reuse. Based on their productivity metrics Lewis et al. concludedthat the object-oriented paradigm can improve productivity when reuseƒ is present by about50% (about 1.5 times). However, they did not find any statistically significant evidence thatobject-oriented paradigm has higher productivity than procedural methods when reuse is not afactor. Melo et al.2 also conducted an experiment with graduate students that yielded sevenprojects ranging is size from 5000 - 25000 lines of code. The projects were developed using theWaterfall process model, object-oriented design, C++, and varying levels of reuse. Their resultssupport the conclusion that reuse rates can increase programmer productivity by as much astwo to three times⁄. However, at what level reuse becomes cost-effective is still an openquestion. Optimistic economic models3 of reuse indicate that break-even reuse levels may be aslow as 10-20%, while pessimistic models4 contend that cost-effective levels of reuse may bemuch higher and difficult to achieve. There is also evidence that other factors may confound thepicture. For example, different development methodologies may impact software developmentproductivity in ways other than through reuse. Boehm-Davis et al.5 report on a comparison ofJackson program design, object-oriented design, and functional decomposition. They found thatJackson�s method and object-oriented methodologies produce more complete solutions, requireless time to design and code a problem, and produce less complex designs than functionaldecomposition. However, a quantitative comparison of productivities associated with differentmethodologies was not given. Similarly, Zweben et al.6, again in an experiment with graduate andundergraduate students, show that language-based layering and encapsulation (an object-orientedtrait) may reduce software development effort. There are many other studies concerned with thevalue of object-oriented approach but most are not quantitative in nature.Recent work by Hansen correctly asserts that software development must first be viewed as abusiness.17 The referenced productivity studies focus on the productivity effects of object-oriented technology isolated from the effects of a typical business work flow. Noticeably absentare convincing quantitative studies that focus on productivity related to object-oriented softwaredeveloped by professional programmers under commercial business models. It is not difficult tounderstand that, although many industrial organizations claim to practice object-orientedsoftware development, many practicing software engineers and managers are quite cautious onthe subject of object-oriented productivity. In fact, it would appear7 that many organizations ƒ Estimated re-use level may have been as high as 25% in some cases.⁄ For high-end productivity gains re-use levels were in range 40-50%.

3simply do not systematically measure software reuse (and the associated productivity) andtherefore may not have more than anecdotal evidence for or against object-oriented productivitygains.ProductivityProductivity can be measured in many ways. A traditional approach is to use project size oramount of functionality, e.g., in lines of code (LOC) or function-points, and divide that by thetime or effort spent developing the code. In an object-oriented environment, LOC may not be anappropriate metric for software size or functionality. In fact, in a commercial situation there aremany other factors besides the size that impact software costs and productivity, particularly ifissues, such as the marketing, staff training, applied research, long-term maintenance andcustomer support are taken into account. None of these extra factors reflect in traditional LOCmetric, but do require expenditure of effort. Unfortunately, in practice LOC is often the onlyavailable metric. Therefore, we will define productivity in terms of developed/changed LOC, butwith an understanding that the effort (or time) expended may include many non-coding activitiesthat are necessary in viable commercial product.We define average software productivity of a software team by the following relationship:

Team Productivity=Project SizeProject Effort(1)The average programmer productivity is the team productivity divided by the number ofprogrammers on the team. If we let the project size be in thousands-of-lines-of-code (KLOC),and the project duration be in months, then (1) can be re-stated as

Project Effort=Project Size(KLOC)Programmer Productivity(2)The above equation implies a linear relationship between the effort and size of a project, butpractice shows that the size and productivity of a software team often varies over the duration ofa project, and that average programmer productivity is a non-linear function of a number offactors. For example, Walston and Felix of IBM pioneered the use of regression analysis to modelsoftware project cost and productivity8. They report 29 factors. Boehm developed theCOnstructve COst MOdel, usually called COCOMO9. This model provides a way of estimatingthe effort required for a project and the duration of a project. COCOMO is probably the mostwidely used cost model currently available�. Boehm defines three types of software projects and15 factors (or drivers) that strongly influence development costs. In the COCOMO model thefactors are grouped into four categories: product attributes, computer attributes, personnelattributes, and project attributes. On the other hand, Bailey and Basili15 propose 21 cost factors

� COCOMO is being revised. New version, COCOMO 2.0, will include object-orientation. Information on COCOMO 2.0can be obtained from http://sunset.usc.edu/COCOMO2.0/Cocomo.html

4grouped into three categories: total methodology, cumulative complexity, and cumulativeexperience.For each COCOMO project type Boehm developed models relating effort, size (KLOC), anddevelopment time:Effort = a(Size)b(3)Duration = g(Effort)d(4)Other researchers used similar models. The parameters a, b, g, and d can be determined in anumber of ways, but frequently it is by regression on the loglinear version of these models. Forexample,ln(Effort) = ln(a) + b ln(Size).(5)The typical experience with this type of model is that b>1, i.e., larger projects have lowerproductivity than smaller projects. The sublinear form of the model (b<1), which implieseconomy of scale, is less common, but it has been reported on some projects.9-13 Furthermore,"common" wisdom is that any compression of schedules below some nominal value dramaticallyincreases effort thus lowering productivity. This effect is questioned by Kitchenham12 andJeffery et al.14 who note that nominal schedules may not be optimal and a reasonable schedulecompression, in fact, may increase productivity. Looking beyond software development,industrial psychology literature reports broad, and significant evidence that productivityincreases with specific, challenging goals.16Data*The empirical data discussed in this paper was collected at the IBM Software SolutionsLaboratory in Research Triangle Park, North Carolina. This laboratory employs about 650people, with approximately 90% being directly involved in software development. Thelaboratory was ISO 9000 Certified in 1994, and has consistently received high marks in internalassessments against the Malcolm Baldrige Criteria. We examined 19 commercially available software products developed at this laboratory. Elevenwere developed using object-oriented methods, and eight using traditional procedural methods.All object-oriented projects involved either first or second generation products, while allprocedural projects dealt with second or higher generation of the product.Four of the object-oriented products were inter-platform software ports. Five projects weredeveloped for mainframe use, and fourteen for workstation use. The products range in size from

* Data used by permission. The scales appearing on the axes of all graphs, and any product and date-related information,have been altered to provide discretion.

5about 1 thousand (KLOC) to about 1 million lines-of-code, (the analyses are limited to the actualnew and changed code developed in-house). Project development duration is recorded in calendarmonths from the time when the project is officially funded to the first customer shipping date.The effort is reported in person-years and includes the effort of the programmers, testers,writers, planners, managers, and vendors. In this number is also included a person-year equivalentfor purchased software. For example, if software was purchased for $300,000 and the averageprogrammer cost in $150,000 per year, then this purchase would be equated to two person yearsof effort. Software reuse data was not available.There are two types of development. The first type are fixes to errors and minor functionalenhancements, the second type is the development of a new product, or large enhancements infunction for an existing project. We will call the first category maintenance releases, and thesecond category new version releases. The latter flow takes as input analyzed customerrequirements, customer satisfaction data on existing products, and marketing profiles for specifictarget markets. From this a variety of planning information is generated, including the plan for aproposed product, an estimate of the staff needed to develop the product, and maintenance. It isimportant to see that product function and the development cycle are often established by themarket pressures. Due to the strong competition in the software market, failure to deliver theright function in the right time frame can easily mean failure of the product.

Effort Vs. Project Size01234567Size in ln(KLOC)Effort in ln(Person-Years)Procedural

Object-Oriented

OO Ports

Figure 1 A plot of effort vs. size for procedural, object-oriented, and object-oriented portprojects.Empirical ProductivityIn Figure 1 we plot the logarithm of the product effort versus the logarithm of the product size,see equation (5). The hollow circles represent the products developed using procedural methods,the solid circles represent the products developed using object-oriented methods, and the solidsquares represent the products developed by porting design and code from existing products thatwere developed using object-oriented methods.We see the familiar growth in effort with the project size,9 but, excluding the ported software,there are no obvious differences between the procedural and object-oriented products. However,there is a significant difference between the ported and non-ported products. Porting softwarecan be viewed as software development where most of the design, and significant parts of thecode are reused, and, although it should not be confused with reuse it offers a hint of the effortreduction that can be obtained through reuse. While ports are generally less costly thandevelopment of new software20, and in itself the observed difference between the ported andother categories is not unusual, it is important to remember that object-oriented approachinherently provides a mechanism for reuse not only when software is ported, but also forenhancements and in development of future releases. Hence the productivity gains observed

7during the port of object-oriented software may be a good reflection of the possible gains thetechnology offers if reuse is the key productivity driver.To examine the issue further we applied the following regression model to the non-ported data:Y = a + b1X1 + b2X2 + b3X1X2 + e (6)where Y is the ln(Person-Months), X1 is the ln(KLOC), and X2 is a class variable that indicatesthe development method. This relationship provides a single regression model for the full data,and a means of testing whether two models are needed. Analysis shows that a is about 4.4 andb1 is about 0.49. The hypothesis that b2 and b3 are both equal to zero was tested (F-test) andwas not rejected at 5% significance level. Therefore, in this case, one regression equation issufficient to model both procedural and object-oriented products that were in the non-portcategory. In other words, this indicates that for this data there is no statistically significantevidence that the productivity of object-oriented software development and procedural softwaredevelopment differ. As expected, a similar evaluation of the data on ported software vs. othersoftware shows a significant difference between the two. It is good news that introduction ofobject-oriented technology does not appear to carry excessive productivity penalties, a fear thatsome managers may have. It is less welcome, but probably not so surprising, that there is noobvious productivity gain in the first and second generations of object-oriented projects.However, an explicit analysis of project staffing and productivity characteristics shows somepuzzling relationships. For example, Figure 2 shows the plot of the logarithm of teamproductivity vs. the logarithm of product size (changed or modified KLOC). We see that teamproductivity (expressed as KLOC/person-month) appears to increase with project size. Thisobservation seems contrary to observations often reported in the literature, namely that softwaredevelopment suffers from a diseconomy of scale.An explanation may be that there is a large but constant overhead associated with all projects orthat smaller projects are, for some reason, overstaffed. Although we did find evidence that forsmaller projects staffing loads were more generous than for larger projects, there was no evidenceof large systematic project overhead, nor of the need to have smaller projects better staffedbecause of product complexity issues. However, there was evidence� that the business modelmay dictate larger teams for certain types of smaller projects, namely intermediate productreleases, to preserve continuity of skills and expertise between large releases of the product.While this may provide a partial explanation for the first six small projects, it does not reallyexplain the productivity growth observed for larger projects. One could also argue that largerprojects have stronger development teams which accounts for the economy of scale. This also isnot supported by the data. Development teams had roughly the same experience and skill levelthroughout the organization.

� Based on interviews with the work flow owners and a review of the project documentation

Team Productivity Vs. Project Size01234567Size in ln(KLOC)ln(Team Productivity)Figure 2. Team productivity vs. project size.The next relationship we checked proved to be even more interesting. It is shown in Figure 3where we plot the "Project Development Time" (in months) per KLOC vs. the size of theproject. We see that there is a steady and consistent decrease in the time per KLOC of theproduct as the product size increases. This is unusual and suggests some form of schedulecompression. The question is whether this is the result of schedule overestimation for smallerprojects, or something else. Given the fact that some of the larger projects exhibited productivitylarger than the "nominal" values that might be expected for the product based on, for example,classical COCOMO model., it appears that there some genuine schedule compression did takeplace.

9Schedule Compression based on Project Size01234567801234567Size in ln(KLOC)Duration/KLOCFigure 3. A schedule compression effect.This prompted us to examine project schedule histories of several projects in detail. Figures 4illustrates typical effects and trends that we observed. The plot show a comparison of theplanned and actual milestone completion durations for a second generation object-orientedproject. The hollow circles represents the planned task completions and the solid circles theactual task completions. The vertical axis is the calendar time unit when the milestone taskscomplete. The horizontal axis is the project milestones. For example, milestone 6 was plannedand actually finished 130 days after the project started, milestone 7 finished well after theplanned date, indicating the milestone took longer than planned, while milestone 8 finishedslightly late, indicating that most of the delay in milestone 7 was made up during milestone 8. Wesee that completions of actual tasks track the plan quite closely. Similarly compliant trackingpatterns were observed for other projects, both procedural and first-generation object-oriented.How was that achieved?

Plan Vs Actual Schedule for Second Generation OO Product0501001502002503003504004501234567891011121314151617Project MilestonesLength in Days

PlanActualFigure 4. Second generation object-oriented project. The actual (solid circles) and planned(hollow circles) project duration vs. milestone number.One possible explanation is that the product planning process is very accurate. However, given avery wide variation in the average productivity over the examined projects, it is unlikely that theproductivity rate of the associated programming teams was so well known in advance for all ofthem. that the original project schedule estimates would do such a surprisingly good job atprojecting the actual completion times. Another explanation could be that schedules were metbecause software functionality was changed or testing time was reduced to meet them.Examination of the project records shows that no major functions were added or deleted in theseprojects, and that time was not saved by shortening testing cycles. For example, the project inFigure 4 shows significant delays in the 6th through 9th milestones. These were codingmilestones, and the schedules were brought back in line during this phase, not during testing. Theproject also has delays in milestones 15 and 16 that were testing milestones. Milestone 15 startedon schedule, and milestone 16 ended on schedule. This testing effort may have been shifted, but itwas not shortened. There was clear evidence that dynamic schedule enforcement andcompression took place, and that this was probably a major factor in achieving the milestonecompliance. Since the milestones were primarily dictated by the business schedules, we decidedto examine influence this may have on the software process and productivity.

11Business Model DriversAs mentioned earlier, investigated software was developed in an environment that recognizes twomajor software project sub-categories: new version releases, and maintenance releases. The sizeof a maintenance release is usually smaller than "new version" release, and while the duration of amaintenance release is shorter this reduction is not in proportion to size change. While all newdevelopment must be completed with a limited number of personnel, existing projects will havean established team, and typically an effort is made to maintain or even increase the size of theteam because it may not be cost-effective to totally dismantle a product software team between"new version" releases. So, it is not unusual to have a maintenance releases developed over a morerelaxed schedule using the original team.However, both categories were subject to frequent high-level reviews of their schedule statusagainst key development dates (or milestones) established at the beginning of development. Theprogress towards these dates was reviewed regularly and in detail, and schedule slips in thesemajor milestones were strongly discouraged. This approach , which may be quite common insoftware industry, leads us to believe that to fully explain effects such as those seen in Figures 3and 4, we need to consider drivers that may not normally be part of a cost model. Namely, thebusiness model milestones in combination with two human related effects, the Parkinson Law9,and the Deadline Effect9,18.The Parkinson�s Law states that work will expand to fill the allocated time. The Deadline Effectis when programmers are compelled to work extra time to complete a task by a given deadline.These effects are supported by goal theory from industrial psychology. This theory states theproductivity will increase with specific, challenging goals, over �do your best� goals. As of 1990,over 400 experiments have been performed testing this theory, with over 90% supporting it.16With fixes to errors, and small functional enhancements, it is possible to overestimate effort tomaintain the team size. This can result is a lax schedule. According to Parkinson�s Law and goaltheory, in a situation like that the software team will not finish early but will finish according tothe schedule, which may result is low nominal productivity. Conversely, large enhancements, andnew products often overcommit function which can lead to aggressive schedules. The DeadlineEffect and goal theory show that, up to a point, people will increase their productivity to meetthe schedule. To state this in simpler terms, the productivity of the projects appears to be drivenby schedule. In our context, the implication is that the larger projects were probably understaffed andrestricted to a shortened development cycles, which forced aggressive schedules and higherproductivity. On the other hand, smaller projects were probably fully staffed (perhaps evenoverstaffed in some cases) with schedules that could comfortably be met within a givendevelopment cycle, yielding lower productivity. We discuss these issues further in the nextsection.

12Object-Oriented ProductivityLike Hansen,17 we believe that in a commercial software development environment the primarycontrolling influence is probably the business model and its major milestones. To study this wedeveloped simulation models that explore the interactions between the business model deadlinesand the software methodology and process models10,19.In our case, the business model is expressed as a series of �soft� and �hard� schedule milestones.Software development operates within the constraints imposed by these milestones. A �hard�milestone must be met, or strong negative consequences result. A �soft� milestone can slip solong as the next hard milestone is achieved. Goal theory clearly shows that productivity is higherfor an aggressive schedule, and lower for a lax schedule.16 For an aggressive schedule the deadlinepressures require people to work over-time and weekends to meet project milestones. For laxschedules, Parkinson�s effect will fill programmers working hours with legitimate work which,however, may not be directed at early completion of the project at hand, thus lowering theapparent overall productivity rate.We begin simulations by estimating the minimum and maximum time needed to accomplishindividual tasks required by each milestone. The estimates are governed by the average teamproductivity assumed for that milestone. This gives the possible range of time and effort thateach milestone requires. We call the time component the milestone duration range (MDR). For a�hard� milestone, the MDR does not exceed the set deadline. This provides a way of describingthe Deadline Effect. For a �soft� milestone the MDR begins no earlier than some predeterminedtime before the milestone, e.g., one week before the set deadline. This provides a way ofsimulating the Parkinson�s Effect. We then generate a duration sample for the project as a wholeby taking a sample from all individual MDRs and adding the values obtained. Repeated samplingcan be used to build project duration distribution. The simulation details, and a more formal(analytical) description of the interactions between the business model and the software processthat uses the concept of convolution, can be found in Potok and Vouk.19

Project Duration without schedule effects00.010.020.030.040.050.06262932353841444750535659626568717477808386899295WeeksRelative Frequency

High Productivity

Normal ProductivityFigure 5. Duration distributions for high and low productivity projects conducted withoutmilestone constraints.We illustrate the impact of �hard� and �soft� deadlines by showing simulation results for twohypothetical projects operating under four business models. One project has �normal�productivity range, the second project differs from the first one only in that it has productivitythat has upper bound which twice as large as the �normal� productivity upper bound. Both havethe same lower bound on the productivity. The normal range can be considered proceduraldevelopment, and the high productivity range can be considered as object-oriented developmentwith high levels of reuse, so, in text below, we will sometimes refer to the high-productivityproject as the �object-oriented project� and to the other one as the �procedural project�. When abusiness model is applied, both projects operate under the same milestones and the sameconstraints (MDRs). When Parkinson�s Law is in effect, MDR lower bound is no earlier thanone week before the deadline. When the Deadline Effect is active, MDR upper is the same as theactual deadline. These restrictions are consistent with our empirical data.Our first model provides incentive to finish a project early, with no penalty for finishing late.The simulations are based on five soft equally spaced project milestones and no limits on MDRs.The projects under this business model can be viewed as being free from both the Deadline andthe Parkinson�s effects. The planned duration for each milestone is 10 weeks, so the deadline formilestone 1 is 10 weeks, for milestone 2 is 20 weeks, and so on, with milestone 5 schedules at 50weeks. The estimated probability density distributions for the duration of the projects under this

14model were obtained by simulation and are shown in Figure 5. From the position of the peaks inthe two curves, we see that a "typical" high productivity project would be expected to finish wellbefore (about week 60) a typical "normal productivity" project (about week 71). Furthermore,there is a much higher probability that week 50 milestone will be achieved by our hypotheticalobject-oriented team than by the procedural team.

Project Completion with Parkinson’s Law00.010.020.030.040.050.0649525558616467707376798285889194WeeksRelative Frequency

High Productivity

Normal ProductivityFigure 6. A comparison of high and normal productivity project completion distributions withParkinson�s Law appliedOur second model provides no incentive for finishing early, and no penalty for finishing late.There are still five soft milestones, but MDR lower bounds are one week less than the scheduledeadline. There is not restrictions on MDR upper bounds. This is as if the Parkinson�s Effectalone is applied to the projects. Figure 6 shows the resulting estimated conditional densityfunction for each of the two projects. Each curve is normalized with respect to the number ofsamples for the project type that have met the business model constraints. We see that theduration distribution peaks draw closer, and hence the effective productivity levels become moresimilar and quite low. Potential object-oriented development gains are much less pronounced,and, in fact, the likelihood that projects that satisfy the constraints finish before week 49 is zero.

Project Completion with Deadline Effect 00.050.10.150.20.250.30.350.426283032343638404244464850WeeksRelative Frequency

High Productivity

Normal ProductivityFigure 7. A comparison of high and normal productivity with only the last deadline held fixed.The third model provides incentive for finishing early, and a penalty for finishing late. The firstfour milestones are still soft, but the last one (at week 50) is now a hard milestone. The MDRlower bounds are not fixed, but the MDR upper bound for the last milestone is fixed at week 50.This is conceptually the same as adding the Deadline Effect to the project but having noParkinson�s effect. Figure 7 shows the conditional density distributions computed from thesimulation samples that met the constraints. Again both curves are normalized with respect totheir own conditional populations. The high-productivity project has higher potential to finishsignificantly earlier than week 50, but neither project extends beyond the set deadline. However,potential advantage of object-oriented development over the procedural development for theproject as a whole seems to have disappeared. However, as can be seen from the probabilitydistribution, object-oriented teams that conform to the model constraints have a better chance ofcompleting earlier if they want to than do the procedural teams. This means that in the formercase the final goal can be achieved in a less abrupt fashion (and a fashion that is probably lessstressful for the software teams).

Milestone Completion Distribution Comparison00.10.20.30.40.50.60.70.80.919111315171921232527293133353739414345474951Duration in WeeksRelative Frequency

High Productivity

Normal ProductivityFigure 8. A comparison of high and normal productivity with Parkinson�s Law applied, and the lastdeadline held fixed.In practice, it is unlikely that any of the three models will occur alone. For example, it isunrealistic to assume no penalty for late completion. A great deal of planning and effort isrequired to ship a product, and changing the ship date late in the cycle is costly whatever thereason. Based on the work flows analyzed in this study, a more realistic business model is onewhere there is no incentive to finish early, and a penalty for finishing late. Conceptually, this isthe same as adding both the Parkinson�s and the Deadline effect to a project. Figure 8 illustratesthe results by showing the detailed conditional schedules computed for our two hypotheticalprojects under this model. Conditional distributions are normalized around each milestone. Thisplot shows five project milestones, with the first four being soft milestones, and the last onebeing a hard milestone. The planned duration for each milestone is again 10 weeks, so the deadlinefor milestone 1 is 10 weeks, for milestone 2 is 20 weeks, and so on, with milestone 5 finishing at50 weeks. This figure shows two interesting results, 1) both projects finish at the same timewith the same overall productivity, and 2) the business processes appears to cause a reduction invariance around the milestones as the lower productivity project progresses (unfilled symbols).The tasks for the lower productivity team must be closer to many of the intermediate deadlinesin order to make the final one, while the higher productivity team (filled symbols) has a morerelaxed schedule (and probably a more diffuse process) since the advantage in the productivityallows them to slip many of the intermediate milestones and still make the final deadline. It is

17obvious that under this regime there may not be any visible productivity gains from the higher-productivity methodology for the project as a whole. However, again the benefits may belowered stress on the software teams, and possibly better quality of the products since the higherproductivity teams may have more time to pay attention to, for example, verification andvalidation details that often fall victim to schedule enforcement.SummaryOur result indicate that in a commercial environment there may not be a consistent statisticallysignificant difference in the productivity of object-oriented and procedural software development,at least not for the first couple of generations of an object-oriented product. The reason may below reuse level, but it could also be the underlying business model. Investigation of 19commercial products has shown an unusual economy of scale for both object-oriented andprocedural software that is difficult to explain with traditional productivity drivers. However, areviewing the underlying business work flows has suggested that business deadlines may stronglyinfluence the overall productivity. In an environment where a typical delivery cycle for productversions or release is of the order of 12-24 months it may be more economical to preservedevelopment team skills and expertise by keeping them together whether they operate under thenew release or maintenance schedules. This may produce aggressive schedules for new releases,and lax schedules for maintenance releases. Aggressive schedules are influenced by the DeadlineEffect which raises apparent productivity, while lax schedule are under the Parkinson�s Lawwhich lowers apparent productivity. A review of detailed schedule analysis for three productsprovided empirical support to this explanation. Simulations of projects with two levels ofproductivity shows that business work flows can play a key role in realizing the potentialproductivity benefits from a new technology such as object-orientation. Investments intechnology that increases productivity can be lost unless the underlying business work flows areadjusted to take advantage the improved software development capabilities.References1.A. Lewis, S. M. Henry, and D. G. Kafura, "An empirical Study of the Object-OrientedParadigm and Software Reuse," Proceedings of the Conference on Object-orientedProgramming Systems, Languages and Applications, 1991, pp. 184-196.2.W. L. Melo, L. C. Briand, and V. R. Basili, �Measuring the Impact of Reuse on Qualityand Productivity in Object-Oriented Systems, �Technical Report, University of Maryland,Dep. Of Computer Science, Jan. 1995, CS-TR-3395.3.B. Henderson-Sellers, "The Economics of reusing Library Classes," Journal of ObjectOriented Programming, Vol. 6, No.4, 1993, pp. 43-50.4.D. Schimsky, "Software Reuse Some Realities," Vitro Technical Journal, Vol. 10, No. 1,1992, pp47-57.5.D. A. Boehm-Davis and L. S. Ross, "Program Design Methodologies and the SoftwareDevelopment Process," International Journal of Man Machine Studies (UK), Vol.36,No.1, 1992, pp. 1-19.

186.S. H. Zweben, S. H. Edwards, B. W. Weide, and J. E. Hollingsworth, �The Effects ofLayering and Encapsulation on Software Development Cost and Quality,� IEEETransactions on Software Engineering, Vol.21, No.3, 1995, pp. 200-208.7.Frakes, W.B. and Fox, C.J., (1995). "Sixteen Questions about Software Reuse," CACM,Vol. 38(6), 75-87.8.C. E. Walston and C. P. Felix, �A Method of Programming Management and Estimation,�IBM Systems Journal, Vol.16, No.1, 1977, pp. 54-73.9.B. W. Boehm, Software Engineering Economics, Prentice-Hall, Inc. Englewook Cliffs,N.J., 1981.10.T. E. Potok and M. A. Vouk, �Development Productivity for Commercial Software UsingObject-Oriented Methods,� Proceedings of CASCON�95, 1995.11.S. E. Elmaghraby, E. I. Baxter, and M. A. Vouk, �An Approach to the Modeling andAnalysis of Software Production Process,� International Transactions in OperationalResearch Vol.2, No. 1, 1995, pp. 117-135.12.B. A. Kitchenham, �Empirical Studies of Assumptions that Underlie Software Cost-estimation Models,� Information and Software Technology, Vol.34, No.4, 1992, pp. 211-218.13.R. D. Banker, C. Hsihui, and C. F. Kemerer, �Evidence on Economies of Scale inSoftware Development,� Information and Software Technology, Vol.36 No.5, 1994, pp.275-282.14.Jeffery, D. R. and Lawrence, M. J. �Managing Programming Productivity,� The Journalof Systems and Software, Vol.5, 1985 pp. 49-58.15.J. W. Bailey and V. R. Basili, �A Meta-Model for Software Development ResourceExpenditures,� Proceedings of the Fifth Internations Conference on Software Engineering,1981, pp. 107-116.16.E. A. Locke and G. P. Latham, A Theory of Goal Setting and Task Performance, PrenticeHall, Englewood Cliffs, N.J., 1990.17.G. A. Hansen, �Simulating Software Development Processes,� IEEE Computer, Vol.29,No.1, 1996, pp. 73-77.18.D. S. Borger and M. A. Vouk, �Modeling the Behaviour of Large Software Projects,�Center for Communications and Signal Processing Technical Report, NCSU, TR-91/19,1991.19.T. E. Potok and M. A. Vouk, �The Effects of the Business Model on Object-OrientedSoftware Development Productivity,� submitted for publication to IBM Systems Journal.20.Vouk M.A. (1984). "On the cost of mixed language programming", ACM SIGPLANNotices, Vol. 19(12), 54-60.