Workshop on Empirical Studies of Software Maintenance, Monterey, Nov 1996 Fraunhofer ISBN 3-00-001337-7 p79-83Strategies for Studying Maintenance1Timothy C. Lethbridgetcl@csi.uottawa.caDepartment of Computer ScienceUniversity of Ottawa, K1N 6N5, CanadaJanice Singersinger@iit.nrc.caInstitute for Information TechnologyNational Research Council, Ottawa, Canada

1 This work is supported by NSERC and sponsored by the Consortium for Software Engineering Research(CSER). We would like to thank Jelber Sayyad and Pierre Fauvel for their ideas and feedback.1. IntroductionIn this paper, we present some ideasabout how to systematically study thework of software engineers (SEs) whoare performing maintenance. Inparticular, we focus on the questions towhich maintenance researchers shouldseek answers.1.1 Our research projectOur research project involves applyingthese ideas to the study of a group ofsoftware engineers (SEs) who areevolving a large telecommunicationssystem.Our goal is to improve the SEs� produc-tivity. The research has two main phases:Phase 1: Study a significant number ofmaintainers to thoroughly understand thenature of their work. This paper investi-gates the questions to ask in such a study.Acompanion paper [1] discusses somemethods by which the questions can beanswered.Phase 2: Develop and evaluate tools tohelp the maintainers work better. Thiswork will be based on what we learnfrom phase 1, as well as ongoinginvolvement with maintainers, As wedevelop these tools, we plan to use user-centered design (e.g. [2]), a process thatrequires the kind of intimate knowledgeof work practices that we are gathering inphase 1.1.2 Related workResearch into the software maintenanceprocess tends to focus on one or more ofthe following aspects; it studies ...¥The organization-wide or groupmaintenance process (e.g. [3]). Atypical objective is to learn how toimprove management practices ormethodologies.¥The products of maintenance (e.g. [4],[5]); it infers how to improve theprocess by looking at what wasproduced by various alternativeprocesses.

Lethbridge and SingerStrategies for Studying Maintenance-2-¥The maintenance of small programs orsystems (e.g. much of the work inprogram comprehension).Each of these approaches is important.However, we believe that a much greateremphasis should be placed on a fourthaspect:¥What software engineers actually dowhen working with large systems; i.e.their personal maintenance process.SEs evolve numerous techniques andstrategies through years of experience.By studying the SE�s, we canundoubtedly learn much to improve tools,methodologies and processes.In general, the approaches most similar toours are those of Boldyreff et al [6] andvon Meyrhauser et al [7].There is promise that others are alsothinking in this direction. Industry [8],[9] and the program comprehensioncommunity [10] are proposing to makegreater use of this approach.2. Key questions we want toanswer about themaintenance process.We want to learn everything we can aboutthe maintenance process that would havean impact on the kinds of tools we plan todevelop. The following are four maincategories of questions we are answeringas part of our work:Question 1: What mental modelsdo SEs have of their system andenvironment?The tools we develop must correspond tothe SEs� mental models, so the tools ac-tively assist them. For example, tools thatdisplay or manipulate system informationshould express that information in a suchway that the SE will most readily be ableto work with it.Question 2: What activities areperformed by maintainers?There is no good categorization of all thepossible types of maintenance activities atthe detailed level. We are creating such aninventory so we can determine the spec-trum of tools that might be useful. Mostof these activities involve or contribute-tosome form of problem solving.Note that question 1 and question 2 must,by their very nature, be tackled concur-rently. By understanding one, we willgain insights into the other.Question 3. On what scales d o maintenance activities vary?Each maintenance activity can be meas-ured in a variety of ways. One activitymight be time consuming and errorprone, while another might be mentallydemanding, but relatively quick and re-warding. We need to understand how todescribe maintenance activities so we cancreate tools that address different types ofdifficulties. This question is discussed insection 4.Question 4: What differences arethere among individual maintain-ers and maintenance environ-ments?Different SEs will approach any giventask in different ways. We therefore needto understand the variability among ap-proaches so we can design tools that areuseful to a wide variety of SEs, adapt toindividual needs and fit in different envi-ronments3. Answering the questions:The macro- and micro-levelsIn general, the questions posed in section2 can be addressed at the macro-level andthe micro-level. The macro-level involvesbroad concerns whereas the micro-levelinvolves minutae or details. We hypothe-size that one must consider both levels(and perhaps various intermediate levels),because they both impact productivity and

Lethbridge and SingerStrategies for Studying Maintenance-3-the kinds of tools useful at each level willbe quite different..Macro-level mental models include suchthings as the SE�s view of the architectureof the system. Micro-level mental modelsinclude his or her understanding of a par-ticular data item or feature.Macro-level individual differences are thedifferent ways that SEs approach prob-lems. Micro-level individual differencesinclude such things as which specifictools they choose to use.Macro-level activities are those whosegoals are of direct concern to the team asa whole, such as fixing a defect oradapting the system to a new environ-ment. On the other hand, the goals ofmicro-level activities are small parts of thedaily work of an individual SE, e.g.searching for a particular data item using�grep�.4. Answering the questions:Scales by which tocompare maintenanceactivitiesTraditionally, maintenance activities havebeen primarily compared by measuringthe time that maintainers spend perform-ing them. In this section we propose sev-eral other important scales that can beused to better understand maintenanceactivities. Placing an activity on each ofthese scales will help in the design oftools to assist with that activity.Scale 1: Amount of timeconsumed by the activityThis is the most obvious scale; it is in-cluded here for completeness. It is wellknown that a few key activities, such asunderstanding code, consume a high per-centage of an SE�s time. In general, wedo not know enough about the details ofwhat consumes maintainer�s time (in par-ticular the micro-level activities).Benefits of using this scale:¥We can put more research emphasis andfocus tool development on activities thatconsume more of a maintainer�s time.Hypotheses:¥In most maintenance environments, theamount of time consumed by many ac-tivities could be reduced with improvedtools or processes.Most promising study techniques:¥Time-slicing (tools that periodically pollsoftware engineers on what they aredoing), think-aloud protocols,observation, automated monitoring.Scale 2: Cognitive loadimposed by the activitySome maintenance activities are difficultbecause they tax basic cognitive abilities.The following sub-scales can be identi-fied:¥Memory skills required: The SE oftenhas to keep track of many details whileperforming some maintenance activity.This can tax maintainers more than SEsdeveloping software from scratch be-cause maintainers will typically be lessfamiliar with any given part of a sys-tem.¥Attention-span required: Often themaintainer will have to shift attentionmany times while changing a system.Keeping oneself focused so as tocomplete a task can be difficult.¥Level of abstract thinking required:Some activities (e.g. reasoning aboutthe effects of a complex change) in-volve more abstract reasoning abilitythan others.Benefits of using this scale:¥We can put more research emphasis onactivities that involve high cognitiveload.Hypotheses:

Lethbridge and SingerStrategies for Studying Maintenance-4-¥High cognitive-load activities are likelyto lead to both frustration and errors onthe part of maintainers.¥It should be possible to develop toolsthat reduce the cognitive load of manymaintenance activitiesMost promising study techniques:¥Think-aloud protocols, time-slicing(with appropriate questions posed), in-terviewing.Scale 3: Amount and type ofknowledge needed to performthe activityWhereas the cognitive load scale focusedon cognition during problem solving, theknowledge scale focuses on what the userhas learned over time or is able to find outeasily. Unfortunately, one of the biggestproblems organizations face is that thereis a high turnover among SEs whoperform maintenance, and thus their lackof knowledge can become critical.Benefits of using this scale:¥We can put research emphasis on toolsthat help SEs learn better so they canbetter perform knowledge-intensive ac-tivities.¥ We can put research emphasis on toolsthat reduce SEs� need to keep certainknowledge in their memory.Hypotheses:¥In some cases, it may be possible for atool to supply the knowledge automati-cally. In other cases, a tool can help themaintainer by ensuring the knowledgeis readily available.¥Ajudicious combination of improvedsearch and navigation facilities inte-grated with a simple knowledge basedescribing the maintained system ab-stractly should permit SEs with consid-erably less experience to perform manymaintenance tasks.Most promising study techniques:¥Interviews, think-aloud protocols.Scale 4: Enjoyability andmotivation of the activityMaintenance has a reputation for beingless fulfilling than new development ofsoftware; nevertheless, many peopleenjoy at least some aspects ofmaintenance. The following are somesources of motivation: Solving complexpuzzles, the chance to please users, thefeeling of being an expert, the feeling ofcontrol due to rapid feedback, jobstability and the opportunity to perfect aproduct.Benefits of using this scale:¥We want to ensure that SEs are moti-vated.¥We want to ensure that our tools do notautomate-away enjoyable activities andleave only boring ones.Hypotheses:¥We should be able to develop tools thatare enjoyable and rewarding to use.¥Enjoyable and rewarding tools will en-courage SEs to be more productive.Most promising study techniques:¥Interviews, questionnaires, think-aloudprotocols, time-slicing (with questionsabout enjoyment)5. ConclusionsWe are involved in the detailed study ofmaintainers so that we can build tools toimprove their productivity. This paperpresents some ideas that can help sys-tematize how to approach such a study.In particular, a maintenance study shouldinvestigate the mental models of main-tainers and decompose their activities insignificant detail. The study should lookat the macro-level and the micro level,

Lethbridge and SingerStrategies for Studying Maintenance-5-and should pose questions about time-consumption, cognitive load, knowledgerequirements and enjoyment. Finally, thestudy should look at how these aspectsdiffer among maintainers and environ-ments.Additional details about our work can befound at:http://www.csi.uottawa.ca/~tcl/kbreReferences[1] Singer, J. and Lethbridge, T. (1996),�Methods for Studying MaintenanceActivities�, Proc. Workshop on EmpiricalStudies of Software Maintenance,Monterey.[2] Avison D. and Wood-Harper T.(1990), Multiview methodology. Oxford:Blackwell Scientific.[3] Seaman B. and Basili, V. (1996),�The Study of Software maintenanceOrganizations and Processes�, Proc.Workshop on Empirical Studies ofSoftware Maintenance, Monterey.[4] Ohlsson, N., Eriksson, A. andHelander M(1996). �Early Risk-Management by Identification of Fault-prone Modules�, Proc. Workshop onEmpirical Studies of Software Mainte-nance, Monterey.[5] Khoshgoftaar, T. and Allen, E.(1996), �Industrial-Strength SoftwareQuality Modeling� �, Proc. Workshop onEmpirical Studies of Software Mainte-nance, Monterey.[6] Boldyreff, C., Burd, E., Hather, R.,Mortimer, R., Munro, M., Younger, E.(1995), �The AMES Approach to Appli-cation Understanding: A Case Study�, Inproc. International Conference on Soft-ware Maintenance (Nice, France).[7] von Meyrhauser, A., & Vans, A.Marie. (1995), �Program Comprehen-sion During Software Maintenance andEvolution�, IEEE Computer, 28(8), 44-55.[8] Foster, J. (1993), �An Industry Viewon Program Comprehension�, proc.IEEE Second Workshop on ProgramComprehension, Capri.[9] Peritus Software Services, personalcommunication (See www.peritus.comfor information on a company that hasstudied software maintainers� personalprocesses).[10] Tilley, S. and Smith, D. (1996),Coming Attractions in ProgramUnderstanding, CMU/SEI-96-TR-019.Software Engineering Institute, CarnegieMellon University.