University of Ottawa, Computer Science Technical Report TR-97-081Work Practices as an Alternative Method to AssistTool Design in Software EngineeringJanice SingerInstitute for InformationTechnologyNational Research CouncilOttawa, K1A 0R6, Canada+1 613 991 6346singer@iit.nrc.caTimothy C. LethbridgeSchool of InformationTechnology and EngineeringUniversity of OttawaOttawa, K1N 6N5, Canada+1 613 562-5800 x6685tcl@site.uottawa.caNorman VinsonInstitute for InformationTechnologyNational Research CouncilOttawa, K1A 0R6, Canada+1 613 993 2565vinson@iit.nrc.caABSTRACTThis paper reports our experiences studying the workpractices of professional software engineers(SEs) with thegoal of designing tools that enhance, rather than displace orreplace, these work practices. The rationale being that thetools we build will actually be used because they have beencreated to mesh with existing behaviour. We provide ourreasons for following this approach, and describe somedetails of our approach such as the discovery of workpatterns, and the use of synchronized shadowing. Weoutline several studies we are currently conducting in alarge telecommunications company and talk about howthese studies have influenced the design of a softwareengineering exploration environment.KeywordsWork practices, tool design, software engineering tools,programming tools, work patterns, shadowing.INTRODUCTIONSoftware engineers (SEs) are heavy users of softwarethemselves, be that software CASE tools, configurationmanagement systems, exploration environments, etc.Unfortunately, little effort has been expended inunderstanding how SEs work, what is entailed in their day-to-day activities, and how some of their difficulties mightbe alleviated. This in turn has led to a problem in academicand industrial efforts to help professional SEs: the problemof shelfware. SEs often lament that the tools produced tohelp them don�t solve the problems they face and hence endup sitting on the shelf, rather than really being used.This shelfware problem has led our research group to studythe work practices of professional SEs with the goal ofdesigning tools that enhance, rather than displace orreplace, these work practices. Our rationale is that the toolswe build will actually be used because they have beenexplicitly designed to permit incremental modification ofexisting behaviour.This paper describes our experiences with the work practiceapproach to tool design. First we explain why we chose thework practice approach. Second, we briefly review a seriesof studies we undertook to examine the work practices of agroup of SEs at a large telecommunications company. Thissets the stage for the description of a software engineeringexploration tool based on our studies. Finally, we discusshow work practices in general can influence tool design.LACK OF EXISTING RESEARCHWe began our research by reviewing the existing literature.With respect to work practices, we found a burgeoning fieldof endeavor describing specific methodologies (e.g., [3, 6,15]), research in diverse areas (e.g., [4, 8, 7, 14]), and therelationship of these studies to human-computer interactionand design (e.g. [11, 17]).With respect to SE work practices though, we found littlethat could help us. Eleven years ago at the First Workshopon Empirical Studies of Programmers, Bill Curtis posedthe question, �By the way, did anyone study any realprogrammers?� [5] We could add an addendum to thisquestion, �And by the way, did anyone study any realprogrammers really working on real programs?�Unfortunately, with little exception, the answer to thisquestion eleven years ago was �no�, and remains �no�today.We are interested in designing tools for individual SEsworking in a maintenance environment. The few papers wedid find dealt with the design of new software systems(e.g., [16, 19]) or collaboration among developers (e.g., [2,9]). There were no papers describing the day to dayactivities of SEs working on real maintenance problems.There are clear differences between maintenance and thedesign of new systems. Indeed, there are many skillsnecessary for success in one that are not necessary forsuccess in the other. For instance, many softwaremaintainers we have interviewed describe their workexperiences by making an analogy to detective work, i.e.,delving into someone else�s code to find a problem. Incontrast, we�ve never heard designers of new systems talkthis way about their work. Due to this, research literature

University of Ottawa, Computer Science Technical Report TR-97-082that talks only about design of new systems is, at best,only marginally relevant to our research.With regard to collaboration, we are interested in designingtools to help individual SEs. SEs might use our tool tocollaborate with others, but this is not our primary visionof its use. A tool for an individual SE cannot be designedby looking at how groups of SEs work together.One specific area of research we thought would be helpfulwas the Empirical Studies of Programmers literature, butthere are two problems with this research. First, the vastmajority of it has been conducted with graduate andadvanced undergraduates serving as expert programmers(but c.f., [18]). It is clear that these subjects do notaccurately represent the population of industrialprogrammers. Consequently the results of studies involvingstudents cannot be generalized to SEs in industry.Second, even when professional SEs have served assubjects, researchers have used programs that are very small(both in terms of lines of code and logic) relative toindustrial software. This is done to control as manyvariables as possible. However it poses anothergeneralization problem: Approaches to working on smallprograms will not necessarily scale up to very largeprograms. For these two reasons, the ESP literature fellshort of our expectations.This lack of relevant literature motivated our decision topursue work practice studies of professional SEs. Thestudies are described in more detail in the �Work PracticeStudies of Software Engineers� section. Below, we presentour reasons for following this approach.WORK PRACTICESAdvantages of Work PracticesTo design software maintenance tools, we could haveemployed a top-down approach as follows. First, analyzethe structure of maintenance tasks, then apply that analysisto general models of cognition to generate a cognitivemodel of software maintenance. This model would providespecific hypotheses that could be tested under controlledconditions in a lab. However, as noted above, conclusionsbased on the results of lab experiments may not generalizeto an industrial setting. Additionally, a tool design doesnot immediately follow from a specification of the user�smental model. Several designs can be generated and tested,requiring the designers to collect usability data. Even so,this approach does not guarantee that the resulting tool isuseful [4]. Moreover, the top-down approach does notguarantee that SEs would use the tool. As noted earlier,getting SEs to use a new tool is quite difficult.The study of work practices avoids many of the problemsmentioned above. First, the work practice approachinvolves collecting field observations; that is, observing thedaily activities of SEs in their work environment. Thisavoids the common problem of generalizing to industrialsettings: since we collected our data in the field, ourfindings apply directly to SEs working on industrial code.However, the possibility that our findings do not generalizeto other industrial settings must be noted. Nonetheless, itis likely that the similarity between two industrial settingsis greater than the similarity between a lab experiment andan industrial setting.Second, a tool designed using the study of work practicesis less likely to end up as shelfware. The reason is thatsince data gathered in this manner reflects the existingbehaviour of SEs, it enables us to design a tool that willmesh with that behaviour. Note that this includesbehaviour that is not related to the tool (such as consultingcolleagues, documentation, notes etc.) but forms part of thework context into which the tool has to fit. Since the toolfits into the work context and meshes with existingbehaviour it should be easier for SEs to incorporate tool useinto their daily activities.Third, such a tool is likely to be useful because it isdesigned to increase the effectiveness of existing behaviour.In other words, the SEs will continue to do what they haddone before, except that they will do it more effectively. Forinstance, they will still issue search commands, but theywill issue them to a search engine that is better suited totheir work.Below we talk about the relation of work practices to tooldesign. In the section �Work Practice Studies of SoftwareEngineers� we discuss our work-practices studies. We thenexplain how we designed a tool using participatory designand work practice studies as sources of information.Work Practices, Work Patterns, And ToolDesignWe have encountered two main arguments against movingdirectly from work practice data to tool design. In thissection we present and deal with these arguments.The first argument is that the type of data collected in workpractice studies is not helpful in tool design. Instead ofrecording actions (e.g. the issuing of a grep command), weshould instead focus on the goals of those actions (e.g.searching for a variable V in a series of files). Only whengoals are known, the argument posits, can a tool be built tohelp SEs meet those goals. Moreover, the argumentcontinues, one needs to develop a complex cognitive modelof the task in order to understand goals properly.We agree that it is essential to understand goals. We cancontrast two approaches to extracting user goals andrelating them to user behaviour: the top-down approach,which is used with cognitive models, and the bottom-upapproach, which we have used. In the top-down approach, apre-existing cognitive model of the task is used tocategorize sequences of user behaviour, such as sequences ofuser actions or verbal �think-aloud� protocols,. It is in thecategorization process that user goals are inferred [6].Examples of this approach can be found in [12] and withSEs as users in [18].In contrast, our bottom-up approach is data driven and doesnot require a cognitive model of the task. For example,consider the two following sequence of user actions. First,the user issues a search command (e.g. grep) over severalfiles for a particular string S. Second, the user opens one ofthe flagged files in an editor, and searches (e.g. with

University of Ottawa, Computer Science Technical Report TR-97-083CNTRL-S) for string S in that file. The search commands,although syntactically different, are both categorized assearch commands. In addition, the open file command isrecognized as such. Finally, both search strings are encodedas being the same search item, even though one string mayhave been truncated. These categorizations do not require amodel of software maintenance. They simply require arudimentary understanding of the SE�s interface and tools.As for goals, they can be inferred from the result of useractions. To continue our example, we can infer that thegoal here was to examine the search string in the context ofthe program code. Alternatively, the goal can be expressedverbally by the user, as his work is observed. (E.g. �I�mnow looking for this string.�). These are the types of goalsthat interest us with respect to the tool. Determining thistype of user goal does not require a cognitive model.We use the term work pattern to designate a re-occurringsequence of user actions meeting a goal, such as the oneillustrated above. We incorporate work patterns into ourtool by having the tool, rather than the user, accomplishmany of the intervening actions. This saves the SE fromissuing several commands. This approach can potentiallybe iterated to discover higher-level work patterns, that arethemselves composed of work patterns, thus producing ahierarchy of work patterns from the bottom up.Our search for the most significant work patterns alsoproceeded without reference to a model. Rather, we simplyanalyzed our work practices data to find the most frequent,time consuming, and important activities. Further studiesfocused on these activities to extract work patterns.To conclude, it is true that some understanding of usergoals is important to tool design, but this can be achievedin a bottom-up fashion. Thus, in designing our tool, weavoid the costs of constructing and verifying a complexcognitive model of software engineering or maintenance.The other argument we have encountered against workpractice studies is that by designing a tool that incorporatesexisting behaviour, we are entrenching the inefficient workpractices of SEs. That is, rather than reinforcing theirbehaviour, we should be changing it.The assumption that work practices of SEs are inefficient isunwarranted. Other than our data, there is no catalogue ofthe work practices of SEs engaged in software maintenance.Therefore, there is no empirical evaluation of the efficiencyof these work practices. In fact, it is more likely that thework practices of experienced software maintainers areefficient and reflect expert performance. This is becauseexperienced maintainers are the only people who have thedomain knowledge necessary for expert softwaremaintenance. Indeed, twenty years of research on expertbehaviour has shown that a large body of domainknowledge is a pre-requisite for expertise [1]. By the sametoken, it is extremely unlikely that people with littleexperience in software maintenance could design tools thatincreased the effectiveness of maintainers withoutincorporating the work practices of experienced maintainersinto the design of the tools. We have done this throughparticipatory design and the study of work practices.The next section describes our work practice studies. In it,we give some general information about the workplace,followed by a description of the various methodologies wehave pursued, with some related results.WORK PRACTICE STUDIES OF SOFTWAREENGINEERSWorkplace CharacteristicsWe are studying a group that maintains one of the keyproducts of their company: a large telecommunicationssystem. The management of the group is fairly informal,with group members often able to select the problems onwhich they work.Group members work in close proximity and often walkover to each other�s desks with questions. The group alsomakes use of a laboratory in which the target hardware isinstalled.The system includes a real-time operating system andinteracts with a large number of different hardware devices.The system contains several million lines of code with over16000 routines in over 8000 files. It is also divided intonumerous layers and subsystems written in a proprietaryhigh-level language.The system was first fielded in the early 1980s and hassince been continually updated. Its importance to thecompany and its evolution are expected to continue formany years to come.Approximately 13 people actively work on various aspectsof the system at the current time. Over 100 people havemade changes to the source code during the life of thesystem.The group follows a well-defined process for creating newsystem features. They also keep detailed records of problemreports and the consequent changes to the system. Otherimportant documents include the �practices� that arefollowed by those who install and run the system in thefield.Careful attention is paid to quality control in the form ofdesign reviews, informal code inspections, and anindependent test team.Development work is done on the Sun platform, althoughthe SEs must spend a considerable amount of timeinstalling and running the software on variousconfigurations of the target hardware.StudiesWhen we began our strides, we found there was no clear�cataloging� as such of exactly how SEs go about solvingproblems. Consequently, we began our study of workpractices by finding out what it is in general that SEs dowhen they do their work. Our approach was fourfold; weconducted a web questionnaire, performed intensiveshadowing of an experienced SE who was a newcomer tothis project, performed various studies of a whole group,and collected company-wide tool usage statistics. Themethods and results of each of these studies is brieflypresented in the next four subsections (see [13, 10]). Afterusing the data to understand individual activities we then

University of Ottawa, Computer Science Technical Report TR-97-084analyzed it further to discover work patterns: Ourpreliminary analyses of these is in the section entitled�Synchronized Shadowing to Discover Work Patterns� anda discussion of the tool that we developed using thisinformation follows.Questionnaire StudyWe began our research by administering a web-basedquestionnaire. The questionnaire covered many differentaspects of the SEs� work. Here we report their answers totwo questions about what they spend their time doing.In response to the first question, the 6 (of 13) SEs whoresponded had to decide how to describe their work. Thequestion was open ended, meaning they had to identifyactivities for themselves, rather than choosing activitiesfrom a list. The activity listed by the most SEs wasreading documentation; many also reported spending timelooking at source code, writing documentation, attendingmeetings, and writing source code. Other activities includeconsulting, both answering and asking questions, workingwith the hardware, testing, designing, and fixing bugs.In another question, we asked the SEs how they dividedtheir time: They reported an average of 57% of their timewas spent fixing bugs, and 35% of their time makingenhancements to the system.Due to the questionable validity of self-reports, we onlyused the questionnaire to obtain a rough initial indicationof what the SEs� work involved. The next two subsectionsof the paper describe studies that allowed us to improve ourknowledge by obtaining direct observations.Individual studyWe have been following one SE longitudinally from thetime he joined the company (November, 1996). For thefirst six months, we spent about 1-1/2 hours per week withB. However, as B has become more expert, we have foundthat it makes more sense to meet once every 3 weeks. Thisis because new things happen less frequently: B has fewerexperiences with new tools and at the same time is workingon much larger problems that require long periodsperforming tasks such as reading documentation orreproducing the problem. B is an experienced SE (he waspreviously a team-leader), thus while he is new to thecompany, he is certainly new to neither maintenance nortelecommunications software.Our sessions with B consist of 3 distinct components. Firstwe talk about what has transpired since the last time wemet. This could be anything from code reviews, to learningabout a new tool, to reading documentation, etc. Second,we ask B to look at a diagram of the system that hepreviously constructed and ask him to modify it if it doesnot reflect his current understanding of the system. Finally,we �shadow� B as he works for half an hour. In this paper,we report the data from the shadowing.We categorized the shadowing events into 14 distinctcategories which are described in Table 1. Each of B�sevents was then classified as belonging to one of thesecategories. This data reflects 14 distinct shadowingsessions with B..Searching and interacting with the hardware were the mostlikely events to occur on a daily basis, each occurring on 8of the 14 occasions. B studied the source code using simpleeditors on 6 of the days. The reason that B searched onmore days than he studied the source code is becausesearching was an activity that also occurred wheninteracting with the hardware and debugging. B onlylooked at documentation on 2 of the 14 days. This issurprising because, at the time, B was still a relative noviceto the software system and it is commonly assumed thatnovices will spend much of their time reading thedocumentation to get a handle on what they are doing. Thedata show that this was not the strategy B pursued.However, because B was a novice, it was not supposing tofind that editing code, compiling, and management wereeach only done on only 1 of the 14 days.If instead of daily activities, we look at the overallfrequency of activities (e.g., the count of total number ofactivities), we see that B searched more often than he didanything else (37 times). He also frequently studied thesource code (33 times). While B was likely on anyActivityDescriptionCall traceLooking at an execution trace of theprogramConsultEither being consulted or consultingsomeone elseCompileLinking or compiling a programConfigurationMgtEntering and using the in-houseconfiguration management system(sometimes for updating, and sometimesto search for past updates)DebugUsing either the high-level or low-leveldebuggerDocumentationLooking at documentationEditChanging the source codeManagementGeneral software activities, such asmeetings, code reviews, etc.In-house toolsUsing one of the in-house tools,primarily static software analysis toolsNotesTaking notes, or reading past notesSearchUsing grep, in-house search tools, orsearching in an editorSourceStudying source code using editors orcode viewersHardwareInteracting with the hardware, e.g.,loading software, running software,configuring the hardware, etc.UNIXIssuing a general Unix command, e.g. lsTable 1: Categories of activities performed by the SE weshadowed.

University of Ottawa, Computer Science Technical Report TR-97-085particular day to work with the hardware, he did so on only22 distinct occasions.Thus overall, in terms of both daily activities and frequencyof different activities, search for information about thesystem, whether through grep, in-house search tools, orwithin a particular editor or debugger, figures mostprominently. A significant amount of effort was alsoexpended interacting with the hardware and studying thesource code.Group studyIn the last section, we discussed intensive studies of oneindividual. To generalize our findings, we have conductedseveral studies that focus on various aspects of the work ofan entire group of SEs.We have collected four types of data from the group. First,we asked the SEs to draw a diagram or picture of theircurrent understanding of the system, a conceptual map, ifyou will. Second, we conducted intensive interviews withthe SEs. Some of these asked about their work in general,while others focused on how they solved a real problemwith the software. The latter generally involved several 1-hour interviews over the course of several days. Finally, wespent one hour shadowing each SE as they went about theirwork. This report focuses on this third type of data; theshadowing data.Eight group members participated in the shadowing study.Their experience ranged from one of the most expertmembers of the group (8 years) to the least experienced (6months, a recent college graduate). All but one of theshadowed subjects worked on the main controller of thehardware. One of the subjects worked primarily on thedatabase component.The subjects were expert in a wide variety of platforms andlanguages, and had experience in both development andmaintenance environments.Like B�s data, the shadowed events were categorized intothe 14 distinct categories that are described in Table 1.Each of the events was then classified as belonging to oneof these event categories. 356 distinct events were recorded.All 8 SEs looked at the source, conducted a search, andchanged the source code at least once during the hour. Mostof the SEs also engaged at least once in several otheractivities, with 5 of the 8 SEs interacting with thehardware, debugger, or the in-house tools. On the otherhand, only 3 SEs looked at a call trace, while only one SEperformed a management activity.Of the total of 357 events (counted over the 8 SEs), issuinga Unix command was the most frequent activity, occurring54 times. A close second was studying the source whichwas done 52 times. Interacting with the hardware or thedebugger, searching, and changing the source code weredone on 36, 32, 31, and 30 occasions respectively.Configuration management, consulting, compiling, andworking with in-house tools were each done about 20times.Surprisingly enough, reading the documentation, althoughperformed by 6 of the 8 SEs, accounted for only 12 separateevents. Clearly, the act of looking at the documentation ismore salient in the SEs� minds (as evidenced by thequestionnaire data) than its actual occurrence wouldwarrant.SEs only occasionally wrote notes, looked at the call traceor did management activities. This is not to say that theseevents are not important, but merely that they did not occuras frequently as other events.As B did, members of the group frequently examined thesource code. Every SE in the group made at least onesearch during their shadowing session, but search was lessprominent than in B�s activities. Search ranked as the mostfrequent event type for B, while it was the 4th mostfrequent for the group.Code editing and compiling were more prominent activitiesin the group data than in B�s data. This is probablybecause B was still learning the system at the time weshadowed him, so he was not yet in a position to makemany changes. This may also explain the higherprominence of working with the call trace in his data: doingthe latter may be effective in gaining an initialunderstanding of a system.Interestingly, in-house tools and documentation were bothrelatively infrequent activities for both the group and B.The group data converge with B�s data to suggest thatlooking and searching through the source are prominentactivities for SEs. Editing and compiling also seemimportant. This concurs with what we would expect in thattheir work revolves around the source code.Company StudyThe final study we report concerns company-wide toolusage statistics. These data were obtained from thecompany�s tool group. This group is responsible foracquiring, updating, and maintaining the company�s tools.Collecting usage statistics is part of their mission.The data presented here represent one week of Sun toolusage by 367 users in late May 1997. Note that this weekoccurred before �vacation season,� so is fairly representativeof peak tool usage. There were 79,295 separate tool callslogged from the Sun operating system.Invocations of compilers occurred 32,422 times (41% of allevents recorded) due to regular automatic load-builds;therefore we had to exclude this data from our studies.When we factored compiling out, the overwhelming findingfrom the company data is that search is done far more oftenthan any other activity. In fact, search accounts for 21,146events over the course of the week, or an average of about58 searches per individual user. Compression and un-compression tools are also used often (We never actuallyobserved anyone using these tools so we assume that theyare also mostly used by automated scripts).The configuration management system was activated 2819times, accounting for approximately 4% of all events. Atthis company, the configuration management system is

University of Ottawa, Computer Science Technical Report TR-97-086central to the work process, both for retrieving files, filingchanges, and searching through past changes (along withassociated documentation).Editors and viewers account for approximately 3190 events,or 4% of the total number of events. This low frequencycould be due to counting particularities that apply only toeditors. In the company tool data, an editor command iscounted only when the editor is opened. Once an editor isopen, it generally stays open, regardless of how manychanges are made, or how many files are viewed. Incontrast, in the shadowing data, an edit was recorded eachindividual time the source was changed, and a source eventwas counted each time the source was examined, whetherthe editor was already open or not. Consequently, it comesas no surprise that in the shadowing data, edit and sourcefrequency is higher than it is in the company-wide data.Again, the in-house tools are not used very frequently, butthat belies their importance. These tools are importantbecause they perform necessary functions that cannot beperformed by other tools.Search is the most frequently used tool at the companywide level. Grep and its variants are the most frequentlyused search tools, accounting for 21,117 separateinvocations. Clearly, search is an important aspect of SEswork practices.Synchronized Shadowing to Discover Work PatternsThe above studies of SE work practices highlighted twoprimary activities: search and navigation. In continuing ourresearch, we have focused on these areas. In particular, weare interested in the recurring sequences of actions that SEsfollow to execute search, i.e., search work patterns (thisterm is discussed in the section �Work Practices, WorkPatterns, And Tool Design�).To find work patterns, we implemented a methodology wecall synchronized shadowing. Here, two observers shadowan individual SE at the same time. Each observer recordsobservations on their own laptop computer. The clocks onthe two computers are synchronized, so that the two datasets can later be matched. One researcher records the low-level work practices of the SE, such as �execute grep�,�open an editor�, �look at the source�, etc.1 The otherresearcher has the SE �think-aloud� while working, andrecords the SE�s immediate goals and whether and whenthey are achieved. For example, the second researcherwould record that the SE was looking for a variable,looking for a constant, looking for a routine name, etc. Thehigh-level goals recorded are only those directly mentionedby the SE; the very low-level goals are partly interpreted orinferred from the sequences of actions and from the higherlevel goals (see section �Work Practices, Work Patterns,And Tool Design�).To find the work patterns, then, the two data sets aremerged so that the goals can be matched up with the

1 Unfortunately, this level of observation cannot be done byautomatic logging of keystrokes and mouse movements.specific actions that were taken to achieve them. Over timeand after studying many more SEs, we expect that certaingoals will always be matched with the same or very similaractions to form work patterns.We implemented the synchronized shadowing methodbecause we found that no other technique would workeffectively. A single researcher could not record both typesof information; videotaping was too time-consuming, andautomated recording missed important data.Work Patterns of Particular ImportanceDuring the course of our studies we began to notice severalimportant work patterns. We are still in the process ofextracting these patterns, but our preliminary attentionbecame focused on patterns common to several SEs andhaving mechanical, time-consuming and/or inefficientelements that could perhaps be automated.The following are four of the most important such patterns:1. Searching for some target string using grep,successively opening each file that had grep �hits�,searching for the same target in the file, and thenstudying the code around the hits. In most cases the greptarget was a very simple string and the search involved avery large number of files; the SE was often forced to waitfor many seconds for the result, and some SEs developedthe habit of starting searches in the background, and thenperforming some other task while they waited for thesearch to complete.2. Saving the results of grep searches to act as checklistsfor future work (either lists of places to study, or lists ofplaces where changes are needed), and then workingthrough the checklists. This pattern was fraught witherrors, however: On several occasions we observed SEsrepeating searches because they could not find previousresults (e.g. they had scrolled too far offthe top of thescreen).3. Suspending an investigation of a checklist item toperform some other search or study, then resuming workat a later time. This task switching involved considerableoverhead, and it was hard for the SEs to keep their workorganized.4. Jumping back and forth between tools, primarily Unixcommand line (performing grep) to editor and back. Thisjumping involved the use of cut and paste to transfer dataand was frequently awkward.The next section describes how we have developed a toolthat helps SEs more effectively achieve the goals implicit inthe above patterns.DEVELOPING A TOOL USING THE RESULTS O F WORK PRACTICE STUDIESIn this section, we discuss how we have used work-practices studies to inform the design of a softwareengineering tool.In late 1995 we started our research project whose goal wasto discover techniques whereby SEs could more effectivelymaintain large legacy systems. We performed two

University of Ottawa, Computer Science Technical Report TR-97-087approaches in parallel: participatory design and workpractices.Participatory Design: The First ReleaseThe participatory design approach rapidly yielded the firstversion of our tool: We brainstormed a group of SEs fortheir needs, and then designed, with their continuedinvolvement, a tool called SEE (Software ExplorationEnvironment); its main features were:a) Hypertext-like abilities to select any word in the code,and build a list of relevant information that describes thatword (e.g. a variable, a routine or even a word incomments).b) Abilities to build, in a hierarchical manner, a list ofitems related to the file, routine, identifier etc. on thescreen.Both of these facilities were ranked high in thebrainstorming sessions. They proved useful to the SEs (asevidenced by ongoing use) and remain, in improved form,in the version developed after we incorporated the results ofour work-practice studies.Work Studies Based Design: The SecondReleaseOur work practice studies proceeded in parallel with theabove, and have so far been underway for over a year. Thesestudies clearly could not inform tool design for the firstrelease since we had to amass data. We therefore used themto develop the second release.We used the work patterns discussed earlier to guide ourtool design, and thus implemented the following features inthe second version of SEE. We call this tksee, and a screensnapshot is shown as figure 1:• Persistent hierarchical history2. Thisfacility automatically records the entirestate of each exploration and presents it tothe user in a compact, but graphicalmanner. It allows the user to jump amongstates or return to earlier states, and thusfacilitates work patterns 2 and 3.Information recorded in each state includesthe object the SE was studying (rightpane in figure 1), as well as theexploration hierarchy — i.e. the path thatled the SE to this object (left pane). Eachtime the SE starts a new search, a newhistory record is created (top pane). Thesehistory records are themselveshierarchical. Any given level of thehierarchy represents search tasks that theuser considers to be peers; if the userselects one of these search records andperforms new search work, then a lowerlevel in the hierarchy will be started.• Visual grep. Although the user canperform useful queries with a combination of hypertextand relationship-expanding that were available in theoriginal tool, users persisted in using grep, jumping fromour first release to the command line and back. In order tohelp users better perform work patterns 1 and 4, therefore,we integrated grep into tksee. There are three ways toaccess this functionality: 1) Requesting an �ordinary� grepwhereby the search hits are displayed as a fresh search inthe history hierarchy. 2) Selecting some items in thebottom left pane and requesting a grep in each of these;the hits being displayed indented below the places wherethey were found in the bottom-left pane. 3) Selecting (inthe bottom-left pane) an item that is the destination of arelationship, and requesting that the places in that itemthat establish the relationship be highlighted as grep hits.In all three cases, the user can select a grep hit andimmediately see the context of the hit in the right pane.Conclusions From Tool DevelopmentThe second release of the tool has been eagerly adopted bya variety of SEs. This is an achievement, since it is hard toencourage these people to adopt new techniques — many ofthem have not even adopted emacs, and prefer to use moreprimitive editors they know better.We attribute our success to the following: a) we focused ontasks that they do most frequently (i.e. search); b) wedeveloped tools that specifically helped with work patternsthat appeared cumbersome previously; c) we allowed themto continue their existing work practices (e.g. use of grep),rather than forcing them to adopt a radical new paradigm.One criticism we have received about our research is thatthere are already commercial and freeware tools that

2 Although a rudimentary version of history was availablein the original tool, it was little use since it was notpersistant nor automatic enough

University of Ottawa, Computer Science Technical Report TR-97-088incorporate some of the facilities we have developed. Wellknown examples include Sniff+ and emacs. Our counter-argument to this is to ask, why are those tools not beingused by our SEs? We believe that our work-practicesstudies have allowed us to develop a tool that fits moreprecisely with the SEs� needs. The other tools either donot integrate all the facilities needed (especially thepersistent hierarchical history) or are overly complex.Our work also allows us to compare participatory designwith work-practices-based design. We feel that both areimportant and should be used together, however in our caseno amount of brainstorming and discussion with users gaverise to ideas about history or the details of how to integrategrep. It was only the work-practices studies that allowed usto make the extra step — and obtain considerably higherrates of tool adoption as a result.CONCLUSIONThis paper has described experiences with severaltechniques that can help SEs and user interface specialiststo develop systems that are not only usable, but are alsoused.We have demonstrated that by studying work practices, itis possible to develop tools that meet the needs of users,and are adopted by those users. Furthermore, this can bedone without the need to perform cognitive modeling.In our work practice studies, we first discovered what ourusers did in broad terms using interviews, shadowingquestionnaires etc. Then we focused on the most frequentlyperformed tasks to discover what we call work patterns.We have also shown that by using the technique we callsynchronized shadowing, it is possible to gatherinformation about both activities and goals fairly efficiently.The analysis of this data leads to the discovery of workpatterns that are most amenable to automation.We will now continue our work-practices research andperform tool development iteratively. We will study theextent and manner with which the SEs use the facilities wehave developed as a result of this research. We also plan tostudy the work patterns of SEs in more depth as we amassmore observations.ACKNOWLEDGMENTSThis research is supported by NSERC and sponsored bythe Consortium for Software Engineering Research (CSER).We would like to thank the SEs who participated in ourstudies.REFERENCES1. B�dard, J., & Chi, M.T.H. Expertise. CurrentDirections in Psychological Science, 1 (1992), 135-139.2. Berlin, L. Beyond program understanding: A look atprogramming expertise in industry, in EmpiricalStudies of Programmers, Fifth Workshop, (NewBrunswick, NJ, 1991.)3. Beyer, H., & Holtzblatt, K., Apprenticing with thecustomer. Communications of the ACM 38 (1995), 45-52.4. Blomberg, J., Suchman, L., & Trigg, R., Reflectionson a Work-oriented Design Project. Human ComputerInteraction 11, (1996), 237-2655. Curtis, B. By the way, Did anyone study any realprogrammers. In Empirical Studies of Programmers,�86, 256-261.6. Ericsson, K.A., & Simon, H.A. Protocol Analysis:Verbal Reports As Data. MIT Press, Boston MA,1984.7. Harper, R., Sellen, A.. Collaborative tools and thepracticalities of professional work at the InternationalMonetary Fund, in Proceedings of CHI ’95 (DenverCO, May 1995), ACM Press.8. Hutchins, E.. Cognition in the Wild. MIT Press:Boston, MA, 1996.9. Kraut, R. & Streeter, L. Coordination in large scalesoftware development. Communications of the ACM 38,3, (1995) 69-81.10. Lethbridge, T., and Singer, J. (1997). Understandingsoftware maintenance tools: Some empirical research, inWorkshop on Empirical Studies of SoftwareMaintenance, (Bari, Italy, October 1997), to appear.11. Nardi, B. Studying context: A comparison of ActivityTheory, Situated Action Models, and DistributedCognition In B. Nardi (ed.), Context andConsciousness : Activity Theory and Human-ComputerInteraction. MIT Press, Boston, MA, 199612. Newell, A., & Simon, H. Human Problem Solving.Prentice Hall:Englewood Cliffs, NJ, 1972.13. Singer, J., Lethbridge, T., Vinson, N. and Anquetil N.An Examination of Software Engineering WorkPractices, in Proceedings of CASCON �97 (Toronto,November 1997), to appear.14. Sellen, A., Harper. R. Paper as an analytic resource forthe design of new technologies. In CHI �97.15. Snelling, L, Bruce-Smith, D. The work mappingtechnique. Interactions, 4, 4, (1997) 25-31.16. Sonnetag, S., Brodbeck. F., Heinbokel, T., & Stolte.,W. Stressor-burnout relationship in softwaredevelopment teams. J. Occupational and OrganizationPsychology, 67, (1994), 327-341.17. Vicente, K and Pejtersen, A. Cognitive Work Analysis,in press.18. von Mayrhauser, A and & Vans, A., ProgramComprehension During Software Maintenance andEvolution, Computer Aug. 1995, 44-55.19. Walz, D., Elam, J., Curtis, B. (1993). Inside a softwaredesign team: Knowledge Acquisition, sharing, andintegration. CACM 36, 10, (1993), 63- 76.