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Abstract

Despite a wealth of electronic group tools for coordinating the software development process, instead we find

many groups preferring to use apparently outmoded "material" tools in critical projects. The current

ethnographic study investigates this paradox. We begin by building up a detailed picture of the overall software

development process and identify critical general problems in achieving coordination. Coordination problems

arise in software development from the complex dependencies that hold among the work of different

individuals. We identify the critical role of the schedule as a coordination device, but find that its value can be

undermined because the schedule is often neither accurate nor current. As a result, the schedule is not used as a

resource for individual or group planning, and we identify the reasons why this occurs. We then compare

coordination in two development groups, one using electronic and the other material scheduling tools. We

found that the medium of the schedule has a major impact on coordination problems. The size, public location

and physical qualities of material tools engender certain crucial group processes that current electronic

technologies fail to support. A large wallboard located in a public area encouraged greater responsibility,

commitment and updating and its material properties served to encourage more reflective planning.

Furthermore, the public nature of the wallboard promoted group interaction around the board, it enabled

collaborative problem solving, as well as informing individuals about the local and global progress of the
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project. Despite these benefits, however, the material tool fell short on several other dimensions such as

distribution, complex dependency tracking, and versioning. We make design recommendations about how the

benefits of material tools could be incorporated into electronic groupware systems and discuss the theoretical

implications of this work.

Keywords: Group coordination, group memory, paper, media, software development, scheduling, social

factors, software development.
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1. The coordination problem and the paper paradox

"If this were a space mission and you underestimated by a factor of  two, you’d be off.  But this is not. This

is software design. Being off by a factor of ten is bad, but not out of the realm  of possibilities."

(comment by a senior software architect)

Group coordination is a central problem for CSCW. Coordination is the set of procedures by which teams plan,

organise, orchestrate and integrate their activities to achieve shared goals (Kraut & Streeter, 1995, Malone &

Crowston, 1992). Why is coordination necessary? In settings where multiple individuals are collaborating together to

achieve shared goals, there are often complex causal and temporal dependencies between the subtasks carried out by

different group members. One individual is often working on a task that is a prerequisite for someone else’s work,

where the first task needs to be completed before the second individual can begin their contribution. Furthermore, in

work settings there are usually time constraints which mean that teams have to divide projects into tasks, with

different team members working concurrently on related tasks.  Failure to co-ordinate activities under these

circumstances can produce multiple types of problems and inefficiencies. There can be redundancies, where multiple

people unknowingly work on the same task; delays where one person is idle waiting for someone else to complete a

prerequisite task; and sometimes reworking when a completed task has to be redone in the light of subsequent

information. Given all these potential problems, it is vital when there are complex dependencies that teams have: (a)

shared methods for sequencing, combining, and consolidating their activities, as well as (b) systematic techniques for

representing and communicating information about the dependencies that hold between different subtasks, and the

progress that each team member is making in executing their tasks.

Despite the pervasiveness of the coordination problem for many types of collective activity, it has not been the

subject of extensive study in CSCW. While there have been empirical studies examining short-term coordination in

complex real-world settings (Heath & Luff, 1991, Hughes, Randall & Shapiro, 1992, Hutchins, 1990, Suchman &

Wynn, 1984), that research has largely addressed how teams coordinate complex tasks over periods of minutes or

hours. Our goal is different: we look at long-term coordination in naturalistic settings over extended periods of time,

and the projects we studied here lasted many months. There is much less research into long-term coordination,
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although recent empirical work has begun to address this issue (Curtis, Krasner & Iscoe, 1991, Kraut & Streeter,

1995).

The domain we studied here was software engineering, where there are huge coordination challenges. Failure to meet

deadlines is endemic in the software industry, and coordination and communication failures have been identified as a

major cause (Brooks, 1975, Curtis et al., 1991). Large multidisciplinary teams are necessary to carry out large-scale

software development efforts, but successful techniques for ensuring effective information sharing, planning and task

sequencing have not yet been identified (Brooks, 1975, Curtis et al., 1991, Kraut & Streeter, 1995). An

understanding of how coordination problems arise in the specific domain of software development, may therefore be

of considerable practical as well as theoretical importance.

A second major focus of the study was to identify the role of scheduling tools in supporting coordination. Here we

were motivated by an apparently counterintuitive observation. We found that several of the software development

groups we contacted had made a paradoxical decision. They had chosen material (ie. paper-based)  rather than

electronic tools to support coordination. This decision was made despite the fact that there are strong a priori reasons

why electronic tools should be useful for the coordination of large teams in complex domains (Malone & Crowston,

1992, Winograd & Flores, 1986). On-line tools allow the rapid dissemination of information such as project

documents, data, plans and schedules using group databases or shared file systems. They can also allow

asynchronous communication via bulletin boards, or email. A further advantage is that on-line tools can be updated

and accessed by individual project members whenever those individuals need information. This ability for

individuals to share and distribute information asynchronously is vital for large distributed teams, where the sheer

number of people involved makes face-to-face meetings costly and difficult to organise. On-line tools also support

project tracking, making it possible to straightforwardly determine the precise status of a complex project (Winograd

& Flores, 1986). In addition, such tools provide computational support for: (a) planning and compiling complex

schedules; (b) generating multiple views of data or schedules; (c) exploring dependencies between subtasks of a

project; (d) hypothetical reasoning for planning and projections.

Despite these putative advantages, we found that a number of the software development groups we contacted had

abandoned on-line scheduling tools in favour of what seem to be outmoded "technologies". Instead of on-line tools,

we observed the use of large, publicly located, wallboards, with individual tasks and milestones written on paper
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slips which were then pinned to the wallboards (see Figures 2 and 3). This did not reflect a lack of expertise with

advanced technology however. The development groups were employed by a high technology company and they had

access to, and expertise with, on-line project scheduling tools, email and workflow applications. Furthermore the

corporate culture and explicit company policies supported the use of on-line as opposed to "paper-based" methods.

Nevertheless several software development groups preferred these "outmoded techniques" for managing software

development. This rejection of software and the reversion to apparently inferior “pen and paper”  tools has also been

observed in other settings (Bowers, 1994, Grudin, 1988, Luff et al., 1992, Rogers, 1994)

Our ethnographic case study set out to address this paradox. After describing the teams and their work context, we

examine the specific problems that long-term coordination poses in software development and identify the crucial

role that schedules play in acting as a mechanism for co-ordinating group activity. We examine the social and

cognitive problems involved in constructing and maintaining accurate schedules for software development. We then

compare different tools for achieving coordination, by contrasting the effectiveness of wallboards versus software in

addressing these coordination problems. We argue that media properties have an impact on the usefulness of the

schedule: the material, visible, public nature of the paper-based wallboard promotes certain critical individual and

social behaviours that are not well supported in current software scheduling systems. We conclude with a discussion

of the implications of these findings for the theory and design of CSCW systems.

2. The development teams, their scheduling tools and work context

2.1 TEAM MEMBERS

A key aspect of the study is a comparison we make between two software development groups. The first group

(referred to as the electronic group) relied almost exclusively on on-line scheduling methods, whereas the other

group (the wallboard group) used the material tool described below. The electronic group was developing a

presentation application, while the other group was developing a set of software components to allow different PC

desktop software applications to interwork. These two core groups provided 21 of our study participants, but we also

supplemented their data with information from a further 11 participants derived from 3 more groups. Two of the

additional groups used paper-based coordination, and the final group used electronic scheduling methods.

Both core groups were multidisciplinary teams containing software architects, software developers, quality assurance

engineers, documentation writers, and managers. The core team members were as follows:
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     Architects are the high level designers of the software. They are responsible for specifying and writing the

more complex parts of the code. Architects sometimes supervise the technical aspects of other software

developers’ work, especially those parts of the code that they personally specified. Architects may also take

part in technical discussions with development groups from different products when multiple groups have to

collaborate closely, for example when code is to be shared between projects.

• Software developers write much of the code. They begin with the architect’s high level specification and then

break this down into smaller implementation tasks, which they then execute. It is the responsibility of

individual developers to ensure that their completed code is free of major errors. They usually carry out

preliminary testing (known as "smoketesting") of the software they develop.

• Quality Assurance ("QA" or “ testing” ) is responsible for systematically testing and "passing" the completed

code to ensure it is completely free of errors. Depending on the nature of the code, this can involve running

standard test scripts, or sometimes writing specialised software to evaluate the code. As early code is seldom

free of errors, QA also have to communicate their test results back to the relevant developers, who can then

make required modifications, a process which often requires several iterations.

• Documentation ("Doc") write the manuals explaining how the code works. They are sometimes also involved

in writing the help or user assistance system.

• Development managers are responsible for the day to day coordination and motivation of the development

team. They also serve as the communication channel to upper management and also to other product groups.

The groups we studied also co-ordinated with other development teams, and corporate entities such as marketing or

upper strategic levels of management. Normally managers and architects handled these interactions.

2.2 ELECTRONIC SCHEDULING: THE PRESENTATION APPLICATION GROUP

The electronic group was simultaneously working on two different versions of a presentation application (ie. an

application that generates materials for slides or overhead transparencies). The first version was a set of extensions to

the existing presentation application. Most of the code was complete, so this part of the project consisted mainly of

testing and bug fixing. The second version of the application was more ambitious: it included more complex features
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to support group collaboration in the composition of a presentation, including versioning and communications

integration. The advanced version was midway through development, at the point when we began our study. For both

versions there were dependencies between the group’s work and that of other teams within the company. Both

versions were dependent on other external groups to supply general software components, eg. the graphical charting

functions within the application. The electronic group also had to co-ordinate with other product groups to ensure

that the company’s desktop products shared a common user interface "look and feel", with common icons and menu

options for the company’s four different desktop applications. There were also timing issues which had to be

coordinated with external groups. For strategic marketing reasons, schedules also had to be agreed with other groups

so that simultaneous release of all desktop applications (presentation package, spreadsheet, word processor, and

personal database) could be achieved. This required frequent progress meetings for synchronisation checks. All of

the electronic group were located at a single physical location, although collaborations with other product groups

necessitated meetings at different locations in the same campus area. Given the highly visual nature of the product,

the development team included both user interface specialists and graphic designers. These people were involved at

all stages of the development cycle, from initial specification of the individual features, to conversations about

design with individual developers concerning exactly how a feature should be realised, and user testing of early

versions of the code.

The presentation package group relied on predominantly electronic methods for communication and coordination.

They used a mixture of project bulletin boards, electronic mail, a scheduling tool (MS-ProjectTM), supplemented by a

small number of face-to-face meetings. Electronic project bulletin boards and face-to-face meetings were used to

compile initial high-level specifications for product features. The specifications were broken down to make a list of

development tasks. These tasks, along with developer estimates about how long each task would take, were then

combined electronically into the scheduling tool and a schedule generated, as shown in Figure 1. The software

schedule details the tasks, who is responsible for each, and completion date for each task. It also shows dependencies

in terms of “predecessors”  namely tasks that are prerequisites for a given task. The tool also allows some visual

depiction of tasks and dependencies using standard visualisation techniques such as PERT and GANTT charts

(partly visible on the right hand side of Figure 1). Ideally, each week, individual developers would report their

progress to their project manager via email. The manager entered the data into the on-line schedule. This data was
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then compiled into a progress report which was distributed via email and occasionally in paper form to both the

project members and management who were overseeing the product. The progress report consisted of a list of tasks,

along with the name of the person responsible for each task, accompanied by status, start and completion dates for

each task.

Figure 1: The electronic scheduling tool showing task names, start and completion dates, and predecessors.

2.3 PEN AND PAPER SCHEDULING: THE TOOLKIT GROUP

The wallboard group was developing a toolkit which enabled users to share, view and combine information across

different desktop applications. The toolkit integrated these applications without the user having to leave an

individual application. The project had been underway for about 9 months and the first parts of the code were almost

complete. The definition of the toolkit functionality required close collaboration with the various external groups

developing the target applications it was intended to integrate. This not only meant that there were frequent meetings

and collaboration with the members of these other application groups, but individual developers from two of the

desktop application groups were coopted into the team to code parts of the toolkit. One of these external developers

was in the same building as the toolkit team, but the other worked at a location 800 miles away. Because of this
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distance, the remote developer met the group only once in the course of the project and one local developer within

the team was assigned special responsibility to keep him abreast of group progress, involving frequent phone calls

and email. The remote developer was also unable to directly access the servers holding the product code, so he relied

on email to share code. The  toolkit was also highly novel code, which meant that standard quality assurance testing

routines were not available, and these had to be built by the development team as part of the development process.

Figure 2: The wallboard showing names of people, tasks and dates
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The process of coordination was completely different for the wallboard group when contrasted with the electronic

group. The wallboard group had initially relied on software in the form of MS-Project as a scheduling tool,  but had

abandoned this in favour of "pen and paper" methods. Instead of supplying email data about the estimated times for

the completion of their tasks, project members entered these on a large wall board (see Figure 2). The board depicted

the names of all the people in the project (down the left hand side) and a time-line (along the top of the board).

Against each person’s name was a series of labelled pieces of card representing each different development task, and

the length of the card indicated the expected duration of the task. There were different coloured pieces of card to

represent different task types, and the labels described what the task was (eg. “LAM” or “save as” ). There were also

various symbols to represent deadlines and review points. The board was large: it was about 5ft high and 25 ft long.

It was located in a prominent public location in the hallway, so that team members walked past it on their way to the

printer, lunch and the bathrooms. It was also visible to external groups passing by the project area (see Figure 3).

Figure 3: The size and location of the board

Ideally, each week, group members reported their progress either face-to-face with their project manager, in small

groups, or alone at the board. They stood in front of the board, discussing the progress of old tasks already on the

board, and planning the next week’s tasks. They moved around or cut up the different pieces of card, to represent

new tasks they had done or intended to undertake. Other activities than weekly reporting were carried out at the
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board, so that some planning meetings among subgroups of the project took place in front of the board, when it was

necessary to make extensive revisions to the schedule.

3. Data collection and analysis method

We interviewed members of the two teams and their management individually using a semi-structured questionaire.

We also talked to members of three other development groups. Our interview questions addressed a number of

issues. We asked participants to describe: (1) the general software development process and their individual roles

and responsibilities; (2) general problems and barriers to the timely delivery of working software; (3) the specific

coordination, planning and communication methods used by their group, and the effects of different scheduling

media on different aspects of coordination. Parts (1) and (2) were intended to build up a overall picture of the

software development process and its general processes and problems. Part (3) addressed the impact of specific

coordination methods used by each group and their effect on the development process.

Interviews lasted between one and three hours, these were transcribed and form the main part of our analysis.

Altogether we have 53 hours of interviews. Where possible, we also talked opportunistically to informants for a few

moments several times per week, to informally discuss how the project was progressing. These conversations were

carried out over a period of six months, and we also observed some opportunistic interactions among group

members, for example when the wallboard was being updated. Altogether we have about 20 hours of observations of

group interactions. We rely on our field notes as documentation of these interactions. We also had access to different

artifacts produced by the groups, eg. schedules, specification documents, bug reports and communications taking

place in on-line project bulletin boards.  

We used the following techniques for analysing the interviews. We first identified general descriptions of the

software development process itself, first to categorise its individual phases or subtasks and second to understand the

general role of the schedule in supporting this process (Part 1 of the interviews described above). We next looked at

the coordination problems that emerged in trying to carry out those phases (Part 2 of the interviews). The two groups

concurred about the idealised development process and the difficulties in executing it, and we combine the data from

both groups here. These general descriptions the role of the schedule in idealised and real coordination are presented

in section 4: “The coordination process and the role of the schedule in ideal and real coordination” .
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Where the groups differed was in their experience of using the different scheduling methods, and this data is

presented separately for each group in the section “The impact of different scheduling media on the development

process”  (Part 3 of our interviews). Here we collected all the user comments about each development phase or

subtask to see how it was affected by the media of the different scheduling methods. Thus for each subtask, for both

the wallboard and the electronic schedule, we collected the benefits and drawbacks of each scheduling method. Here

we present representative quotes from participants about these benefits and drawbacks, as well as participants’

explanations about why they occurred. Where there was substantial disagreement or inconsistency between

participants' opinions, then we present quotes representing both points of view. We also present relevant data from

observed interactions.

4. The coordination process and the role of the schedule in ideal and real coordination

This section describes the general software development process and coordination problems  characterised by both

groups. We discuss the role of the schedule as a coordination device and the problems that arise in trying to maintain

a realistic schedule, during each phase of the development process.

4.1 THE COORDINATION PROBLEM

It is clear that meeting delivery deadlines was a major problem. Frequent underestimations of completion times led

to repeated failures to meet deadlines.

Developer: "March  of ’94, we were scheduled to come out.  Beginning of ’94.  It really was scheduled to

be a one-year project.  Now it's the beginning of '95...Yeah.  Q2 '95, I believe.”

Interviewer:“ So it’ s slipped almost a year?”

Developer: "I think that's true"

Interviewer:"So it doubled"

Some of the difficulties arose because of the complex dependencies between the work of different team members. In

both project teams, there were multiple participants all with different responsibilities. Furthermore, the dependencies

could be internal or external to the group. To proceed with the next phase of development, a given developer often

required certain code developed by others to be complete. These dependencies introduce a stringent coordination

requirement within and between groups. It was acknowledged that where there were such dependencies, attempts to

co-ordinate were often difficult. One example of such difficulties occurred when the same software components were
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used by multiple groups as common elements from which those groups built their applications. In this case, the

recipient groups were often kept waiting for the completion of the prerequisite shared components. In addition, there

were sometimes problems is ensuring that shared components were specified in such a way that they could interwork

with the main application:

"Another thing that contributes to schedule slippage in products I believe, is commitment to shared  pieces

... a lot of time is spent on synching up with shared pieces from the applications point of view"

Failure to recognise and address the problems associated with these dependencies led to a series of negative

outcomes. Individuals were delayed while waiting for others to finish prerequisite tasks:

".. you’ll find there are more problems when people are dependent on shared tools .....  You know, I cannot

proceed with this [code]  until the shared tool’s up to a certain point".

Sometimes people fail to recognise where there are dependencies and when work has to be performed in a specific

sequence. Ignorance of the need for sequencing can disrupt the work of others:

"if  things are done out of sequence, and there’s a  dependency based on the sequence of things to be done,

sometimes, if you pursue things out of sequence, you impair, unknowingly, the work of others that are

dependent upon you doing things in the sequence that the schedule calls for"

Other times people don’ t realise that there are dependencies until well into the development cycle:

"Well practically, there are some dependencies that  people don’t realize or understand until they actually

sit  down and try to do something."

Sometimes project members lack basic information concerning the actions, plans and responsibilities of others. The

consequence is that coordination of activities is poor, and there is a lack of belief that others will meet their

commitments leading to recriminations when things go wrong:

"You know, a lot of times, with -- with components  that are shared, you know, you’ll say... I’m  dependent

on this group to give me this, but I’m worried that  won’t happen"

"There are a lot of times  in projects where people don’t know what other people or  groups within their

entire project are doing and where they  are and how it’s coming [along] .  And there can be a lot of finger

pointing when things get to critical times".
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4.2 THE ROLE OF THE SCHEDULE AS A COORDINATION DEVICE

Given these dependencies, how then did the groups address the problems of coordination in order to orchestrate their

actions with others? Management addressed these coordination problems by the construction of schedules. A

schedule is, at minimum, a permanent record of a set of tasks to be executed, along with their predicted durations

and completion times. It also usually contains information about who has responsibility for each task. It may also

contain information about the dependencies among different tasks. How do schedules address the coordination

requirement? Schedules serve two important functions. Most importantly, they serve as a shared plan or joint "to do

list", allowing people to co-ordinate future actions, by tracking how much of the overall plan has actually been

achieved and hence determining what remains to be done. Second, schedules can serve as a type of contract: when a

schedule is agreed it is a form of commitment by each worker that certain tasks will be completed by a given date.

A good schedule can therefore address a team’s coordination problems in a direct way: it allows access to relevant

information about who is doing which tasks at what times. A readily accessible schedule provides this information

without the overhead of interrupting other team members or calling a group meeting to discuss plans and progress

(Van de Ven, Delbeq & Koenig, 1976). It can serve as an external communication tool so that people outside the

group also have access to internal plans. Furthermore a schedule can assist individual workers in organising their

own work. People can make decisions about what tasks to tackle next, given what they have committed to in the

original schedule, and taking into account shared information about what others will be doing.

However, for a schedule to serve as a useful coordination and planning tool, it has to be realistic and up-to-date. If a

task to be completed by one person is a prerequisite for another task to be executed by a second person, it is

important that accurate information is provided about when the prerequisite task is to be finished, to avoid the

second person waiting for the completion of the prerequisite task. It is also critical that schedule information is

current. If delays arise in completing prerequisite tasks, it is crucial to immediately communicate this information to

team members whose activities rely on the completion of those prerequisite tasks.

" if the task executor’s working on a piece of code that is going to be shared with another group, and that

other group expects it on time, and there’s ignorance of  what the schedule calls for on the provider group

level, then that’s going to cause delivery problems to the [ recipient] "



Whittaker/Schwarz                                                                                                                           Group coordination

15

The schedule also has to be accessible, if coordination decisions are to be based upon it, it must be publically

available, to allow such decisions to be made. This requires it to be interpretable to all concerned parties: if people

cannot understand exactly what others are intending to do, they are unlikely to be able to act appropriately. Clearly

some groups experience problems in agreeing the common terminology which underlies coordination:

"I think there is an issue about different groups using different terminology, about stability of the code,

what beta means, what alpha means, and  …. it would be useful to normalize that.  So that there aren't

misunderstandings … ‘We'll deliver you alpha code.’   What does that mean?  Has  it been through... Has

QA looked at it?  Has  it been in the hands of internal users or not?"

We now outline a view of the coordination and scheduling process, derived from our participants’  statements about

how scheduling proceeds under idealised circumstances. We then examine the problems of constructing and

maintaining accurate schedules, describing the practical obstacles that compromise this idealised process.

4.3 THE IDEALISED SCHEDULING PROCESS

Figure 4 shows a schematic of an idealised coordination process based around the schedule. The process begins with

a set of initial product specifications, based on a combination of market analysis, user requirements, and information

about what is technically possible. Architects and developers use these initial specifications to make rough estimates

about how long different parts of the code will take to develop, and an initial plan is constructed around these

estimates. This plan consists of a set of tasks, along with estimates of how long each task will take. There then

follows a series of iterative discussions as various different scenarios are considered. Management and the

development team may compare several possible versions of the product in the light of the respective time and cost it

would take to complete each version. The major trade-offs are between the complexity of the final product and

development time: more complex versions of the product with more features should have more appeal to the end

user, but will normally require more development effort. Simpler products in contrast may appeal less to the user but

be more straightforward to develop. At the end of these discussions, a decision is made about which version of the

product to develop. The development team commits to carrying out the initial plan, and a deadline is agreed and an

operating schedule devised.
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Figure 4 - The idealised scheduling process

The team then begins to execute against the agreed operating schedule, making updates as each task is completed.

Given the uncertainty of software development and the imprecision of the initial specifications and estimates, these

updates may reveal that development is not proceeding exactly according to the initial plan. Nevertheless, accurate,

frequent updates allow the initial plan to be recalibrated, replanning to take place and re-adjustments made to the

initial plan. In this way, timely delivery of product can be achieved.

4.4 DIVERGENCES FROM THE IDEALISED SCHEDULING PROCESS

Unfortunately there are a number of reasons why it is difficult to adhere to this idealised process. Figure 5 depicts a

process closer to our participants’  descriptions of what actually occurs. We now explore why these divergences from

the ideal scheduling process arise.
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Figure 5 - A more realistic version of the scheduling process

4.4.1 Initial planning is difficult and often inaccurate

First there are problems involved in generating the initial schedule. There are a number of reasons why it is difficult

to make realistic estimates of how long different development tasks will take when first generating the schedule.

Many of these estimation problems arise from the exploratory and unpredictable nature of developing user centred

software. These problems are exacerbated when the software is novel and precedents are lacking. An architect here

talks about the iterative and experimental nature of developing a novel feature and having to "recost", ie. re-estimate

the development time for the feature as it evolved in the light of user and marketing feedback:

"the Y feature has been evolving. ... and there have been a number of times where I’ve had  to go back and

recost the feature...It was such a big, new feature... We had  never done anything like it before... As we

went along, we did feasibility testing, and out of that came  requests for changes.  Marketing, after talking

to customers, also came out with changes for the feature ... and we had to go back and cost. ....Not

because the original costs were bad, but because the feature itself has changed over time"

Similarly a manager describes the uncertainty of estimates of the time to develop for a "drag and drop" feature.

These estimates changed multiple times in a three week period, as other related elements of the code were

implemented:
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"this  drag and drop task is four weeks out, and at the end of week one, we’ve learned a little something

that redefines what’s in that task. ...  [The task]  might go from three days  to four days  ......  So then when

we do the second week, we go, we really didn’t understand that it’s going to be ..... six days’ work ...  and

then you get done with the third week and say, it turns out that we just did most of the work and it’s down

to one day” .

Sometimes unforeseen problems are discovered when coding begins. This can mean that unanticipated development

tasks can arise, causing the schedule to be revised and delaying the completion of anticipated tasks.

"It took me 2  days to find out that the way it was coded now wasn't correct .... it's -- 2 days well spent, but

it wasn't 2 days that were scheduled"

Sometimes tasks have to be reallocated to other people after more information has come to light. Here an architect

describes how a test feature was initially allocated to the QA group in the mistaken belief that it was relatively

straightforward to implement. However the feature turned out to be more complex than expected, with the result that

the development team had to take over the responsibility for its implementation, delaying other tasks on their

schedule:

"At some point …. QA  said we can't do X anymore, so development -- has to do it.  So …. I would have to

develop a piece of code in the tool kit, ---- then I had .... to test that functionality to see whether it worked

or not.  And that was not in the original estimates that we had for any of our functionality.  And so that

was time-consuming."

Discovering these unexpected complexities can have serious repercussions when it is found that a core piece of code

with multiple dependencies has to be reimplemented or substantially modified. This may mean that there need to be

wholesale changes made to the code, sometimes involving multiple developers:

"No one really foresaw how much time that would take.  A change in the infrastructure means everybody

has to go react to the change ... That is often overlooked in software development ... Someone says, how

long is it going to take to do?  Five days ... on everybody else's schedule implementing"

A more mundane problem in initial planning is the failure to allow for overhead, ie. time spent on workplace tasks

that are not directly included in the schedule. When doing initial estimations, it is often falsely assumed that people

spend their time executing only the tasks explicitly mentioned in the initial plan. This overlooks other routine



Whittaker/Schwarz                                                                                                                           Group coordination

19

workday tasks which may take up a substantial proportion of people’s time (Brooks, 1975). Failure to take account of

these everyday tasks means that planned development tasks may be completed later than anticipated:

"So, it should take 3 days to do something that will take all week because X amount will be lost to

overhead ....There is reading email;  discussions with other people... Extra stuff was tacked on for time to

talk to QA about unit testing; developing new tests to test it"

So far we have focussed on the cognitive difficulties associated with accurate planning of novel software. However,

other problems with generating accurate initial plans seem to have their origins in social and external political

phenomena. Given there is competition among different software vendors to release their product first, short time

scales are usually requested by management. Sometimes projects may only be approved if short delivery schedules

are promised. This may lead development teams to produce overambitious and unrealistic schedules that

underestimate the time taken to develop the subcomponents of the product. This is depicted as "external pressure" in

Figure 5.

"We have the … chosen milestone date of the project reflecting a marketing and political need rather than

the volume of the work that needed to be finished before that  milestone"

" the other thing is that often culturally the best estimate is an unacceptable answer, and so the answer

that is written down is not one that anyone actually believes --- but for cultural and political reasons, the

end date is too far out, even though that may be when it's actually going to get done".

4.4.2 Discovering discrepancies between the schedule and reality

For all the above reasons, initial planning estimates are often inaccurate, with preliminary schedules being highly

optimistic with respect to the actual time required to complete the implementation because development tasks were

inadequately defined. It is therefore inevitable that when people begin to execute the plan, that discrepancies will

begin to occur between the intended plan embodied in the original schedule and the actual state of the project.

"I had  a problem in early fall, --- what my schedule said I was doing and what I was doing just became

completely out of  synch for a few weeks .... Because I was doing more things than were in the schedule” .

On occasion, this may have severe consequences for motivation. Large discrepancies between initial schedule and

the reality of what has been done can undermine commitment to the schedule: repeated experiences with failing to
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execute implausible or overambitious schedules may lead to a lack of belief in, and cynicism about the entire

planning and scheduling process (see Figure 5). This cynicism may mean that the schedule fails in its function of co-

ordinating group actions. People may not believe that they can complete the tasks that appear against their names,

and likewise they may not believe that others will complete their tasks either. The schedule is therefore undermined

as a co-ordinating tool because people no longer believe it to be an accurate guide to what their coworkers are doing,

or when they are doing it. The following statements show what can happen if there is a fundamental lack of belief in

the scheduling process, and the implications of that lack of belief:

"When a schedule is delivered, it reflects a series of tasks that should be executed over time. It sets an

expectation between the manager, what he expects of the employee ....  But if one discounts the

information in a schedule and treats it in a very cynical manner, suddenly there’s an expectation mismatch

that gets wider over time between the manager and the employee. It can lead to situations where the

manager comes around .... to understand where progress is, and comes to find out that what the employee

is working on wasn’t necessarily what’s on the schedule . . . Sometimes, there are good reasons. Sometimes

it’s because things really did have  to be done a little bit differently to get the most out of the project. But

other times you might find out that the reason why things are being done differently is because there was

no faith in the current schedule."

"If you use [ the schedule]  as a design tool, it does have some value. The dangerous thing that people do is

say, you’ve used it as a design tool and now we’re going to use it as a map directly to reality to what

individual engineers are going to be doing ... on a given day."

"What happened next was the usual things that happen with scheduling. We simply ignored the schedule.

We stuck a stake in the ground."

"Schedules are things we use to tell our managers lies".

4.4.3 Updating and replanning problems

As we have seen, once implementation begins, there can be radical discrepancies between initial schedule and

reality. These can be of two types: first, individual tasks may have been delayed with respect to initial optimistic

estimates. The second, more pernicious problem, is that developers may have carried out tasks that are different from

those in the original plan, usually because unanticipated tasks are discovered once coding begins.
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Both these possibilities diminish the utility of the initial schedule as a coordination instrument. If the schedule is no

longer up-to-date, people are unclear about exactly what has been done. For example if one person is waiting for

another person to complete a task, then it is vital the recipient know if the prerequisite task is delayed. In addition, if

people have diverged from the original plan, by executing unplanned tasks, then it is imperative that others are

informed of this as soon as possible.

What can be done to address these discrepancies between schedule and reality? To some extent discrepancies are

inevitable given the complexity and uncertainty of the domain. The best that can be done may therefore be to ensure

that the schedule is up-to-date about what has been done so far, even if this diverges from the initial schedule. It is

therefore vital that the initial schedule is frequently recalibrated to reflect how the project is actually progressing as

opposed to retaining the initial (often inaccurate) plan. This way at least, people have a clear idea of what has been

done and hence what remains to be done. Thus there is a strong requirement for frequent updates of the schedule, so

that it correctly reflects the current state of the project.

"we take time out along the way to recalibrate the schedule.  That’s considered part of the development

process, to do that.."

 Unfortunately there are also motives for not updating, for example when overambitious or politically expedient

schedules have pushed a developer behind:

"If you cost something and you say, look, this is going to take a long time, you may hear back, ‘no wrong,

you dont have that much time’ . You say, ‘OK, I can do it in three days’ .  And then you go to do it and of

course, you know, it takes you three days just to get going....if you cost it too low, it's really going to come

back and bite you because you're going to be held to that cost".

Figure 5 depicts this situation as "bad news". Under these circumstances, developers may not wish to convey the fact

that they have slipped, and there may be a temptation to withhold this information and try and catch up later.

Factors external to the project may also contribute to changes in the original plan. Commercial software development

does not take place in a vacuum. Competing products may be released, or underlying operating systems change while

development is taking place. This may mean that the specification of the original product has to be radically

overhauled, and "new features" added, in the course of the development process.



Whittaker/Schwarz                                                                                                                           Group coordination

22

"But six months beyond that .... we’re going to move to 32-bit [a different operating system] ...  Or we need

this feature that [a competitor]  just came out with, and that’s going to add a month to our schedule".

"when features come in at the last minute, … but to be competitive, you need  them --- you push your

schedule out to incorporate  new features that you need to have in to even bother  shipping."

Taken together, the perpetual need for recalibration as work proceeds, combined with the fact that the original

feature set may change, means that there is a frequent requirement for replanning the schedule.

"The schedule is like a snapshot of any point in  time... Three months later, you would need to redo it and

take a new snapshot...And hope it's not running away from you".

Replanning shares many of the same requirements as initial planning. As with initial planning, there is a need for

accurate time estimates for the execution of the remaining tasks, whether these originated from the original plan or

whether they are new tasks added in response to competing products. Furthermore, before replanning begins, there is

a requirement for accurate information about the current state of development. The development team needs to know

which tasks in the initial plan have been completed, and this requires careful updating.

Finally when replanning, there is a need to learn from prior experience. Given the uncertainty of the domain, it is

vital to exploit whatever information is available, to reduce the amount of uncertainty of future tasks. An important

resource here is information gathered during the project’s prior history. By examining the accuracy of previous

estimates for completed project tasks, it should be possible to improve the accuracy of future ones:

"Having good information  about the previous project is very useful.  You know, it's -- it's very useful to be

able to analyze the previous  project … because you can learn from that".

There are other more general social and cultural factors that impact scheduling and time coordination. Discrepancies

from the initial schedule happen often. Given the requirement for the schedule to accurately reflect the real state of

affairs, it is vital that the team culture supports openess about declaring where individuals actually are, as opposed to

where they should be.

"Our managers described  it as being on schedule will give you 100 percent.  But telling them  beforehand

that your schedule is off will give you like a 90, if your schedule is off and you always let them know.

You'll almost do as well, just by communicating your schedule problems".

4.4.4 Overall problems in interpreting and using the schedule for coordination
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In addition to these problems of constructing and maintaining a plausible schedule, difficulties can also arise in

trying to interpret it. Failure to agree on what various terms mean, can lead to confusion, especially across different

groups. We have already seen that lack of shared vocabulary is an obvious source of problems, compromising the

function of the schedule as an effective group coordination vehicle. If people misinterpret descriptions of the status

of developed code, then the schedule fails in one of its central aims. A more subtle problem is that of access, and

uptake. If participants cannot, or do not access the schedule, the schedule is unlikely to have any impact on the

activities of the different development teams. Clearly, the whole reason for the schedule’s existence is undermined if

people fail to access it.

To summarise, we have seen that coordination is a central problem in software development, that schedules are an

attempt to address this, but there are major problems in constructing realistic operating schedules, because:

{  initial plans are often inaccurate, given the difficulty of estimating time taken to develop novel code, failure to

include overheads, and pressure to conform with politically motivated deadlines. Repeated experience with

this inaccuracy may impact the team’s motivation and commitment to overambitious development plans.

{  operating schedules may not reflect the true state of the development effort. To avoid this, frequent updating

and replanning are necessary, given the uncertainty of the development process. However, updating may not

be done: developers may be poorly motivated to update because unrealistic initial plans mean that updating

frequently reveals large slips against that initial schedule. As a consequence, the discrepancy between

schedule and reality is not detected and necessary replanning either never takes place, or occurs too late.

For both these reasons, the value of the schedule as a coordination device can be compromised, by being neither

realistic nor current. This, combined with the fact it may be difficult to interpret and access, can undermine its

function as a coordination tool.

5. The impact of different scheduling media on the development process

As we have seen, there are endemic problems in coordinating software development: the system of unrealistic

planning, infrequent and inaccurate updates, infrequent replanning and lack of commitment can contribute to the

problem of late software projects. This may severely detract from the utility of the schedule as a coordination tool. In

what follows we compare the physical paper-based wallboard with electronic on-line schedules. We make this
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comparison for the different phases of the scheduling process, that our interviewees identified. We look at the impact

of schedule medium on: (a) initial planning; (b) updating and replanning; and (c) the general utility of the schedule as

a coordination device. We also look indirectly at the influence of medium on commitment and learning. First, we

address the main perceived differences between the two media.

5.1 THE BOARD IS MORE REALISTIC

An immediately striking fact was that wallboard users considered their schedule more "real" and "credible" than

traditional electronic schedules.

"Somehow, it seems more real when it’s on the board, I have to say.  Perhaps, when I see it on the screen,

I think here’s another attempt to automate this stuff.  The board somehow seems more real".

In contrast, weekly printouts of schedules generated from software tools were thought by the electronic group to lack

reality:

"Maybe because you get a new printout like every week and it’s a little bit different.  I don’t know, it’s like

a copy.  It’s not the master database, it’s not like  you’re looking at the real thing".

And because the software schedule is not considered real, it may fail in its function as a tool for communicating

information and co-ordinating actions:

"managers really sort of use the electronic software tools to derive schedules for the groups that they

manage, and that, whether you intend it or not, that information doesn’t get shared as well as it could ...

The information conveyance seems to be somewhat inconsistent. Even though you distribute it to

everybody... people may file it. Or people may not share.  It just doesn’t seem to sort of get out there in

any sort of consistent manner... It’s dead on arrival. "

Why then, was the board perceived and used differently from electronic tools? We will argue that three physical

characteristics of the board afford a different style of coordination usage. First the board is large and visual. This

promotes a straightforward representation of the global aspects of the complex scheduling problem. Secondly, the

board is public, which means it can serve as a site for communication and collaborative planning, which may

engender commitment to the schedule, as well as encouraging greater responsibility. Finally, the board is material:

the fact that people physically manipulated and moved task cards may lead to a more reflective style of scheduling

activity. We now discuss the impact of these media factors in the context of the scheduling problems described
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earlier: namely the generation, updating and replanning of the schedule, as well as its use for communication and

coordination.

5.2 BOARD VERSUS SOFTWARE: INITIAL PLANNING

As we have seen, the initial planning process is crucial for the accuracy of the schedule. One of the major differences

between a material scheduling tool such as the board and a software schedule, lies in the way any kind of scheduling

manipulation is performed. The board requires manual manipulation of paper artifacts, eg. cutting pieces of paper,

writing on them, or taking them from their current location and putting them in a new location. These manual

processes appear to make complex cognitive operations more transparent because the material activities enable more

thorough reflection about what one is doing.

" ... in the mechanical process of cutting a task bar,  maybe you’re thinking of, ’Jeez, did I cut it right to

really represent the duration?’  And that may cause you to  think about, ’Did I really represent this

duration  realistically?  Did I talk to all my people about it?’ ... So all of that takes a certain amount of

time, and in your mind, you could be  thinking ... about some questions that relate to this.  So, it tends to

draw you in -- at least me -- a  little bit more than doing it electronically, where I can  just sort of read

from my notes what it is, type it in,  recalculate, and consider myself done with it.  [The board]  gives me

the opportunity to think about the schedule a little bit more, because the process of building  it requires

more time."

In contrast, the simplicity of changing numbers in electronic scheduling tools reduces this thoughtful handling of the

estimations and may be more cursory:

"And they’ll say, ‘Look  this over and change some things’ .  So you're not even looking at the date because

it's too hard to try to really think about, so you're just looking at the numbers. Cross it out, you know,

make 5, make that a 7, make this 3 a 2, and then you hand it back.  That's how the process goes."

Physically handling items also seems to improve understanding of dependencies between tasks during planning, and

this may help people to see the impact of their future actions for the work of others.

"Trying to physically match something and move it makes it more concrete that it's affecting the overall

schedule."



Whittaker/Schwarz                                                                                                                           Group coordination

26

Furthermore, the concrete character of the wallboard representations may give them more reality and permanence, in

contrast to the perceived transience of electronic tasks:

"having a pile of cards that have to be placed, it becomes clear what is possible and  what not: you can’t

cheat. The cards don’t go away when you wait a couple of minutes."

Finally, software tools may lack flexibility and impose artificial constraints on the planning process.

"you’re constrained by a given scheduling tool, there are X number of tasks, that utilize Y number of days,

therefore they constrain you in  very rather simplistic models, whereas, if you’ve got a slip of paper, you

can say, ‘Well, let's just tack this up here for now.  And then we'll tack this over here.  And then  we'll work

our way up.’  You have more flexibility with those cruder models to play, to work the way people work. ….

with things like Microsoft Project, for example, I see all  kinds of little workarounds that people use to fool

the software.  Because it's not flexible enough."

This observation about the flexibility of paper is reflected in informal uses of the board. The board not only

contained work tasks laid out in sequence. People also tacked up tasks, as “ items to be discussed”  when they felt

these had been omitted from original plans, but were as yet unallocated to people. These occupied the parts of the

board that had not yet been filled with planned tasks (See Figure 3). This flexibility was also exploited for social

purposes such as the use of unallocated areas to pin up Dilbert cartoons and postcards from members’  holidays. It is

hard to see how software such as MS-Project might be appropriated in this playful and personal manner.

The board has another crucial characteristic that distinguishes it from electronic tools: the schedule is prominently

located in a public place. This has at least two effects. First, transactions carried out with the board are often done in

a social situation with other group members present. Planning accuracy may therefore improve because discussions

with other people promotes a better understanding of estimates and dependencies. Second, the displayed information

is permanently publically visible. People's work plans are displayed and group members look at the board frequently

when planning individually. Awareness of their public character may transform these planning actions from

individual private cognitive activities into ones which take into account the work of others, even when those others

are not copresent when planning is done. Planning may also be more accurate because people are more aware of the

activities of others, by planning in a place where the work of others is visible. Again there was a feeling that the

software did not have this cooperative characteristic:
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"the board ... seems pretty clearly to be a matter of different people's work, … that board couldn't have

come out of one person sitting in his office and throwing  something together that looks pretty fancy in an

hour or two … that has things arranged in a certain way."

The board’s public and social character may allow the group to plan more collaboratively. One example is

unexpected tasks or dependencies between tasks that can so easily be overlooked by an individual, but may be

noticed by others:

"Because if you're leaving stuff out, it's possible to see  it.  Somebody will say, we forgot."

Our observational data supported the interview comments. We saw evidence that the shared context of the board

increases awareness of others’  work, so that collaborative problem solving can take place. Here two developers were

together at the board, each planning and adding to their own individual tasks, when one spontaneously noted an error

in the other person’s work and drew it to his attention:

A: "Can I just check this with you?"

B: "Sure"

A: "Edit links is three days not four. Add-class was two not one"

B: "Oh yeah. That’s right. It was an error."

We also saw in our observations that the public, visible nature of the board meant that people were able to

spontaneously notice problems with dependencies in the plan, for example when prerequisite tasks will not be

completed in time. In the following observation, A and B are both supposed to start testing by a certain date, but A

notes that B will not be able to begin, because the prerequisite code will not have been completed in time:

A: "Look, (gestures at board), you can't test ‘properties’  until the code is done "

(gestures at prerequisite task)

B: "so [another developer]  will have the design done then but not the code"

A: "We'll have to check that, leave it up for now but we'll check"

Furthermore, activities at the board may address some of the social and motivational problems of scheduling.

Activities carried out at the board seem to carry more commitment since they are performed in an accessible public

context. Our interviewees felt that awareness of the public nature seems to encourage reflection and responsibility.
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"You’ve got this task you can hold in your hand.  [ ...]  and you have to stick it on the board in your slot,

sort of getting up in public and saying ‘ I believe I"ll have X feature in three days’ .[ ...]  it's like a contract.

You're up in front of the group, saying, ... ‘ I'm going to deliver in three days’ .”

The board therefore has the potential to make planning a shared process and subject the results of this planning

process to public scrutiny. Users seemed to be more aware of the impact and seriousness of their actions when they

made their plans more public.

5.3 UPDATING

To achieve an accurate schedule it is necessary to update frequently and accurately. Updates include reporting the

state of completion of scheduled tasks. If there is slippage, updates involve informing about what has actually been

worked on during the last week, as opposed to what was planned. Updating requires work and motivation, however.

Without any benefits from, and belief in the schedule, updating will be neglected, done superficially or inaccurately

to conceal possible delays.

When we first observed the uses of the board, the updating process was done meticulously. Emphasis was placed on

putting down what was really worked on and what the slippages were.

"This got changed a lot last week to do more of a reflection of how reality had  progressed instead of what

it was supposed to have been".

Several conditions can support or impede the updating process. As with planning activities, the material, social, and

public qualities of the wall board affect the updating process differently from the electronic, individual, and private

processes mediated by software. With the board, people were more aware of the impact of their updates on the

actions and plans of others.

"just by changing the number on a spreadsheet with a couple of key strokes, as opposed to walking out the

door, going  down the hall, out in the public, where I move my date out... The public stuff seems to have

heavier weight to it, in terms of  the import."

An additional incentive for the developers to update their schedule lies in the public pressure that comes from the

empty spaces on the wallboard beside one’s name, indicating that updates have not yet been done. These spaces may

raise questions about that person’s contribution:
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"people .... got really nervous that they didn’t have things  after their name.  They got jumpy.... So they’re

eager to get up there"

The public nature of the board promotes accurate updating in other ways. Many times the updating occurred in the

context of discussions between developer and manager, or in small groups of developers. In the course of these

discussions, participants would stand in front of the board, looking at the last week’s tasks and talk about what the

developers actually worked on during that period, changing the paper strips accordingly. These conversations not

only revealed where people really were, but also why delays had occurred and which unplanned additional tasks,

may have come up. As a result the board accurately reflected the past and present state of the project after a

collaborative updating process like this, and an important side-effect of such discussions may be that other team

members are better informed about the actions and progress of others.

Furthermore, the updating process on the board is seen as the responsibility of the developers, since they had direct

access to the schedule themselves. This led to a more devolved style of operating with team members reallocating

tasks amongst themselves:

"I like the fact that the developers are getting involved.  They’re starting to take some ownership of .... the

way their tasks are...  they’ve taken responsibility for all the tasks  they’re working on together, and they’re

beginning to reallocate them via each other as necessary."

With software the process is organised in a way that seems to promote less individual collective responsibility:

"they’re not directly getting to manipulate their stuff, so they may feel some less ownership of that

schedule."

"the developers in my group couldn’t care less about the dates. Really they see it as my role to track that

and to wave a flag if the dates are going haywire or whatever."

The board does have important limitations for updates, however. While the material nature of the board seems to

encourage more reflective behaviour during planning, it does make it laborious to update. Every change requires:

cutting out a proper paper strip, naming it, and putting it on the board. There is a minimal size of the strips that limits

tasks to one-day-length, so that updating of the board can be a cumbersome process and this can have implications

for update accuracy.

"It’s kind of like I give up trying to manage the micro details"
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"It gets too small"

5.4 REPLANNING

Many of the findings regarding initial planning are equally true for the replanning activities once development has

begun. The material and public features of the board engender manual and social interactions with the schedule

which can afford more realistic replanning results. The visual nature of the board, in representing an overview of the

schedule, and its public location, helps with the task of integrating changes to the schedule into the original plan,

with this happening in a social context:

"[ the board]  is something where everyone can stand in front of it …. you get a more group interaction.

Like we've had a few of these where we've stood up there and [said]  what can we move where, what can

we throw out."

One developer describes a situation where his group had to change the plan in order to meet an upcoming deadline.

The interactive, negotiating, context-related, manual, and visual aspects afforded by the board become clear:

"we were rating tasks that were on the board, everything out past the deadline wasn't in, and we were able

to pull things  in and rearrange them. [ ....]  Everyone had a main task list in hand.  We put them on the

board, pushed everything out, got  everything lined up, tried to get estimates from people on  when they

thought they could make it, realigned task  estimates on things, added new tasks, added tasks for things

like the stuff we discussed, filling in ....  adding integration and so on and so forth.... saying, no, I've got

too much on my stack, can you do it?  Oh, Chris is doing this and that's related to this, wouldn't it be

better if he took  that and I gave this to Dave who's got something else that's  kind of like that or related to

that?  There is a lot going on in half an hour.  A lot of last-minute load levelling  assignments, task

definition, changing the size of the  tasks, all happening in a very face to face [manner] ."

As a contrast, here is the description of replanning activity among two managers of a group that uses electronic

management tools. This discussion takes place in the absence of the development teams. If the former situation can

be called collaborative, this seems more private:

"what we do there is we move tasks around between developers and I decide which tasks we move and

how we move them, and there are certain  tasks.  I try to concentrate on moving tasks that are at the end of

the schedule and tasks that, you know, different  people could do equally well, and, you know they're tricky
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things like ...  if this person has too many things  and I can move this to this person, but not to this person,

and then I can move something else from this person to this  person and that sort of thing happens."

Our observations of replanning discussions at the board support these comments. In an extended replanning session

one developer, A, looked at the board and noted that whereas he had tasks stretching out over the next three months,

another developer, B, was only busy for the next 35 days. They proposed a swap of certain tasks (“properties”  and

“storage”) so that their workloads became more equal.

A: "Do you want to swap? You get ‘properties’  and I'll do ‘storage’ ."

B: "I've got nothing after this (gestures at his final task on the board). So I'll have 35 days work"

A: "Well I'm out to March 13th"

B: "Okay. So shall I take ‘properties’  and old ‘storage’?"

A: "Okay"

Given the uncertainty of the development process, learning from project history is essential for replanning during

development. This process can be supported by a tool that helps recalibrate the original plan in the light of the actual

work being done and time needed, for earlier tasks. The board supports registering what actually happened. It can

therefore give a strong systematic sense of which tasks were originally underestimated, which kind of overheads

forgotten, and where in the schedule delays occurred.  The plan can be adjusted and refined once some of these

factors are better understood.

"We've scheduled three days for [a certain task] .  We don't know if the three days are accurate ….  So we

put an estimate out there that's on the board ... that gives us a record so that we're learning from this  as

we go."

"Because the whole idea is we're supposed to learn  from [ the board] --that's part of the whole process is

to look back."

Nevertheless, a major drawback with material tools like the board lies in their inability to keep track of the changes a

schedule goes through over time. With software, different versions of the plan can be saved without much effort,

reflecting different states of the project, while a material schedule "forgets" older versions after each change.

"I know of no other way to capture the state of the board at a given frame of time other than doing it

photographically.  So, while it  seems hokey, it may be the only practical thing to do."
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By tracking progress against these old versions, software can therefore provide support for learning, so that

replanning can be informed by the accuracy of previous estimates and the ease of implementation of early features:

"we’ve been doing that actually over the last month or two, tracking every two weeks against our own

schedule and saying, OK, in the past two weeks this particular person tends to be 25 percent behind, so

we’ve done some incremental changes. Yes, I think that that’s an advantage that we have using this

[software]  tool"

5.5 COORDINATION

The key function of the schedule is to provide information for team members about task allocation and the projected

plans of others, as well as dependencies among tasks. As such the schedule registers the progress of both individuals

and the whole project.

Clearly one of the most striking features of the wall board schedule is its visibility. The poster board is big and

colourful. Thus, the board gives an "overview" of the project, at a glance:

"So, I view the presentation of the posterboard as superior to an electronic means because you can

visualize the full picture"

"I’d say that that’s a big weakness of this system [MS-Project]  ... and the whole communication .... of a

visual higher picture is totally missing from this method."

This type of global information allows individuals immediate access to, and reminding of, their own commitments,

as well as what as what others had undertaken:

" it was good to see all of us up there from the  beginning, and an idea of what we were going to work on

and  when.  Because you came in and you knew what you were going  to work on."

The board also provides an accessible record of group plans:

"It’s visible, everyone can  see it….. It's a good thing, everyone  can see it, sort of point to the board and

say, here's where we're supposed to be."

Because of its large dimensions the board can give both overview and detailed information. It allows what one

individual described as "zoom-in and zoom-out". These benefits are missing from a software generated schedule with

accompanying screen or print limitation:
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"it’s harder to flip through pieces of  paper when you’ve got a large number of people, than it is to go out

here [ to the board]  and see what everybody’s up to and how we’re converging on [our goal] ."

While the board provided good overview information about individual activities, there were however, occasions

when highly detailed information was necessary to co-ordinate group actions and the board could not provide this.

Sometimes this problem arose when some time had elapsed since the tasks were initially planned, and the level of

task description on the board was too schematic:

"Now, it’s been five weeks, probably, since those descriptions were put up there, and the context of the

shorthand has been lost.  Even if people who described the task and knew what it was five, six weeks ago,

now are not  sure what it is when they look at it."

Nevertheless, the board’s visual qualities together with its public location made it possible to have quick and frequent

access to scheduling information. A manager here describes the use of the board as a coordination tool between a

local developer W, and another developer, X, who is collaborating from a remote site:

 "I think it helps tremendously.  I’m seeing the one developer [W]  sitting here -- he’s calling down to [X]

who’s also up on the  board -- saying, well, this is where we are now, you’ve got this coming up and I’ll get

that -- why don’t I take this and you take that?  And then  he [W]  will get up and move them around on the

board.  And -- it’s working real well as a -- a mechanism for communicating information about the

project."

This same local developer W had a part time appointment. He also used the board for personal orientation, for

example to familiarise himself with his schedule when he came back to work after four days absence. He looked at

what he was working on last week, to orient himself to the current week’s tasks. The board also helped him to get

initial information about the work and progress of his collaborators before he talked to them in person.

Having access to this kind of information can assist the developers in coordinating work according to the

requirements of the situation, to mutually help each other, especially if one group is falling behind:

"if you  complete something sooner than you thought and you’ve got extra time, you either go to the next

task or is there is a  group that’s having trouble.  And those things begin to get  seen."

"If somebody  finds that they have more work coming up all of a sudden,  something happened, if they had

to go up and do something  else, then [ the developers]  are  working well to reallocate it".
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Electronic schedules in contrast seem to have less of this kind of presence and permanence. This seems to reduce

their impact on individual and group coordination:

"so once a week, they’ll send us an Email going, the new updated [electronic]  development schedule is

there.  I  look at that probably every couple of weeks.[ ...]  I just check every couple weeks to make sure I --

you know, I didn’t forget something big"

"I don’t really keep up on how overall everyone’s doing."

The privacy of the electronic process has consequences for individual’s awareness about the progress of others.

Developers using electronic schedules reported little knowledge of how the project in general was progressing, or

about the details of others’ work. This may arise from the immense amount of detail in electronic schedules, which

makes it difficult to obtain a general overview. The electronic schedule had over 1200 tasks allocated between 19

project members, organised on a task basis, extending to 25 pages when printed out. Developers typically updated

on-line by accessing their own tasks, which were often spread over several different screens. The complexity of

accessing their own tasks and the sheer amount of detail meant that they were unlikely to serendipitously notice the

progress of others while updating, so that spontaneous helping behaviours may be less likely to occur.

The benefits of the board for internal communication partially extend to external communication processes. The

visibility and public nature of the board seem to promote certain types of external communications in a way that is

harder to achieve with software:

"Bob from Z  [a different product]  is ... scheduled to integrate our code.  I came in two mornings ago and

found him  standing there in front of the board looking at it to see  where things were, when he’s going to

be able to start doing  his integration."

"And aside from our own internal use, every now and then, one of our customers will come down and take

a look at [ the board] , just to see what we are working on."

Another significant element is the message that the board delivers. It conveys openness and installs confidence in the

group’s progress, as well as documenting progress and providing contact information:

 "what we’re doing is in public,  and it’s up there for everybody to see.  Because other  groups depend on

this.  So we’re saying, here’s where we  are, and you can come take a look any day of the week.  And  if
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you need to ask questions, you can find me right there, you can find a developer, right there, who’s got

something that you may need."

There was also a feeling that electronically distributed schedules may not impact people external to the project. One

QA engineer talked about how electronic scheduling information is often poorly disseminated:

 "I’ve seen a lot of schedules here which are on PCs -- never really makes it to management; they never

really see the project.  They get reports -- we’re  moving right along; we’re on schedule.  But they don’t see

what that schedule -- how it looks."

The central location of the board also offers a place for opportunistic communication. Although this doesn’t happen

frequently, activities around the board can draw the attention of other people and invite opportunistic conversations.

We saw that updating encourages people to watch and join in conversations.

The biggest limitation of a material schedule for coordination, however, relates to external distribution. Electronic

schedules can easily be copied and the information quickly distributed. The board, as one manager pointed out, "is

not very portable". This is not a problem for collocated team members, but for team members at remote locations,

the difficulty of distributing information on the board becomes a major disadvantage. The manager of the wallboard

group was discussing the team member who was collaborating from a remote site:

"He can’t see this [ the wallboard]  here. The best he can do is imagine what it might look like. I could

maybe mail him a Polaroid [of the board] , or I could scan one and send it in bit-map. [ ...]  So he’s getting

his information coming very statically on a one week granularity.  That's not good.”

A second problem with the wallboard as a mechanism for distributing schedules is that the information on the

wallboard is difficult to integrate with other electronic information. Here a developer in the electronic group talked

about trying to integrate his own work with that of the wallboard group:

"I tried to get some [deadline]  dates out of the [board]  group, .... and their response to me was, come

down and look at the wall..... the down side of it is the communications outside of the group, … because

we're all so dependent on each other these days"

Other negative aspects of the board’s public nature are that sensitive or confidential information may be publicly

displayed. Individuals and groups may feel exposed or that company information is being made too public:

"It's like our laundry's hanging out."



Whittaker/Schwarz                                                                                                                           Group coordination

36

"we might have a visitor coming through and, you know, looking at  things, and it’s reasonably

confidential information."

6. Conclusions

Our first results concern the characterisation of team coordination. Here we have documented some general

coordination problems experienced in large teams working on long term projects where there are complex

dependencies. We also identified the potentially central coordinating role of the team schedule as a planning tool and

collective “ to do”  list. Such a coordination resource is vital when there are complex dependencies between the work

of different team members, requiring careful orchestration of their activities. We also showed, however, that

maintaining an accurate, current schedule may be highly difficult to achieve. We observed severe difficulties in the

construction and maintenance of the group schedule in software engineering, given the complexity of the domain

combined with the unpredictability and external pressures of the product development environment. Our work shows

that both cognitive and social factors can conspire to undermine the accuracy and utility of the schedule, leading to

coordination failures. Underspecified initial plans, along with pressure for ambitious and sometimes unrealistic

deadlines, cause problems once implementation is under way. Projects may soon get behind the stringent initial

schedule, and this can severely impair team morale. Furthermore, given that updates will often reveal that an

individual is behind on the initial plan, there may be little incentive for that person to update the original schedule, to

help track what progress is actually being made. A collective failure to carry out frequent, accurate updates may lead

to a large discrepancy between schedule and the reality of what has actually been done. This discrepancy both

compromises the original function of the schedule, but also means that important recalibrations and replanning do

not occur, and major discrepancies may go undetected for substantial periods of time. One consequence is that

people may be unaware of the exact state of the project and outstanding problems may go unaddressed for significant

periods of time.

Furthermore, it may be precisely in domains where coordination is most necessary that it is hardest to achieve. The

current study illustrates the problems in coordinating a large, multidisciplinary team, over long time periods given an

underspecified task, complex dependencies, and a high pressure environment. The fact that many large scale

software engineering projects have these characteristics may partially explain the chronic failure in the industry to

meet deadlines (Brooks, 1975, Curtis et al., 1988, Kraut and Streeter, 1995).
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Aside from these general findings about long term coordination problems, our study also has implications for the

solutions we might provide. Previous attempts to address software engineering problems have focussed on the

cognitive aspects of the problem. They have stressed the importance of improved tools to better specify and estimate

novel coding tasks, as well as techniques for designing, checking, managing and combining developed code (Brooks,

1987). While these tasks are clearly crucial, they neglect important parts of the coordination problem that we have

identified here, namely that effective scheduling is not only a cognitive problem but also a motivational and social

one. One clear way in which motivation come into play concerns commitment and belief in the schedule. We saw

that the pressure to conform to short and unrealistic deadlines, combined with a history of repeated slippage against

unrealistic schedules may undermine personal commitment to the schedule and reduce belief that others will carry

out their allocated tasks. All of this clearly serves to compromise the basic function of the schedule as a coordination

instrument. This might be addressed by encouraging a culture of openness and realism: realism would include

resisting the temptation to propose highly optimistic initial plans which are popular with management but cannot be

executed in the stated times; openness would encourage team members to admit when they were behind schedule,

with the benefit that problems could be detected and addressed sooner.

The failure to construe scheduling as having a social component is also reflected in the design of project

management tools such as MS-Project. MS-Project forces one to organise work by task and not by person. To use

Project, team members have to know either task names or task numbers in order to monitor and update their own

progress. However, our users’  comments suggested that they preferred the organisation used by the board, where

tasks are allocated to people. Not only does this make it easier to track one’s own actions, it also facilitates

awareness of others, increased responsibiity and promotes the kinds of collaborative replanning behaviours that we

observed with the board. The ability to organise work by person would seem to be a critical feature of any

coordination tool. Furthermore the underspecified and collaborative nature of the software development process may

mean that tools which emphasise informal or interpersonal techniques for scheduling and information dissemination

may be more appropriate than more formal methods. Informal representation techniques may be important because

precision is hard to achieve in this domain, leading users to complain about the “ false objectivity”  of highly specified

electronic schedules, such as Project. And interpersonal tools may be critical because of the strong dependencies

between the work of different individuals, necessitating frequent social interaction as well as information transfer.
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These claims are consistent with the findings of Kraut and Streeter (1995), showing the undervalued but critical role

of informal communication techniques in software development.

In addition to these general findings about coordination and software development, we also document the impact of

the schedule medium on the different facets of the coordination process. The board contrasted with software

schedules in being material, visible and public. The material character of the board seemed to contribute both to

more accurate initial planning and a greater sense of the potential effect of one’s actions on others when replanning

or updating. The public nature of the board seemed to induce a greater sense of responsibility and ownership as well

as increased awareness of others. Together these features may promote a more devolved mode of group operation:

we saw that the board facilitated collaborative problem solving and the redistribution of tasks by group members,

according to the needs and resources of individual members. The public nature of the board also made it possible for

groups to hold meetings or have impromptu conversations in front of the board with relevant task information readily

to hand. Finally the visible nature of the board provides overview information, so that individual tasks can be viewed

in context at a glance. Visibility also affords opportunistic reminding about personal commitments and activities

allowing people to use the information on the board to direct their future actions.

There are limitations to the board however, when it is compared with its electronic equivalent. A major problem with

the board is that it is material and its contents are consequently hard to transmit across time and space. As a result,

the board has severe limitations as a tool for facilitating collaborations with those who are not located near the board.

It is also hard to integrate board based scheduling information with external sources, eg. when collaborations are

taking place across multiple teams and multiple schedules must be combined. The board also does not easily support

versioning when groups need to save and return to previous plans. We have also seen that learning from prior

experience is vital in underspecified domains, and software allows prior plans to be saved and revisited.

Furthermore, the board makes it hard to examine the effects of hypothetical future scenarios during planning, for

example to explore the effects on the overall plan of rescheduling a given task or the impact of redistributing work

between different individuals. Finally the public location of the board may compromise privacy. Users were

concerned that the visible nature of the board made it accessible to anyone walking along the corridor where the

board was located.
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This suggests that an optimal coordination tool needs to combine the benefits of material and electronic media. One

possibility is to use a pen-based large display such as (Elrod, Gold, Goldeberg, Halasz, Janssen, Lee, McCall,

Pedersen, Pier, Tang & Welch, 1992) in a public location, running a modified scheduling application, that is

updatable by all group members. This would satisfy the requirements of size and visibility, as well as allowing public

interactions. The pen-based interface would allow handwritten inputs, with tasks being placed and moved using

direct manipulation techniques, to simulate material interaction. A key benefit of software would be that the

information could be remotely distributed. Coworkers at remote locations could also have networked Liveboards

with high quality audio connections, so that distributed collaborative planning and updating meetings could be held

"in front" of the board at short notice with relevant materials at hand. Furthermore the computational capabilities of

the application could be used to depict dependencies, save previous versions of the board to facilitate learning, and

integrate the data with other corporate information.

There are limits to the generality of the conclusions we can draw from the current work, however. Our case-based

method relies on qualitative self-report data and observations drawn mainly from two groups, and we need to

combine this with other measures. We have some quantitative information for the board’s utility: the group using the

board completed their development according to schedule, whereas the electronic group did not. However, it is clear

that the tasks and situations of the two groups were different, and that factors other than the schedule medium may

have contributed to the board’s success. Nevertheless, we found other evidence supporting the utility of the board

from other groups. In the course of our six month study, of the six groups we contacted who were using MS-Project

when the study started, a further two had abandoned software in favour of the board. This again suggests that the

board had important properties that software seemed to lack.

It is clear, however, that the success or failure of a given group technology is a complex interaction between the team

operating principles, the task and the tool itself. To extend our results, we therefore need to look at different types of

groups using the two forms of scheduling technology. This will help distinguish the effects of inherent media

characteristics from the ways in which groups chose to use the technologies. Thus for example, the big/visual

characteristic of the board seems to directly afford overview information. In contrast, the fact that people chose to

hold replanning meetings in front of the board is not the immediate result of media properties, but is part of the

group operating principles. The public location of the board may facilitate such meetings, and it may have increased
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the likelihood that updating meetings took place at the board, but people could clearly have decided to update and

replan elsewhere. More research investigating groups with different cultures and habits using these technologies is

needed to disentangle media effects from group operating principles. Furthermore, we have to understand the types

of groups and tasks in which this type of technology is most useful. Is the board tool as effective for groups where

there are fewer dependencies between the activities of the members, and where tight coordination is less important?

And what if there is competition between group members? Other research has documented that technologies which

facilitate coordination are ineffective in settings in which there are few incentives to work together or where the task

requirements do not require close collaboration (Bowers, 1994, Kraut & Galegher, 1990, Olson & Teasley, 1996,

Orlikowski, 1992,  Rogers, 1992).

Our conclusions also relate to other recent CSCW findings, in particular to observations concerning the reasons why

CSCW applications fail. A key reason why many CSCW applications have been unsuccessful lies in the fact that they

impose additional work on individual users, or require changes in work practice, without those users accruing

personal benefit (Bowers, 1994, Grudin, 1988, Rogers, 1994). Our findings about electronic schedules partially bear

this out, with users complaining about the additional overhead of updating and maintaining an electronic group

schedule from which they derive little personal utility. As a consequence, the electronic schedule was not carefully

maintained, and its ability to serve as a coordination tool was severely compromised. We also identified an

additional more pernicious reason for lack of maintenance of the electronic tool, however. For developers using

electronic schedules, updating the schedule was not simply perceived as an additional work chore, more seriously,

updating usually portrayed them in a poor light. Given the initially unrealistic and underspecified plan, developers

were inevitably behind schedule, so that there were strong incentives not to update: posting such “progress”

information usually meant signalling that they were behind and had not met the set of (albeit unrealistic)

commitments they had made to their coworkers. How was this problem overcome by the board? While users still

complained about the onerous nature of constructing and maintaining schedules, they seemed to derive compensatory

personal benefits from the board. Firstly, the board's ready visual, public availability made it easy to employ for

personal and group reminding. It also provided a place and focus for synchronous group planning. In addition, there

was greater belief in, and commitment to, the wallboard schedule. Belief and commitment arose from the visual,

public nature of the board encouraging greater responsibility and the material interaction promoting reflective
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planning. Thus, the effort of updating and maintaining the wallboard schedule was outweighed by its benefits in

enabling people to better plan and co-ordinate their work with others, based around a credible schedule. So a key

benefit of the board was that it converted the schedule from a tool that was used mainly by management, into a

valuable personal and group resource.

Our results extend other CSCW research on synchronous coordination (Olson, Olson & Meader, 1995, Heath &

Luff, 1991, Hughes, Randall & Shapiro, 1992). In synchronous interactions, such as group planning, updating or

replanning meetings, the wallboard served as an artifact in promoting group problem solving. It served as an

important cognitive resource for group reasoning. For example in replanning meetings it helped record the progress

of complex tasks and provide material, visual conversational props to aid reasoning and discussion. People were able

to spot dependencies and reallocate tasks, because relevant information was readily accessible. Our findings are

consistent with research on shared workspaces showing that they offer the same benefits for distributed synchronous

collaboration (Minneman & Bly, 1991, Nardi, Schwarz, Kuchinsky, Leichner, Whittaker & Sclabassi, 1993, Tang,

1991, Whittaker, Brennan & Clark, 1991, Whittaker, Geelhoed & Robinson, 1993). Work on collocated design

meetings is also consistent with our findings here: it shows the central role of large recording surfaces, and some of

the advantages of paper over computer techniques in complex planning tasks, where flexible layout of information is

an important requirement for both specifying complex tasks and understanding dependencies between them (Elrod et

al., 1992, Karat & Bennet, 1990, Kyng, 1988).

Another important aspect of the work concerns long term coordination. Despite some initial empirical studies (eg

Abel, 1990, Galegher & Kraut, 1990, Kraut & Streeter, 1995, Olson & Teasley, 1996, Orlikowski & Yates, 1994),

there has been much less research into how groups address the difficult problem of how coordination is achieved

over the lifetime of extended projects. Here we have documented many of these coordination problems, eg. with

long-term coordination, there is an increased likelihood that the project goals and environment will change radically,

or divergences arise from original plans accentuating the problems of keeping different individual’s actions in

synchrony. The board addressed this by being a realistic, current visible, public reminder to people about what they

and others had undertaken, as well as recording their progress through the project.

Another issue concerns the relations between sychronous and asynchronous coordination. Other research work has

identified the importance of synchronous interpersonal communications in sustaining long term collaboration in
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complex and underspecified domains (Kraut, Fish, Root, & Chalfonte, 1992, Whittaker, Frohlich & Daly-Jones,

1994). How did the board facilitate such synchronous communications? The public forum of the board provided an

ideal physical location for arranged and opportunistic interactions. The board was not only a place to meet, however.

An important secondary function was that these activities are both social and situated in the context of relevant

materials and information (Nardi et al., 1996, Suchman, 1987, Tang, 1991, Whittaker et al., 1991). This combination

of a place to meet, a set of artifacts to allow collaboration and mechanisms for promoting interpersonal

communication, is similar to the thrust of recent systems attempting to combine synchronous and asynchronous tools

in collaborative virtual environments. While there have been many recent attempts to construct virtual places in

which users can meet, only a few recent systems have stressed the importance of adding to these shared artifacts and

materials as an important mechanism both for promoting and supporting interaction (Gaver, Moran, MacLean,

Lovstrand, Dourish, Carter, & Buxton, 1992,  Isaacs, Tang, & Morris, 1996, Curtis & Nicols, 1994, Whittaker et al.,

in press). In contrast, the focus of many recent virtual worlds systems (http://www.worlds.com) has been on the

navigational and physical aspects of these virtual worlds, rather than on tools or artifacts to promote interaction

between the inhabitants of the world.

This work also concurs with recent studies contrasting electronic with pen and paper based systems, for coordinating

work. Those studies have argued that many electronic systems often neglect important aspects of collaboration such

as flexible information layout, and they may not allow information to be viewable by multiple participants from

different vantage points (Luff et al., 1992). Electronic systems may also serve to make information anonymous or

impersonal, eg. by removing personal cues such as handwriting. In contrast, in pen and paper systems this

personalisation may promote greater responsibility, accountability and trust (Bowers, 1994, Hughes et al., 1994, Luff

et al., 1992). Our results add to this growing set of observations. We saw here that the electronic systems may: (a)

reduce the face-to-face communications that often accompany the distribution of paper in organisations (Kraut et al.,

1992, Whittaker et al., 1994); (b) decrease awareness of the actions of other group members which in turn may

reduce helping behaviour and collaboration; (c) suffer from lack of visibility and permanence which may

compromise their function for reminding and coordination (Whittaker et al., 1991). However we also saw that there

were limitations in paper-based tools in particular for information dissemination. In future, we need to design

electronic groupware tools that incorporate the benefits afforded by the material properties of the wallboard. This
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synergy between the benefits of physical and electronic tools is consistent with recent work on augmented reality

(Johnson, Card, Jellinek, Klotz, & Rao, 1993, Mackay & Pagnini, 1994, Newman & Wellner, 1992, Wolf, Rhyne &

Ellozy, 1989). Our groupware tools need to be public, to promote commitment and conversation; material in

affording engagement and reflective use of the tools; and they need to simulate the dimensions of size and visibility

in supporting ready access to complex information.
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