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Abstract 
Activity theory is an analytical framework that has been 
used successfully to understand and explain collective 
work. Software development is, of course, one particular 
kind of collective work. We used activity theory to analyze 
the observations one author made during an internship 
with a large-scale software development group. We also 
made some observations about how well suited activity 
theory was for the analysis. We briefly describe the work 
setting and the analysis. Then we describe the experi-
ences we had, which indicate possibilities for further de-
veloping activity theory for studying collaborative work. 

1. An Experience with Collaborative Soft-
ware Development  

The first author spent eight weeks during the summer of 
2002 interning as a software developer on a large-scale 
software development team. As a member of this team, he 
was able to make observations and collect information 
about a variety of aspects, including the organization of 
the team, the formal and informal practices that this team 
adopted, and the tools they used. The software develop-
ment team was formed to develop a software application 
we call MVP (not the real name), which comprises 10 
different tools that are deployed in different parts of the 
United States. The source code is approximately one mil-
lion lines of C and C++.   

Each of the several different tools that compose MVP 
uses a specific set of “processes.” A process for the MVP 
team is a program that runs with the appropriate run-time 
options. Processes typically run on distributed Sun work-
stations and communicate by using a TCP/IP socket pro-
tocol. Running a tool means running the processes re-
quired by this tool, with their appropriate run-time op-
tions. 

The software development team is divided into two 
groups: the developers and the verification and validation 
(V&V) staff. The developers are responsible for writing 
new code, fixing bugs, and adding new features. This 
group comprises 25 members. The V&V staff are respon-
sible for testing and reporting bugs identified in the soft-
ware, keeping a running version of the software for dem-
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onstration purposes, and maintaining the documentation 
(mainly user manuals) of the software. This group com-
prises six members.  

The MVP group adopts a formal software develop-
ment process that prescribes the steps that need to be per-
formed by the MVP developers during the software de-
velopment activities. For example, all developers, after 
finishing the implementation of a change, should integrate 
their code with the main baseline. In addition, each de-
veloper is responsible for testing the code to verify that 
his/her integration did not insert bugs in the code, or 
“break the code,” as this is informally characterized by 
MVP developers. After using a configuration manage-
ment (CM) tool to check-in files into the repository, a 
developer must send an e-mail to the software develop-
ment mailing list describing the problem report (PR) as-
sociated with the changes, the files that were changed, 
and the branch where the check-in will be performed, 
among other pieces of information.  

2. An Activity Theory Analysis 
Activity theory allows a variety of ways to analyze phe-
nomena. In this work, Engeström’s activity theory model 
[4] was used in the analysis of findings. This model is 
presented in Figure 1. Activities are associated with ob-
jectives called “outcomes.” People working within a 
community share activities. They work to create objects 
and rely on tools referred to as artifacts to support their 
activity. Rules instantiate division of labor and practices 
of the community.  

Figure 2 is basically an “instantiation” of the frame-
work described in Figure 1 as applied to the MVP soft-
ware development team. The main outcome of the soft-
ware development activity is high-quality MVP software 
(i.e., bug-free software that is easy to evolve, delivered on 
schedule, and meets the customers’ specifications). Of 
course, this includes executables, source code, bug re-
positories, manuals, specifications, and so on. The object 
of this activity is the MVP software while being modified. 
This includes, for example, the changes being introduced 
in the code, reported bugs not yet solved, and so on. The 
mediating artifacts, or tools, are the set of tools used by 
the team to manipulate the object so they achieve their 
goal or outcome, such as CM and bug tracking tools, 
e-mail, and the like. Rules consist of formal practices 



 

Figure 1: Elements of the Activity Theory                 
Framework (see [4]). 

 

Figure 2: The Software Development Activity as Ap-
plied to the MVP Team 

(e.g., software development processes) and informal prac-
tices (conventions, workarounds, and so on) used by the 
MVP team. The community is the whole MVP team, 
which is organized according to a specific division of la-
bor: There are mainly two groups, namely, developers 
and V&V staff. But the members of these groups also 
adopt a division of labor. Specifically, there are process 
leaders and process developers, the configuration and 
release manager, the software manager, and testers. 
 
2.1. Tensions and Their “Fixes” in the MVP 

Team 
Contradictions are important aspects in an activity be-
cause they might be used as sources of development ([6], 
pg. 34). In other words, contradictions trigger reflection, 
thereby helping in the improvement of the activity. Con-
tradictions reveal themselves as breakdowns, problems, 
tensions, or misfits between elements of an activity or 
between activities. In our case, we identified several ten-
sions within the software development activity developed 
by the MVP team, but, in addition to that, we also identi-
fied the fixes that the team adopted to solve them. We 
identified tensions between different elements, such as 
between the object and the community, and between the 

rules and the community. 
In the first case, the tension between the object and 

the community exists due to the effects that the object 
(e.g., changes in the MVP software) will have on the 
community. For example, if a change (the object) is in-
troduced in the source code, other members of the MVP 
team (the community) might need to be informed because 
they may need to perform additional tasks (e.g., update 
the documentation) due to that change. The tension exists 
because developers are not aware of some interdependen-
cies in the software and, therefore, how other members of 
the community are affected by their work. Despite that, 
the community must support the evolution of the software 
and guarantee that the software delivered is not inconsis-
tent with the specifications, manuals and other artifacts. 

In the second case, the tension exists basically be-
tween rules and the community because one rule suggests 
that a developer should perform a specific action, but 
he/she does not want to perform that action out of con-
cern for the effects of the action on the rest of the com-
munity. For example, if one developer decides to check-
in his/her code into the repository, the other developers 
(part of the community) might need to recompile their 
code in order to work with the latest version of the soft-
ware, and this compilation process is time-consuming. 
 
2.2. Tensions between the Object and the Com-

munity  
In this case, tensions emerge in the software development 
activity due to the concern about how the object will af-
fect the community. For example, when the source code 
is modified, often it is also necessary to modify other 
software artifacts, such as manuals, documentation, speci-
fications, and so on, or inconsistencies will arise. Al-
though inconsistencies might have positive effects in 
software development, in general they are not desirable 
[10]. The MVP software development team already rec-
ognized the need to handle this problem (tension) and 
adopted two different and complementary practices to 
deal with it: Formal reviews are adopted in the software 
development process to handle inconsistencies in the 
source code, and problem reports are structured in such a 
way that the inconsistencies between source code and 
other artifacts are easier to manage. Both practices are 
explained in the following sections. 

 
2.3. Tensions between the Rules and the Commu-

nity  
These tensions occur because a rule might suggest that a 
developer should perform a specific action, but the devel-
oper does not want to perform it due to concern about the 
effect of this action on the community. As mentioned 
earlier, an example of such tension occurs when one 
developer needs to check-in his/her code into the 
repository, but the other developers would then need to 
recompile their code in order to work with the latest 
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their code in order to work with the latest version of the 
software. Because this compilation process is time-
consuming, the developer needs to decide whether to fol-
low the rule and thus cause the whole community to 
recompile, or to not follow the rule, at least for a while, 
thereby minimizing the impact of his/her actions in the 
rest of the community. Typical fixes adopted by the MVP 
team include changing the order in which some rules are 
executed or performing additional actions along with the 
rule to minimize the disruption to the community. 

Furthermore, tensions between these components also 
arise due to the impact on the community in the execution 
of the rule. In other words, the developer is concerned 
that he/she needs to perform a rule but actions of the 
community (such as check-ins or check-outs) will impact 
his/her performance of the rule.  In this case, those ac-
tions influence how the developer performs the rule.  
Note that in this case, the division of labor also influences 
this tension because it prescribes how developers should 
be organized in the community, therefore allowing two or 
more developers to work and check-in in concurrently. 

3. Implications for Activity Theory 
3.1. Modeling Human Activity  
In software development terms, section 2 of this paper 
developed a model. The process of developing this model 
has more similarities to software modeling than one might 
expect. In particular, we began by choosing a modeling 
language that seemed appropriate for our application—
the language of activity theory, and in particular 
Engeström’s terminology and diagrammatic notation. We 
then built an instance of a model in this language that 
served as a first approximation. We then refined it 
through several iterations. We reached a point at which 
analysis of the model yielded explanations consistent with 
the data, as presented above.  
    Iterative refinement of the model appeared to be an 
open-ended process. However, the actual observations 
made during the internship acted in a sense like a “test 
oracle.” Namely, we reached a stopping point when all 
observed phenomena were accounted for. Moreover, the 
focus of activity theory on identifying tensions and con-
flict were useful for understanding what we observed and 
for highlighting areas where software tools and practices 
might be improved.  
    In sum, the attempt to model the human collective ac-
tivity of collaborative software development did not seem 
straightforward at first, but required a first approximation 
and successive refinement. Although frustrating, the chal-
lenges did not seem greater than other kinds of modeling, 
and the results were informative. In the next subsection, 
we make some observations on how this process may be 
improved and identify research areas for the methodol-
ogy.  
 

3.2. Activity Theory: Where Next?  
Activity theory has been applied to the design of software 
systems, and research to date has indicated its usefulness 
toward collecting requirements for software system de-
sign (e.g., [1] and [8]). However, to the authors’ knowl-
edge, this paper represents the first application of activity 
theory to studying collaboration among software devel-
opers; previous studies have examined only the collabora-
tion between end users and software developers. Thus, we 
had to struggle with a finer degree of detail of activity 
than previous works with respect to the development of 
software.  
    One challenge that presented itself was the notion that 
a single activity might be consistent when observed as a 
single instance, but might be a source of tension when 
there were multiple instances of that activity. For in-
stance, in the case of a single developer, even when work-
ing with end users and other team members, the activity 
of checking-in a module revision is consistent within it-
self. However, multiple instances of this check-in activity 
create a tension we observed as developers sped up their 
work to be the first to check-in. This part of the model 
and the more general issue of multiple instances of activ-
ity is one place for further research into the application of 
activity theory and a potential contribution to improving 
the methodology.  
    Another area for research in activity theory is akin to 
dependency analysis in software testing. Namely, as we 
identified different activities that comprised the general 
activity of evolving a software system, we began to ob-
serve many interdependencies. For example, rules for 
applying a specific software tool led to other activities, 
each with their own associated set of rules, subjects, other 
tools, and so on. We were intrigued by the notion that a 
kind of dependency analysis might be developed to help 
an organization more precisely account for the potential 
impact of making changes to tools and practices. This 
kind of work, however, would be a long-term goal. A 
related issue is that of adoption. Understanding the his-
tory of how elements in the activity theory models 
evolved (e.g., tools, rules, division of labor, and so on) 
can better enable the responsible introduction of new 
tools, including involving end users with tool introduc-
tion. The basic premise of introducing changes into peo-
ple’s work is the ability to develop the fullest understand-
ing possible of that work. Activity theory, even in its pre-
sent state of development, is successful in that regard. 
    Finally, a new line of research is beginning to present 
itself around the concepts of reflection and awareness. 
Specifically, various researchers have begun to recognize 
the value of simply reflecting back to a group or organi-
zation the actuality of its various objectives and activities. 
In a previous study, we used this kind of reflection as a 
matter of course in reporting findings, but the process of 
performing this “reporting” led to improvement in the 



process of software developers collecting requirements 
and in the organization’s members better understanding 
one another’s roles [2]. Other researchers have observed 
similar effects, including those at a small scale. Namely, 
some researchers are developing software tools to help 
people coordinate their collaborative work by reflecting 
the current state of a collaborative activity or the state of 
actual collaborators. Some instances are Portholes sys-
tems that reflect the state of collaborators [3] [7], 
configuration management tools that reflect who is 
working on what modules [9], and tickertape tools that 
reflect all activities in a work environment [5]. Thus, 
another open area is better understanding and better 
reflecting of actual activity (through manual and 
automated means) back to participants in that activity, 
and understanding ways this has positive effects on the 
collective work.     

4. Conclusions 
Our experiences in performing the analysis presented 

briefly in this paper as well as previous experiences of 
our own and our colleagues have shown many positives 
to activity theory. It is open ended, which, although a 
challenge, allows for the introduction of new ideas and 
refinements. It is noninvasive, using open-ended inter-
views or even more informal observations of work such 
as presented in this paper. It readily yields to iterative 
refinement. When more detail is needed in a model, addi-
tional activities may be named and analyzed. Finally, 
there seems to be some overlap in object-oriented analy-
sis. Although the present authors do not wish to overem-
phasize the similarities, the overlap is helpful for people 
with object-oriented experience to engage in learning the 
methodology. Thus, although there is still a great deal of 
craft involved in becoming acquainted with and applying 
activity theory, we have experienced many positives in 
our analyses in different work settings and anticipate the 
methodology becoming more refined and documented. 
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