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Abstract—This paper argues that understanding how 

professional software developers use diagrams and sketches in 

their work is an underexplored terrain. We illustrate this by 

summarizing a number of studies on sketching and diagramming 

across a variety of domains, and arguing for their limited 

generalizability. In order to develop further insight, we describe 

the design of a research project we are embarking upon and its 

grounding theoretical assumptions. 

Index Terms—Diagramming, diagrams, sketching, distributed 

cognition, interaction analysis. 

I. INTRODUCTION 

In a 2011 article named "Draw me a Picture" [1] Grady 

Booch questions whether diagrams play any meaningful role in 

software development. "[W]hy don’t [software] developers 

draw useful diagrams? For that matter, why don’t they draw 

diagrams at all?" In answer, he conjectures that “Developers 

(for the most part) don’t draw diagrams because diagrams 

rarely offer any fundamental value that advances the 

developers’ essential work.” Booch also notes that of the 

several hundred architectural descriptions that he has collected 

“virtually all of them fall short in describing the system’s real 

architecture.” Booch thus believes that not only are diagrams 

rarely drawn (when they could be), but they neither fulfill a 

useful role in the development process when they are drawn 

nor are they accurate representations of the systems that they 

are meant to describe. 

This seems a fairly damning claim coming from one of the 

fathers of Unified Modeling Language (UML). Yet in leading 

up to this conjecture, Booch describes how valuable diagrams 

can be when he is helping a dysfunctional project get a better 

understanding of their architecture. “I’ll go into a project and 

ask the team to draw me a picture of their system’s 

architecture. […] However, this picture is just the start of our 

software therapy session. Once I get the team members to start 

talking about what their picture means, the real architecture 

begins to be unveiled.” That description implies that the team 

gets a great deal of value from the conversations and embodied 

activity around the diagram, which seems to contradict Booch’s 

prior conjecture that diagrams rarely offer any fundamental 

value. 

Which is the case? Are diagrams useful, or not? What 

essential roles do diagrams play in a professional software 

development team, if any? Do developers tend to not draw 

diagrams? If so, why? If they draw them, in what ways are they 

useful? How do they function with respect to the conversations 

and activities among members of a software development 

team?  

Given the importance that our discipline ascribes to 

diagramming techniques like UML and the amount of work 

that has been devoted to tools that support these diagramming 

techniques, it seems important to understand whether and in 

what concrete ways diagramming and sketching contribute to 

professional software development. Although there are 

tentative answers emerging from extant research, this question 

remains underexplored. 

While the existing research on sketching and diagramming 

in a variety of settings and disciplines provides some insight 

into the above questions, many of the insights are difficult to 

apply to address Booch’s dilemma. This is because: sketches 

are too often the focus of investigation, not their use in 

sketching activity; for those studies in which sketching is a 

focus, too often it is the individual in isolation who is studied, 

not groups who are using the sketching to mediate their 

activity; in most of these studies, the individuals studied are 

students, not expert practitioners; there is very little research on 

sketching activity within software development; and finally, the 

empirical research is virtually always undertaken within a 

contrived setting, not in the workplace. 

In this paper, we describe the design of a research study to 

uncover deeper insights into how groups of professional 

software developers create and use diagrams and diagramming 

in their authentic work, i.e. “in the wild”. In particular, the 

highly contextual nature of work [2] means that answering 

questions about how groups of professional software 

developers create and use diagrams requires that we observe 

these groups undertaking authentic software development 

activity in their places of work. Furthermore, it requires the use 

of video analysis to look for and analyze the fine-grained 

nature of the social and material circumstances and artifacts 

that support individual and social cognition. In describing this 

study, we provide an overview of the theoretical frameworks 

that ground our methodological choices. 

II. BACKGROUND 

There is a great deal of empirical research on the role of 

sketches, diagrams and visualizations and the process of their 

creation, across a range of disciplines. Sketches, diagrams and 

visualizations span different levels of formalism from a napkin 

sketch to a syntactically correct UML model. This paper 

focuses on the entire spectrum. In examining this prior 



research, we identified five areas that limited their 

generalizability to groups of software developers at work, 

which we discuss in turn. 

Diagrams versus diagramming. Prior research has often 

focused on characteristics of the sketch, diagram, or 

visualization created (the noun), not on the sketching, 

diagramming, or visualizing activity (the verb). For instance, 

Brescianai et al. [3] developed a collaborative dimensions 

framework to characterize different aspects of sketches, 

diagrams, charts, and other “conceptual visualizations”. 

Because of this focus on the artefact, not the process, the main 

research methods used are semi-structured interviews and 

surveys, sometimes stimulated by reference to specific artifacts 

[4]. 

A focus on the sketch embeds the assumption that the 

marks on paper, whiteboard, or computer that an individual 

makes reflect what the individual believes about the conceptual 

system that they are referencing, that these representations are 

in essence externalized “mental representations”. Yet research 

on situated cognition [5, 6] indicates that the external 

representations say rather little about how an individual goes 

about thinking and acting, how he or she uses the 

representations, and the extent to which these representations 

reflect what has been internalized. When internalized ideas are 

externalized (such as in a map, a drawing, an utterance, a 

technical tool) they become part of the “surround” that the 

person and others use for subsequent activity, which, when 

combined with an individual’s embodied perceptual system 

allows for changes to a person’s internalizations. This enables 

“cognitive looping” [7] between self and world for carrying out 

many activities, and gives rise to iterated perceptual-cognitive 

loops that are not possible with purely (internal) mental 

representations.  

The act of bringing thoughts into material form, such as 

expressing architectural designs in sketches and models, is 

itself constitutive of and essential to cognitive activity [8]. The 

interplay of sign, perception, and cognition over the entire 

episode of activity is what is most important, which is never 

considered if diagrams (and not diagramming) are the research 

focus. In other words, sketches might not be direct reflections 

of a person’s internal representation of a system or situation, 

but rather the external scaffolding necessary for the individual 

to carry out their activity. Sketches can only be fully 

understood in relation to their actual use in goal-directed 

activity. 

Individuals versus groups. There have been several 

empirical studies of artists and designers, where the researcher 

has sought to determine the role that sketches play in artistic 

and design activity (e.g. [9, 10]).  These studies, focused on the 

interaction between an individual and externalized 

representations, have served as the foundation for our 

understanding of “cognitive looping” as described just above. 

Yet, externalized representations are often central to the 

system of distributed activity toward achieving the joint goals 

of multiple people. For example, Hutchins [11] describes how a 

team of six navy midshipmen use a nautical chart for the 

navigation of large ocean going vessels within restricted 

waterways. Such external representations mediate joint activity 

because they “out of the mind” of any particular individual and 

they are perceivable. This allows them to serve as available 

resources that others can draw on as needed when engaged in 

joint activity. In addition, people use speech to make specific 

reference to such externalizations that are mutually known to 

be jointly perceived. This serves as a foundation for groups of 

people jointly engaged in a task to develop what Clark calls 

common ground, i.e. the mutual knowledge that people have 

about the setting, the task, and one another’s state of 

knowledge [12]. Thus, research focused only on individual use 

of sketches will overlook many of the key functions that 

sketches play in mediating joint activity. 

Students versus expert practitioners. Because of access 

by researchers, a large number of the empirical studies on 

sketches and sketching use students as the research subjects 

(e.g. [13, 14]). Yet the thinking and activity of students may 

differ dramatically from that of experts. Experts possess deep 

domain knowledge [15]. They additionally bring this 

knowledge to bear on problems in the field, self-monitor their 

work, and work with speed and dexterity [16]. Experts develop 

prodigious skill and sensitivity in choosing and working with 

materials and tools [17], and adapt these to changing contexts 

[18]. In a range of human endeavors, experts develop a 

sophisticated repertoire of strategies for managing the 

complexities of human interaction within social settings. 

Practicing professionals thus have considerable expertise that 

they can bring to their domains of activity. Yet much of this 

knowledge is tacit, embedded in the taken-for-granted practices 

that are enacted within the social and material context in which 

they work [19]. A focus on students will not provide insight 

into the subtle and complex ways in which experts generate 

and use diagrams and sketches in their ongoing activity. 

Software versus other domains. A considerable amount of 

the empirical research on sketching and diagramming 

(including those referenced above) concerns the use of these 

externalizations by artists, architects, and other designers. And 

although software development as a domain of activity shares 

some characteristics with these other domains, it also has 

unique characteristics that might reduce the transferability of 

results from research studies in other domains. These special 

characteristics include not only that computer systems are 

designed human artifacts (thus, in the process of their being 

designed, they cannot simply be “read” or “measured” as can 

the bio-physical systems that natural scientists study). But in 

addition, the computation itself is invisible, the systems are 

immensely complex due to the combinatorics of discrete 

systems, the manufacturing and distribution costs are 

dramatically less than for physical products leading to different 

design constraints, software systems are highly conformable, 

and the systems exhibit behavior over time [20, 21].  Thus, 

studying sketching and diagramming in other domains is 

unlikely to characterize this activity within software 

development. 

Contrived settings versus workplace. Two recent studies 

that address the limitations voiced earlier in this section both 

involve the sketching activity of groups of expert software 



developers [22, 23], [24]. These studies, however, involve 

activity within contrived settings, one taking place in a lab 

environment, and the other at an OOPSLA DesignFest. Yet 

from workplace studies in other domains in which practitioners 

have been studied in their working context, we know that 

practitioners make considerable use of the social and material 

resources that exist within the setting of activity [17, 18]. And 

that such resources are not simply found, but rather, are 

deliberately created, collected, appropriated, and organized by 

practitioners so that they are to hand as needed.  

In one of the few studies that we found of the use of 

sketches and diagrams “in the wild”, Roth describes the ways 

in which practicing scientists use graphs in their everyday 

settings [25]. What he underscores is that practitioners make 

sense of the diagrams that they use and create by virtue of the 

embeddedness of the graph in context, its interrelationship to 

the people, activity, and concreteness of the setting. This 

suggests that studying the sketching and diagramming activity 

of groups of software developers “in captivity” will provide 

little insight into the larger systems of meaning and activity of 

which the sketches and diagrams are a part. 

To summarize, although there has been considerable 

research on sketching and diagramming using a variety of 

methods in a variety of domains, their generalizability to the 

activity of expert software developers in the workplace is 

limited. In the next section, we describe the design of a 

research study that we are initiating to address these 

limitations.  

III. RESEARCH DESIGN 

Grounded in the literature above, particularly that of situated 

and distributed cognition, our research study is intended to 

provide insight into the following types of questions: Why and 

how do groups of software developers diagram and sketch? In 

what specific ways do the representations, speech, and 

accompanying gestures and body movements combine to create 

meaning-in-context that furthers the joint work of the 

participants? How do software developers establish common 

ground during the session?  

Our primary method of data collection will be to make 

audio-visual recordings of sessions in which professional 

software developers undertake joint sketching and 

diagramming in the wild as they do their authentic work in 

their place of work. We will instrument a shared area at the 

identified organization in which such sessions naturally occur 

with two or more video cameras directed toward the medium 

that they are using (e.g. a whiteboard, table surface, or 

workstation). The sessions will be recorded by either the 

researchers or the participants. Having participants record their 

own data has the advantage of being non-intrusive, and places 

the locus of choice with the members of the organization about 

what data to share with the researchers. The use of video to 

study professionals in the workplace was pioneered at Xerox in 

the 1980’s [26]. But it is only in the last decade, with the 

dramatic drop in cost of video recorders and the wide 

availability of free and inexpensive video analysis software, 

that the use of video has become widespread [27]. 

Our primary method of analyzing the data is interaction 

analysis, “an interdisciplinary method for the empirical 

investigation of the interaction of human beings with each 

other and with objects in their environment. ... Its roots lie in 

ethnography (especially participant observation), 

sociolinguistics, ethnomethodology, conversation analysis, 

kinesics, proxemics, and ethology” [28]. Because of its focus 

on tool-mediated interaction among individuals carrying out 

activity within a particular setting, interaction analysis requires 

the use of audio-visual recordings so as to allow for both replay 

and data sharing among multiple researchers. In addition, some 

of these sessions will be replayed to some or all of the 

participants so as to have their commentary on the session 

(which will also be recorded), thus serving as an additional 

layer of data to augment the session recordings. For a subset of 

the post-session interviews, we will interview the participants 

separately or in groups in order to gain insight into our research 

questions concerning how different individuals at the same 

session construe the signs and sign referents, as well as the 

overall meaning and experience of the session. 

We will also rely upon an ethnography of the organization  

in order to understand the enclosing system of relationships, 

values, constraints, and practices of the participants in the 

whiteboarding activities. It will be informal, what Geertz 

characterizes as “deep hanging out” [29], and the data 

generated will include field notes, photographs, and audio and 

video recordings of interviews. This will help us to answer our 

research questions concerning the demographic, cultural, 

physical and organizational surrounds of the people carrying 

out the work. Without an understanding of these contextual 

factors, it will be difficult for us to make sense of the behavior 

that we are observing.  

Our analysis as a whole will be iterative and incremental, 

starting as soon as data is collected. This will allow us to 

validate and deepen our emerging understandings by reflecting 

them back to the organizational actors whom we have observed 

and spoken with. It will also allow us to make alterations to our 

data collection protocol as we come to better understand the 

setting and actors. Finally, involving the actors in this process 

may increase the value that the actors and their organization 

accrue from their involvement with our research. 

IV. IMPLICATIONS AND CONCLUSION 

A number of practices in software engineering have the 

status of “conventional wisdom,” assumed to be useful across a 

range of contexts. Diagramming and sketching would seem to 

be such practices given the number of software tools, 

textbooks, and courses devoted to them. Yet Booch challenges 

these assumptions in claiming that software developers either 

do not draw diagrams or do not employ them in a useful way 

[1]. Surprisingly, there is little research that we can draw upon 

to adjudicate between Booch’s claim and conventional 

wisdom. That which exists too often concerns students in a 

non-software discipline carrying out individual work in a 

laboratory. 

In this paper, we described the design of a research study 

just underway to provide deeper insights into this 



underexplored terrain of professional software developers in 

the wild. Grounded in distributed cognition theory and using 

video recordings and interaction analysis, we will investigate 

the situated use of sketches and diagrams by expert software 

practitioners in their everyday activities in the workplace. In 

addition to providing new insights about how experienced 

professional software developers collaborate, the proposed 

work could help inform the design, choice, and use of 

collaboration techniques in general, development of software 

systems to support collaboration, and provide pedagogical 

insights into how to train our students to be more effective 

software developers. Are diagrams and diagramming as 

valuable as we tell our students they are?  
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