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ABSTRACT 
The scale and complexity of interactive systems research often 
require care in distinguishing: (1) the code that implements 
a system, versus (2) the research contribution demonstrated 
or embodied in a system. This position paper for the CHI 2017 
workshop on #HCI.Tools reflects on this contrast and some 
common forms of contribution in interactive systems research. 
We explore several forms of interactive systems contribution 
based in differentiating: (1) what a system accomplishes, 
versus (2) how it accomplishes that. We argue some interactive 
systems should be considered sketches that use code as a 
medium to explore their research contributions, while others 
embody their contributions more directly in their code. 
Finally, we argue the progress and impact of our field requires 
diverse forms of contribution across interactive systems. 
INTRODUCTION 
The scale and complexity of modern interactive systems is 
daunting along several dimensions. Weiser characterized 
important aspects of this in a trend from many-to-1 (i.e., many 
people sharing a single device), to 1-to-1 (i.e., each person 
with a dedicated device), to 1-to-many (i.e., each person having 
many devices), to many-to-many (i.e., many people connected 
through many devices) [14]. As technology enters later stages 
of this trend, researchers now explore interactive systems 
that span multiple devices, require massive volumes of data 
to enable seemingly simple interactions, or require entire social 
networks before key aspects of their design can surface. Such 
barriers to real-world deployment of interactive systems 
create important challenges for interactive systems research.  

This reflection focuses primarily on the relationship between 
code and contribution. Interactive systems research generally 
contains both, but they are not always well-distinguished. 
Prior discussions include consideration of the limitations of 
usability testing [6], examination of common pitfalls in 
evaluating interactive systems [11], and discussion of technical 
HCI research as an activity of invention that contrasts with 
activities of discovery [8]. Additional discussion considers 
how these challenges manifest or can be magnified in social 
computing systems [1], with their corresponding need for a 
critical mass of participation [7]. Our reflection is intended 
to complement existing discussions without contradiction.  

This position paper first considers the case where code is 
closely linked to contribution. It then explores cases where 
the link is less direct. Consistent with the workshop’s proposal 
to explore conceptual roles for toolkits in HCI research, we 
examine several forms of interactive systems contribution 
based in a differentiation of: (1) what a system accomplishes, 
versus (2) how it accomplishes that. We conclude with brief 
comments on our prior interactive systems research as a 
background for participation in the #HCI.Tools workshop. 
WHEN CODE IS THE CONTRIBUTION 
Some interactive systems research contributions are directly 
manifested in code. Although these are a minority, they are 
important for both: (1) their own research value and impact, 
and (2) the contrast they can provide for other styles of 
research. A well-known example is the $1 Recognizer, a 
template-based unistroke gesture recognizer implemented 
in approximately 100 lines of code [15]. The paper has been 
widely cited, both in applications that use the recognizer 
and in later extensions of the underlying recognition technique. 
A project website also hosts community implementations of 
the recognizer in multiple programming languages. The 
contribution and impact of this research thus directly results 
from solving a technical challenge in code that people can 
easily adopt and adapt in their applications and contexts. 
Replication, Validation, and Extension 
Discussions of replication within the CHI community often 
focus on experimental replication, which remains relevant in 
our current context. For example, the $1 Recognizer’s project 
website includes data to replicate its performance experiments. 
But contributions associated with code also provide opportunity 
for stronger validation: each future use of that code in a new 
application, or in a context beyond the original research, 
validates the underlying research contribution. This validation 
is riskier and therefore stronger than simply re-executing the 
original data analysis or replicating the prior experiment. 

Figures 1 and 2 illustrate this using a simple visual language 
we develop in figures throughout this paper. In Figure 1, we 
distill the contribution of the $1 Recognizer down to a circle. 
The circle is filled (i.e., purple) to indicate that contribution is 
novel. In contrast, we will use empty circles (i.e., white) 
to illustrate components of a system that are not themselves 
novel (e.g., replicate a prior result, otherwise already known). 
Figure 2 illustrates this in a research progression based on 
the $1 Recognizer. This progression begins with Protractor, a 
recognizer informed by techniques in the $1 Recognizer [9]. 
Protractor is then used in implementing Gesture Script, a 
novel tool for interactively authoring compound gestures [10]. 
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At each step in this progression, previously novel elements 
(i.e., filled circles) become already known (e.g., the circle 
illustrating Gesture Script’s use of Protractor is now empty). 
Gesture Script is itself novel (i.e., the large circle is filled), 
uses several known techniques (i.e., empty inner circles), 
and requires several underlying innovations (i.e., filled inner 
circles). Many other progressions similarly trace back to the 
$1 Recognizer, and such illustrations can be considered at 
multiple scales. If we were to “zoom in” on Protractor 
relative to the $1 Recognizer, we would see they have many 
identical inner circles, but Protractor includes a novel 
closed-form similarity metric (i.e., a novel inner circle).  
WHEN CODE IS NOT THE CONTRIBUTION 
Most interactive systems contributions do not correspond so 
directly to their code. Identifying the contributions of a system 
can therefore be considered in terms of: (1) what a system 
accomplishes (i.e., the outer circle and its novelty), and 
(2) how a system accomplishes that (i.e., the inner circles 
and their novelty). We consider three important combinations. 

Figure 3 illustrates the easiest case, for which interactive 
systems researchers often strive, and for which interactive 
systems reviewers are often most comfortable. The illustrated 
system accomplishes novel functionality (i.e., the outer circle, 
the what), enabled in part by novel techniques (i.e., the inner 
circles, the how). Such contributions can often be motivated 
either bottom-up (i.e., introducing novel inner techniques 
and then novel outer functionality they enable) or top-down 

(i.e., introducing novel outer functionality and then novel 
inner techniques required to achieve that functionality). 
At the scale of a paper, validation can often focus on either 
the outer circle (i.e., the what) or the inner (i.e., the how). 
Researchers therefore have flexibility in deciding what to 
highlight. Individual reviewers may prefer novelty with regard 
to either the what (i.e., the outer circle) or the how (i.e., the 
inner circles), but a system that makes novel contributions 
in both is more robust to such variation in reviewer taste. 

Figure 4 illustrates a system that uses known techniques to 
accomplish novel functionality. The challenge for researchers 
and reviewers is deciding whether the outer circle (i.e., the 
what) is a significant contribution (i.e., versus the case where 
both outer and inner circles are already known). Reasonable 
people may disagree regarding significance of contribution 
in the outer circle, but it seems inappropriate to dismiss any 
contribution because “we already know” the inner circles. 
Such work is sometimes dismissed as “obvious”, but if no 
prior work has previously combined these pieces into the 
resulting functionality, a more appropriate question is whether 
that novel functionality is a significant contribution. 

Figure 5 conversely illustrates a system that applies novel 
techniques in the context of known overall functionality. The 
challenge is deciding whether improvements to the inner circles 
are a significant contribution, and it seems inappropriate to 
dismiss that potential because the outer circle “has been done”. 
Such work is sometimes dismissed as “just engineering”, 
but a more appropriate question is whether the implications 
of novel inner techniques make them a significant contribution. 
These can include advances in performance or robustness, 
but a researcher is often wise to show how advances impact 
functionality (i.e., to convert this into our first case by showing 
how inner contributions enable novelty in the outer circle). 

 
Figure 2: Protractor extends techniques introduced in the 
$1 Recognizer. It is therefore novel (i.e., filled), while also 
replicating and extending the $1 Recognizer (i.e., now shown 
as empty). Gesture Script then directly replicates Protractor 
as part of a larger system that also includes other components. 
Some of those are already known (i.e., are also empty), while 
some are novel (i.e., filled). The overall functionality presented 
by Gesture Script is also novel (i.e., the large circle is filled). 

  
Figure 3: Interactive systems that include both novel functionality 
(i.e., the outer what) and novel techniques (i.e., the inner how) 
can often be motivated and validated in either contribution. 

  
Figure 4: When underlying techniques are known (i.e., the 
inner how), the question is whether their combination in new 
functionality is a significant contribution (i.e., the outer what). 

  
Figure 5: When applied in known overall functionality (i.e., the 
outer what), the question is whether implications of novel inner 
techniques are a significant contribution (i.e., the inner how). 

Includes novel techniques

Achieves novel functionality

Includes known techniques

Achieves novel functionality

Includes novel techniques

Achieves known functionality

 
Figure 1: The $1 Recognizer’s contribution closely corresponds 
to its code, allowing re-use of its solution to a technical problem. 
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Scale and Sketching 
Given the above forms of contribution, we now return to 
the problem of scale and complexity. If a researcher’s 
intended contribution is the outer circle (i.e., the what), then 
elements of inner circles may be irrelevant. For example, 
consider a system that requires persistent storage, but has 
no interesting requirements of that storage. A decision to 
use a local file, a local database, or a cloud database will 
impact the system’s code, but is irrelevant to its research 
contribution. Conversely, if the intended contribution is an 
inner circle (i.e., the how), details of an outer circle may be 
irrelevant. Overall, a researcher is generally not developing 
a product and will make choices that impact code according 
to whatever is most expedient without sacrificing the research 
contribution. Instead of criticizing this as “research code”, or 
demanding unreasonable standards, we must remember the 
researcher pursues different goals than a product developer. 

We believe many interactive systems developed in research 
should be considered sketches, as described by Buxton [2]. 
Sketches allow rapid exploration of many possibilities, with 
each sketch surfacing its key properties for critique. Sketches 
are also intentionally left ambiguous in many ways, with 
additional details to be defined if the idea is further pursued. 
This property expedites sketching because it allows proceeding 
without spending time or resources defining details. It also 
improves critique by remaining focused on important aspects. 

Figure 6 extends prior examples to illustrate this, using dashed 
circles to show sketched elements. The system includes novel 
and concrete techniques, but other elements remain sketched. 
The system works well enough to demonstrate the proposed 
functionality and to validate the novel techniques that were 
developed. But fully achieving its proposed functionality 
still requires additional work implementing known techniques 
(i.e., dashed inner empty circles) and additional research 
addressing remaining challenges (i.e., dashed inner filled 
circles). Most research systems are sketches in this regard, 
emphasizing key contributions while leaving other aspects 
underdeveloped. Many demonstrations are also sketches, 
aiming to validate the contribution of an inner circle by 
sketching multiple outer circles that are potentially enabled. 
Visions and Realizations 
Even more than a sketch, a technology vision suggests a 
direction while leaving many unanswered questions in how 
such a vision will actually be achieved. Figure 7 illustrates 
this with larger holes in the vision. Realizing the vision thus 

requires both: (1) research that addresses known challenges 
(i.e., circles that were sketched in the vision), and (2) research 
that defines and then addresses the larger holes in the vision.  

Although the difference between a sketch and a vision is 
obvious at the extremes, the boundary between them is unclear 
and likely based in a judgment regarding the size of the holes. 
In visions with larger holes, it is increasingly likely the outer 
circle (i.e., the what, the vision) will be significantly changed 
in its realization (e.g., by implications of the specific inner 
circles developed in pursuing the vision), and therefore should 
often be considered a novel contribution. But even when a 
realization remains close to an original vision, there are often 
contributions in the inner circles needed to achieve that vision. 
DISCUSSION 
We have aimed to unpack common forms of contribution in 
interactive systems research, arguing those contributions are: 
(1) distinct from each other, and (2) often distinct from the 
code that is used as a medium to demonstrate or manifest a 
contribution. Our reflection is motivated by challenges we 
observe in researchers and reviewers conflating these aspects 
of work. If researchers believe their contributions are in one 
regard, while reviewers consider them in another, resulting 
mutual frustration generally undermines progress in our field. 

In focusing on differentiating the what from the how, we 
have intentionally not engaged questions of validating either 
form of contribution. We have also not engaged questions 
of how much sketching is acceptable in a system, versus what 
aspects of a system must be more complete to be considered 
a contribution. Such questions seem better addressed in more 
specific contexts where they can be grounded in details of the 
work, but several points can be discussed more generally. 
Irrelevant Detail and Irrelevant Replication 
Some common pitfalls emerge when: (1) the difference 
between code and contribution is confused, or (2) notions of 
replicability in experimental contexts are misapplied in 
interactive systems. Consider the sketch from Figure 6, with 
a pair of novel techniques (i.e., solid filled inner circles). 
These techniques are intended as contributions and should be 
thoroughly reported so they can be understood and considered 
by reviewers. But desire for thoroughness sometimes leads 
reviewers to probe irrelevant details of a sketch. A known 
technique (i.e., a solid empty inner circle) has previously 
been validated. Use of a known technique is further 
validation, and it is likely inappropriate to expect the 
current work to explicitly revisit its validation. Similarly, the 
sketched inner circles should be considered only to the 
extent they impact the intended contribution. The choice of 

 
Figure 6: Many research systems are sketches supporting a 
research contribution. This example includes concrete and novel 
contributions (i.e., solid inner filled circles) as part of a larger 
system sketching novel functionality. Dashed elements need 
additional work before they are fully achieved, but the sketch 
allows critique to focus on the current contributions. 

Includes novel techniques

Sketches additional techniques

Sketches novel functionality
 

Figure 7: Research visions leave larger holes, in the form of 
more questions that need to be answered to realize the vision. 

Vision Realization
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how to implement these techniques, in the current sketch 
and in any future realizations, obviously impacts the code 
of such systems. But probing at unresolved details of these 
sketches, or attempting to evaluate such irrelevant details, is 
often obscuring the work’s actual contribution. 
Promoting Diverse Forms of Contribution 
The long-term health and impact of our field requires all of 
the forms of contribution considered here. Visions can inspire 
other researchers to pursue a direction, allowing the field to 
explore and understand that space more quickly and effectively 
than waiting for the original researcher to “fill in the holes”. 
Research systems that sketch relationships between what 
(i.e., their outer circles) and how (i.e., their inner circles) 
similarly allow the field to better explore and understand such 
relationships without them being hindered or obscured by 
other irrelevant details. But visions and sketching have limits. 
Achieving a full realization may reveal that prior sketches 
were incomplete or incorrect in important aspects of an idea. 
Full realizations also allow confident incorporation of prior 
work in new explorations, a contrast to stacking sketches that 
may eventually crumble under their own incompleteness. 
Full realizations thus enable both direct impact of the current 
research and future exploration of additional research. 

From this perspective, it seems strange and unfortunate for 
our field to simultaneously lament: (1) a perception among 
researchers that innovation and novelty are limited by 
questions of validation that seem to work against exploring 
new directions, and (2) a perception among researchers that 
progress is limited by novelty fetishes that seem to work 
against building upon what is already known in pursuing 
deeper understanding and impact. We obviously need both, 
need authors and reviewers to be clear which is pursued, 
and need discussions of contribution and validation to be 
based in how specific work contributes to this balance. 
PRIOR INTERACTIVE SYSTEMS RESEARCH 
We look forward to workshop discussions of these and other 
perspectives on interactive systems. As background, our prior 
interactive systems research includes toolkits for sensor-based 
statistical models [5], exploration of tool challenges applying 
machine learning in everyday applications [12], techniques 
enabling graphical interfaces composed of mutually untrusted 
elements [13], a gesture authoring tool [10], and techniques 
and tools enabling pixel-based interpretation and runtime 
modification of graphical interfaces (e.g., [3,4,16]). 
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