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Abstract 

Open-ended improvisational creativity is difficult to 

measure and quantify due to dynamic and fluid nature 

of creative collaboration. Existing methods provide a 

means to record and analyze individual events within a 

creative collaboration, but they often do not account for 

the fine-grained temporal dynamics of the interaction 

(e.g. the rhythm of interaction, structure of turn taking, 

and manner of executing actions). To address this gap 

in research methods, we previously introduced the crea-

tive sense-making (CSM) cognitive framework and 

sense-making curve coding tool and demonstrated their 

utility for quantifying interaction dynamics in co-

creation. In this paper, we describe the design consider-

ations for this new interaction coding tool and offer 

some design improvements based on usage of the tool 

that was previously reported.  

 Introduction 

The concept of open-ended improvisational creativity in-

volves a feedback loop between an agent and their current 

creative environment during which meaning emerges as 

the agent notices patterns and regularities in the environ-

ment (Davis et al. 2016). This dynamic process of meaning 

construction through interaction is referred to as sense-

making (Jaegher and DiPaolo 2007; De Jaegher, Di Paolo 

and Gallagher 2010). When multiple agents engage in this 

sense-making process together in a way that is mutually 

influential (i.e. participatory sense-making), the process 

becomes co-creative in the sense that ideas can mix, com-

bine, and transform in novel and unexpected ways leading 

to emergent creativity (Sawyer and DeZutter 2009). Ana-

lyzing this process of co-creation is difficult as there are 

limitless options for interaction in an open-ended and natu-

ralistic creative context. Individuals can choose many dif-

ferent productive and creative paths to follow for several 

reasons that are difficult to precisely quantify since they 

occur in rapid succession in real-time.  

To help understand and model this co-creation process, 

we have developed a technique to quantify interaction dy-

namics of open-ended improvisational creative contexts in 

real world scenarios (Davis et al. 2017; Davis et al. 2015). 

 Many research methods employed to observe open-ended 

creative processes focus more on the content of the actions 

between environment and agent rather than how those ac-

tions were performed (e.g. the rhythm of interaction, turn 

taking structure, and the granular temporal dynamics de-

scribing the manner of action execution). To address this 

issue, we introduced a new cognitive framework called 

creative sense-making (Davis et al. 2017), which includes 

an interaction coding technique and tool that enables ana-

lysts to record continuous data describing interaction dy-

namics throughout improvisational creative collaboration.  

This paper overview the current design of the tool and 

offers some design improvements based on usage reported 

on previously (Davis et al. 2017). Similar methodologies 

for quantifying creative sense-making are described and 

contrasted to our research requirements. User needs are 

described for coding in this new environment. Finally, fu-

ture design iterations are proposed based on evaluation and 

feedback from analysts who have used the tool. 

Related Work 

There are several methods useful when analyzing the inter-

action dynamics of open-ended creative improvisation. 

Perhaps the most closely related domain is interaction 

analysis, which lays theoretical foundations for coding 

interpersonal behaviors and actions into predefined catego-

ries. A rough summary of events is logged either during or 

right after the experiment has finished.  A detailed tran-

scription of content logs follows after researchers deter-

mine which hypotheses have substance from the data (Jor-

dan and Henderson 1995). This can also be visualized 

through a node based network connecting agents and inter-

actions (Bourbousson and Fortes-Bourbousson 2016). The 

type of data we are trying to capture are the events that 



happen during creative improvisation by agents interacting 

with their environment and each other, and therefore would 

need to be recorded in a similar fashion.  

Protocol Analysis is another relevant research method 

which entails the transcription and coding of verbalized 

thought processes by participants in order to gain insight 

into their thinking (Nguyen and Shanks 2009; Kim, Jin and 

Lee 2006). This is important in creativity related research 

as think-aloud tasks provide insight into participants’ ra-

tionales as a form of self-reported data. While this data can 

provide much insight, it is difficult to precisely reconstruct 

a quantitative model of moment-to-moment interactions 

from it. 
 

Event-based behavioral coding also serves to categorize 

participant interactions either based on predefined options 

or emergent patterns akin to Grounded Theory, in which 

meaning and patterns are derived from the actions happen-

ing in the environment (Strauss and Corbin 1997). Discrete 

behaviors can be recorded in a dynamic linear fashion so 

long as they are easily definable and noticeable physiologi-

cal events. However, this method struggles to capture the 

minute cognitive events that are manifested in these larger 

behavioral events.  

Ethnomethodology arose in response to recognizing the 

importance of these fine-grained contextual details of the 

interaction.  In this approach, analysts  capture interactions 

at a highly granular level, which can be arduous as the 

number of minute events recorded in a small amount of 

time can make coding large data sets particularly time-

intensive (Garfinkel 1997). Conversation analysis (CA) is 

one method that has been employed in ethnomethodologi-

cal studies describing the fine-grained dynamics of open-

ended interaction through linguistic and paralinguistic 

study. This also includes the concept of constructive dia-

logue modelling which attempts to understand and repre-

sent the willingness to cooperate and participate in turn-

taking in conversation between participants. An example of 

this includes an individual's likelihood to repeat usage of a 

particular communication type if it is successful in reach-

ing a cooperative goal, often found in open-ended creative 

collaboration. CA methodology often makes use of an au-

dio or video recorder to collect richer data to be analyzed 

later. Similarly, analysis of sense-making benefits from 

video recording to capture the different interactions be-

tween an agent and their environment that can be analyzed 

through the CSM tool. In the context of creative sense-

making, we look at these methods as a representation of 

the qualitative coding scheme the CSM tool uses to quanti-

fy interaction. 

More recently, a new cognitive science research method 

called perceptual crossing has gained traction as a means 

of quantifying participatory sense-making by observing 

how participants make sense of a one-dimensional virtual 

environment. Often done through the use of avatars (Fro-

ese and DiPaolo 2011; Auvray, Lenay and Stewart 2009), 

participants are signaled through stimuli when avatars 

cross over another object in the virtual space. Both players 

must interact with the environment to distinguish between 

static objects and other agents in a process of participatory 

sense-making. This interaction dynamic is a fundamental 

part of creative improvisation where feedback between 

actors and their environment can lead to states of coupled 

interaction, i.e. both individual’s actions are mutually af-

fecting each other. Perceptual crossing demonstrates the 

analytic power of using continuous interaction data to 

model participatory sense-making, but the virtual environ-

ment is too constrained for use in creative collaboration 

and co-creation. 

Creative Sense-Making 

Creative sense-making (CSM) the continuous cycle of per-

forming creative actions, then modifying schemas about 

the environment based on the effects (Davis et al. 2017). It 

is seen as a form of experiential learning in which agents 

gradually develop a more accurate model of their environ-

ment through experimental interactions. This framework is 

based on the cognitive science theory of enaction and in-

volves analyzing the dynamics displayed by an agent inter-

acting with their environment and how this creative en-

gagement leads to agents working within or updating their 

generative model. Through this, the agent establishes 

meaning and derives patterns about the world around them 

and can create within this paradigm or perform an action to 

modify it. When another agent, whether human or AI, be-

comes part of the agent’s sense-making process, it can be-

come participatory sense-making. The environmental co-

creator not only provides new sources of feedback for the 

agent, but takes in information from the agent as well. This 

results in recursive, yet open-ended co-creation leading to 

a rich, novel environment that the agent can interact with 

and modify through the sense-making process. 



Quantifying creative sense-making requires analysis of 

the agent’s cognitive states as they act within, or reframe 

their environment. The technique involved with analyzing 

these behaviors involves coding for what Glenberg refers 

to as clamped and unclamped cognition (Glenberg 1997). 

Within CSM, clamped cognition is defined as “The process 

of maintaining or slightly refining the selected generative 

model assuming that it is the most accurate representation 

of the environment (Davis et al. 2017). In clamped cogni-

tion, agents perform creative actions with a high level of 

cognizance of the current state of the environment, i.e. the 

agent has already made sense of their environment. Un-

clamped cognition is “the process of changing or replacing 

the generative model by exploring and reflecting on the 

environment from different perspectives. It generally oc-

curs during task onset and after surprises during the task” 

(Davis et al. 2017).  

To better understand the role unclamped cognition plays 

during sense-making, we can analyze physiological mani-

festations of cognitive states utilized during sense-making, 

or the lack thereof. In this state, the agent is either modify-

ing their schemas through direct manipulation of the envi-

ronment or disengaging from the environment altogether. 

Unclamped cognition can also be marked as either partial 

(e.g. the agent is on “standby”, or is unsure of their next 

action), or full (active reframing of environment or com-

plete disassociation with creative process). This new inter-

action coding technique and tool enables us to begin identi-

fying interaction trends and classifying different types of 

sense-making and participatory sense-making strategies 

quantitatively.  

Analysts employ behavioral markers to determine each 

participant's cognitive state and sense-making activities 

through time, which produces what we call a sense-making 

curve the has the potential to reveal interaction trends and 

classify different types of sense-making and participatory 

sense-making quantitatively. Determining these interaction 

trends utilizes a similar procedure as identifying buy, sell, 

and hold patterns in stochastic stock market analysis.  The 

tool is used to help quantify changes in behaviors during 

interaction using mathematical techniques similar to stock 

market analysis (e.g. pitches up in the curve and the magni-

tude of the vector segment have semantic meaning). This 

allows us to analyze distinct cognitive states and temporal-

ly extended sense-making processes, the ways in which 

these states manifest, and the magnitude thereof.   

Sense-Making Curve Tool Design 

Accurate measurement of creative sense-making requires a 

tool with four key features: continuous collection of inter-

action data, rapid state switching between interaction 

codes, low time-cost, and the ability to establish IRR. 

Creative sense-making requires being able to determine 

relative change from previous states of cognition, thus data 

collected should be continuous over a single session as we 

are interested in looking at behaviors over the duration of 

the experiment to identify distinct periods of 

clamped/unclamped activity. The tool must also facilitate 

quick, rapid coding. Periods of clamped/unclamped cogni-

tion are unstable in both frequency and duration; the tool 

must necessarily be robust enough to code these changes 

rapidly yet flexible enough to facilitate ease of use. 

The prototype sense-making curve tool (as seen in Fig-

ure 1) is a qualitative video coding web application that 

allows for continuous coding of researcher video data up-

loaded to YouTube. The advantage of using YouTube is 

that it is a free service that allows researchers to store vid-

eos online in a place that does not rely on the resources of 

the tool.     

Quantifying the creative sense-making process requires 

development of a tool with several specific properties. 

Overall, the tool must be demonstrated as reliable and ac-

curate in its coding process. Coding should easily be con-

sistent throughout the duration of an experiment session, 

and fairly consistent among raters. There are also pragmat-

ic design considerations about how much time is required 

to code video with the tool. since the coding of qualitative 

data has historically been a time-intensive process, we 

sought improvement on these processes through the im-

plementation of this tool.  It was designed to minimize 

amount of time needed to code a video, as behaviors being 

coded can change quickly and unpredictably. The system’s 

code application mechanism was designed to the overall 

coding time by continuously sampling the current coded 

value the user selected with the code selectto, which can be 

rapidly changed in the moment using the up/down arrow 

keys). While this approach does rely on the analysts reac-

tion time, this approach has demonstrated reliability among 

multiple analysts (IRR=.71), ensuring consistency in cod-

ing and subsequent analysis of multiple sessions (Davis et 

al. 2017). 

Usage of the sense-making curve tool has led to the dis-

covery of additional constraints from a usability perspec-

tive. Before the coding process even begins, the tool needs 

to provide enhanced confirmation to users of video selec-

tion upon launch before coding begins. As the launch page 

for the tool only asks for the unique video ID, analysts 

need cognitive support for coding videos within the appli-

 
 

Figure 1: Screenshot of the sense-making curve tool.  

 



cation domain. As coders often work with tools in different 

application domains where the categories listed below may 

not always apply, the coding scheme must be generalizable 

enough as to be as consistent as possible across all domains 

in which it might be used. Analysts wanted more instanta-

neous input when coding; controls and coding should be 

more intuitive in real time in order to minimize cognitive 

load. Quick rewinding and control of video playback speed 

should be salient and easily accessible to minimize distrac-

tions from coding activity.  

Improving Tool Design and Functionality 

The software tool that was developed to apply the qualita-

tive coding procedure of the creative sense-making frame-

work has a lot of opportunity for improvement. As a first 

step, the tool can be hosted online and made publicly 

available. Along with the software, formal documentation 

describing the coding procedure for producing sense-

making curves should be included in the online version. 

Eight users have extensively used the tool, and based on 

their informal feedback, the following changes would im-

prove its ability to meet the requirements for accurate and 

scalable CSM data capture. 

Being able to switch code applications using the key-

board would enable coders to more rapidly transition be-

tween different states. Some analysts may prefer the slider, 

but the numerical keyboard input should be introduced as 

an option to select codes. This feature may reduce the 

noise generated by the process of changing the slider from 

one code to another, increasing the overall accuracy of the 

technique. 

Efficiency of the tool would increase if more than one 

participants of a video could be coded during a single cod-

ing session. For example, in the pretend play study, there 

were two individuals in the collaboration that needed to be 

coded (Davis et al. 2015). Currently, the tool only supports 

the creation of a single sense-making curve in a given cod-

ing session. Ideally, the tool would support multiple curves 

per session based on the number of people involved in the 

collaboration being analyzed. Analysts would still have to 

re-watch the video each time they created an additional 

curve, but creating a local repository of curves within the 

tool would be useful for later analysis. This change would 

involve being able to create multiple sense-making curves 

for each video and being able to export them with individ-

ual file names (or together in a combined excel file). Multi-

participant coding would also facilitate data visualization 

within a given session. 

The tool can implement the MatLab mathematical anal-

ysis techniques to perform the sense-making curve integra-

tions and other classification techniques within the user 

interface of the coding tool. The web visualization envi-

ronment D3 can be used to visualize the sense-making 

curve analysis from within the platform. This feature 

would allow users to code each participant in their data set 

and immediately visualize their creative trajectory curves 

and sense-making classifications. Exploring these charts 

with different information exploration techniques, such as 

increasing and decreasing temporal granularity and tuning 

classification parameters, can help quantify interaction 

dynamics of open-ended creative collaboration with mini-

mal overhead. 

Sense-making curves provide continuous data about in-

teraction dynamics, but they do not contain any infor-

mation about the type of actions that participants are en-

gaging in during this time. This could be solved with a 

relatively simple technical addition to the tool that allowed 

users to associate text input (e.g. labels, tags) to different 

time segments of the sense-making curve. To reduce the 

amount of time it takes to tag events, the system could em-

ploy an autocomplete technique for typing tags as well as 

present the user with frequently used tags when they begin 

the event labeling task. This feature could combine the 

power of event-based coding with the continuous coding 

method of the sense-making curve. With this information, 

the system could classify interaction dynamic trends as 

well as quantify the number of particular events and their 

temporal relationship. 

In some experimental setups, multiple cameras are used 

to capture interaction. In these cases, multiple camera an-

gles may provide more perspectives to help analysts apply 

qualitative codes to the different participants in an experi-

mental session. Users have requested a dual video stream 

environment where two angles from the same time periods 

can be simultaneously presented in the tool (similar to the 

popular ‘YouTube Doubler’ tool located at youtubedou-

bler.com) and coded using a single sense-making curve.  
 

While the researchers are confident the tool demon-

strates a sufficient level of validity and reliability, the pre-

ceding design suggestions point to the need to increase 

usability of the tool for analysts. As mentioned, variables 

such as the granularity of the analysis, amount of data cap-

tured, and speed of coding stand to benefit from a rede-

signed interface.  

Conclusions 

This paper presented the purpose for the development of a 

sense-making curve tool, coding, and analysis process. The 

tool defines a new way to code continuous open-ended 

creative improvisation that fits the demands of analyzing 

this process as an amalgam of several methods (e.g. Inter-

action Analysis, Event-Based coding, etc.). Comparisons to 

other relevant methods were described, as well as how they 

relate to accomplishing the goal of accurately capturing 

clamped/unclamped cognition during the creative process. 

Design features and constraints based on researchers needs 

and usability demands were described. The process by 

which analysts code videos was explained with a visual 



representation of the coding environment. An evaluation of 

the tool was provided, including the inter-rater reliability 

data from previous applications of this tool. Finally, future 

plans for tool functionality were discussed as well as the 

rationale for potentially implementing these changes using 

a low-fidelity mockup provided of what a future iteration 

of the tool may look like. Future efforts will entail analyz-

ing how generalizable the tool is to other applications re-

garding open-ended improvisational creativity and collabo-

rative creation.  
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