
Productive Struggle: Measuring Confusion and Emotional Disequilibrium 
in Informal Science Environments Samantha Daley, Katie Todd, & 

Gabrielle Rappolt-Schlichtmann

Samantha Daley Katie Todd
sdaley@warner.rochester.edu ktodd@mos.org

Gabrielle Rappolt-Schlichtmann
gschlichtmann@edtogether.edu

Contacts References
Blascovich, J., & Tomaka, J. (1996). The biopychosocial model of arousal regulation. In Advances in experimental social psychology. (Vol. 28, pp. 1-51). Academic Press. 
Csikszentmihalyi, M., Abuhamdeh, S., & Nakamura, J. (2005). Flow. In A. J. Elliot & C. S. Dweck (Eds.), Handbook of competence and motivation. (pp. 598-608). New York, NY US: Guilford 
Publications.
D’Mello, S., Lehman, B., Pekrun, R., & Graesser, A. (2014). Confusion can be beneficial for learning. Learning and Instruction, 29, 153–170.
Kapur, M. (2016). Examining Productive Failure, Productive Success, Unproductive Failure, and Unproductive Success in Learning. Educational Psychologist, 51 (2), 289-299.
National Research Council. (2009). Learning science in informal environments: People, places, and pursuits. Washington, D. C.: The National Academies Press. 
Papert, S. (2002). Hard Fun. Retrieved from http://www.papert.org/articles/HardFun.html
Russell, J. A. (2009). Emotion, core affect and psychological construction. Cognition and emotion. 23(7). 1259-1283.
Vygotsky, L. S. (1980). Mind in society: The development of higher psychological processes. Cambridge, MA: Harvard University Press. 

Many design approaches in informal science learning environments 
focus on engendering positive emotional states, but negative affective 
experiences such as struggle and challenge can be particularly 
powerful for learning (D’Mello, Lehman, Pekrun, & Graesser, 2014; 
National Research Council, 2009). Similar to constructs of flow 
(Csikszentmihalyi, Abuhamdeh, & Nakamura, 2005), productive failure 
(Kapur, 2016), and hard fun (Papert, 2002), we focus, in this work, on 
the cognitive and emotional state of productive struggle that can occur 
when a learner is actively engaged in a challenge that pushes them just 
beyond the limits of their existing capabilities and into the zone of 
proximal development (Blascovich & Tomaka, 1996; Russell, 2009; 
Vygotsky, 1980). Productive struggle begins with an experience of 
emotional disequilibrium that can be resolved through persistence 
towards a learning goal. 

Measuring such a precise cognitive and emotional state in the context 
of an informal science learning environment poses several challenges 
and opportunities to contribute to the field’s repertoire of data collection 
techniques and approaches to educational design. Using design-based 
research to iteratively develop design frameworks, measurement 
approaches, and exhibit design, this study is being conducted in the 
context of three exhibits at the Museum of Science, Boston. We use a 
combination of physiological, observational, and self-report measures 
to gain multiple perspectives of visitors’ experiences. 

Background

Research Question
How can we measure visitors’ experiences of emotional disequilibrium 
in a science museum experience?

Method & Findings

What is emotional disequilibrium?
Emotional disequilibrium occurs when a visitor experiences a shift 
from her or his emotional home base in response to a gap between 
expectations and experiences. For our work, we look for this 
disequilibrium bounded within a visitor’s pursuit of a goal within the 
context of a science museum exhibit. 

Based on individual differences, the emotional shift may persist in a 
static form, and for others it may be more momentary or chaotic. 
Emotional disequilibrium often manifests in feelings of:
● Confusion
● Frustration
● Difficulty
● Surprise
● Uncertainty
● Discomfort

The ability to measure emotional disequilibrium has been valuable for the Museum of Science exhibits team, which is using the data to 
develop exhibits that support productive struggle. Researchers and exhibit developers are applying the data to develop a design framework, 
which includes the following strategies for encouraging emotional disequilibrium:
● Provide an experience that encourages deep emotional or cognitive processing
● Provide options to heighten personal or cultural relevance and importance
● Provide an experience that is novel in content, process, materials, or social role
● Provide visitors with access to evidence that challenges expectations, beliefs, or social norms

Discussion

Measurement Type Approach Findings

Biometric
Galvanic Skin Response 
sensors measure visitors’ 
physiological arousal

● Physiological indicator of emotional 
shift that cannot consistently be 
measured through self-report

● Meaningfully differs between subjects 
● Requires use of additional measures 

to interpret

Survey
Self-report questions 
capture the emotional shift in 
consistent terms

● Captures the emotional shift in ways 
visitors might not articulate

● Useful for identifying areas that 
warrant additional probing

● Easy to administer
● May be more reliable than interviewing 

in measuring negative feelings

Interview
Structured interviews 
support visitors’ reflections 
and interpretations

● Allow probing about potential gap 
between experience and expectations

● Valuable means to gain temporal 
precision, especially in tandem with 
the biometric data

● Lengthy to administer

Here are two examples of exhibits that apply this framework:

The Sneaking Corridor: 
A physical challenge 
where visitors have to 
self-regulate their 
physical and emotional 
states.

Mystery Skulls: A deep 
cognitive task during 
which visitors observe 
skulls and piece 
together information to 
identify animals.
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