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Work in Progress: Qualitative Insights from a Visual Expertise 

Experiment in Fluid Mechanics 

Abstract 

This work-in-progress explores the qualitative analysis of work modeled after visual expertise 

experiments in cognitive psychology. In this experiment, participants were asked to sort images 

of fluid flows as either laminar or turbulent with no prior knowledge of the categories. The two 

groups of participants were engineering students who had passed a Fluid Mechanics course 

(“Experienced in Fluids”) and students with no prior formal fluid training (“Novice in Fluids”). 

This experiment included an open-ended inquiry of participant understanding of the task they 

were performing. (The quantitative outcomes of this experiment are in a forthcoming 

publication.) We briefly describe the experiment overall, and then delve into how the 

quantitative results can be explored further through the two open-response questions participants 

answered at the end of the experiment. Here, we discuss initial coding and exploratory analysis 

of responses from both participant groups to the following questions: Thinking about your 

experience in the experiment, how would you describe the two categories of images? and How 

did you decide which images to place in which category? We conclude with insights for 

improving the use of images in Fluid Mechanics courses, and broader implications of how 

formative assessments might be created for other courses based upon this model.  

Background 

This experiment grew out of studies of fluid mechanics courses and a fluids elective course, 

called Flow Visualization [1]–[4]. Students expressed greater fascination and higher engagement 

in the Flow Visualization course, which required that they create, capture, and describe fluid 

flows. This process appeared to both enhance their visual expertise in fluids and encourage 

deeper conceptual understanding of key concepts. In an effort to substantiate this apparent 

enhancement in visual expertise, we sought collaborators in cognitive psychology, a move being 

encouraged in engineering education research [5], [6]. 

Overview of Experimental Design 

To explore this connection between conceptual understanding and visual expertise, we 

collaborated with cognitive psychologists who study visual perception. We emulated a study 

design from their work in which participants are rapidly shown images and they must perform a 

matching task with no prior knowledge of the categories. For the purposes of this paper, we will 

provide an overview of the experiment and summarize the quantitative outcomes. Full detail is 

provided in our other work [7]. These earlier visual expertise experiments frequently used 

images of birds [8], [9] or cars [10], [11]. In our case, the images were stills of fluid flows. 

Instead of categorizing them by bird species or car make and model, participants sorted them by 

laminar and turbulent. The earlier experiments involved measuring event-related potential (ERP) 

using EEG nets, with a goal of identifying the brain mechanisms involved and understanding the 

difference between identifying stimuli at basic and subordinate levels.  

In our simpler design, we only looked at participant performance on the task. Participants were 

not told the categories of laminar and turbulent, but instead had to learn them via trial and error. 

They performed a matching task (two images shown one after the other, “same or different?”) on 



20 pairs of images. This matching task was used pre and post training. In the pre-test, the 

participants were literally guessing; they are not given any ideas as to the categories. Next, the 

training phase showed participants a total of 20 images. For each image they responded whether 

the image belonged to Category 1 or 2 and then received immediate feedback about whether they 

were correct. They then performed the post-test. 

Half of all participants performed the pre-test, training, and post-test on a broad selection of flow 

images, which we called the general group. The other half performed the pre-test, training, and 

post-test on a specific format of flow, called Von Kármán vortex streets (alternating vortexes in 

the wake of objects [12]). A final matching test, which we termed an alternate test or alt-test, 

gave each half of the participants the other set of images in the matching task. 

We performed this experiment with 56 “novices” – university students with no prior formal 

fluids education, and 36 relative “experts” – engineering students who had passed at least one 

engineering fluid mechanics course. Such courses universally include short discussions of 

turbulence; the bulk of such courses focus on laminar flows while turbulence is addressed 

empirically.  Half of novices (n=28) were trained on the general group of images; half (n=28) on 

the vortex street images. Roughly half of experts were trained on the general group of images 

(n=19), the remainder on vortex streets (n=17).  

Prior visual expertise studies suggest that participants learning a specific type of stimulus are  

usually faster than participants learning to differentiate among broad group of stimuli [13], yet 

transferring that learning to the broader group is usually challenging. In contrast, participants 

who learn on the broader group of stimuli usually find adding one more format of stimuli to the 

task to be easier. In our experiment, this meant that participants learning to sort the vortex streets 

as laminar or turbulent would presumably have a better post-test score than those who were 

learning on the general images, but then have a much harder time on the alt-test, when they had 

to switch to sorting the general category. 

We found that, while the novice results were roughly in line with these prior findings, the expert 

results suggested a different mechanism for learning was occurring. We should note that the 

quantitative analysis [7] did not reveal many statistically significant results. Two findings did 

stand out from that work: 1) When we performed a two-way ANOVA on the results, we 

discovered that a comparison of novices to experts was significant, regardless of training image 

group (p =0.0266, with a 95% confidence interval  [-0.6557, -0.0413]). 2) When specifically 

looking at post-test to alt-test results, novices trained on vortex streets performed significantly 

worse than the experts trained on vortex streets (ANCOVA analysis, difference in means = -0.51, 

CI [-0.99, -.0.02] p=0.04). Both of these findings suggest that the experts were engaged in 

learning transfer from their fluid mechanics course to this unfamiliar visual matching task. 

Unlike our colleagues in cognitive psychology, we are interested in what participants thought 

about the task and about their learning of it. So, we added two open-ended questions that all 

participants answered: Thinking about your experience in the experiment, how would you 

describe the two categories of images? and How did you decide which images to place in which 

category? 



Preliminary Analysis of Qualitative Data 

We are currently analyzing the qualitative data generated by this experiment. Descriptive 

statistics reveal no real differences in length (word count) between expert and novice responses. 

See Table 1.  

Group Mean Median Standard Deviation 

Experts (36) 73.2 66.5 41.0 

Novices (56) 73.5 67.0 36.3 

Table 1: Word counts of the two conceptual questions, mean, median and standard deviation 

The responses were then coded by emergent keywords. Among experts, 27 of the 36 explicitly 

identified their task as sorting laminar and turbulent flows. (If participants used the key words 

“laminar” or “turbulent” or both, they were counted as having identified the task. They did not 

have to use both words.) Many of these accurate descriptions included other key terms from 

Fluid Mechanics, such as eddy, Reynolds number, and others. Most mixed technical language 

with less formal terms. For instance: 

“1= turbulent – messy, lumpy, stirred, large scale; 2= laminar – smooth, wispy, clear, small-

scale” 

Or 

“I think the two categories were laminar and turbulent flows. Laminar being smoothly – flowing 

fluids and turbulent having a lot of eddies.” 

Among those expert students who did not identify the task correctly (n=9), the most common 

explanation given was that they believed themselves to be sorting by phase of matter (gases vs. 

liquids) (n=5). One participant thought the categories were computer generated images vs. 

photos of natural phenomena (“Visualization (CGI) of a fluid flow vs. physical representation of 

the flow (clouds, smoke, etc.)”).  (Note:  all images were photos of flows; no computer 

simulations were used.) 

Among the novices, only two of the 56 identified their task as sorting laminar and turbulent. 

Even so, their descriptions of the task reveal their grappling, in everyday language, with ideas 

central to understanding fluids visually. They noticed texture (n=40), with comments such as 

smooth vs ‘chunky’ or ‘choppy’, and found patterns such as ‘swirls’ (n=30). Many tried to 

identify the phase of the matter (n=36), often trying to relate a specific texture or pattern to a 

specific phase state; gas, liquid or solid. These responses are a blend of these different 

observations. For instance: 

 “I would categorize the two flows as one being more gaseous and chaotic and in plumes. While 

the other one was more liquid and streamlines and smooth… I based them off how smooth the 

flow seemed. If the flow looked more smooth and streamlined I would pick the “liquid” group 

and if it was more sporadic I would pick the “gaseous” group.” 

Novices thus demonstrated a naïve visual matching skill, but unsupported by an understanding of 

the underlying physics.   



This study is part of a larger examination of the use of aesthetics in deepening student 

engagement in engineering topics. Surprisingly, two of the novices mentioned this aspect, 

although this portion of the study did not mention aesthetics. Subject 1 used categories of ‘pretty’ 

and ‘not pretty’, while Subject 60 said “One category of image was much more aesthetic and 

organic looking. The other was more chaotic or turbulent”. 

The phrasing of both novices and experts might be informative for instructors attempting to 

translate technical terms into informal language for teaching fluids or in public outreach. 

Discussion 

The first notion that something is wrong with a complex system does not always come from a 

detailed analysis. Often, it is an experienced engineer noting that something seems “off.” A 

vague comment can motivate a more detailed analysis to either confirm a system is operating 

safely or that it needs to be corrected. These comments suggest that developing a sense of overall 

organization of a system is critical in the process of becoming a proficient engineer. 

Thus we suggest that the education of engineering students should include more exercises 

involving looking at complex systems and finding key indicators. Our modest move in this 

direction is to incorporate more flow visualization into assignments for Fluid Mechanics and 

related courses. Many instructors already do show images of various fluid flows in their courses, 

including still photos, videos, computer simulations, and live demonstrations. However, simply 

viewing these visualizations does not drive learning the way that generating the flows, recording 

the images, or doing tasks with the images can. In experiments of visual expertise in other topic 

areas, cognitive scientists have found that exposure to images without doing a related task with 

them yielded no improvement in visual expertise [13].  

Given the expectation of “what gets measured gets improved” that exists in many colleges of 

engineering, we suggest that a simple sorting test, similar to the experiment described above, 

could be administered pre/post fashion, to gauge understanding of key concepts in courses such 

as Fluid Mechanics. This is would be similar to the Force Concept Inventory (FCI) [14],  the 

Colorado Learning Attitudes about Science Survey (CLASS) [15], or similar assessments, and 

yet go beyond them too, trying to connect conceptual understanding to perceptual expertise in a 

given area. It would also serve as feedback to instructors about what concepts may require better 

explanations or learning activities to engage student learning in the future. 
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