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ABSTRACT  

Current science education reforms highlight the importance of students making sense of 

scientific ideas. While research has studied how to support sensemaking in classrooms, we still 

know very little about what drives students to pursue and persist it on their own. In this article, 

we use a set of parallel case studies of undergraduate students discussing introductory physics to 

show how certain student-generated, vexing questions both initiate and sustain their sensemaking 

process. We examine affective and linguistic markers in student discourse in paired-clinical 

interviews to demonstrate both of these functions of vexing questions and detail their role in the 

explanations students construct. We conclude by discussing the implications of this analysis both 

for supporting sensemaking in classrooms and for studying it in research.  

INTRODUCTION 

In many ways, learning science is a process of learning to make sense of the world. When 

a student curiously plays with a magnet and an iron nail (Cavicchi, 1997), or observes an empty 

soda can crushed by atmospheric pressure, or sees a Ping-Pong ball suspended in a moving 

column of air, we hope that they will be driven to figure out some way to understand and explain 

what they are seeing. Many of the skills and concepts taught in science classes, from 

conservation of energy to Punnett squares, are meant to help them in this process. By learning to 

make sense of phenomena in the classroom, we hope that we can prepare them to make sense of 

unfamiliar, complex, or seemingly inconsistent scientific phenomena later in their lives, like 

genetic diseases or climate change (Dewey, 1910; Lambert & Rose, 1996; Ryghaug, Holtan 

Sorensen, & Naess, 2011).  

However, students do not always engage in sensemaking to the degree that we, as 

instructors, would wish for. If prompting sensemaking were simply a matter of showing students 
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interesting examples and demonstrations, our jobs would be easy. But there is more to 

sensemaking than just observation; as any teacher who has ever shown off their all-time favorite 

demo can attest, sometimes students seem driven to make sense of phenomena, while other times 

they seem to casually blow by.  

So, why does this happen? What goes on between the act of observing something 

unexpected and the act of making sense of it? Why do students sometimes become captivated by 

a question or phenomenon, desperate to explain and understand it, and other times ignore it 

completely? 

In this paper, we examine the process of sensemaking to try to understand how it is 

created and sustained. Using a pair of parallel case studies, we delve into the moments when 

students identify what it is that “doesn’t seem right” to them and articulate it as a question or 

statement of uncertainty. By focusing in on these moments, we aim to show how these types of 

questions or statements of uncertainty mark their transition into sensemaking and then echo 

throughout their subsequent conversations, helping them to persist in the sensemaking process. 

 

LITERATURE REVIEW AND THEORETICAL FRAMEWORK 

Theoretical Description and Definition of Sensemaking 

In recent years, sensemaking has become a topic of increasing interest in the science 

education research literature. As the body of sensemaking literature has grown, three different 

strands of research have emerged on the subject, each conceptualizing sensemaking in a slightly 

different way (Odden & Russ, 2018). First, sensemaking has been described as a cognitive 

process in which students create connections to and within their everyday knowledge by building 

analogies and mapping across different representations of phenomena (Brewe, 2011; Chiu & 
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Linn, 2013; Clement, 1993; Crowder, 1996; Gupta & Elby, 2011; Maloney, 2015; Manogue, 

Gire, & Roundy, 2014). Second, sensemaking has been studied as an argumentative discourse 

practice in which students construct and critique explanations (Berland & Reiser, 2009, 2011; 

Ford, 2012). Third, sensemaking has been viewed as a generalized stance or framing students 

take toward science learning, in which they try to “figure something out” based on prior 

knowledge instead of formal concepts or terminology (Danielak, Gupta, & Elby, 2014; 

Hutchison & Hammer, 2010; Kapon, 2016; Rosenberg, Hammer, & Phelan, 2006) and describe 

the mechanisms underlying phenomena (Benedict-Chambers, Kademian, Davis, & Palincsar, 

2017; Kapon, 2016; Russ, Scherr, Hammer, & Mikeska, 2008). 

Combining these three strands of literature, Odden and Russ (2018) have proposed the 

following theoretical definition of sensemaking: “sensemaking is a dynamic process of building 

or revising an explanation in order to ‘figure something out’—to ascertain the mechanism 

underlying a phenomenon in order to resolve a gap or inconsistency in one's understanding. One 

builds this explanation out of a mix of everyday knowledge and formal knowledge by iteratively 

proposing and connecting up different ideas on the subject. One also simultaneously checks that 

those connections and ideas are coherent, both with one another and with other ideas in one's 

knowledge system.” In this study, we use this definition as the starting point for our analysis.  

Together, this literature provides a detailed picture of the characteristics of sensemaking, 

but it has yet to delineate the motivational factors that give rise to sensemaking. That is to say, 

this body of literature has established what sensemaking is and what it looks like, but has not 

focused on describing the underlying factors that help to drive this process. In this paper, we aim 

to examine this issue head-on, characterizing some of the factors that may regulate sensemaking. 

In particular, we investigate the moment when students notice an inconsistency or gap in their 
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knowledge and express it as a statement of uncertainty or a question and examine the role this 

gap or inconsistency plays in the ongoing sensemaking process. To do so, we draw on two 

additional theoretical constructs from the science education research literature: framing and 

question-asking. 

 

Framing and Sensemaking 

 Generally speaking, framing is a term borrowed from the sociology, linguistics, and 

psychology literature, referring to how individuals or groups of people answer the question 

“what’s going on here?” (Scherr & Hammer, 2009; Tannen, 1993). Based on that theory, 

students in a sensemaking frame seem to implicitly view their “task” or goal as building an 

explanation based on things they already know to be true, rather than trying to find a particular 

canonically correct answer or asking an authority figure to answer the question for them 

(Hutchison & Hammer, 2010; Kapon, 2016; Rosenberg et al., 2006). 

Researchers identify student framing using both verbal and non-verbal cues. For 

example, Russ, Lee, and Sherin (2012) identify three different frames that students may take in 

clinical interview settings, based on the students’ gestures, body positions, gaze, and verbal 

factors like volume and clarity, pacing, or use of hedging language. These frames include 

“inquiry” (in which students try to construct an explanation), “oral examination” (in which they 

try to produce the “right answer”) and “expert interview” (in which they talk authoritatively 

about what they know). However, such analyses are complicated by the fact that frames are also 

usually tacit; that is, students often seem to have difficulty identifying their own framings in the 

moment, and so one usually has to carefully examine how students are behaving in order to infer 

these frames (Berland et al., 2015; Russ et al., 2012). 
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One common finding from the literature on sensemaking and framing is that the 

sensemaking frame is dynamic and unstable—students tend to shift in and out of particular 

frames, moment-to-moment or minute-to-minute (Danielak et al., 2014; Frank & Scherr, 2012; 

Hutchison & Hammer, 2010; Kapon, 2016; Rosenberg et al., 2006). This finding suggests that 

students may only be sensemaking for a short time (i.e., a few minutes) before they shift to 

another task or approach to science learning. There are certain techniques instructors can use to 

shift students back towards a sensemaking frame or stabilize it once it has begun, such as asking 

questions that require students to develop explanations (Benedict-Chambers et al., 2017), 

encouraging students to build explanations in their own words (Rosenberg et al., 2006), focusing 

on the quality of students’ reasoning over canonical correctness (Hutchison & Hammer, 2010), 

and explicitly modeling sensemaking behavior for students (Turpen & Finkelstein, 2010). 

However, in contrast to these teacher-centered strategies, in this study we focus more on the role 

of student dialogue in shifting to and sustaining the sensemaking frame, and in particular on the 

role of student-generated questions. 

 

Question-Asking in Inquiry and Sensemaking 

It may be intuitively obvious that questions are related to scientific inquiry, learning, and 

sensemaking. However, there has been a great deal of research that delves into the role, nature, 

and function of questions in formal science learning, especially in K-12 settings, and this 

research has shown that question-asking is a skill that is well worth developing as a science 

learner. Question-asking promotes deep learning (Chin & Brown, 2002), as well as material 

retention, independence, and is a disciplinarily authentic skill in science (Harper, Etkina, & Lin, 
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2003). Asking questions and defining models is also a core practice of the United States Next 

Generation Science Standards (NGSS Lead States, 2013). 

Most studies of sensemaking have used overarching questions to prompt students to 

engage in the process. For example, Berland and Reiser (2011) based their investigation around a 

unit on invasive species in which the students were asked to explain, based on provided data, 

which species was invasive. Hutchison and Hammer (2010) highlighted episodes of sensemaking 

in which students tried to answer the question of why some materials always float, while others 

sink/float depending on their shape. And Kapon (2016) presented an example of students trying 

to explain why a bottle would shrink when all of the air is pumped out of it. 

Based on this trend of overarching questions, as well as the above-mentioned definition 

of sensemaking, we conjecture that questions serve a critical role in initiating the sensemaking 

process. The science education literature on questioning provides at least three additional reasons 

to suspect this is the case.  

  First, researchers have argued that questions drive students through the process of 

inquiry. That is to say, meaningful questions push one to progressively build and refine 

explanations. As these explanations develop, they expose previously unnoticed ambiguity in the 

phenomena and uncertainties in interpretation, which bring about new questions (Cavicchi, 1997; 

Chin & Brown, 2002; Chin & Chia, 2004). This is especially true for explanations that are 

explicitly built to further one’s own understanding, often called self-explanations (Vanlehn, 

Jones, & Chi, 1992). Since sensemaking is a form of inquiry, albeit one with specific hallmarks 

and which unfolds in a specific way, we would expect that questions would be important to 

sensemaking. 

  Second, question-asking and sensemaking are both motivated by gaps or inconsistencies 
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in knowledge. Theoretically, researchers have argued that in order to generate a question one has 

to “know what you don’t know” (Miyake & Norman, 1979) which, in turn, means one has to 

have built a framework knowledge to see the gaps in the first place (Chin & Osborne, 2008; 

Vanlehn et al., 1992). Building on this theory, Phillips, Watkins, and Hammer (2017) argue that 

the act of identifying a gap or inconsistency in knowledge and formulating it as a question is a 

critical part of the inquiry process. They refer to this process of articulation as problematizing, 

and argue that it is both a key part of student inquiry and an extremely challenging endeavor 

(Phillips, Watkins, & Hammer, 2017). Empirically, Harper, Etkina, Lin (2003) found a direct 

relationship between depth of questions asked by introductory physics students and prior 

conceptual knowledge. In a similar way, we have argued elsewhere (Chapter 2) that sensemaking 

is a process of building explanations to resolve gaps or inconsistencies in knowledge; based on 

this similarity we suspect the two processes are likely connected. 

  Third, there is an affective dimension to both sensemaking and question-asking. When 

sensemaking, there is an undeniable joy in “figuring things out” (Feynman, 1999) and several 

researchers have written about the way in which a successful resolution to the sensemaking 

process is marked by an affective, or emotional, response, sometimes characterized as an "ah-ha” 

moment (Luke D. Conlin, 2013; Luke David Conlin, 2012; Gopnik, 2000). There is also an 

affective side to question-asking—that is, certain questions “feel” compelling, which researchers 

have argued is a key aspect of their role in inquiry. For example, Jaber and Hammer (2015, 

2016) and Radoff (2017) have characterized this feeling of unease or vexation as “epistemic 

affect,” or one’s feelings towards one’s own knowledge. Epistemic affect can be both negative 

(i.e., the frustration of realizing you don’t understand something) or positive (i.e., the pleasure of 

the ah-ha moment), but either way these emotions are entangled with the experience of doing 
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science. In fact, in that work the authors go one step further, arguing that epistemic affect is a 

key factor in both students’ dispositions towards science and their experiences during scientific 

inquiry. These similarities lead us to suspect that sensemaking and question-asking are 

interrelated. 

While we have been referring to questions in the abstract, not all questions are created 

equal: by analyzing the specific questions students ask, researchers have found that questions can 

be at different cognitive levels. For example, fact-based or text-based questions tend to be at low 

cognitive levels, answerable by recalling facts. In contrast, knowledge-based questions tend to be 

on a higher cognitive order: they “focused on explanations and causes instead of facts, and 

required more integration of complex and divergent information from multiple sources.” (Chin & 

Osborne, 2008). Researchers have argued that knowledge-based questions tend to be more useful 

and valuable for learning because they drive students to construct explanations, which leads us to 

suspect that knowledge-based questions, in particular, may be especially associated with 

sensemaking. 

Based on these initial conjectures, in this paper we explore the relationship between 

questioning and sensemaking in depth. Thus, our research question is as follows:  

1. What roles do student questions play in sensemaking? 

 

METHODS 

Data Collection 

The data for this research comes from a larger-scale study of sensemaking in which we 

aimed to collect multiple episodes of sensemaking across multiple students/groups of students 

and across longer time periods than previously seen in the literature. Our study took place with 
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students from an introductory, algebra-based undergraduate physics course at a major 

Midwestern university in the United States. The course was the second in the sequence for non-

majors, focusing on electricity and magnetism.  

We chose to do semi-structured cognitive, clinical interviews with students from this 

course (Ginsburg, 1981; Russ et al., 2012), in order to try to prime them into sensemaking and 

document the strategies they used to do so. Based on recommendations from the argumentation-

based sensemaking literature (Berland & Reiser, 2009, 2011; Ford, 2012), we chose to interview 

students in pairs, in order to encourage dialogue and critique between the students. In total we 

had 9 pairs enroll in the study, and each pair was interviewed 5 times throughout the semester. 

We video and audio-recorded all interviews, which typically lasted 45 minutes to an hour, 

resulting in about 42 hours of video data. 

Interview protocols were designed to encourage students to build explanations for 

physical phenomena related to the electricity and magnetism topics covered in the course, such 

as forces between electric charges, electric fields, and circuits. The phenomena were either 

hypothetical (thought experiments) or actual physical demonstrations that students were free to 

play with. For example, both of cases presented below happened in response to a particular 

thought experiment used early in the interview sequence, the “lightning car,” which used the 

following prompt: 

 
During a thunderstorm, you and a friend wisely decide to take shelter in your car, which 
you’ve parked in an open-air parking lot. As you are waiting out the storm, lightning 
strikes the car. However, besides being a little bit shaken up by the loud noise and bright 
flash, you both feel totally fine. After the storm has passed, you feel like getting out to 
stretch your legs, but as you reach for the door to get out your friend yells “Stop!” and 
warns you that leaving the car might be dangerous. Do you believe your friend? Why or 
why not? 
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In order to help students feel comfortable expressing their ideas, they were assured at the 

beginning of the interviews that the researchers were only interested in their reasoning, not right 

or wrong answers. Students were asked to clarify their thinking by drawing representations of 

what they were imagining was happening, and were provided with large sheets of paper and 

markers for that purpose.  

 

Data Analysis 

Phase 1: Initial Data Reduction. After data collection was completed, the first author 

reviewed the entire data corpus in audio form, noting moments that seemed rich in sensemaking 

based on the hallmarks described in the literature, such as extended explanations (Kapon, 2016), 

argumentation (Berland & Reiser, 2009; Ford, 2012), mechanistic reasoning (Russ et al., 2008), 

and connections between different types of representations (Crowder, 1996; Gire & Price, 2013). 

Building on this cursory analysis, he then engaged in repeated intensity sampling (Creswell, 

2007), choosing two set of 5 interviews (10 interviews in total), from two groups who seemed 

especially prone to sensemaking, for primary analysis. He transcribed all 10 interviews in full, 

taking additional notes as he did so on the general trajectories of the interviews and episodes or 

quotes that seemed particularly compelling and sensemaking-rich. 

 

Phase 2: Identifying Shifts in Framing. Next, the first author reviewed these 10 

transcribed interviews and extracted specific, bounded episodes that seemed densest in the 

theoretical features of sensemaking from each. Interviews typically yielded 1 or 2 episodes 

lasting 5-15 minutes each, for a total of 19 episodes across all 10 interviews. He reviewed these 

episodes in greater detail, creating analytic memos (Bailey, 2006) on what happened line-by-line 
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in order to get a feel for the students’ reasoning. He next reviewed a subset of these episodes (7 

in total) a second time, analyzing and coding student framing in each line using a modified 

version of the 3 categories described by Russ et al. (2012), in which their first category, 

“inquiry” was split up into two sub-categories, “brainstorming” and “sensemaking”: 

  

1. Brainstorming: in this frame, students are trying to construct an explanation in response 

to a question by remembering or “dredging up” their prior knowledge on a subject. While 

this frame does involve explanation-building, it does not include many of the discourse 

marker of sensemaking (argumentation) or epistemological goals (students are trying to 

remember something, not “figure it out”) 

 

2. Sensemaking: in this frame, students are trying to collaboratively build a new 

explanation in response to a perceived gap or inconsistency in knowledge, while 

displaying most of all of the previously-mentioned markers of sensemaking 

(argumentation, connections across representations, and a goal of “figuring things out”) 

 

3. Oral examination: in this frame, the students see their task as producing a correct 

answer to a prompt or question in a clear and concise fashion  

 

4. Expert interview: in this frame, the students’ see their task as discussing their own 

thinking or prior knowledge on a subject, positioning themselves as an authority on that 

subject  
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After analyzing these interviews according to these framing dimensions, we began to 

notice that there was a critical, transitional moment in students’ framing, in which they moved 

from expert interview, oral examination, or brainstorming to sensemaking. This transition 

seemed to be accompanied by a verbalized question or statement of uncertainty. Once we had 

identified this transition, we specifically focused our analysis on the role that this question or 

statement of uncertainty played in the process of sensemaking.  

 

Phase 3: Selection of cases to illustrate the role of questions in sensemaking. Since 

we aim to describe the role of questions in sensemaking, we have used a case-study approach for 

both our final round of analysis and our data presentation. Case studies are useful for developing 

plausible existence arguments and to identify the underlying mechanisms for behavioral 

phenomena (Creswell, 2013; Lising & Elby, 2005). We therefore feel that a case study approach 

is suitable for the kind of microgenetic analysis (Opfer & Siegler, 2004; Schoenfeld, Smith, & 

Arcavi, 1993) required to see the roles that questions play in sensemaking. 

The particular episodes we have chosen to highlight here come from parallel sequences 

of interviews with two pairs of students, Ruth/Emma and Jake/Liam (pseudonyms). In both pairs 

the students were good friends with one another, and all four students were concurrently enrolled 

in the same course. We chose these episodes, in particular, because both featured the same initial 

prompt, the “lightning car” thought experiment presented above; however, in responding to this 

prompt, the groups revealed interesting similarities and differences in both the natures and 

functions of the questions they used while sensemaking. 

 

THE ROLE OF QUESTIONS IN SENSEMAKING 
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 In what follows we use these two cases to illustrate three essential features of questions in 

sensemaking. First, drawing on our theoretical definition of sensemaking, we set up the case 

studies by showing how the students transitioned into a sensemaking frame during moments 

when they articulated a question or statement of uncertainty. We then show how the students 

continually cycled back to their questions throughout their sensemaking episodes and argue that 

these recurring questions both motivated and shaped the subsequent directions of the students’ 

explanations. 

 

Initial questions and transitions into the sensemaking frame 

The sensemaking literature suggests that the sensemaking frame is dynamic and that there 

will be noticeable shifts when students begin and end sensemaking (Danielak et al., 2014; Gupta 

& Elby, 2011; Hutchison & Hammer, 2010; Tuminaro & Redish, 2007). In our two cases, we see 

an initial frame shift when the students enter into sensemaking, marked by distinctive discursive 

and behavioral features including an articulated question or statement of uncertainty. To set up 

our analysis of the role of questions in sensemaking, we describe these questions and transitions 

below. 

 

Jake and Liam’s initial question. We begin with Jake and Liam’s case. After the 

interviewer posed the “lightning car” prompt, Jake and Liam began by drawing the car, 

lightning, and the resulting charge distribution immediately after the lightning strike. As they 

drew, they reasoned that the lightning deposits a large amount of negative charge on the car, 

which spreads out over the conductive body, but that the people inside will probably be safe 

analogous to how airplane passengers remain safe even though large amounts of static builds up 
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on flying airplanes (an example their professor had discussed in an early lecture). However, they 

also reasoned that the lightning’s charge would remain stuck on the body car, unable to leave 

because of the rubber tires preventing it from moving to the ground.  

Having sketched out this scenario, the two began to try to answer the question at the end 

of the prompt: is it safe to leave the car? They reasoned that as the charge spreads out throughout 

the car, it will gather in the car’s “pointy parts,” analogous to the static discharge wicks on 

airplane wings (again, discussed during lecture), and so because the door handle isn’t one of 

these “pointy bits” the person inside the car would at least be safe in grabbing that handle. 

However, this idea led them to a question: how does charge ever leave the car? 

 

177 J: Oh, okay, so, {J taps on the drawing of the car} conductor—uh, this is a really, like, 

it's a really big surface, so the electrons (L: so they'll spread out) are gonna like spread 

out across, like this. {J draws negative charges all across the surface} And, because 

there's like, like the door handle of our car isn't like a point, it's not gonna like build up 

right there, where like a shock's gonna come off of it. Because remember, like the 

airplane wings has (L: yeah) these like little, like, points there {J draws an airplane wing 

with little spikes coming off and little lightning bolts coming off the spikes} and that's 

were like the shocks come off. So there's nowhere on the car that's like a big point like 

that. So, it's not gonna shock you when you reach for the door handle because there's not 

enough, like, electrical, electr—uh, like a negative electric charge that, uh, create a shock. 

(silence, 14s) 

178 L: I think that makes sense. 

179 J: I just don't know how you get rid of this. 
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180 L: Yeah, like does your car just stay charged until it gets grounded? 

 

In this segment, we see Jake and Liam beginning to transition into a sensemaking frame. 

In response to the prompt, the pair have laid out their initial ideas about key aspects the system, 

such as the negative charge from the lightning and the conductive properties of the car body. In 

the course of this explanation, Jake has articulated a key question: “I just don’t know how you 

get rid of this [charge]” (line 179). According to our theoretical definition of sensemaking, this 

identification of a gap or inconsistency knowledge is key to the sensemaking process, and 

indeed, according to our framing analysis this question does seem to mark a frame shift. That is, 

during this segment, there’s a noticeable shift the pair’s body position, gaze, and dialogue: before 

Jake’s question in line 179 both students were speaking slowly, hesitantly, with many restarts, all 

while staring at the paper. After the question they turned to each other and made eye contact. 

Their dialogue shifted, becoming more rapid and responsive. In terms of the modified coding 

scheme based on Russ et al. (2012), the pair appears to have shifted from brainstorming to 

sensemaking. 

Figure 1: Jake & Liam’s body position and gaze before/after frame shift 
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The fact that this frame shift seems to be centered around Jake’s question in line 179 is 

not coincidental: Jake’s question, we argue, is instrumental in determining both the topic and 

“task” of their sensemaking conversation going forward. That is, Jake’s statement “I don't know 

how you'd get rid of this charge” focused the pair’s attention on a specific aspect of the physical 

situation they were analyzing, the free charge trapped on the surface of the car. In that way, it set 

the topic of their conversation. But, by pointing out an unresolved point in their explanation, the 

utterance also set Jake and Liam’s goal for the episode, to generate an explanation for how the 

charge would leave the car. They spent the rest of the episode in this endeavor. 

This type of transition point, marked by a question or statement of uncertainty, was 

common across all analyzed episodes of sensemaking from the data corpus. Drawing on the 

science education literature on question-asking, we propose that these types of 

questions/statements of uncertainty indicate gaps or inconsistencies in the students’ knowledge 

(Chin & Osborne, 2008; Harper et al., 2003; Vanlehn et al., 1992). What is the inconsistency or 

gap in knowledge underlying Jake’s question? Based on Jake’s wording in line 179, it appears 

that he believed, intuitively, that the car would become de-charged at some point, but didn’t see a 

mechanism for how that would happen. Liam agreed (line 180). So, this statement seems to be 

both an expression of that conflict and a question about how it would happen. 

 

Ruth and Emma’s initial question. Ruth and Emma were given the same prompt, and 

their reasoning initially followed a similar trajectory to Jake and Liam’s: they determined that the 

lightning would deposit a large amount of charge on the body of the car, and that this charge 

would remain trapped there because of the insulating tires. They further reasoned that this charge 
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would make it unsafe for someone to exit the car because, by leaving the car, they would give the 

charge a path to ground. This chain of reasoning led Ruth and Emma to the same inconsistency 

that Jake and Liam articulated: how would the charge leave the car? 

 

258 R: …that's why your friend's worried, because, if it's still around the car 

259 E: Excess around the car, as soon as, if you touch the metal— 

260 R: You're gonna shock (E: yourself), you're gonna absorb the shock. (E: Yeah) But I 

don't know—if it's been a while, I don't know if that shock, like dissipitates [sic]? 

Whatever that word is. 

261 E: Disperses, yeah. Well, it's can't. Where would it go? 

262 R: Well, it's a conductor. 

263 E: Yeah, but the rubber is the thing that's touching it, and the rubber can't do that. 

264 R: But it's open air. 

265 E: Yeah, but wouldn't you see, like, sparks or something? 

266 R: But it's a, I mean, if it's on the ground, what takes away charges when it's grounded? 

267 E: Wait, how are they ever gonna get out of the car!? 

268 R: People get out of the car. That's the thing. So he can't—unless like you need to wait, 

like, an hour. 

 

Like in Jake and Liam’s episode above, at this point Ruth and Emma seem to have 

transitioned into a sensemaking frame. The pair began by laying out their initial ideas on the 

topic of the prompt. During this time, both Ruth and Emma were speaking slowly and hesitantly, 

with frequent restarts, while staring off into space. They seemed to be in a brainstorming frame 
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in which their goal was to “dredge up” their initial ideas about the system. In the process noticed 

an inconsistency (line 260/261): it seems like people should be able to leave the car (as Ruth 

explicitly states in line 268) but that intuition conflicted with their explanation about charges 

being trapped on the car’s body. At this point their speech pacing picked up, they made eye 

contact with one another, their speech became less hesitant and more fluid, and they began to 

critique one another (e.g., lines 261, 263, 265), all markers of the sensemaking frame. 

 

 

Similar to Jake and Liam’s case, this shift illustrates how the initial articulation of the gap 

or inconsistency in knowledge can mark a transition into sensemaking. That is, Emma’s question 

set the pair’s “task” and topic of discussion. Before the question, they were brainstorming what 

they knew about the physical system; after, they began to try to figure out how it would be 

possible for someone in this situation to leave the car—is the conductivity a factor? The air? 

Perhaps the charge sparks off? Thus, the nature of Ruth and Emma’s activity seems to have 

Figure 2: Ruth and Emma’s body position and gaze before/after frame shift 
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shifted to sensemaking in response to this question. The pair spent the rest of the episode trying 

to build an explanation to answer this question. 

  

Students return to their initial questions 

 Early in our analysis, we noticed that these initial articulations were often not the only 

instances of these questions—students would, in fact, sometimes repeatedly return to their initial 

questions as they built their explanations. We call these re-articulations recurrences of the 

questions, and in what follows we begin to unpack the role of these recurrences in sensemaking 

in order to further address our research question, what roles do questions play in the sensemaking 

process? 

 

Jake and Liam’s recurrences. Returning to Jake and Liam’s case, shortly after Jake 

articulated his initial question (wondering aloud how the charge would leave the car) the pair 

returned to the matter of whether it would be safe for a passenger to step out:  

 

183 L: I can see how that would [be dangerous]—'cause at that point you're the grounding 

mechanism. 'Cause charge wants to go down, like it wants to get out of there. So it's like, 

when you touch that {L draws a person touching the car, a line going down through the 

person} it's all just gonna rush down through you, like all the negative charge. 

184 J: Yeah. So I don't know how you would—but I don't know how you'd get rid of this 

charge, then. I don't know if it just, like, as you drive, it just, like... *sigh* (silence, 12s)  

185 L: Yeah. (silence, 9s) I dunno, I guess you don't ever hear about cars being struck where 

they have to, like, de-charge the car. 
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Here, in line 184, we see Jake return to his question: how do you get rid of the charge on 

the car? This question is phrased almost identically to his first articulation of the question in line 

179.  

These types of recurring questions were common in our identified episodes of 

sensemaking which led us to believe that they may serve some kind of deeper role or function in 

the sensemaking process. What, however, is that function? We propose two possibilities: first, 

that the questions were vexing to these students, motivating the students to continue to try to 

resolve them, and second that these questions allowed the students to implicitly shift the 

directions of their developing explanations. 

We see evidence of both of these functions in the excerpt above. For example, shortly 

after Jake restates his question he gives an audible sigh of frustration followed by a long (12 

second) silence. This, we suggest, is evidence that Jake was frustrated, or vexed, by this question 

and his inability to answer it. This frustration likely contributed to his re-articulation of the 

question in line 184. 

We also see evidence that the question opened up new opportunities in the pair’s 

explanation, based on Liam’s statement in line 185, “I guess you don’t ever hear about cars being 

struck where they have to, like, de-charge the car.” Until this point, the pair had been focusing 

their conversation on the physical situation in the abstract, discussing what hypothetical charges 

would do on the hypothetical car. After Jake’s question, however, Liam begins taking the 

explanation in a different direction than before, using what does or doesn’t happen in real life as 

a resource for the explanation. Looking at this statement in relation to Jake’s restatement of the 

initial question, we propose that Jake may have provided an opening for that move by implying 
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that, in theory, one should be able to get rid of the charge on the car. By implying that it is 

possible to get rid of this charge (rather than leaving it as an open question), this recurrence may 

have shifted the direction of the pair’s explanation. 

 Jake articulated his question one more time, a few minutes later in the episode:  

  

187 L: I don't know. (silence, 6s) 

188 J: But yeah, I understand the... (silence, 8s) *sigh* I guess, I guess my inclination would 

be to answer the question is you wouldn't get electrocuted just by touching it when you 

get out, like getting out of the car wouldn't be an issue, but, like, I mean like if you were 

to touch the frame of the car, once you get outside of it, I don't think that you'd get 

electrocuted because... *sigh* And I don't know how this mechanism happens, but I just 

feel like that there's a way where like the car gets struck but, like, the charge doesn't stay 

on there that long. So unless you are like touching the car when it gets struck then 

obviously you'd get electrocuted but there's a mechanism, I don't know what it is, where 

the charge on the car gets, whether it's like somehow grounded to the earth, or, um, 

somehow, like used by the car, like when it hits it and the, um, like your battery on there 

like gets turned off that why your car turns off and you have to restart it or something, but 

somehow the charge doesn't stay on the car for that long, and that's why you're able to, 

like, get out after the storm's done and not be hurt. I just don't know the mechanism by 

where this charge goes—I don't know where it goes. 

 

Here, when Jake said “I don’t know how this mechanism happens, but… the charge 

doesn’t stay on there that long” he was reiterating his conviction that charge should be able to 
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leave the car, along with his uncertainty on the mechanism by which this would happen. This 

statement of uncertainty was based on the same inconsistency he had noticed before, and so 

seems to be another recurrence of the initial question.  

As in the previous excerpt, in this segment we again see evidence of Jake’s frustration 

over the fact that he is unable to articulate a mechanism to resolve this vexing inconsistency. 

Like the recurrence in line 184, this recurrence was accompanied by a frustrated sigh. That, 

along with his repeated emphasis of his uncertainty (“I just don’t know the mechanism by where 

this charge goes—I don’t know where it goes”) shows just how frustrated Jake was by his 

inability to resolve this question.  

This recurrence also seems to serve a deeper conversational function, albeit a different 

one from before: based on Jake’s repeated emphasis of his uncertainty (saying “I don’t know” no 

less than four times in the span of a single minute) he seems to be expressing his dissatisfaction 

with the explanation they have generated so far. This happened shortly after two long silences 

and Liam’s admission of “I don’t know” (lines 186 and 187), which seemed to indicate that the 

pair were running dry on ideas for how to resolve this inconsistency. So, without anywhere else 

to go in his explanation, Jake seemed to be reiterating that there should be a mechanism here, he 

just couldn’t see it. Unlike the previous recurrence, this statement did not necessarily open up 

new avenues for the conversation; rather, by expressing dissatisfaction with the explanation so 

far Jake seems to be making a bid to simply keep their sensemaking going, by any means 

possible. 

 

  Ruth and Emma’s Recurrences. Emma and Ruth also returned to their initial question 

twice more, and we see similar evidence of the affective and functional nature of these recurring 
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questions in their episode. We see one example immediately after their previous transcript 

excerpt, picking up when Emma exclaimed “Wait, how are they ever gonna get out of the car!?” 

 

267 E: Wait, how are they ever gonna get out of the car!? 

268 R: People get out of the car. That's the thing. So he can't—unless like you need to wait, 

like, an hour. 

269 E: But what would waiting do? Like, just dri—like just sitting there? Or like driving? 

(laughter) 

270 R: Never been faced with this situation before. No, I think, you can leave. Because I 

think it's, if the car is on the ground, (E: mm-hmm) if elec—let's say it's, you've gained a 

net negative charge, then electrons are gonna leave your car and go into the ground. 

271 E: And go—how? {E shakes her head} They can't move in the rubber, right? Isn't that the 

whole point? Is that charge cannot move in an insulator. And your tires are insulators. 

And the tires is what's in contact with the ground. So there's no way to like ground the 

car. {E turns to Interviewer} Ugh, you're not gonna tell us the answer either, right? Will 

you tell us the answer at the end, 'cause this is really gonna bother me. (laughter) We can 

google it. Okay. 

 

As in Jake and Liam’s case, Emma and Ruth’s initial question was based on their 

uncertainty over how charge could leave the car (line 260/261). In this segment, we see a 

recurrence of that question, where Emma asks, in line 267, how the hypothetical people in the 

prompt will ever be able to leave the car. Interestingly, however, this first recurrence was 

formulated slightly differently from the original articulation: where the original question focused 
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on charges (“where would it [the charge] go?”), the recurrence focused on people (“how are they 

ever gonna get out of the car!?”). Both of these questions, however, point to the same gap or 

inconsistency in knowledge, which Ruth explicitly states in line 268: people do, in fact, leave 

cars after they’ve been struck by lightning, but this fact is inconsistent with the explanation the 

pair initially generated.  

Although it’s difficult to communicate in a written transcript, Emma had a strong and 

overt affective response when she re-articulated the question in line 267. That is, when she asks 

“how are they ever gonna get out of the car!?” there is a noticeable increase in her volume and 

intonation—she becomes both agitated and excited by the question and explicitly expresses this 

agitation in line 271 where she says “Ugh, you’re not gonna tell us the answer either, right? 

...this is really gonna bother me.” 

This recurrence, like those in Liam and Jake’s conversation, also marks a transition point 

in the pair’s explanation. Prior to this, the pair had been discussing charges (in the abstract), but 

this recurrence shifts the focus to the people in the car. So, like the first recurrence in Jake and 

Liam’s episode, this recurrence appears to open up new avenues of inquiry—new possible 

directions for the explanation. Ruth’s next statement supports this assertion: she says “People do 

get out of the car,” thereby fully shifting their explanation to focus on people instead of abstract 

charges.  

Over the next few minutes, as they continued to try to resolve this question, Ruth and 

Emma began a series of brief digressions, culminating in a short discussion of the properties of 

lightning. At the end of this discussion Ruth returned to their question: 
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299 E: Okay, so it's [lightning] just a build-up of charge, and then it's hitting you, so it's like 

sending an elec—like, I don't know, sending an electric current, that's kind of how the 

way I think about lightning, but I don't know if that's accurate. Through the car, but 

there's no, nowhere for it to go, is what we're saying, right? I believe my friend, I don't 

want to get out of the car. 

300 R: You have to get out eventually!  

301 E: I know, so how do people do it—yeah. 

302 R: But how do people get out the car? (E: Does, do…) The safest place is to be in the 

car! I think you can get out right after. 

 

 Here, in line 302, the pair have returned to the question of how people can leave the car. 

It is worth noting that this recurrence is phrased very similarly to the last one, focused on people 

instead of charges, even though in their digression they had focused their discussion on a charge-

based model of lightning. And, like in the previous excerpt, there is a strong affective component 

to this recurrence, with Ruth insisting both before and after that one should be able to leave the 

car (lines 300 and 302). 

Functionally, this recurrence (line 300) is phrased almost exactly the same as the previous 

recurrence, so it is not reformulating that question. Instead, we argue that this recurrence served 

two purposes. First, it acted as a critique of Emma’s conclusion in line 299 and in so doing made 

bid to keep the conversation going. That is, Emma’s utterance in line 299 (“I believe my friend”) 

could have easily ended the conversation, had Ruth been willing to concede the point. Since she 

was not, she restated her question to continue the conversation, implicitly signaling her 

dissatisfaction with the explanation they’d constructed. Second, the recurrence returned Emma 
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and Ruth to the topic at hand after their digression, effectively resetting their explanation. During 

this digression, the topic of their conversation had shifted to resolving the question of “what is 

lightning?” (in line 299, we see the conclusion of this digression, with Emma characterizing 

lightning as “just a build-up of charge”). With this question now resolved, she returned to their 

original “task,” saying “there's no, nowhere for it to go, is what we're saying, right?” This set up 

the recurrence in line 301/302, which returned the pair to their original conundrum. 

 

DISCUSSION: RECURRING QUESTIONS SUSTAIN SENSEMAKING 

 Our goal in presenting these two case studies is to provide initial evidence for three 

related claims about the roles of student questions in sensemaking: first, that these questions can 

mark students’ initial transitions into a sensemaking frame; second, that these questions can recur 

throughout the conversations, shifting or influencing the directions of the resulting explanations; 

and third, that these recurrences can have an affective—that is, frustrating or vexing—

dimension. Having presented these two cases, we now aim go one step further and argue that, 

although they differed in many respects, these recurring questions had one thing in common: 

they all served to keep sensemaking going in some way. 

  The affective dimension of these questions, we propose, was a key piece of the students’ 

motivation to stay engaged in the sensemaking frame. Jaber and Hammer (2016) characterize 

this type of frustration as one possible dimension of students’ epistemic affect, the “pleasurable 

discomfort of a difficult question” (p. 25), which they argue is key to keeping students engaged 

in sustained scientific inquiry. We make a similar argument here: for both Jake and Emma, the 

“pleasurable discomfort” they felt seemed to be a key factor that drove them to return to their 

questions. More specifically, we propose that these underlying inconsistencies or gaps in 
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knowledge were so frustrating, so vexing (albeit in a somewhat pleasurable way) that the 

students felt compelled to periodically circled back to them. This act of “circling back,” in turn, 

continued the explanation-building process, sustaining the sensemaking frame. 

Functionally, looking across all four of these individual recurrences, we have argued that the 

recurrences served at least three different conversational purposes: 

 

1. They reshaped the question, opening new avenues of discussion 

2. They signaled that one of the students didn’t feel satisfied with the explanation yet 

3. They returned the students to their original discussion topic after a digression 

 

Looking across these three functions, we suggest that what they all have in common is that they 

each serve to keep sensemaking going in some way. More specifically, each of these recurrences 

served to mitigate or “head off” one or more ways in which sensemaking might end. For 

example, one could easily imagine a sensemaking conversation ending if the students were to run 

out of ideas from which to construct their explanations. A recurring question can mitigate this 

possibility by opening up new directions for the explanation. Students might also get side-

tracked to a different discussion topic or a different activity entirely; however, these recurring 

questions may mitigate this possibility by returning the students to the topic at hand, acting as a 

kind of conversational “repair” (Sacks, Schegloff, & Jefferson, 1974). Or, students might come 

to an early conclusion, “short circuiting” their discussion; however, if a student uses a recurring 

question to signal their dissatisfaction with the explanation this may prevent this kind of early 

conclusion and keep the conversation going.  
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This is, of course, not an exhaustive list of the ways in which sensemaking might end, nor 

a full taxonomy of the different functions of recurring questions. However, it illustrates our 

larger point, that recurring questions help to keep sensemaking going both by their vexing nature 

and by heading off potential end-points to the conversation.  

 

CONCLUSIONS AND IMPLICATIONS FOR FUTURE RESEARCH 

Using the cases of Jake, Liam, Ruth, and Emma, we have argued that during sensemaking 

students may articulate questions that both begin and stabilize the process. In our examples, the 

initial articulations of these questions mark the students’ transition into a sensemaking frame. 

Once they were in the sensemaking frame, the question helped to stabilize that frame by heading 

off potential end-points for their conversations. Throughout all of this, the questions “worked” 

because they were vexing—the students were frustrated by the underlying gaps or 

inconsistencies in knowledge and were driven to resolve them. 

 Although we have presented only two examples of recurring, vexing questions, there are 

numerous others in the science education research literature. For example, Jaber and Hammer 

(2016) describe an example of a 4th-grade science class that, during a discussion of the water 

cycle, repeatedly returns to the question, “what’s in a cloud that makes it hold water?”; Phillips 

et al. (2017) describe a case from a 5th-grade class discussing the question of “why does water 

expand when it freezes, if the water molecules get packed together?” (p. 020107-5); Hayes 

(2009) describes a case of three upper division physics majors discussing why a two-dimensional 

oscillator is described by two phase angles (p. 61-73); and Engle and Conant (2002) describe an 

ongoing discussion in a 5th-grade classroom about whether orcas are best classified as whales or 

dolphins, which resurfaced on 8 different occasions over an 8-week unit. In each case, the 
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students repeatedly returned to their vexing question, using it as a resource to refine their 

explanations and advance their sensemaking. 

Based on this analysis, we propose that these kinds of vexing questions can have three 

key uses for science teachers and educational researchers: first, methodologically, they give us 

another tool to identify sensemaking which may be more analytically tractable than those 

currently used. Second, they theoretically help us describe how students persist in sensemaking. 

Third, they may practically allow us to promote sensemaking in the science classroom. 

Methodologically, the identification of these kinds of vexing questions give us an 

additional way to identify sensemaking, which may be easier to use than the many intersecting 

dimensions that have been described in the science education research literature. Rather than 

looking for sensemaking by asking whether students are trying to “figure out” something, build 

an explanation, link together multiple ideas and/or representations, critique aspects of this 

explanation, etc., we can instead look for a recurring, vexing question. In practice, this could 

greatly speed up and simplify sensemaking-based analyses; for example, Kapon (2016) identified 

sensemaking using a deep, multi-layered approach of coding along the dimensions of framing, 

explanatory primitives, and mechanistic reasoning. This approach works well for delving, in-

depth, into individual case studies, but quickly becomes cumbersome when analyzing longer or 

more numerous episodes. Instead, we are proposing that to identify sensemaking, one can 

analyze student speech to look for moments where they articulate something that doesn’t “make 

sense” to them, then pursue it.  

Theoretically, this approach adds greater detail to the growing theory of sensemaking by 

providing a mechanism for how students persist in the process. That is, from a framing 

perspective, sensemaking is expected to be somewhat ephemeral: people will slip in and out of 
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the frame. However, in order to make it a key part of science education, we need to have students 

consistently sensemaking, and we need to help them continue sensemaking, even when it might 

be difficult. This analysis suggests that when students have found a sufficiently vexing question, 

they may be more inclined to stay in the sensemaking frame. That, in turn, suggests future study 

on these vexing questions to try to understand the factors that cause them to emerge and how we 

might capitalize on them in our teaching practice. 

Practically, if such vexing questions do, in fact, stabilize sensemaking, we may also be 

able to leverage it to support sensemaking in the classroom. For example, teachers who wish to 

support sensemaking may want to help their students learn to recognize and/or articulate their 

questions either through explicit, metacognitive instruction or by designing learning 

environments that support students in eliciting and follow up on these questions. 

However, this is just a general guideline. More research needs to be done to investigate 

the particular conditions which serve to support sensemaking. For example, one question that 

remains open is whether students need to learn content before they can make sense of it, or 

whether they can engage in sensemaking as they learn new material. If the question-asking 

literature is to be believed, one needs to have background knowledge to elicit these vexing 

questions (Chin & Osborne, 2008). However, perhaps this background knowledge need not come 

from formal settings. These types of questions would represent rich avenues of future study on 

sensemaking. 
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