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ABSTRACT 

While uncertainty is a pervasive part of life, schools rarely provide learning opportunities 

that allow students to face and overcome the ambiguity they will eventually encounter outside of 

school.  A promising solution for cultivating students’ ability to navigate uncertainty is teaching 

engineering to K-12 students, which has recently been integrated into the Next Generation 

Science Standards.  This study examined, (a) how three elementary teachers acted to increase, 

maintain, reduce, or minimize opportunities for students to face uncertainty during an 

engineering lesson and (b) what factors influenced the teacher actions related to student 

uncertainty.   

In this study, I observed and video-recorded one engineering lesson from three 

elementary teachers in second, fourths and sixth grade.  I conducted a pre-teaching interview to 

find out about the teachers experience and goals for teaching engineering.  I also conducted post-

teaching, stimulated recall interviews, where teachers were asked to discuss video clips from 

their lesson.   

To address the first research question, I utilized an academic task framework specifically 

focused on elements of an ill-structured engineering task as a lens for identifying and 

understanding how teacher actions affect opportunities for uncertainty.  I examined teacher 

actions by observing and video recording the teachers while teaching an engineering lesson. By 

analyzing these observations through the lens of my framework, I was able to identify and map 

the teachers’ actions to their specific impact on the different aspects of the ill-structured 

engineering problem space.    

For the second research question, I utilized a framework that combines information-

processing and teacher beliefs to examine the factors that influence an elementary teacher’s 
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decision with regard to students’ opportunities to face uncertainty.  To examine teachers’ 

decision-making process, I conducted pre-, post-teaching and stimulated recall interviews.  Using 

my framework, I then analyzed the teachers’ comments; and, with the use of a force diagram, 

was able to categorize and interpret of the factors that influenced teacher decisions to decrease or 

eliminate student uncertainty (as downward forces), or maintain or increase student uncertainty 

(as upward forces).   

The findings from the study indicated that a powerful downward force in the teachers’ 

decision to reduce opportunities for uncertainty was a deficit belief about students and a 

dominant view of teaching.  The findings also indicated that the goal for teaching engineering, 

while a powerful upward force in itself, may not be a strong enough force alone for teachers to 

enact a lesson that maintains opportunities to face uncertainty. However, the findings indicated 

that some teachers, through a combination of upward forces, were able to counter their 

downward forces and maintain a task with many opportunities for students to deal with 

uncertainty. 

Overall, this study provides a new way to represent and interpret the factors that 

influence a teacher’s decision making process - as a balance of upward and downward forces.  

The findings indicate that teacher in-the-moment decisions are influenced by and situated in the 

broader narratives about students and teaching, as well as providing a counter example to the 

narrative that schools and teachers tend to minimize or avoid uncertainty.   
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CHAPTER I: INTRODUCTION 

“The future is no more uncertain than the present.” - Walt Whitman 

 

As people make decisions and solve problems in their professional and everyday lives, 

they continually face elements of uncertainty.  From deciding which car to buy, to redoing a 

bathroom, to solving a family budget, people struggle with uncertainty and doubt when making 

decisions.  The uncertainty endemic to everyday life stems from the complexity and 

unpredictability of situations as well as inconsistencies and unavailability of information, 

wherein alternative options seem relatively equal (Brashers, 2001).  The acceleration of 

technological advances in the 21st century has only increased complexity and uncertainty in the 

world, leading to new stressors in individuals’ lives.  While it is human nature to learn, discover, 

and make life more predictable and certain, it is also important to understand that humans will 

never be able to completely reduce or avoid uncertainty. Instead, people must be able to respond 

to and successfully manage elements of uncertainty.   

While uncertainty is a pervasive part of life, schools rarely provide learning opportunities or 

environments that allow students to face and overcome the same ambiguity they will encounter 

outside of school.  Traditional schooling teaches children how to solve well-structured problems 

that have singular answers; traditional school structures and curricula tend to afford a kind of 

certainty that is seldom encountered in life outside school (Bolhuis, 2003).  Research has shown 

that teachers and curricula tend to minimize or eliminate uncertainty because it is believed to 

increase student anxiety and lower the quality of instruction (Floden & Clark, 1988; Helsing, 

2007).  Educators overwhelmingly tend to focus on teaching familiar, well-structured, or 

procedural tasks that are low in both ambiguity and risk (Doyle 1983, 1988).  Traditional K-12 
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school culture is dominated with activities where quickly finding an answer at the back of the 

book or determining the one “right” answer for a test is the end goal.  Analysis of curriculum has 

shown that textbooks are typically filled with low-level, well-structured problems and situations 

that are neatly packaged to minimize ambiguity (Shepardson & Pizzini, 1991).   

As a result, children emerge from school not knowing how to approach the complex 

problems and uncertainty they will encounter in their lives and professions. Theoretically, the 

reason why traditional schooling provides this structure is to scaffold learning and prepare 

students for more complex problem solving; however, the overwhelming abundance of time and 

effort spent on these types of problems cultivates within students a distorted view of problems 

and how to solve them (Jonassen, 1997, 2003; Jonassen, Strobel, & Lee 2006).  This illusion of 

certainty, which is propagated in schools, robs students of the opportunity to foster the self-

directed problem-solving capabilities that are required to solve the real-world problems they will 

find beyond school—problems that are inherently ambiguous and unpredictable.    

Integration of Engineering into the K-12 School System 

A promising solution for cultivating students’ ability to navigate uncertainty is teaching 

engineering to K-12 students, which has recently been integrated into the Next Generation 

Science Standards. Engineering is defined as a “strategy for causing the best change in a poorly 

understood situation within the available resources” (Koen, 2003, p. 7). Uncertainty and 

ambiguity are inherent to engineering (Dym, Agogino, Eris, Frey & Leifer, 2005; Jonassen, 

Strobel, & Lee 2006; Koen, 2003; Mills and Treagust, 2003), as engineers must continuously and 

iteratively make design decisions to solve open-ended and ill-structured problems (Dym et al., 

2005; Jonassen, 1997; Karatas, Bodner & Unal, 2015).  Engineering curricula engage students in 

discussion, reflection, investigation, and experimentation with complex ideas.  Although research 
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on K-12 engineering education is still developing, studies to date have found that engineering 

tasks help young students develop critical thinking skills, habits of mind consistent with 

engineering, problem solving skills and dispositions, and a rich knowledge structure (Brophy, 

Klein, Portsmore, & Rogers, 2008; Katehi, Pearson, Feder, & Committee on K-12 Engineering 

Education 2015; NRC, 2014, O’Brien, Karsnitz, Van Der Sandt, Bottomley & Parry, 2014; Roth, 

1995).  Specifically, Roth (1995) found that open-ended engineering activities helped children 

learn to exploit open-ended situations by negotiating problems, solutions, and pursuing courses 

of actions in creative and productive ways. This is in stark contrast to traditional education 

approaches, wherein students simply try to find the quickest way to the "right" answers.  

Research on Teachers Teaching Engineering and Student Uncertainty 

Research on engineering education, while limited due to its relative newness to K-12 

education, has shown that the integration of engineering lessons into a teacher’s instruction has 

the potential to help them transform their instruction to a more cross-disciplinary, project-based, 

hands-on, and student-centered approach (O’Brien et al., 2014). What research has not yet 

explored is how individual teachers perceive and react to the potential uncertainty students face 

during an open-ended, student-centered, complex engineering lessons.  

Research shows that academic tasks that are complex, novel, cognitively challenging, and 

student directed, such as engineering lessons, increase ambiguity and risk for both teachers and 

students (Doyle & Carter, 1984).  When faced with uncertainty, research has shown that students 

often respond by minimizing the uncertainty because it arouses negative emotional reactions 

(e.g., frustration) and negative behavior reactions, such as losing focus, shutting down, or 

messing around (Jordan, 2010; Metz, 2004, Babrow, Kasch, & Ford 1998; Doyle 1988).  

Students will thus often attempt to negotiate with the teacher to circumvent or alter task in order 
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to reduce the uncertainty and the demands of the task (Carter & Doyle, 1982).   Overall, these 

negative and defiant student reactions, in turn, can have a negative effect on teacher perceptions 

of and reaction to student uncertainty, which then leads teachers to reduce or eliminate the 

uncertainty and struggle.    

A teacher’s perceptions of and reactions to student uncertainty are influenced by the 

many factors and pressures from inside and outside the classroom.  Teaching is a complex and 

cognitively demanding activity that requires teachers to make quick decisions and act decisively 

within this complex, ambiguous, and dynamic classroom environment (Doyle, 1988; Floden & 

Clark, 1988; Helsing, 2007).  These decisions can become more challenging during high-level 

tasks that are open-ended and student-centered, such as an engineering lesson.  While 

traditionally many teachers make teaching decisions that tend to avoid, eliminate and reduce 

student uncertainty, research has shown that some teachers view student uncertainty as an asset 

for learning and take actions that maintain and encourage their students to face and overcome 

uncertainty (Helsing, 2007).  With the recent integration of engineering and its focus on failure 

and learning from mistakes, this study aims to investigate if teachers take actions that limit or 

encourage students’ uncertainty during an engineering lesson and explores how these actions 

affect student uncertainty. 

  As school systems are looking toward engineering to enhance K-12 education, it is 

critical to examine what factors act to enhance or diminish the potential of engineering to allow 

for teachers to introduce uncertainty in the classroom. While there is substantial literature on the 

uncertainty of solving ill-structured engineering problems, as well as on general teacher decision 

making in the classroom, few researchers have examined how teacher actions specifically affect 

student opportunities to face uncertainty during an engineering lesson, and fewer still have 
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explored which factors shape a teacher’s decision to encourage or limit student uncertainty.  Two 

important aspects of this unexamined issue are thus: (a) how do teachers act to reduce or 

maintain opportunities for students to face uncertainty related to the inherent ambiguity of an ill-

structured engineering task and (b) what factors influence teacher actions related to student 

uncertainty.  

Purpose of the Study 

This descriptive, qualitative, multiple-case study will explore how elementary teachers 

react to uncertainty as they teach engineering in elementary science classrooms.  A case study 

approach was chosen because the aim of this study is to gain an in-depth understanding of how 

elementary teachers’ actions affect opportunities for student uncertainty in an engineering lesson, 

and to explore the factors that influence these teachers’ actions.  The following guiding questions 

will provide direction for this study.  

Research Questions 

1. How do elementary teacher actions increase, maintain, reduce, or minimize the 

opportunity for students to experience uncertainty during an engineering lesson? 

2. What factors influence an elementary teachers’ actions to increase, maintain, reduce, or 

minimize opportunity for students to experience uncertainty during an engineering 

lesson? 

In the following chapters, I will develop my framework for addressing these questions 

and lay out the methods for my study. 
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CHAPTER 2: REVIEW OF LITERATURE AND FRAMEWORK 

In this chapter, I examine literature relevant to the present study. I begin by defining 

uncertainty and reviewing literature that has explored uncertainty related to K-12 education and 

engineering. Following this, I present the framework and research questions for my proposed 

study of the uncertainty of teaching engineering in elementary classrooms. 

Uncertainty 

Smithson (2008) defines uncertainty as the recognition that one does not fully know, 

meaning that one has only partial knowledge, understanding, or ability to make meaning 

regarding a particular situation. He distinguishes this from not knowing, which refers to 

complete lack of information; someone is uncertain only once one becomes aware of one’s lack 

of knowledge. For the purposes of this research, uncertainty is defined as a personal, 

psychological, subjective experience of doubting, being unsure, or wondering about how the 

future will unfold, what the present means, or how to interpret the past.  Individuals can be 

uncertain about themselves, other people, the possible consequences of actions, and a host of 

other aspects of their environment (Jordan, 2010).  

Two classifications of uncertainty are generally observed: (a) objective uncertainty, such 

as the random aspect of flipping a coin; and (b) subjective uncertainty, which is influenced by a 

person’s judgments and amount of knowledge about the situation (Campos, Neves, & de Souza, 

2007).  As Campos and his colleagues assert, most experiences involve subjective uncertainty or 

a combination of subjective and objective uncertainty.  It follows that in cases of subjective 

uncertainty, situations may be viewed as highly uncertain and risky by some and only slightly 

uncertain and risky by others, depending on a person’s, or group of people’s, knowledge or 

experience. Moreover, Dweck (2000) states that long-held beliefs and immediate attributions can 



ENGINEERING UNCERTAINTY   18 

both influence a person’s response to uncertainty.  Therefore, people’s perception of and 

reactions to ambiguous situations may vary greatly.  Future sections of this chapter explain how 

people--specifically teachers--perceive and react to uncertainty.  In the remainder of this paper, 

uncertainty is used interchangeably with ambiguity, unpredictability, and doubt. 

Uncertainty and the Academic Task 

The nature of the academic task is utilized as a frame for examining uncertainty in K-12 

classrooms as part of the present study. Specifically, this study investigates elementary teachers’ 

reactions to situations of student uncertainty within the context of engineering activities, and how 

those reactions affect the amount and nature of uncertainty the students experience. 

The act of teaching and learning are inherently and inevitably uncertain.  Teachers can 

never be certain which strategy will be most successful, how to structure an activity, what to 

emphasize, or how much scaffolding to give a specific student or group of students.  Doyle and 

Carter define ambiguity as “the degree to which correct performance is clearly definable for 

learners in advance and risk as the probability assigned to the possibility of failure to meet the 

evaluation criteria of a given stringency for a given task” (p. 182).  Doyle and Carter (1984) 

explain that the nature of an academic task is the main influence of ambiguity in a classroom.  

For example, tasks with high cognitive demand, which Doyle (1983) labels comprehension tasks, 

are more difficult to manage and harder to evaluate than lower level memory or routine tasks.  

Novel or unfamiliar tasks lower predictability in the final product and increase the risk of student 

errors and non-completion (Doyle, 1988).  Teachers have historically avoided novel, high-level 

tasks for the sake of maintaining a smooth, manageable, and highly productive learning 

environment (Doyle, 1988).  The directness of instruction also can affect ambiguity. Doyle 
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(1983) argues that less direct instruction, such as student-led, problem-based tasks, tends to be 

less explicit, slower paced, and more difficult to manage. 

Smith and Stein (1998) developed a three-phase framework (see Figure 2.2) for analyzing 

mathematics lessons, based on Doyle et al.’s (1983, 1988) work. This framework (see Figure 

2.2) provides a tool for describing how tasks unfold during classroom instruction.  Using this 

framework, Smith (2000) examined how teachers maintain high-level tasks. Smith found that 

high-level tasks can be implemented in such a way that students thought and reasoned in 

complex and meaningful ways. They also found, however, that tasks set up to place high levels 

of cognitive demand on students’ thinking changed dramatically in terms of how students 

actually went about working on them.  Thus, social construction and negotiation of the academic 

task between teacher and students ultimately defines the task, its cognitive demands, and 

potential learning outcomes (Doyle, 1988). For example, increasing focus on grades rather than 

learning reportedly prompts students to respond to the ambiguity and risk involved in tasks by 

negotiating with the teacher to increase the explicitness of product specifications or reduce the 

strictness of grading standards (Carter & Doyle, 1982). 

 

Figure 2. 1: The Mathematics Task Framework (From Smith and Stein, 1998) 
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Student Negotiation of Uncertainty 

Doyle (1983) argued that students often look for the quickest, easiest way to meet the 

minimum requirements, which allows them to evade the ambiguity, difficulty, and risk of a task.  

Carter and Doyle assert that students use a process of social negotiation to circumvent task 

demands or work at tasks that are below their level of ability.   

Overall, the way students respond to task-level uncertainty is in two general directions 

(Jordan, 2010).  As Jordan states, one direction students may take when faced with uncertainty is 

to attempt to overcome uncertainty by working together with classmates and the teacher or 

conducting research.  The second direction students take is working to avoid or remove 

uncertainty and cognitive demand by negotiating with the teacher to reduce uncertainty (Doyle, 

1988; Doyle & Carter, 1984).  For example, the students will ask the teacher to ease the 

difficulty or reduce the open-endedness of a project by asking the teachers to provide more 

information or direction for what to do, asking the teachers for hints or partial answers to 

problems, or asking the teacher to lower the grading criteria.   

Overall, the literature on how students deal with uncertainty in classrooms shows that 

students tend towards the latter, working to minimize or negotiate down the uncertainty, because 

it arouses negative emotional reactions, such as frustration, and negative behavior reactions, such 

as losing focus or messing around (Jordan, 2010; Metz, 2004, Babrow, Kasch, & Ford 1998; 

Doyle 1988). Overcoming uncertainty may be difficult for many students who are unfamiliar 

with it and have not developed the skills to deal with unclear situations or unpredictable, open-

ended problems.   

Ultimately, this negotiation and the way a teacher reacts to the students’ struggle 

determine whether uncertainty will persist.  As students react by negotiating the uncertainty of a 
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task, a teacher must make decisions about whether to reduce student uncertainty, or leverage 

uncertainty as a pedagogical tool for increasing understanding and developing the skills 

necessary to overcome the uncertainty. While it is widely accepted that teachers should monitor 

and adjust instruction to fit the situation and students, the negotiation and personal influence 

from students tends to limit the ambiguity and risk of high-level, open-ended tasks. 

Teacher Negotiation of Uncertainty 

The way teachers perceive and react to student uncertainty influences their actions in 

allowing for uncertainty in the classroom. Doyle (1988) found that high level, novel tasks that 

afford students opportunities to experience uncertainty and to learn to manage uncertainty can be 

challenging for teachers to implement in classrooms; teachers tend to view student uncertainty as 

a liability, and therefore act to reduce or eliminate aspects of a task that allows student to face 

uncertainty. While reduction or avoidance of student uncertainty is dominant within teaching, 

some teachers do recognize and welcome student uncertainty as an asset or pedagogical tool to 

strengthen teaching and learning (Helsing, 2007). Rowland (2000) found that uncertainty can 

prolong engagement and motivation, and Doyle (1988) found that teachers are able to cushion 

the risk of uncertainty and encourage students to try more challenging, open-ended tasks by 

providing opportunities for feedback and offering bonus points.  

 While few studies have looked specifically at student uncertainty, the research on 

maintaining productive struggle and high-level tasks, which is closely related to student 

uncertainty, may provide some insight to the way teacher actions maintain or reduce student 

uncertainty. 

Maintaining high level tasks.  As described above, high-level, open-ended tasks add 

elements of uncertainty and risk for students and teachers.  To maintain the high cognitive level 
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of a task, teachers must resist the negotiations from students to reduce uncertainty and instead 

allow students to struggle through their uncertainty. Smith and colleagues (1998, 2000) identified 

factors associated with the maintenance or decline of cognitive demands of high-level tasks:  

• Scaffolding of student thinking and reasoning. 

• Students monitor their own progress.  

• Teacher or capable students model high-level performance.  

• Teacher presses for justifications, explanations, and meaning through questioning, 

comments, and feedback. 

• Tasks build on students’ prior knowledge. 

• Appropriate time (not too little, not too much) allowed for exploration.   

• Teacher draws frequent conceptual connections.  

• These factors illustrate the complex and delicate balancing act teachers face in 

maintaining high-level tasks, while also managing a classroom and meeting the 

needs of the students.  

Maintaining productive struggle. A typical aspect of high-level tasks is letting students 

struggle through challenging aspects of a problems, such as not knowing the solution path, which 

equations to use, and what variables should be considered, among other uncertainties.  In dealing 

with and overcoming the uncertainty of high-level, open-ended tasks, students must face and 

grapple with elements of ambiguity and doubt.  To understand the struggle that students face and 

how teachers maintain this struggle, we turn to the literature on productive struggle.   

In the field of education, productive struggle is defined as instances when students 

expend effort to make sense of a concept that is not immediately apparent—in other words, when 

uncertainty exists (Hiebert & Grouws, 2007).  Importantly, struggle does not mean needless 
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frustration or extreme levels of challenge created by overly difficult problems. Instead, 

productive struggle means solving problems that are within reach and grappling with key ideas 

that are comprehensible, but not yet well formed.  Productive struggle is about finding the sweet 

spot between too easy and too challenging. While most of the research related to productive 

struggle is within mathematics education, I believe it provides a useful lens for understanding 

uncertainty of engineering tasks.   

A major aspect of productive struggle is facing and overcoming the many uncertainties of 

the problem. As students face, deal with, and overcome an acceptable level of uncertainty, they 

will need to struggle productively through their doubt and the open-ended, dynamic, and 

ambiguous nature of a problem. Following Kapur and Bielazzyc (2012), students who struggle 

through uncertainty and actively work to make sense of the problem will discover new ideas 

and/or reexamine or restructure their existing knowledge. In this study, productive uncertainty is 

used to mean struggling productively through uncertainty.   

While students’ struggles may arise in a wide spectrum of classroom environments, 

studies suggest that risk-free settings—where students can externalize their struggle and where 

consequences of so-called wrong answers are not seen as failures, but rather opportunities to 

explore, grow, and learn—better support and motivate students to persist (Henningsen & Stein, 

1997; Kapur & Bielazzyc, 2012).  The conceptual framework for the present study builds on the 

premise that deeper learning occurs when struggle, impasse, or desired difficulty arises due to 

uncertainty. 

Research findings on productive struggle have shown that a teacher’s strategies or actions 

related to task appropriateness, classroom norms, balance and use of questions influences the 

success of productive struggle in K-12 classrooms (Henningsen & Stein, 1997).  Task 
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appropriateness means that problems presented must match the grade level and particular skill 

level of a student or group of students.  

Classroom norms and culture also affect the success of productive struggle.  Warshauer 

(2014) found in his study of productive struggle in middle school mathematics classrooms that 

classroom norms that establish a safe place for students to discuss solutions, explain reasoning, 

and communicate their thinking mathematically were helpful for struggling productively.  The 

teacher’s role is in balancing the amount or level of struggle by not overwhelming the students.  

The use of questions, specifically probing questions with encouragement and questions that led 

to guidance, kept struggling students engaged while focused on attending to their struggle 

(Edwards & Beattie, 2016).  

Permatasari (2016) summarizes the actions teachers must take to support productive 

struggle in her paper on the role of productive struggle in learning mathematics with 

understanding. These strategies include: 

(a) anticipating that students might struggle and being prepared to support them 

productively through the struggle; (b) giving students time to struggle with tasks; (c) 

helping students realize that confusion and error are a natural part of learning by 

facilitating discussions on mistakes, misconceptions, and struggles, and (d) praising 

students for their efforts and perseverance in reasoning through problems. (p. 98) 

Permatasari also classifies the teacher strategies or actions for supporting productive 

struggle into four categories. These categories, seen in Table 2.1, provide a useful lens for 

understanding and classifying teachers’ reactions to uncertainty in the classroom. 
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Table 2.1 

Strategies and Indications of Productive Struggle   

Strategy Description 
Question  Teacher asks question that help students focus on their thinking and 

identify the source of their struggle, then encourage students to build on 
their thinking or look at other ways to approach the problem.  

Encourage  Teacher encourages students to reflect on their work and support student 
struggle in their effort and not just in getting the correct answers.  
 

Give time  Teacher gives time and support for students to manage their struggle 
through adversity and failure by not stepping in too soon or too much, 
thereby taking the intellectual work away from the students  
 

Acknowledge  Teacher acknowledges that struggle is an important part of learning and 
doing mathematics  

 (Note: from Permatasari, D. (2016). The Role of Productive Struggle to Enhance Learning 

Mathematics with Understanding.) 

 
Overall, teacher strategies and classroom norms that make it safe to fail and promote a 

growth mindset were important aspects of classrooms where students struggled productively. 

These strategies closely align with the intentions and learning goals of integrating engineering 

into K-12 classroom.  While this literature was important for identifying and classifying teacher 

actions in relation to student uncertainty, many teachers struggle in their efforts to take actions 

which allow student to face and learn to deal with uncertainty (Doyle, 1988; Herbst, 2003).  Due 

to the emphasis on productivity in school and the many complexities of the classroom, it is easy 

to understand that many teachers tend to take actions that reduce uncertainty.   

Reducing or eliminating uncertainty.  Overall, most teachers tend to deal with student 

uncertainty by reducing it, ignoring it and avoiding it altogether (Doyle & Carter, 1984; Floden 

& Clark, 1988; Floden & Buchmann, 1993).  Due to the negative effects, challenges, and risks 

associated with ambiguity, many teachers tend to view student uncertainty as a liability that 
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generates negative emotional consequences such as discomfort, anxiety, frustration, and the 

feeling of being overwhelmed within both teachers and students.  If teachers take this 

perspective, they feel threatened and engage, in what Helsing (2007) describes as “self-defensive 

tactics” to protect their sense of control and their social and personal worth and authority” (p. 

1320).  Teachers who view student uncertainty as a liability react by reducing or avoiding 

uncertainty through pedagogical actions such as compromising standards and assessment criteria, 

relying heavily on routine and strict rules and procedures, and acting conservatively by avoiding 

anything novel, demanding, or complex (Doyle, 1988; Floden & Clark, 1988; Helsing, 2007).  

According to these teachers, too much uncertainty becomes disabling, overwhelming, severely 

emotionally distressing (Floden & Buchmann, 1993).  Reducing student uncertainty to a 

manageable level is considered an essential part of teaching, as it allows teachers to maintain a 

level of predictability, control, and ability to function in the classroom.   

Decline of high-level tasks. Research on high-level tasks show that certain teacher 

actions are associated with the decline of high-level cognitive demands of an academic task.  

Doyle (1988) found that teacher actions often soften accountability requirements to compensate 

for the added complexity of novel tasks. Smith and his colleagues (1998, 2000) identified factors 

associated with decline of cognitive demands of high-level tasks.  These factors include the 

following teacher actions: taking over the task, shifting the emphasis from meaning or 

understanding to the correctness or completeness of the answer, not setting clear expectations, 

not holding students accountable for high-level products or processes, not providing enough time 

to wrestle with the demanding aspects of the task, and conversely allowing too much time. While 

these actions are understood as related to the decline of the high cognitive demands of a task, 
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they are also helpful for understanding and classifying the way teachers respond to the 

uncertainty of a high-level engineering task.  

Reduction of productive persistence.  Edwards and Beattie (2016), in their article on 

productive struggle and productive persistence, identified instruction that limits the opportunities 

for students to persist and struggle productively.  While their work is focused on mathematics, it 

is helpful in understanding the actions teachers use to reduce opportunities for students to 

struggle and persist productively, which aligns with productive uncertainty. Based on this 

literature, teacher actions that reduce or eliminate student uncertainty seem to fall into five 

overarching categories, as shown in Table 2.2.   
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Table 2.2 

Teacher Actions Associated with Reducing or Eliminating Student Uncertainty 
Strategy Description 
1. Reducing the complexity, novelty, 
cognitive level of the task 
 

• Minimizing the difficulty of the task or open-ended 
nature of the task 

• Shifts the emphasis from meaning, concepts, or 
understanding to the correctness or completeness of 
the answer. 

• Not holding student accountable for high-level 
products or processes 
 

2. Increase directness or explicitness 
of instruction 

• Tells students or giving hints that prescribe a 
particular approach to the problem 

• Provides too much information and reveals a 
solution strategy 

• Tells students whether their answers are right or 
wrong. 

• Models or does most of the work required by a task. 
 

3. Actions related to time 
management 
 

• Provides too little time to face the uncertain 
• Provides too much time so student lose focus 

4. Action related to lack of clarity or 
expectations 

Task expectations are not clear enough to put students 
in the right cognitive space. 
 

5. Action that dismiss wrong answers 
and the process of overcoming 
mistakes 

• When a student gives incorrect answer, instructor 
calls on someone else without responding to the 
thinking 

• Instructor ends work on the problem as soon as the 
answer is made public 

 
6. Action that relate to a lack 
intervention and support 

• If students get stuck for an excessively long time, 
the Instructor doesn't intervene. 

• If students finish quickly and merely wait for 
others to catch up, instructor doesn't intervene. 

• If students' conversations wander off task, 
Instructor fails to redirect them. 

 
 

Classifying teacher negotiation. Overall, the above sections outline research on teacher 

actions associated with reducing or maintaining high-level tasks and reducing or maintaining 

productive struggle and persistence.  The finding from these studies were useful for identifying 
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and classifying teacher actions during an engineering task. Specifically, this study uses this 

literature to aid in identifying and differentiating actions into two categories, (a) actions 

associated with the reduction or elimination of student uncertainty and (b) actions associated 

with maintaining or increasing student uncertainty.   

Where this research and the literature on student uncertainty and K-12 engineering 

education all falls short is the examination of how these teacher actions specifically affect 

opportunities for student uncertainty during an engineering task.  For example, how does telling 

a student whether their answers are right or wrong specifically affect the opportunity of a student 

to experience uncertainty? Or how exactly does an action that encourages students to reflect on 

their work affect student uncertainty during an engineering task? 

The aim of this study is to build on the previous research and specifically investigate how 

elementary teacher actions increase, maintain, reduce, or minimize the opportunity for students 

to experience uncertainty during an engineering lesson.  To investigate how these actions 

specifically affect student’s uncertainty during an engineering task, I will turn to the research on 

the nature of uncertainty in engineering. 

Nature of Uncertainty in Engineering 

If the uncertainty students experience in relation to academic tasks depends on the nature 

of the task, it is important to understand the nature of uncertainty in engineering. Wulf (1998), 

like most scholars, generally defines engineering as the practice of design under constraints.  

Koen (2003) adds to this definition in stating that the engineering method is a “strategy for 

causing the best change in a poorly understood situation within the available resources” (p. 7).  

As engineers work to solve open-ended and ill-structured problems, they continuously face 

design decisions that are filled with ambiguity or uncertainty (Karatas et al., 2015).  Dym et al. 



ENGINEERING UNCERTAINTY   30 

(2005) further emphasized the element of uncertainty, explaining that good designers must be 

able to handle uncertainty while tolerating the ambiguity that shows up in the iterative process of 

design as inquiry.  While these and many other authors all accept uncertainty as an inherent part 

of engineering, the exact meaning and nature of this uncertainty varies across the literature but is 

generally tied to that fact that engineers solve ill-structured problems.   

Ill-structured problems are divergent in nature, possess multiple solutions and solution 

paths, and contain uncertainty about which concepts, rules, and principles are needed for the 

solution and which solution is “best.”  The list below, which was adapted from Jonassen and his 

colleagues (2006), outlines the elements of ill-structured problems specific to engineering 

workplaces. These elements will be used together to describe the ways uncertainty is an inherent 

part of the nature of engineering. 

• Vaguely defined or unclear goals and unstated constraints. 

• Possess multiple solutions and solution paths or no consensual agreement on the 

appropriate solution. 

• Possess no explicit means for determining appropriate actions or relationships between 

concepts, rules, and principles that are used. 

• Require learners to make judgments and express personal opinions or beliefs about the 

problem and defend them. 

• Involve multiple criteria for evaluating solutions. 

To conceptualize uncertainty as it relates to engineering, this paper extracts various 

elements of uncertainty from the literature on both ill-structured problems and the process of 

engineering design.  These elements include (a) ill-defined and divergent problem space, (b) 

optimization within competing demands, (c) dynamic quality, and (d) incomplete data and 
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imperfect models.  While these elements are described separately, they interrelate and overlap in 

how they factor into the uncertain nature of engineering.  

Ill-Defined and Divergent Problem Space 

An essential part of engineering is establishing and defining the problem.  While this may 

seem simple, it is arguably the most important and difficult aspect of solving ill-structured 

problems.  In this initial, yet ongoing phase of designing a solution, an engineer or problem 

solver must decide if the problem really exists, determine the nature of the problem, and identify 

an appropriate problem space (Jonassen, 1997).  The problem space, as Jonassen defines it, is 

where a problem solver maps the problem statement onto prior knowledge, constructs a personal 

interpretation of the problem, and then uses appropriate tools to solve what they see as the 

problem.  Ill-structured problems leave the problem solver with an air of unpredictability as they 

face choices of how to interpret or define the problem space.  

Engineers also face an element of uncertainty by working to solve divergent problems 

with no single “right” answer.  As Jonassen et al. (2006) describe, the workplace problems of 

engineers have multiple solution paths, meaning there are a variety of methods that may be used 

to solve the problem.  Therefore, engineers must evaluate and decide between many alternative 

solutions and the paths needed to arrive at the solutions (Koen, 2003).  The lack of certainty 

generated by a divergent problem space forces engineers to manage a sense of uncertainty 

throughout the design process.   

As an example of this unpredictable and divergent problem space, Jonassen et al. (2006) 

describe a problem with a hotel elevator.  In this example, customers complain of long wait times 

in the elevator and the administration asks engineers to work on speeding up the elevator.  To 

solve the problem, the engineers ended up installing mirrors in the elevator instead of increasing 
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the speed.  In this solution, engineers reinterpreted the problem from decreasing wait time to 

changing passengers’ perceptions of the wait time.  By distracting them with a mirror, the 

problem was solved easily and with minimal cost.  While engineers could have solved this 

problem in many ways, this example demonstrates how there are many ways to interpret and 

solve ill-structured problems.  This unpredictable and divergent quality of the problem produces 

a sense of uncertainty in the problem solver.  

Optimizing Solutions Within Competing Demands 

As part of solving ill-structured problems, engineers face uncertainty while working to 

optimize solutions within competing demands, constraints, and available resources (Koen, 2003; 

Dym et al., 2005).  Koen explains that while engineering problems are defined and limited by 

their resources, uncertainty arises from the challenge of determining what the true resources are 

and how these resources might be used.  Engineers also must weigh out the interests of the client 

against other demands, such as economical consideration and safety, environmental, and ethical 

concerns (Koen, 2003). Finally, the collaborative environment that engineers work within create 

ambiguity due to the need to evaluate the many opinions, interpretations, and priorities of various 

team members and other stakeholders (Jonassen et al., 2006).  Therefore, engineers inevitably 

face many uncertainties as they choose between competing demands, responsibilities, and 

perspectives in their pursuit of the “best” possible solution.   

An example of a working within competing demands can be illustrated with large-scale 

construction project.  In this situation, civil engineers must consider, adhere to, and prioritize the 

demands while meeting the project’s anticipated goals and requirements.  These competing 

demands include (a) fulfilling the client’s contractual requirements; (b) adhering to the safety 

requirements; (c) observing economic constraints, such as making a profit on the project; (d) 
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honoring environmental concerns, such as water treatment and impact on the surrounding 

ecosystem; (5) gauging community impact such as noise levels; and (6) operating within political 

constraints, such as regulations or acceptability to citizens.  Overall, engineers face an 

uncertainty of managing, prioritizing and eventually making trade-offs to optimize the solution.  

Dynamic Problem Space 

Engineers encounter unanticipated problems as they work through ill-structured 

problems.  These unanticipated problems exemplify the variability of the problem space that 

changes and emerges over time.  Karatas et al. (2015) describes how engineering products are 

temporary solutions to stable, yet temporary problems.  The emergent and tentative nature of 

engineering problems creates a dynamic, evolutionary problem space that engineers must 

consider and to which they must adapt (Ganesh & Schnittka, 2014).  Therefore, engineering 

becomes unpredictable as engineers reevaluate their solution path to the new problems and 

additional information that arise throughout the iterative design cycle.  

Incomplete or Imperfect Information 

The dynamic and emergent nature of engineering stems from a basic assumption that a 

perfect design is never possible because the ideal situation where all information is known will 

never exist (Koen, 2003).  Thus, an engineer’s comprehension, similar to any human 

understanding, is and always will be incomplete and imperfect.  Accordingly, engineering design 

is conducted with imperfect models and incomplete information that requires all engineers to 

reason through some degree of uncertainty (Dym et al., 2005; Jonassen et al., 2006).  If this 

assumption of incomplete data is accepted, a certain level of doubt instinctively arises from what 

amounts to a poorly understood situation.  



ENGINEERING UNCERTAINTY   34 

Jonassen et al. (2006) provides an example of a dynamic and unpredictable problem 

space with incomplete information:  

We had some unusual rain and we planned on operating the water treatment about eight 

hours a day while we were down there working occasionally. Because of the rain we had 

to send men down there over night or over the weekend to operate the water treatment 

system. As we dug, they didn’t tell us what used to be there. We found pipes with 

asbestos on it. We found some unexploded ordinance. This used to be an Army base 

where they used to make rockets, so the client didn’t provide us with good information as 

to what we might find. […] We were able to adjust, but it took a little while. If we had it 

to do over, we would have done our own sampling to confirm what was in the water. (p. 

146) 

This example illustrates that no matter how much one plans, unanticipated situations arise 

that alter the problem space and change how the problem will be solved. 

Shifting and Subjective Nature of Uncertainty 

It is important to remember that within a task, uncertainty can shift or transform from one 

type of uncertainty to another (Jonassen et al., 2006). Figure 1 illustrates the four types of 

uncertainty that could be entailed in ill-structured engineering tasks. It is important to remember 

that within a task, uncertainty can shift or transform from one type of uncertainty to another 

(Zaslavsky, 2005).  It should also be noted that the state of uncertainty or doubt is entirely 

subjective (Zaslavsky, 2005).  The same task or problem space that instills doubt for some may 

not have the same effect for others.  What may be an unknown solution path, a best way to use 

resources, or an acceptable tradeoff for one person may not be so for another.  Zaslavsky (2005) 

states “uncertainty may lead a person to abandon a (correct or incorrect) conjecture, in the course 
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of dealing with a task” (p. 306).  Further, doubt may occur as a result of social interactions with 

another person who encountered confusion over the same task, perceives the problem differently, 

or believes a different design is a better solution.  

 

 

 

Figure 2. 2: Sources of uncertainty evoked by an ill-structured engineering task. 

In conclusion, uncertainty is imbedded in the work of engineers and is what defines an 

engineering design task in different ways.  As engineering tasks are integrated into K-12 

classrooms, it is important to understand if and when students are able to face the uncertainty 

evoked by an ill-structured engineering task.  In this study, these sources of uncertainty are 

utilized as a lens for identifying and understanding how teacher actions specifically affect 

opportunities for student uncertainty as seen in Figure 2.3.   
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Figure 2. 3: Academic task framework specific to the uncertainty evoked by an ill-

structured engineering task.  

Overall, this framework helps narrow the focus of this study from the way teacher action 

defines an academic task to the way teacher action specifically affects the problem space of an 

engineering task. Using this framework, I was able to relate a teacher action to the specific 

source of uncertainty in an ill-structured engineering task.  This helps to investigate the first 

research question:  How do elementary teacher actions increase, maintain, reduce, or minimize 

the opportunities for students to deal with uncertainty during an engineering lesson? 

Teacher Decision Making 

Beyond investigating how teacher actions specifically affect student uncertainty, this 

study also aims to understand why elementary teachers take actions that increase, maintain, 

reduce, or minimize student uncertainty during an engineering lesson. To understand the 

reasoning behind a teacher actions that affect student uncertainty, it is important to understand 

the factors that influence teacher decisions related to student uncertainty and struggle.  

There are a number of approaches to research on teacher decision making.  A curricular 

approach, which builds on the work of Doyle (1983, 1988) and views decision-making as an 
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integral part of curriculum implementation and the mismatch between objectives, planning, and 

implementation. A sociological approach, which conceptualizes classroom decision-making 

within a societal context and is concerned with describing the impact of societal or institutional 

constraints on teachers make decision (Hargreaves, 1978).  Lastly, a psychological approach, 

which is concerned with how teachers actually make decisions and what kinds of information 

teachers use during this process (Calderhead, 1981).  This study utilizes a combination of these 

approaches but focuses mainly on the psychological to identify and understand the factors that 

influence teacher decisions.   

Decision Making as an Information-Processing Activity  

 Shavelson and his colleagues (1973, 1981) developed a model for teacher decision 

making showing how teachers integrate information about students, subject matter, the 

classroom and other factors in making decisions.  In this information processing model, teachers 

face the complex challenge of identifying problems, extracting relevant cues from their 

environment, evaluating the pros and cons of different strategies and, selecting the relevant 

criteria, 'decide' upon the most appropriate action (Calderhead, 1981).  While information 

processing models are useful in some situations, Calderhead (1981) points to the limitation of 

these models “as inappropriate to describe the kind of decision-making which is a constant 

feature of the busy primary school classroom, for example, where the teacher may have over 200 

interactions with individual pupils in one hour, each preceded by some form of cognitive activity 

or decision-making” (p. 52).  For the purposes of this study, I will utilize aspects of the 

information processing model, but instead of mapping a complete teacher decision making 

process, I will focus specifically on identifying and examining the factors associated with teacher 

decisions that affect student uncertainty. 
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Factors Influencing Teacher Decisions  

Based on the literature on teacher decision making in the classroom, teaching high-level 

tasks, and teaching engineering, the factors that influence a teacher action to increase, maintain, 

reduce or eliminate student uncertainty fall into the following overarching categories: (a) student 

characteristics and concerns, (b) pedagogical uncertainties, (c) knowledge and experience, (d) 

nature of the task and lesson objectives, (e) instructional or logistical constraints. 

Research has shown and continues to show that student characteristics and concerns are a 

major factor in teaching decisions. Calderhead’s (1981) review of teacher decision making, 

utilizing a psychological approach, concluded that factors related to students play a major role in 

teacher decision making. For example, Shavelson et al. (1977) and Borko & Cadwell (1980) 

have found that teachers use knowledge of the characteristics of their pupils in deciding how to 

respond to particular classroom incident. Research on experts versus novice teachers similarly 

shows that expert teachers focus on student concerns.  In 1991, Westerman found that expert 

teachers focused on learning from the perspective of the student and adapted learning to meet the 

needs of the students during teaching. Similarly, Calderhead (1979) found the most common 

classroom cues experienced teachers associated with their actions were related to characteristics 

of their pupils. Overall, teaching decision are influences by the way a teacher views the ability, 

behavior, and personality of their students.    

A teacher’s perception and characterization of student needs and abilities aligns with the 

research on teachers’ beliefs about students.  Teachers’ beliefs are described as their convictions, 

philosophy, tenants, or opinions about teaching and learning (Fang, 1996; Pajares, 1992).  

Research on beliefs have shown to play a major role in the decisions people make throughout 

their lives (Bandura, 1986).  Fang (1996) and Pajares (1992) indicate that teachers’ beliefs have 
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been shown to be well established by the time and practice and appear to be stable and resistant 

to change.  Specifically, research on teachers’ beliefs about learning, perceptions of student 

needs and abilities influenced the kinds of decisions and practices (Fang, 1996; O'Brien and 

Norton, 1991).  Overall, teacher beliefs both about students, learning and teaching may influence 

their perception and consequently their in-the-moment, interactive decisions and actions. 

Furthermore, Smith and his colleagues (1998, 2000), in their study of high-level 

mathematics tasks, found that student behavior and classroom-management problems prevent 

sustained engagement in high-level cognitive activities. Likewise, Helsing (2007) states that 

teachers face a tension between competing commitments and the associated doubt of balancing 

the needs of individual students against the demands of the larger group, challenging students 

without defeating them, encouraging children’s overall development while guaranteeing 

academic progress, and so on.  Doyle (1983) explains this tension as the pressure teachers face in 

their obligation to school, standards, and students.   

Pedagogical uncertainty is another major factor that has been shown to influences teacher 

decision making.  Pedagogical uncertainty is described as the lack of surety teachers have about 

their own effectiveness. Floden and Clark (1988) state that the ambiguous and often 

unpredictable links between teaching and learning leaves teachers with a sense of doubt about 

their instructional strategies or how to optimize learning. Similarly, Helsing (2000,) states that 

pedagogical uncertainty has been associated with negative emotions, self-doubt, and lowered 

expectations and can have a major impact on a teacher decision and actions. In this study the 

teachers described pedagogical uncertainty in terms of their experience, or lack of experience, in 

teaching engineering, and how the resulting discomfort affected their decisions and actions. 
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In terms of teaching engineering, the uncertainty related to instructional content is high 

due to the fact the many K-12 teachers have little content or pedagogical knowledge about it, 

especially at the elementary level (Pearson & Young, 2002; Lee & Strobel, 2014).  Due to this 

high uncertainty, teachers will need to be trained and prepared to develop the necessary 

knowledge base and not react by avoiding these tasks or simplifying engineering into lower 

level, procedural tasks.  This represents a true danger to engineering education and is a major 

issue in both science and math education. 

This lack of pedagogical knowledge ties into the fact that, closely related to pedagogical 

uncertainty, another factor that affects teacher actions during a task is related to their knowledge 

and experience with the instructional content.  Doyle (1983) explains how elementary teachers, 

who receive poor preparation in mathematics and the sciences, have high levels of anxiety about 

these subjects and, therefore, have a lower threshold for ambiguity and risk in these areas.  This 

lack of experience and resulting anxiety can influence teacher decisions related to student 

uncertainty.  Floden and Buchmann (1993) elaborated that increased pedagogical knowledge and 

skills “helps teachers to make reasonable, rapid choices, anticipate events, assess understandings 

and find acceptable postures of authority” (p. 379).  Teachers can increase their knowledge base 

through additional training, mentorship, and experience.  

The way a teacher views the purpose or learning goal(s) of a task (the intended 

curriculum) is another factor influencing teacher decisions and enactment of a task (Smith, 

2000). As teachers begin to integrate engineering into their classroom, they are being introduced 

to the purpose and learning goals related to teaching engineering.  Based on the Next Generation 

Science Standards (2013), engineering curricula is meant to engage students in high level tasks 

that encourage discussion, reflection, investigation, and experimentation with complex ideas.  
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The EiE curriculum (Boston Museum of Science), describes engineering tasks as promoting 

student-centered tasks that require of high-level problem-solving skills.  According to both the 

standards and EiE curriculum, failure and revision are central to the engineering design process 

and learning engineering.  Other research claims that engineering tasks help young students 

develop critical thinking skills, habits of mind consistent with engineering, problem solving 

skills and dispositions, and a rich knowledge structure (Brophy, Klein, Portsmore, & Rogers, 

2008; Katehi, Pearson, Feder, & Committee on K-12 Engineering Education 2015; NRC, 2014, 

O’Brien, Karsnitz, Van Der Sandt, Bottomley & Parry, 2014; Roth, 1995). Based on this 

literature, the intention and learning goals, as promoted by the standards and curriculum, present 

goals for teaching engineering that promote and encourage teachers to enact lessons that 

maintain and encourage students to face uncertainty.  Therefore, the goal for engineering has the 

potential to play an important role in whether teachers take actions maintain or reduce student 

uncertainty.    

Another factor in teacher decisions is competing commitments; teachers are forced to 

make decisions and prioritize between alternative commitments or responsibilities while 

teaching. Doyle (1983) explains this tension as the pressure teachers face in their obligation to 

school, standards, and students.  These competing decisions create uncertainty and affect teacher 

decisions by placing teachers in a dilemma where there is no clear choice or single truth. 

While, given the complexity of the classroom, this is only a small sample of factors that 

can influence a teacher’s decisions, these factors formed the base for interpreting the reasoning 

behind teacher decisions described in this study. The way these factors described above 

influenced teachers’ decisions during an engineering lesson will be discussed in further chapters. 
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The following section will provide a framework for interpreting the influence of these and any 

other factors on teacher decisions. 

Teacher Decision-Making as a Force Diagram   

This study builds on the work of Shavelson and colleagues (1981, 1983) and Westerman 

(1991), which identify the factors that influence teachers’ decisions and actions relative to the 

uncertainty of academic tasks. This study will describe these factors using the concept of force 

diagrams (Savinainen, Mäkynen, Nieminen & Viiri, 2013), which graphically represents the 

pressures (force vectors) acting on a target object. 

Savinainen et al. (2013) explained that force diagrams provide information that can help: 

(a) identify all the forces acting on a target object, (b) illustrate whether the object has 

acceleration is in motion, and (c) indicate the direction of any acceleration or motion. For 

example, Figure 2.3 presents a classic force diagram for a block on an incline plane. The forces 

that are acting about the object are the force of the earth’s gravity (F1) which is related to the 

angle of the incline (a), the normal force of the incline pushing on the block (F2), and the force 

of the friction between surface of the box and incline (F3).  The object will move in the direction 

of the greater forces acting on the block (either upward or downward).  If the force of gravity is 

greater than force of the friction, the block will move down the incline.  
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Figure 2. 4: Force diagram for block on an incline plane with force of friction (F3), 

Normal Force (F2) and Force of Gravity (F1), and the angle of incline (a) shown. 

In this study, teacher actions are the object of focus, and the force diagram will 

symbolically represent the factors that prompt a teacher to maintain/increase or reduce/eliminate 

student uncertainty. Downward forces are defined in this study as stimuli that influence teachers 

to decrease or eliminate student uncertainty.  Upward forces are stimuli that influence teachers to 

maintain or increase student uncertainty.  If the sum of the downward forces exceeds the sum of 

the upward forces, the teacher presents a lesson with less opportunities for student uncertainty.  

If the sum of the upward forces exceeds the sum of the downward forces, the teacher presents a 

lesson that maintains or increases opportunities for students to face and overcome uncertainty.  

Teachers find their own balance or equilibrium in terms of providing what they consider the right 

amount of uncertainty for their students. Force diagrams are a helpful tool for understanding how 

the different factors are affecting their instruction.  Figure 2.4 gives an example of the force 

diagram for teacher actions related to student uncertainty. Overall, a free-body diagram 

represents the operationalization of teacher decision-making.   
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Figure 2. 5: Force diagram for teacher action in relation to increasing, maintaining, 

reducing or eliminating student uncertainty. 
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CHAPTER 3: METHODOLOGY 

This descriptive, qualitative, multiple case study explored how elementary teachers react 

to uncertainty as they teach engineering in elementary classrooms.  Two research questions were 

examined: 

Research Questions 

1. How do elementary teacher actions increase, maintain, reduce, or minimize the 

opportunity for students to experience uncertainty during an engineering lesson? 

2. What factors influence an elementary teachers’ actions to increase, maintain, reduce, or 

minimize opportunity for students to experience uncertainty during an engineering 

lesson? 

In this chapter, I present the methods and theoretical assumptions for addressing these 

research questions.  The chapter is divided into the following five sections: (a) approach and 

rationale; (b) research context and participants; (c) data collection; (d) data analysis; and (e) 

methods that were used to establish validity and trustworthiness of the findings. 

Qualitative Case Study Approach 

Qualitative inquiry adopts an interpretive worldview, which holds that reality is socially 

constructed and subjective, meaning that multiple interpretations exist for a single event or 

concept.  Therefore, qualitative researchers aim to uncover “how people interpret their 

experiences, how they construct their worlds, and what meaning they attribute to their 

experience” (Merriam, 2009, p. 5).  In this way, qualitative researchers seek to construct rather 

than find knowledge (Creswell, 2013; Merriam, 2009).   

A case study generates in-depth analyses of one or more activities, events, or individuals 

and is particularly suited to situations where it is unreasonable to separate the phenomenon’s 
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variables from its context (Merriam, 2009).  A case study was suitable for this study because the 

intent was to capture teachers’ perceptions, emotions, and actions related to instances of 

uncertainty (the phenomenon being examined) that emerged while teaching the engineering 

module within the classroom (the context). The anticipated outcome of this study is to generate a 

holistic, naturalistic description and explanation of the actions elementary teachers take while 

teaching engineering in relation to opportunity for students to experience uncertainty. 

The case study approach is bounded by time and activity (Creswell, 2013).  In this study, 

three teachers (each constituting one case) were examined. Each case was bounded by each 

teacher’s background, classroom, and experience while teaching an engineering lesson.  

Examining three cases allowed for the development of a rich understanding of how the 

elementary teachers in the study manage and reason about their actions related to student 

uncertainty.   

Study Context and Participants 

 While an engineering unit can go on for weeks, I focused on the design challenge aspect 

of an engineering unit.  During a design challenge lesson, students develop solutions to a 

problem by following the engineering design process.  The design process typically involves the 

following main stages: (a) planning, (b) creating, (c) testing and redesigning their 

design/product.  This study focuses on one to two hour long instructional periods that were 

examined for each of the three participating teachers.  These instructional periods focus on 

design challenge, which includes planning, creating, and testing of the students’ designs.  This 

approach allowed for the examination of the teachers’ actions that increased, maintained, 

reduced or minimized opportunities for student uncertainty. The data collected from this 
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approach was also used as a way to examine the factors that influence an elementary teacher’s 

actions to maintain or increase student uncertainty.  

Study Setting 

This study was conducted within a midsized public school district in the southwestern 

United States where elementary teachers are asked to teach engineering. The student population 

within the district is 84% Hispanic, 8% white, 5% American Indian or Alaska Native, 3% Black 

or African American, and 1% Asian or Pacifica Islander.  During the 2017-2018 school year, 

80% of the students qualified to receive free and reduced-price meals, 17% of students are 

classified as English Language Learners (ELL) and 13% receive Special Education services. 

Three teachers were recruited from three separate elementary schools within the district.  

Consistent with a naturalistic research approach, participants were not part of any special 

program, cohort, or grant related to teaching engineering. Participating teachers were only given 

access to curriculum materials and were provided some training by the district to teach 

engineering. By investigating the participants as separate cases, I was able to consider multiple 

teachers, with their own unique background, experience, and classroom, while also constructing 

a broader, richer understanding of how elementary teachers perceive and manage uncertainty.  It 

is important to note that each case was considered separately and what I learned from each case 

was likely unique and not something to generalize to all elementary teachers. 

Recruitment and Sampling 

Three in-service elementary teachers who taught an engineering unit during the Spring 

2017 semester were recruited for this study, per Patton’s (2002) guideline that two to three 

participants are needed in a multiple case study design to generate an in-depth investigation. 
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A purposeful sampling strategy was used to recruit and select participants. Merriam 

(2009) explains that such approaches help minimize confounding variables and “select a sample 

from which the most can be learned” pertinent to the scope of inquiry (p. 77).  Four selection 

criteria were utilized to minimize confounding variables of competing district and school 

administration commitments, teacher content knowledge, and teacher experience. Participants 

had to: 

1. Have a minimum of 3-5 years of experience teaching at the elementary level.  This 

approach helped minimize variances related to general ambiguity, unpredictability, 

and teaching quality educators commonly face early in their careers. 

2. Have experience teaching at least one engineering unit prior to this study, as 

educators commonly face numerous challenges and concerns the first time, they teach 

engineering (Lee & Strobel, 2014). 

3. Have no formal education or training in the field of engineering, as many teachers 

typically are not educated or trained as engineers (Pearson & Young, 2002; Lee & 

Strobel, 2014). 

4. Be employed within the public-school district that comprised the study setting. This 

criterion helped minimize variables related to uncertainty caused by their district or 

state environments.  

Participants were recruited after discussions with the district personnel responsible for 

overseeing and distributing the engineering curriculum, who then selected a set of teachers based 

on the above criteria. I reached out to these teachers via an email describing the study and 

enrolled the three teachers who responded. I had no prior relationship with or ties to the 
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participating teachers, which supports a more unbiased approach and minimizes any conflicts of 

interest. 

Participant Description 

Teacher D. At the time of the study, Teacher D was a 2nd grade teacher in a K-6 public 

elementary school with a total of 10 years of elementary teaching experience. She had been 

teaching second grade for the past four years.  She also had five years of experience as an 

English as a Second Language (ESL) teacher.  Teacher D holds a K-6 Teaching Certificate with 

a Structure English Immersion (SEI) endorsement. At the time of the study, she was working on 

a master’s degree in education leadership.  She had 32 students in her classroom and reported 

that many of her students are English Language Learners (ELL). She explained that she has 

students from a wide range of English language proficiencies, from a student who just arrived 

from Congo to native English speakers.   

During the pre-interview, Teacher D described her knowledge and experience of 

engineering, teaching engineering and this specific unit. Teacher D stated that she did not have 

any formal background or education in the field of engineering.  She explained her knowledge 

and understanding of engineering has come from the EiE Kits and the curriculum trainings and 

described herself as having a limited knowledge of engineering.   

In terms of her knowledge and experience teaching engineering in elementary school, 

Teacher D had participated in an EiE training at the Boston Museum of Science (Headquarters of 

the EIE curriculum) and several district trainings.  She had been teaching the kits for 4 years and 

taught a total of four different EiE kits.  She now leads the district EiE trainings for the Hand-

Pollinator kits.  Teacher D explained that this was her fourth time teaching the unit and was 

“very comfortable with [the] Hand Pollinator kit.”  Overall, Teacher D was experienced with and 
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knowledgeable about teaching engineering in her classroom, and particularly experienced with 

the Hand Pollinator kit lesson she was teaching.  

The Hand Pollinator kit, officially titled, The Best of Bugs: Designing Hand Pollinators, 

is part of the curriculum from Engineering is Elementary (EiE) curriculum.  Teacher D explained 

that this unit is district-assigned and part of integrated English Language Unit.  The EiE website 

provides the following unit overview for this kit (Museum of Science, 2011): 

Insects pollinate many kinds of plants. What if the right insects aren’t around to do the 

work? The storybook Mariana Becomes a Butterfly shows how one girl solves a 

pollination problem. In this unit, students become agricultural engineers. They’ll apply 

their knowledge of insects, insect life cycles, pollination, and natural systems as they test 

a variety of materials, then engineer their own technologies for pollinating plants by 

hand. 

This unit, like all EiE curriculum units, includes four lessons that are stated in the 

curriculum to take between 8-10 hours of instructional time.  The structure of the unit is as 

follows, Lesson 1 - An Engineering Story, Lesson 2 - A Broader View of an Engineering Field, 

Lesson 3 - How Scientific Data Informs Engineering, Lesson 4 - The Engineering Design 

Challenge. (Museum of Science, 2011).   

For this study, I observed two of Teacher D’s lessons that were part of Lesson 4, the 

engineering design challenge at the conclusion of the unit. The two observed lessons were back-

to-back one-hour lessons that took place before and after lunch on the same day.  During these 

lessons, each student was assigned a specific flower and tasked with planning, building, and 

testing four different designs for a hand-pollinator that matched their specific flower.  To design 
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their hand-pollinator, students were given a planning sheet, materials for building, a plastic 

model of their flower, and some resources from prior lessons.   

The observed lessons started with a five- to ten-minute group discussion to review what 

the students had learned in the prior lesson and to explain what they would be doing for the day.  

During this discussion, Teacher D reviewed the story book, passed out the plastic pipe flower 

models, and explained the procedures for designing and testing four hand pollinators.   Students 

then worked independently in their teams for the vast majority of the lesson as Teacher D sat to 

the side of the classroom passing out materials to each individual student.  During the 

independent time, students worked individually on their hand pollinators while Teacher D called 

up groups of students to line up and get materials for building.  As each student came up, 

Teacher D would ask them a few questions about their next design and give them the requested 

materials.  At the end of the lesson, Teacher D wrapped up the second lesson with a final five to 

ten-minute conclusion activity. During this activity, the students first paired up and shared about 

their designs and if the design worked.  Lastly, the class had a whole group discussion in which a 

few students shared about a successful design and what they learned. 

Teacher Z. Teacher Z is an educator at an intermediate fine arts magnet public school 

(4th – 8th grade).  At this school, students move from class to class for each subject, and each 

educator teaches one or two specific subjects.  Teacher Z teaches math and science as separate 

classes to fourth and fifth grade students.  The classes chosen for this study were described as 

gifted and high academic achievers.  

Teacher Z is a veteran teacher with 18 years of experience at the elementary level.  

Throughout her career, she has taught all 1st through 6th grades, and has been teaching the 4th 

and 5th grade combo for the past four years.  She holds an elementary teaching certificate with 
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endorsements in bilingual, early childhood, and gifted education.  Teacher Z described herself as 

having had no formal education or experience in the field of engineering. Like Teacher D, she 

explained that her knowledge about engineering has come from the trainings she has attended for 

the EiE kits.  She did, however, explain that she has family members and friends who are 

engineers and she has been able to talk with and get ideas from them about the engineering 

project she teaches.   

In terms of teaching engineering, this is Teacher Z’s fifth year teaching two to three 

engineering units per year.  Over the past five years, she has taught the Alarm Circuit kit and the 

Simple Machines kit five times each; and the Maglev kit, Solar Oven kit, and Parachute kits each 

one time. She has attended several district trainings on the EiE kits.  She now leads the district 

one-hour trainings for Alarm Circuit unit and Maglev kits. Overall, Teacher Z could be described 

as having considerable experience and knowledge teaching engineering in elementary school, 

particularly with this specific circuit unit. 

The observed lesson was from the EiE Alarm Circuit unit, which is titled, An Alarming 

Idea: Designing Alarm Circuits.  Teacher Z stated that this unit was assign by the district, but 

also explained that the unit helps prepare her students for the state science test for 4th grade 

students.  The EiE website provides the following introduction to this unit (Museum of Science, 

2011):  

How do electrical circuits work? The lessons in this unit will get students thinking like 

electrical engineers, starting with the storybook A Reminder for Emily, about a girl living 

in the Australian outback who needs an alarm to remind her when it’s time for chores 

around the ranch. The hands-on activities in this unit reinforce science concepts including 

conductors and insulators, schematic diagrams, and circuits. For the final engineering 
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design challenge, students plan, create, and improve their own alarm circuit.  

This unit follows the same four-lesson structure and takes between 8-10 hours of 

instructional time as stated in the curriculum (Museum of Science, 2011).   

For this study, I observed as Teacher Z taught two consecutive one-hour lessons to a class 

of 22 fourth-grade students.  The observed lessons were part of the design challenge (Lesson 4 of 

the EiE unit), where the students are tasked to design an alarm circuit that sets off both a light 

and a buzzer.  A major part of the task is for students to design and build a switch, which is 

meant to mimic a trough running out of water, that sets off the alarm and reminds the girl to 

water the horses.  During these lessons, teams of three to four students were tasked with 

planning, building, and testing different alarm circuit designs. To design their circuit, teams were 

given planning sheets, buzzers, light bulbs, bulb holders, wires, D batteries, a cup with blue 

plastic beads to mimic the water trough, and numerous other building materials for creating the 

circuit. 

The observed lessons started with a five-minute group discussion to review what the 

students had learned in the prior lesson and explain what they would be doing for the day. 

Students then worked independently for the vast majority of the lesson in their teams as Teacher 

Z managed materials, took care of a few administrative tasks, and walked around to check on and 

support each group.  At the end of the lesson, Teacher Z convened a short group discussion to 

wrap up and reflect on the lesson.   

Teacher K. At the time of the study, Teacher K taught sixth grade at a K-8 public school.  

At this school, sixth grade students move from class to class for each subject and middle school 

teachers teach one or two specific subjects.  Teacher Z taught three periods of science and one 

period of social studies to sixth grade students.  
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Teacher K is a veteran teacher with 17 years of experience at the upper elementary and 

middle school level.  Throughout her career, she has taught fifth grade for three years, eighth 

grade for two years, and has now been teaching sixth grade for the past twelve years and sixth 

grade science for the past three years.  She holds an elementary teaching certificate. Teacher K 

described herself as having no formal education or experience in the field of engineering.  Like 

the other teachers, she explained that her knowledge about engineering has come from the 

trainings she has attended for the EIE kits.  

In terms of teaching engineering, this was Teacher K’s fifth year teaching the EiE 

engineering kits in her classroom.  Before this unit, she had taught the Designing Bridges and 

Designing Knee Brace twice each, the Pulleys unit once, and the Parachute unit once, but not all 

the way through.  It is important to note that unlike the other teachers, who were very 

experienced with the units I observed, this was her first time teaching the entire Parachute unit.  

Teacher K had attended summertime district trainings on the EiE kits and three or four one-day 

trainings during the school year.  She also explained that she had attended a training on the 

Parachute unit, but that it was more of a quick review rather than an extensive training. Overall, 

Teacher K explained that she feels comfortable teaching engineering, but that she had limited 

experience with this specific unit.  This represents a clear difference in experience between 

Teacher K and the other two teachers.  

The observed lesson was from the EiE Parachute unit, which is titled, A Long Way Down: 

Designing Parachutes. Teacher K stated that this unit was assign by the district and explained 

that she is supposed to teach this one in particular because it goes with the weather and climate 

science unit.  The EiE website provides the following introduction to the unit (Museum of 

Science, 2011): 



ENGINEERING UNCERTAINTY   55 

This unit introduces students to aerospace engineering—and how aerospace engineers use 

their knowledge of astronomy to design space technologies. Starting with the 

storybook Paulo’s Parachute Mission, students learn about a boy from Brazil who 

designs a parachute to get a large, heavy fruit down from a tree. Students apply their 

knowledge of drag (air resistance) and conditions on other planets to engineer a model 

parachute that’s “mission ready” to land a payload on a planet with an atmosphere much 

thinner than Earth’s. 

This unit follows the same four-lesson structure and takes between 8-10 hours of 

instructional time as stated in the curriculum (Museum of Science, 2011). 

For this study, I observed Teacher K teach a one-hour lesson to her second-period science 

class with 33 sixth-grade students.  The observed lessons were part of the design challenge 

(Lesson 4 of the EiE unit), where the students are tasked to design a parachute.  A major part of 

the task is for students to design and build a parachute, which is meant to slowly lower a 

“payload” to the ground.  In the lesson prior to the observation, students had begun planning and 

calculating some of their measurements for the radius of the canopy and string lengths.  During 

the observed lesson, teams of three to four students were tasked with finishing up their plans and 

spending the majority of the lesson building their parachute.  To build their parachutes, the teams 

were given tape, string, paperclips, rulers, plastic bags, glue, and different types of fabric to 

choose from for the canopy. 

During the observed lesson, Teacher K started with a long 20-minute whole-group 

discussion in which she went over the directions for building the parachute. During this 

discussion, Teacher K went over their calculations and gave step-by-step instructions on how to 

create a circle for the canopy by building a compass with a piece of string and pencil. After the 
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whole-group discussion, students worked independently in their teams as Teacher K walked 

around to check on and support each group.  At the end of the lesson, Teacher K did a quick 

whole-group discussion to wrap up and reflect on the lesson.  

Data Collection 

Data collection occurred throughout one semester in which all three participants taught 

their respective engineering units.  Two types of data were collected: researcher observation and 

participant pre- and post-interviews. Procedures for collecting each type of data are discussed 

below.   

Researcher Observations   

During classroom observation, I recorded field notes using the form in Appendix A.  

During the observations, field notes were recorded with regards to the teacher’s actions, student 

actions, and student-teacher interactions. Nonverbal actions and responses (e.g., gestures, 

physical manipulation of and positioning around tools and materials) and classroom contexts 

(e.g., set up of physical classroom, cooperative groups, availability of materials) were also 

recorded using field notes.  Immediately after each observation, I summarized and further 

described the overall context of the day’s lesson, recorded my overall feeling of the lesson, 

further detailed any perceived sources or moments of uncertainty, and identified any noteworthy 

situations that occurred.  

Lessons also were video-recorded to both permit multiple viewings during analysis and to 

provide video segments for the later interviews with the teachers.  The video camera was set up 

to capture as much of the classroom space as possible without getting in the way or distracting 

the students or the teacher.  For the majority of the lessons, the camera was set up in the back of 

the classroom, with the lens angled toward the front of the classroom. At times, the camera was 
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moved to capture close up images of the teacher’s interactions with certain students or of student 

groups and their work.  The camera was always aimed away from students who did not give 

assent or have parent consent.  One microphone was attached to the teacher to ensure that her 

comments and utterances were recorded.  An additional microphone, located on the camera, was 

used to capture the sounds and discussions of the general classroom.  This second microphone 

helped capture student comments and peer interactions away from the teacher.  The audio 

portion of the video recording was transcribed using an internet-based transcription program 

from the site https://otranscribe.com/.  The combined approach of field notes and video recording 

allowed for the development of a rich description of what happened during each observed lesson.   

Interviews 

Pre- and post-observation semi-structured interviews were conducted to capture 

participants’ views about teaching engineering and their perception of and reasoning behind the 

actions they took related to student uncertainty.  The semi-structured approach was oriented 

around a protocol to promote consistency across participants, while also allowing for the in-

depth exploration of emergent lines of inquiry that arose during the interview (Creswell, 2013; 

Merriam, 2009).  The interviews were audio recorded and transcribed using 

https://otranscribe.com for later data analysis. 

Pre-observation interview.  A 16-question pre-observation interview script (see 

Appendix B) was used to inquire about the participants’ knowledge, educational background, 

and experience related to engineering and to gather information about the specific unit to be 

taught.  These data enabled me to build a profile of each participant, identify characteristics that 

influenced the participant’s views of or reaction to uncertainty, and support interpretation of 

what was observed during the lesson.  The script was based on Hynes’ (2012) study, which 



ENGINEERING UNCERTAINTY   58 

examined middle-school teachers’ understanding and teaching of the engineering design process. 

Each interview was anticipated to last 45 minutes. The script examined three topics: 

1. Participants’ basic teaching profile and background related to engineering.  Six 

questions asked about the participant’s background and experiences that may have influenced 

their interpretations or decisions related to uncertainty.  

2. Participants’ understanding of and goals for teaching engineering.  Three questions 

examined participants’ background knowledge about engineering, which could affect their 

comfort in taking risk or allowing for uncertainty.  Participants’ goals for teaching engineering 

further may give insight about their perspective of the uncertainty inherent in engineering.   

3. Participants’ views about the specific engineering unit. Seven questions were posed 

regarding participants’ experience with, interpretation of, and goals for teaching the specific unit 

they were teaching. Gathering these data assisted in anticipating how the participant would 

interpret and manage uncertainty. 

Post-observation interview.  A 16-question post-observation interview script (see 

Appendix C) was used to gather data after the conclusion of the engineering unit. The aim of the 

post-interview was to: (a) examine participants’ perceptions, interpretations, and experience 

related to teaching their engineering unit and student uncertainty; (b) identify their perceived 

reactions to and negotiations of opportunities for student uncertainty, and (c) gain understanding 

of the reasons for their actions. The script is organized into two parts: 

Part 1: Participants’ general perceptions of teaching unit.  Eight questions solicited 

participants’ feelings about teaching engineering; perceptions regarding successes and challenges 

of teaching the engineering unit, student benefits and struggles with the unit, and goal 

accomplishment; thoughts about how they might teach the unit differently in the future; and 
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interpretations of student uncertainty. These questions were anticipated to reveal their overall 

views of and approaches toward uncertainty, as well as why they handled it in the way they did.  

By asking explicit questions related to the participant’s perception of uncertainty, I gained 

valuable information about which aspect of the lesson the participant saw as uncertain for the 

students and for themselves.     

Part 2: Participants’ experiences and rationale for their actions related to student 

uncertainty. During this part of the post-interview, I presented a series of clips from the lesson 

and asked the teacher to describe what was happening in the clip, what they noticed, and an 

explanation of their actions or the action of the students.  This interview process is called 

stimulated recall, wherein researchers prompt participants using a video sequence and then ask 

participants to recall their thinking during that event (Lyle, 2003).  Lyle explained that stimulated 

recall maintains a sense of the real-life context and provides an introspective procedure for 

investigating participants’ cognitive processes using this “stop and remember” versus a “talk you 

through it” approach (p. 863). Stimulated recall has been used extensively in educational 

research.  The “stop and remember” approach was employed by selecting short (e.g., 1- to 5-

minute video clips and giving participating teachers time to think and reflect after each clip 

before making comments.  The participants also were reminded they could stop the video clip at 

any time to discuss or make a comment, or we could watch the entire clip and then discuss.  The 

video clips were selected in order to capture moments related to student uncertainty, which 

included (a) student-teacher interactions that took place as students faced a struggle or 

uncertainty with their design and (b) teacher actions that could potentially impact student 

uncertainty during the lesson.  A detailed description of the video clip selection follows in the 

data analysis section below.   
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After watching each clip, the teachers were first asked a general question, such as “Can 

you talk me through what you are thinking there,” “Why you did that,” or “Can you tell me about 

what is happening in this clip?”  Depending on the teacher’s response to these more general 

questions, participating teachers were asked more specific follow up questions about their 

actions and rationale for those actions.  Examples of these more specific questions included; 

“Why did you decide to let the students struggle here,” “Why did you decided to help the 

students,” “Why do you think the students were struggling,” or “How did you react to the student 

in this clip?”  These questions prompted the teachers to explain, or more fully explain, the 

reasoning behind their actions that impacted student uncertainty (see Appendix C for the 

complete post-observation interview protocol and list of potential probing questions). 

Data Analysis 

Thematic Approach 

Thematic analysis procedures were used to generate within-case and cross-case analyses. 

Braun and Clarke (2006) define thematic analysis as a method for identifying, analyzing, and 

reporting patterns or themes within data (p. 6). The authors explain that thematic analysis is a 

flexible approach that seeks to describe patterns across qualitative data, such as identifying 

patterns across case studies.  A theme, as Braun and Clarke (2006) explained, captures 

something important about the data in relation to the research question, and represents some 

level of patterned response or meaning within the data set.  For the purpose of this study, I have 

chosen an analyst-driven approach, which means that the themes are derived from the 

researcher’s theoretical or analytic interest in the area.  A theme captures the central message 

reflecting both my interpretive lens and the meaning of the data.  
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Braun and Clarke explain that thematic analysis is best used for interviews and research 

question that investigate lived experiences.  Therefore, this thematic approach fits this aim of this 

research to understand the experience of three elementary teachers’ reasons behind their actions. 

Data collected from participants were analyzed in order to create rich descriptions of: (a) the 

teachers’ actions that impacted opportunities for student uncertainty and (b) the teachers’ 

interpretations of and reasoning behind these actions.  A thematic approach (Braun and Clarke, 

2006) was used to iteratively analyze the data and identify and understand the most important 

themes.  

Selecting Moments of Uncertainty 

To create rich descriptions of the teachers’ actions that impacted opportunities for student 

uncertainty, I first had to understand and identify the moments and elements of uncertainty that 

students faced during the observed engineering lessons. To identifying moments of uncertainty 

and classify teacher actions in relation to its impact on opportunities for student to face 

uncertainty, I utilized a three-phase process.   

For the first phase, I watched the video of each teacher’s lesson(s) and indicated moments 

of student uncertainty based on students’ use of words, phrases, or utterances that conveyed 

doubt, hesitance, non-definitiveness or feeling unconfident or unsure (Jordan, 2010; Schroeder, 

2010).  Such words or phrases include but are not limited to: “mmmm,” “unsure,” “I don’t 

know”, “I don't think,” “I am not sure,” “I am confused,” and “I wonder.”  Additional indicators 

include adverbs that refer to the probability of occurrence, such as “probably,” “most likely,” 

“perhaps,” “maybe if,” and “possibly.”  Jordan (2010) further noted that modal verbs and 

auxiliaries, used to convey referentially ambiguous uncertainty (e.g., often, seldom, never), also 

may be markers of uncertainty.  Overall, moments of student uncertainty were generally 
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identified as times when an individual or group of students ran into a problem with their design, 

struggled to make progress, or asked for help from the teacher.   

The second phase of the process for identifying moments of uncertainty was to focus on 

teacher actions that led to either reduction or maintenance of uncertainty.  This phase was based 

on the literature, as shown in Chapter 2, that identifies teachers’ actions and strategies as either 

maintaining or reducing productive struggle (Permatasari, 2016), productive persistence 

(Edwards and Beattie; 2016), or high-level tasks (Smith et al.; 1998; 2000).  This literature 

provided a useful tool to further identifying and confirming moments of student uncertainty and 

classifying the teacher actions during these moments as either reducing or maintaining 

opportunities for student to deal with uncertainty.  For example, if a teacher “tells students or 

giving hints that prescribe a particular approach to the problem,” which has been identified as 

reducing productive persistence by Edwards and Beattie (2016), the moment could be identified 

and the teacher action classified as reducing student uncertainty (see table 2.2 on page 17). Or if 

a teacher action “gives time and support for students to manage their struggle,” which was 

identified as a strategy for promoting productive struggle (Permatasari, 2016), the action would 

be classified as maintaining opportunities for student uncertainty.  

This second phase was used to narrow down and select video clips for the stimulated 

recall interview based on the following two categories, (a) student-teacher interactions that took 

place as students faced a struggle or uncertainty with their design, and (b) teacher actions that 

potentially impacted student uncertainty during the lesson.  It is important to note that the 

selected video clips were not meant to fully restrict the analysis to only these chosen moments or 

to restrict the teacher’s comments to only these moments.  Instead, these videos clips were used 

to narrow the scope of the study and as a tool for reflecting and stimulating discussion during the 
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post interview.  Teachers were able to, and often did, discuss moments outside of these video 

clips.   

Student-teacher interactions clips. These clips captured teacher actions that took place 

as their students struggled or faced uncertainty with their design;  I selected clips that captured 

the moment when a student group asked for help from the teacher because they were struggling 

or uncertain about how to complete their design or overcome a problem.  For example, one of the 

selected clips (clip 3) shows a moment when a group of three boys struggling to get both their 

buzzer and light to turn on in their alarm circuit design call Teacher Z for help.  Teacher Z listens 

to the boys, looks at their design, and then proceeds to ask them a set of questions to help them 

think about their design and the problem.    

Teacher action clips. These clips where identified as potentially impacting student 

uncertainty if the action preemptively promoted or reduced student uncertainty. For example, a 

clip of a teacher making statements that promoted student mistake making and perseverance 

without teacher support was identified as an action that was aimed at maintaining student 

uncertainty by setting the classroom expectation that students would face uncertainty and should 

work to overcome it without teacher support. In contrast, a clip of a teacher giving step-by-step 

directions on how to complete their design was identified as an action that reduced or minimized 

the students’ opportunities to figure things out for themselves and therefore face and overcome 

uncertainty. Both of these examples were classified as teacher actions that could potentially 

impact student uncertainty.  Appendix D provides a table with brief descriptions of the clips 

selected for the stimulated recall interviews.  

The third phase of this process for identifying and classifying moments of uncertainty 

was to apply the framework of an ill-structured engineering task to identify moments of 
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uncertainty and to understand how a teacher action was specifically related to the source of 

uncertainty. Once a teacher action was classified as affecting opportunities for student 

uncertainty (Phase 2), the teacher’s action was then mapped onto the elements of an ill-structured 

problem space (see Figure 2.2 on page 25).  The teacher action was then confirmed as either 

maintaining, reducing or eliminating opportunity for uncertainty as it affected a specific source 

of an ill-structure task that has been shown to cause uncertainty (Jonassen et al., 2006). This 

three-part process allowed for the identification, classification and mapping of a teacher action to 

how it affected the ill-structured problem space of an engineering task, and thus the potential 

opportunity for students to face uncertainty. 

Analysis of Interviews 

To create rich descriptions of the teachers’ interpretation and reasoning behind their 

actions when faced with uncertainty, I used the thematic approach to analyze teacher interviews. 

The pre- and post-interviews were analyzed using a holistic approach to develop an 

understanding of each teacher’s: (a) experience, background, and understanding of engineering 

and teaching engineering, (b) goals for teaching engineering and intention for the specific lesson, 

(c) general interpretation of student uncertainty, challenges, and struggle, (d) general 

interpretation of the lesson and their actions and how they structure the engineering lesson.  

During this first phase of analysis, specific attention was paid to issues, ideas, and comments 

related to student struggle and uncertainty.   

The pre-teaching interview transcripts were first examined and meaning units (discrete 

ideas reflected in words, phrases, sentences) were coded using the following initial list of codes: 

participants’ general stance towards uncertainty, participant engineering qualifications, 

participant teaching qualifications, factors affecting task design and implementation, participant 
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attitude related to uncertainty, teaching philosophy related to uncertainty, planned source of 

uncertainty.  After applying the initial codes, data were organized by code and then examined 

again to identify sub-codes. For example, for participant’s general stance towards uncertainty, 

the following sub-codes were identified: feeling unsure/doubtful, letting kids struggle, open-

ended problems, fearful of how a lesson might not turn out, etc. These sub-codes provided a 

general mapping of teacher perceptions, and a focus for the stimulated-recall video interviews. 

Post-teaching interview data also were examined in two parts.  First, for the general post-

teaching interview questions, the following initial list of codes was used to examine the meaning 

units: perceptions of teaching experience, perceptions of managing uncertainty, perceived 

pedagogical uncertainties of teaching engineering, instances where students were allowed to face 

uncertainty, participant reactions toward uncertainty. This analysis provided an overall 

understanding about each teacher’s goals, successes, and their general interpretation of the 

struggle or uncertainty students faced during the lesson.  

The second part of the post-interview, which used stimulated recall, was analyzed using 

thematic content analysis.  In this part of the analysis, research memos were used to explore each 

individual teacher’s responses to identify themes in relation to the reasoning behind their actions.  

To begin, I analyzed the transcripts using spreadsheet columns and a system of color-coding to 

identify and classify meaning units (discrete ideas reflected in words, phrases, sentences).  I then 

looked across these meaning units and reexamined the data to establish initial codes or 

meaningful categories for each teacher.  Teacher D’s initial coding included, (a) task challenges, 

(b) struggle for students, (c) teacher uncertainty, (d) set-up or preparation, (e) goal of the lesson, 

(f) attitude and philosophy towards teaching, and (g) outside constraints and commitments.  The 

initial codes for Teachers K were, (a) maintaining, reducing, or avoiding uncertainty, (b) process 
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for evaluating a groups progress and deciding when and how to step in, (c) task uncertainty, (d) 

student struggle, (e) preparation, (f) teacher uncertainty or frustration, and (g) outside constraints 

or competing commitments.  For Teacher Z, the initial themes were coded as, (a) successes with 

unit, (b) math challenges, (c) challenges with the task, (d) students concerns, (e) clarity versus 

uncertainty, (f) attitude and philosophy and (g) feeling unprepared.  

For the next step of my analysis, I looked across all three teachers to examine the themes 

that may be present across cases. The initial themes across teachers were categorized as, (a) the 

intention to let students struggle through uncertainty, (b) the role students played in the teacher’s 

decisions and actions, (c) the perceived role and identity of a teacher and what a teacher “should 

do” and, (d) competing commitments such as time, materials, and expectations. These data were 

then reexamined and further analyzed to confirm and deepen my interpretation of the themes, as 

suggested in the literature on thematic analysis (Braun and Clarke, 2006).  This iterative process 

or thematic analysis led to the identification of the main categories that would eventually 

represent the forces described in chapters four and five. 

Reliability and Validity 

While threats to research reliability and validity can never be totally eliminated, I 

minimized these threats using several methods.  First, a process of constant comparative analysis 

was used to achieve data triangulation of the multiple data sources gathered in this study 

(Merriam, 2009).  Second, the inclusion of multiple case studies enhanced the validity of my 

findings.  Third, I confirmed the accuracy of the transcripts by reviewing them while listening to 

the audio-recorded interviews and video-recorded lessons, and corrections were made as needed. 

Fourth, after each post-interview, I confirmed the accuracy of my interpretations of participants’ 

moments of uncertainty by recapping the major stories or instances of uncertainty during the 
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interview.  Lastly, I debriefed my findings with my colleagues and asked them to confirm or 

offer alternative interpretations and insights. Together, I believe my research design and the 

measures stated above ensure the trustworthiness of my research results. However, particular 

perspectives and biases I may have brought to this study are discussed below. 

Positionality 

Merriam (2009) states that all research is subjective, and all researchers bring with them 

particular perspectives, biases, and assumptions that influence the research process and 

conclusions.  Accordingly, qualitative researchers construct meaning from experiences rather 

than empirically derive so-called objective measurements from data (Merriam, 2009).  Like all 

qualitative researchers, I was influenced by, and construct meaning from, my prior knowledge 

and experience. Specific to this study, my knowledge, background and experience as an 

engineer, elementary teacher, academic researcher, and teacher educator shaped the data 

collection and analysis for this investigation.  Therefore, I am describing my personal connection 

to engineering, elementary education, and uncertainty.  

As a trained engineer, second grade teacher, and teacher educator, I am deeply interested 

in the integration of engineering into elementary classroom.  My educational background 

consists of a Bachelor of Science in Mechanical Engineering.  As a trained engineer, I bring a set 

of knowledge, skills, and understanding of the field of engineering above the level of many K-12 

educators, especially in the elementary grades.  As a second-grade teacher for five years, I also 

bring an understanding of the struggles and practicality of teaching in an elementary school 

setting.  While working as a teacher, I strove to bring engineering to my students through in-class 

activities and afterschool clubs.  My prior experiences, knowledge, and belief in the value of 

engineering for K-12 students comprises a certain bias I bring to this study.  
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As a Ph.D. student in the College of Education, I am currently focused on researching K-

8 engineering and science education.  As a doctoral student in teaching and teacher education, I 

am immersed in academic ideas and theories that contribute to my thinking about how to teach 

educators to teach science and engineering to their students. Over the past five years, I have 

taught and modified a science methods course that introduces and integrates engineering to 

preservice elementary teachers.  I also have worked as a curriculum developer and taught 

preservice courses and in-service teacher training, all of which include elements of integrating 

engineering into more K-12 classrooms.  Like my experience in engineering, these experiences 

in academia and working as a teacher educator may influence my interpretations in this study. 
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CHAPTER 4: UPWARD FORCES 

 This chapter presents the upward forces that influenced those teacher actions that served 

to maintain or enhance the amount of opportunities to face uncertainty students experienced. For 

each upward force, I will begin by describing a teacher’s action and explain how it maintained 

student uncertainty. If a teacher’s action encouraged or maintained one of the aspects of an ill-

structured problem, the action was classified as maintaining or increasing student uncertainty. I 

will then describe the teachers’ reasoning behind these actions. The reasoning behind a teacher’s 

actions will be modeled as upward forces, as they represent the factors that influenced the 

teacher’s decision to take an action that maintained or increased student uncertainty. I will close 

this chapter with a summary of the findings for these upward forces. Teacher actions and 

underlying reasoning that led to reduced or minimized opportunities for student uncertainty 

(downward forces) are described in Chapter 5.  Based on the findings, the upward forces for 

these three teachers fall into four categories as illustrated in in figure 4.1. 

 

Figure 4. 1: Diagram of the four Upward Force. 
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Upward Force 1: Goal for Teaching Engineering 

All three teachers discussed the goal or intention of teaching engineering as affecting 

their decision to take an action to maintain, encourage or support opportunities for student 

uncertainty. This category is used to classify comments where the teachers describe their goals 

for learning, what they accomplished or hoped to accomplish with the lesson, and/or their 

reasons for teaching engineering or an engineering lesson. In this section, I have broken the 

teachers’ goal for teaching engineering into two subcategories: fostering student independence 

and independent struggle and fostering mistake making and improvement within a divergent 

problem space.    

Subgoal 1: Promoting Student Independence and Independent Struggle  

A main goal of teaching engineering for the teachers in this study was to promote and 

encourage independence and independent struggle. I will start by exploring how Teacher Z 

described and promoted this goal in her classroom. 

Teacher Z.  Teacher Z discussed her overall intention to let the students have the 

freedom to learn and work independently on an engineering task and overall, Teacher Z’s actions 

matched her goal. For the majority of her lesson, where the students were designing and building 

their alarm circuits, Teacher Z acted in ways which maintained student independence and 

struggle, with little teacher intervention.  Teacher Z first structured the lesson so that students 

worked independently in groups of three to four students. While the students worked, Teacher Z 

walked around checking on groups and stopping to ask questions to get the students thinking, or 

to provide small comments and hints, but without telling them explicitly what to do.  For 

example, Teacher Z approached a group of three boys who were having trouble with their circuit. 

After observing the group for 20 seconds, Teacher Z asked, “Was it working for the light?  Let 
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me see? Show me with the light bulb? Show me what is not working. So, find the mistake, try 

something else, go a different route.” The teacher then walked away to check on another group.   

Teacher Z’s decision to walk away and leave students who were having trouble 

represents an action that forced students to struggle their way through a problem without teacher 

guidance. By refusing to provide hints or guidance and instead asking non-leading questions and 

walking away, Teacher Z maintained student independence and encouraged them to continue 

struggling through an open, ill-defined, and divergent problem space.  Therefore, this action 

maintained and encouraged students to face the uncertainty of an ill-structured engineering 

problem. 

After watching the video clip of this action, Teacher Z explained, “So I decided to just 

stand there and say, ‘What are you doing?’ And just double check on them. Are the other two 

working on something? Was he just doing everything?  So, they were working together, it was 

fine. But (they) were like, help, because it didn’t work, and at that point, I was like, alright, I am 

not going to help.”  In these comments, Teacher Z described how she takes a deliberate approach 

when deciding to help or not help students during independent work time.  She explained that 

she was willing to let the students continue working without her help after she had identified that 

the issue was not due to the student’s inability to work together.  Overall, these comments 

indicate the intentionality in her decision to let the students struggle through the problem and 

face the uncertainty of finding their own solution path for designing the alarm circuit.  

Paralleling these actions was what Teacher Z initially described in her pre-interview as 

her goal to let students work and struggle independently while completing the engineering task. 

When asked if she allows students to struggle to overcome some of their own problems while 

teaching engineering, she replied,  
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Z: I think I let them… I try to tell them to first ask people in their team before 

they ask me. So, I think I am allowing them to struggle there or to just ask... Sometimes I 

ask them the same question to get them to think, what are they doing to solve it or what 

else have you tried. I guess, ummm... at least that is my intention to let them struggle with 

it. 

In this statement, Teacher Z makes it clear that a goal and intention for teaching 

engineering was to allow her students struggle and work with limited teacher support or guidance 

during an engineering lesson. She describes strategies she uses to achieve this, such as having 

students first ask people on their team before asking her. Based on the parallels between her 

intentions, actions, and the reasoning behind her actions, Teacher Z’s goal to promote 

independence and independent struggle while teaching engineering represents an upward force 

behind her actions to maintain student uncertainty. 

Teacher D. Teacher D’s actions and comments throughout her lesson encouraged 

students to work independently as they designed their hand pollinators. Beyond structuring her 

lesson to let students work independently, Teacher D made explicit comments that pushed 

students to design and problem solve on their own.  For example, at the beginning of the lesson, 

during the whole-group discussion, one of the boys in the class asked a specific question about 

how to design his hand pollinator. Teacher D stopped him mid-question and replied, “ahh, I can't 

tell you that, you are going to have to figure it out.”  Teacher D’s reply made it clear to this 

student and the entire class that she expects them to figure problems out for themselves. By 

refusing to guide or lead the student, Teacher D maintained the open, ill-defined, divergent 

quality of the engineering task.  Therefore, this action maintained and encouraged students to 

face the uncertainty of an ill-structured engineering problem. 
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When asked about her effort to let students work so independently, and specifically about 

her comments above, Teacher D explained,   

D: I think this is more freedom. I think when you are doing math, you might teach 

two or three ways to do a problem, with certain strategies so it still limits them, and I 

think this is like... Even though we do manipulative in math, different things to work with 

and play with, I think this is more, like, their own creation, their own thought, their 

own design.  And it is not me giving them options.  Like, you have to do these three 

strategies.  And then you...  I just think it is more freedom for them, but they are learning 

just the same.  You know? 

In these comments, Teacher D explained how her actions above were tied to her 

intentions for teaching engineering.  Specifically, she explained that her decision to not give 

students options was an effort to encourage and impose this freedom and independence on her 

students.  Additionally, in her comparison of teaching engineering to teaching math, Teacher D 

conveyed the intentionality in her actions to provide students ownership in developing their own 

design and solution pathway as a specific intention for teaching engineering.  

Additionally, in the pre-interview, when asked about her goals for teaching engineering, 

she replied: 

D: So, my goal is to have them discover how to solve a problem without my help. 

To be more independent and let them know it's okay to expand because in math or certain 

subjects I have to teach him like a certain way. This is how you get there. For doing 

reading, there's a way that I need you... there is a correct way to do it. It's neat because 

these kits let them be more independent in their own learning. So, I kind of want them to 

be more independent, more agency in their own learning. 
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In this statement, by contrasting this independent aspect of teaching engineering to math 

and reading instruction, Teacher D made it clear that it was her goal from the beginning to 

develop a sense of independence and agency in her students and help them understand that there 

can be more than one correct or certain way to solve problems.  The parallel aspects between her 

goal for teaching engineering, her actions, and the reasoning for her actions that maintain 

opportunities for student uncertainty demonstrate a clear link between the goal and action. 

Therefore, her goal for teaching engineering represented an upward force as it matched and was 

directly linked to her actions that maintained student uncertainty.   

Teacher K.  Teacher K, like the other two teachers, had a general intention to let her 

students work and design independently while teaching engineering.  For example, Teacher K, 

like the other teachers, set up her classroom to let students work in groups to design their 

parachutes as she walked around to check in and help students. However, Teacher K also 

discussed an inclination to step in and help students when needed.  For example, when asked 

about her lesson setup, she replied, 

K: I'm giving them time as I walk around, too, so I guess I'm just letting them try 

to figure it out, and if I see something that's wrong, I'm just, like, kind of letting them 

know that. 

These comments represent her typical teaching approach throughout the lesson. This 

approach can be described as a quasi-independence, as it promoted a degree of independence 

while also reducing the students’ independence due to her tendency to intervene whenever she 

viewed that the students were doing something wrong.  This quasi-independence maintains, but 

in a limited capacity, the opportunity to face and overcome the uncertainty of struggling through 

a problem and finding their own solution path.   
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Paralleling these actions and comments was what Teacher K described as her general 

approach or goal for teaching engineering.  In the following comments, Teacher K expresses her 

approach and intention for to teaching engineering. 

K: And of course, when they're creating it. I mean, don't get me wrong, I'll sit 

there and say “Okay, well if you try this, would this work?” And then they're like, “Ohh.” 

You know, or you kind of help them out still but, I mean, yea you kind of want them to 

kind of see if they figure it out on their own. Because I could just say, "Okay, we're 

gonna do this, and then we're gonna do that, and then you're…" I mean, just, that takes 

the fun out of it, too, you know. And that's not real life, so... 

By emphasizing that she wanted students to “figure it out on their own” as opposed to an 

approach where she tells students step-by-step what to do, Teacher K expressed that her general 

intention or approach for teaching this engineering unit was to let students design their own 

parachute and provide limited teacher guidance. However, her comment “I'll sit there and say 

‘Okay, well if you try this, would this work?’” and “you kind of help them out”, again expressed 

her tendency to step in and help the students, which also limited the students’ independence and 

opportunities to face and overcome uncertainty.  This teaching approach for engineering, which I 

describe as quasi-independent, directly matched her actions and comments above, and therefore 

represents an upward force that maintained student uncertainty, but only in a limited capacity 

compared to the other two teachers.   

Subgoal 2: Fostering Mistake Making and Improvement in a Divergent Problem Space 

In addition to the effort to promote independence, the teachers in this study also acted in 

ways that encouraged students to make mistakes, to learn from and improve on their mistakes, 
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and to attempt different solution paths.  These actions were closely tied to the teacher’s overall 

goal or intention for teaching engineering.   

Teacher D. Teacher D, for example, encouraged her student to make mistakes, try 

different solution paths and improve their designs throughout the observed lessons.  One instance 

of this occurred when she was talking to the whole class before they began planning and 

designing.  She stated, “We are supposed to explore, have fun. If we make a mistake, what 

happens?' The students respond in chorus, “Mistakes are for learning!” And then the teacher 

replied, “Mistakes are for learning; we can learn how to improve it.”  Teacher D made it clear 

from the very beginning of her lesson that it was okay to make mistakes and that mistakes are 

part of learning and developing better solutions. Similar comments were observed throughout her 

lesson. 

Another example of Teacher D’s actions to promote mistake making took place at the end 

of the lesson. Teacher D used a whole-group discussion at the conclusion of the lesson to 

highlight a student mistake; she asked a student, "Ohhh, did you get anything lost in there? Yeah, 

what did you get lost?” The student replied, “The pompom.” Teacher D then asked, "So why do 

you think the pipe cleaner worked?" and the student responded, “It is because it is fuzzy, and 

then the pollen stick to fuzzy things.”  Teacher D first highlighted the student’s mistake or 

flawed attempt with the pom-pom. Teacher D’s next question then highlighted the girls’ 

successful solution and illustrated to the class that this student was able to take a new approach 

and find a successful solution after her initial flawed attempt.   

These two actions are representative of ways that Teacher D encouraged her students to 

struggle through a problem by making mistakes and then learning from and improving upon 

flawed designs or mistakes. Teacher D’s actions set up a classroom atmosphere that encouraged 
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the freedom to try out an approach and then attempt a new approach or shift directions after a 

mistake.  These actions encouraged and maintained an open and divergent quality of the problem 

space and, consequently, maintained the opportunity for students to face uncertainty.   

After watching the second interaction, Teacher D discussed the reasons behind her 

actions.  She stated, 

D: So, she is telling me... her answer is telling me she is understanding. Like, her 

getting the pompom stuck. And her using the pipe cleaner. Like, she did correctly make 

her hand pollinator. But she also knows she made a mistake. But just because you make a 

mistake... she found a solution. So that kind of shows me she is understanding the goal. 

These comments expressed Teacher D’s intention to help her students overcome mistakes 

by trying out a new solution path. She explained that her actions were meant to highlight and 

verify that the girl recognized her mistake and understood that this was part of the process 

towards her successful design.  Teacher D’s statement that this “shows me she is understanding 

the goal,” explains how these actions are directly tied to her goal for teaching engineering.  

Teacher D likewise expressed in her pre-interview that encouraging mistake making was 

one of her primary goals for teaching engineering. She stated that “improving” was a “huge 

focus with kids” and that students must find “different ways to get to the same answer” and 

determine which was the best solution. Teacher D expressed how she wants students to develop 

an understanding, which she described as the “aha moment”, that there is not one single way to 

solve a problem, and that they need to try different materials or approaches in solving problems. 

Overall, this goal for teaching engineering represents an upward force as it influenced her actions 

to encourage and maintain an open and divergent quality of the problem space, which allowed 

students to face opportunities for uncertainty in choosing, altering, or switching solution paths.   
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Teacher Z. Teacher Z similarly encouraged mistake making and improvement by 

encouraging students to try different materials or solution paths throughout the observed lessons.  

When discussing her reasoning, Teacher Z explained that she wanted her students to keep trying 

by being “creative,” and “not just following one design,” and to “try different things” to see what 

would work or not work.  This reasoning illustrates how Teacher Z’s actions were meant to 

encourage students to reflect on their mistakes and explore different solution paths when they 

were stuck.  The reasoning behind these actions confirm that Teacher Z’s actions were meant to 

maintain the divergent problem space and student uncertainty. Like Teacher D, this reasoning 

paralleled one of her main goals or intentions for teaching engineering as stated in her pre-

interview.  

Summary for Upward Force 1 

Overall, the teachers’ actions that maintained student uncertainty were tied to and 

influenced by their intentions and goals for teaching engineering.  Specifically, the goal of 

promoting independence and independent struggle while teaching engineering influenced their 

action to encourage and push their students to work and continue struggling with limited teacher 

support.  By acting in ways that promoted independence, the teachers were able to maintain the 

ill-structured nature of the problem space and consequently create an opportunity for students to 

face uncertainty.  Additionally, the teachers’ goal of fostering and encouraging mistake making 

and improvement while teaching engineering influenced their actions, which maintained a more 

divergent quality within the engineering problem space, also creating opportunity for student 

uncertainty.  Table 4.1 provides a summary of the teachers’ actions in relation to their goals for 

teaching engineering.  
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While the overall goals for teaching engineering influenced the actions of all three 

teachers, the enactment of these goals was different for each teacher. The model in figure 4.2 

represents the different forces and corresponding actions for the teachers. Overall, the findings 

above suggest that teachers who view the goals for teaching engineering as promoting 

independence, mistaking making and improvement, and trying multiple solution paths, take 

actions that maintain opportunities for student uncertainty.  However, it should be noted that it 

Table 4. 1 
 
Summary of actions associated with upward force 1 

`Teacher action Maintains Student 
uncertainty 

Upward force: 
Goals for teaching 
engineering 

1) Setting up classroom and lesson structure to 
promote independence (D) or quasi-
independence (K) 

 
2) Refusing to guide or lead the student and 

telling them they have to figure it out 
-  “I can't tell you that, you are going to 

have to figure it out” (Z) 
 

3) Refusing to provide hints or guidance and 
instead asking non-leading questions and 
walking away. (Z) 
- “So, find the mistake, try something else, 

go a different route.” The teacher then 
walked away to check on another group.   

Maintains the open, 
ill-defined, divergent 
quality of the 
engineering task  

 
(Student have to find 
their own solution 
path and struggle 
through problems on 
their own) 

Goal 1: Promoting 
student 
independence and 
independent 
struggle 

1) Encouraged mistake making and 
improvement 
- “Mistakes are for learning; we can learn 

how to improve it.”  (D) 
 

2) Highlight student mistakes (D) 
 

3) Encourage student to reflect on their 
mistakes and explore different solution paths  
- “let’s go over this, let’s try it again” 
- “try different things, see what will work 

or not work” (Z) 

Maintains an open 
and divergent 
quality of the 
problem space  

 
(Students are 
encouraged to makes 
mistakes, learn from 
their mistakes and 
improve while 
attempting different 
solution paths) 

Goal 2: Foster and 
encourage mistake 
making and 
improvement  
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took a strong and deliberate commitment to these goals to sustain the increased number of 

opportunities for student uncertainty observed for Teacher D and Teacher Z.    

 

Figure 4. 2: Diagram of the Upward Force 1: goal for teaching engineering 

Upward Force 2: Preparation 

Preparation was described as an influence on the teachers’ actions to maintain student 

uncertainty and therefore is considered an upward force. All three teachers described aspects of 

preparation as important factors in allowing, maintaining, and supporting opportunities for 

student uncertainty.  Preparation in this section is categorized into two subgroups, (a) long-term 

preparation and (b) short-term preparation.  In the following section, I will describe the teachers’ 

actions to maintain opportunities for student uncertainty and then explain how the reasoning 

behind these actions relates to preparation. 

Long-Term Preparation 

The term long-term preparation, for the purposes of this paper, is used to describe the 

teachers’ actions and efforts that took place over time to help ready their students for working 
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independently on engineering problems.  Specifically, long-term preparation describes the 

teachers’ comments and reasoning related to providing prior experiences and practice to work 

independently and tackle difficult, open-ended problems, as well as establishing classroom 

norms, expectations and consequences over time.   

Teacher Z. Throughout the engineering unit, Teacher Z’s actions maintained student 

uncertainty in refusing to tell students what to do, or only giving small hints to help the students.  

One example was mentioned in the previous section, wherein one group of boys asked her for 

help. She proceeded to give the group only small hints to get them to try different materials, then 

walked away without resolving their problem.  As stated in the previous section, these actions 

maintained student independence and encouraged them to face the uncertainty of an open, ill-

defined, and divergent problem space.  

When asked if it works to not tell students what to do but instead ask questions to get 

them moving and trying something else out, she replied,  

Z: It worked. And most of the time it does […] And even in math, it is like, umm, 

if we have two different answers and you have to see which one is wrong, what is the 

step. We have tried a lot this year. I have a little poster that says, “It is okay to make 

mistakes.” But you have to learn from your mistakes. 

These comments demonstrate Teacher Z’s efforts to prepare students over the entire year 

to develop a mindset where it is okay to make mistakes, and to learn from and overcome these 

mistakes.  

Teacher Z further described her long-term preparation in the following example. When 

asked if she feels it is hard for the students to only receive small hints and be left alone when she 

walks away, she explained,    
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Z: It is very hard for them […] They want to follow something. Even for little 

things. they want to have approval from an adult […]  At the beginning for the school 

year, it was very hard for them to just... not have something step by step to follow. 

In these comments, Teacher Z expressed the understanding that students have a hard time 

working independent of the teacher or without explicit step by step directions.  However, by 

referencing the beginning of the year, she revealed her understanding that students need time and 

practice to shift to a more independent mindset. 

In addition to her efforts to give students time and practice, Teacher Z discussed how her 

decisions to foster student independence was linked to her efforts to establish classroom norms, 

expectations and consequences over time. Specifically, she stated,  

Z: I begin, from the beginning of 4th grade giving them more freedom to talk but 

you need to finish your work. If you don't you are going to have consequences. And I am 

not going to lose my lunch recess, so I am not going to take your recess away, but I am 

going to call home. So, learn to have that freedom but there will be a consequence. So, 

that is why I walk around, and they were kind of working. 

From this example, Teacher Z explains how she began preparing the students to work 

productively in an open-ended environment by balancing freedom with consequences, as well as 

her understanding that setting and establishing consequences throughout the year allowed her to 

trust her students to work productively in an independent environment. Based on Teacher Z’s 

comments, the long-term preparation of established consequences influenced her decisions to 

maintain opportunities for uncertainty and struggle.  

Teacher D. As explored in the previous section, Teacher D explicitly emphasized and 

made comments to her class that it is okay to make mistakes and try another solution path.  In 
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discussion, Teacher D connected her actions to her long-term efforts to establish class mottos 

and promote the mindset that mistakes are okay.  For example, Teacher D stated, “Our class 

motto is ‘mistakes are for learning’ so if it's not right, it's a mistake but you're going to learn 

from that and you're going to improve on it.”  Her comments that she has established the 

classroom motto, “mistakes are for learning” demonstrate that Teacher D has, over time, worked 

at establishing a classroom norm that instills a student mindset of accepting mistakes and 

overcoming mistakes in learning.   

From their comments above, Teacher Z and D understand that it takes time and practice 

to prepare students to work independently in an open-ended problem-solving space and to 

develop the mindset to be able to make and learn from their mistakes without shutting down or 

relying on the teacher. The understanding and effort toward preparations over time, such as 

establishing classroom norms and expectations, influenced their decisions and actions for 

maintaining student uncertainty.  Therefore, long-term preparations represent an upward force in 

deciding to maintain opportunities for student uncertainty. 

Short-Term Preparation 

The second subcategory of preparation is short-term preparation. Short-term preparation 

includes comments about the preparation teachers made leading up to the engineering design 

lesson. Short-term preparation also includes comments about the way teachers structured their 

lesson and provided resources/tools related to supporting students to work independently while 

completing an engineering design challenge.    

Preparation through lesson set up and structure. While all three teachers structured 

their classrooms, so the students were sitting in groups, Teacher D, specifically, commented on 

how she structured her lesson to promote independence and ownership.  Teacher D arranged her 
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classroom so that students were sitting in groups planning and designing their hand-pollinators, 

one design at a time.  As the kids worked independently, Teacher D sat off to the side, calling up 

groups of students to exchange materials for their next design. By setting up her classroom and 

lesson structure in a way that allowed student independence with occasional teacher check-ins, 

Teacher D maintained a classroom environment where students had the opportunity to face the 

uncertainty of an open, ill-structure engineering task.   

When explaining the reasons for this lesson structure, she explained, 

D: (…) in coming up, they have to think about each pollinator at a time.  So, it is 

like individualizing that creation. Instead of, instantly grabbing and changing (…).  So, it 

is like them having that ownership for their second design.  And they are thinking about it 

first, rather than pulling.  That is why I am up here, because they need to come back and 

switch it. Or they need to (think), umm, maybe this didn't work.  So. But I also have to 

like, monitor the materials, because they are just grabbing the materials and it is 

messy.  (…) like the whole goal is for them to think about their creation, how are they 

going to improve it.  So that is why I have it set up.  So, they can like stop and think. 

In this example, Teacher D explains that her lesson structure was deliberately designed to 

slow students down in order for them to stop and think about each design and how to make 

improvements. This structure allowed Teacher D to give students independence and ownership 

of each design while also maintaining some control of the pace and progress of the lesson. For 

Teacher D, this deliberate lesson structure represents an upward force as it influenced Teacher 

D’s actions to maintain student uncertainty related to letting the students work independently in a 

controlled environment. 
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Preparation by providing tools and resources. Teacher D further discussed how her 

decision to allow student students to work independently was tied to her efforts to provide 

students with the tools or resources to help them problem-solve independently. These tools and 

resources included hand-outs, slides, and references to prior lessons. Teacher D explained how 

she provided materials to help the students design and problem solve without teacher support.  In 

the following example, Teacher D discusses why she handed out a “cheat sheet” for students to 

refer back to prior learning.   

D: And so, the paper on their desk. We had done that a few lessons before.  And 

that was following your other observation, where they learned that a pom-pom was fuzzy 

and so these papers on their desk are there so they can refer back to them. (…) So, like 

this kid, Dominic (…) he has forgotten what tools to use, he is like “oh, I forgot” so he is 

trying think, “what can I do,” so him having this paper is his resource to help himself, his 

uncertainty. 

In this example, Teacher D explains how this resource was meant to enable students to 

help themselves as they worked independently. Teacher D reasons that this tool could help 

students who were stuck to move forward without relying on the teacher.  This resource 

represents an upward force as it helped Teacher D maintain student uncertainty related to 

working independently to overcoming a struggle.  

Overall, the short-term preparations described above influenced Teacher D’s decisions to 

maintain student uncertainty. These preparations were all aimed at helping the students to be 

more self-sufficient in problem-solving during an engineering lesson.  By using intentional 

lesson structures and providing tools, Teacher D was able to maintain opportunities for student 

uncertainty. Short-term preparation was thus an upward force. 
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Summary of Upward Force 2 

In summary, these findings suggest that preparation both short and long-term affected 

Teacher D’s and Teacher Z’s decisions to take actions that maintained or increased student 

uncertainty.  For these two teachers, the decision to allow students to work with limited teacher 

support was influenced by their understanding that it takes long-term efforts, such as establishing 

classroom norms and expectations, for students to develop the mindset to be able to tackle these 

types of problems independently. For Teacher D, the short-term preparation of setting up a 

deliberate lesson structure and providing resources also factored into her decision to allow such 

independence and freedom during her lesson.  Teacher K did not discuss preparation as an 

influence for her action to maintain student uncertainty and therefore for her this does not 

represent an upward force.  Table 4.2 shows a summary of the findings for preparation as an 

upward force. The model in figure 4.3 represents the different forces and corresponding actions 

for the teachers.   
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Figure 4. 3: Diagram of the Upward Force 2: Preparation.  

Table 4. 2 
 

Summary of actions associated with upward force 2 

Teacher action How the action 
Maintains Student 
uncertainty 

Upward Force 

1) Allowing student to 
work independently 
on an open-ended 
problem with limited 
teacher support. (D, 
Z) 

 

Maintains 
the open, ill-
defined, divergent 
quality of the 
engineering task  

Long-term preparation  
 

1) Giving students time and practice to 
develop the ability or mindset to work 
independently  

2) Establishment of Norms, Expectations and 
Consequences over time 
- Establishing that mistakes are okay 

over time 
2) Allowing student to 

work independently 
on an open-ended 
problem with limited 
teacher support. (D) 

Maintains 
the open, ill-
defined, divergent 
quality of the 
engineering task  

Short-term preparation  
 

1) Deliberate Lesson set up and structure 
(slow down to think about their attempts)  

2) Providing Tools and Resources  
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Upward Force 3: Knowledge and Experience 

Knowledge and experience were coded as the fourth upward force.  Teacher D and 

Teacher Z each described their experience and knowledge as an influence on their actions to 

maintain student uncertainty. Teachers’ comments related to their knowledge and experience 

with engineering, teaching engineering and teaching this specific unit make up this category.  

Knowledge and Experience Teaching Engineering 

Teacher D and Teacher Z both described similar levels of knowledge and experience with 

engineering, teaching engineering and their specific units in the pre-interview. While they both 

may have had a self-described limited knowledge of engineering, they described substantial 

knowledge and experience teaching engineering at the elementary school level, as described in 

the Participant Descriptions section of Chapter 3.   

Both Teacher D and Teacher Z discussed their experience in relation to their actions.  

During the post-interview, Teacher D discussed her decisions to let students start designing 

without taking them through the pedagogical strategy of “I do, we do, you do.”  Permitting the 

students to start designing without teacher-led directions allowed the students to independently 

explore different solution paths.  This action maintained the opportunity for uncertainty of how 

to begin designing within an open, ill-defined, divergent problem space. 

Teacher D explained how her experience influenced her decision to take this action. 

D:  I think I am so used to the I do, we do, you do. You know, let me show you 

how to do this, let’s do it together, now you do it. Now I feel like this lesson is go. Like, I 

feel like I am not being a good teacher because I am not modeling them, I am not 

teaching them what to do. I am just like go, solve it. I have just done this for so many, 

like teaching is like I do, like let me show you what I are doing, let’s do it together, and 
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this I am like, uhhhhh (moan) just go. Like throwing a kid into the... Like to swim, just 

throw them in. You feel bad because it is not your routine. I am used to guiding them a 

lot. But it works, and I know it works, but you feel like... this is different from what I am 

used to. 

In this example, Teacher D first explained her discomfort with letting students work 

without much guidance or using the “I do, we do, you do” teaching practice, and that she feels 

like a “bad teacher” for not modeling for them.  These comments represent an internal struggle 

for Teacher D in letting the students get started without teacher guidance.  She then explained 

how her experience and knowledge that “it works” influenced her decision to “throw them in” 

with limited teacher guidance or modeling.  In understanding that her experience influenced her 

decision to take this action, Teacher D’s experience represents an upward force for maintaining 

student uncertainty.    

Teacher Z also made small comments referencing her experience when discussing her 

actions; for example, when asked about her decision to refrain from guiding students by asking 

open-ended questions and then walking away, she explained that her intention was to let the 

student figure it out on their own.  When asked if this approach works, Teacher Z responded, “It 

worked. And most of the time it does.”  Teacher Z’s statement that it “works most of the time” 

indicates that her experience of these types of situations was connected to her actions. Therefore, 

Teacher Z’s experience affected her decision to maintain student struggle and thus represents an 

upward force towards maintaining uncertainty.   

Summary of Upward Force 3 

In summary, both Teacher D and Teacher Z discussed their knowledge and experience 

with teaching engineering in relation to their actions to maintain student uncertainty. Their 
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experience with teaching engineering lessons or comparable lessons helped them feel more 

comfortable letting students work independently to solve a problem without teacher modeling or 

guidance.  Specifically, their experience was described as factor for shifting from a more teacher 

led approach, such as the commonly used I do, we do, you do, to a more independent approach 

where students can face the uncertainty of an ill-structured problem space. Therefore, their 

knowledge and experience teaching engineering represent an upward force for maintaining 

student uncertainty.  Table 4.3 shows a summary of the findings for experience as an upward 

force. The model in figure 4.4 represents the upward forces for the teachers.   

It should be noted that Teacher K, who was teaching her parachute unit for the first time, 

differed from Teacher D and Teacher Z as she commented on her lack of experience teaching 

engineering and her specific engineering unit. Teacher K’s self-described inexperience will be 

explained in the next chapter as a downward force.   

 

Table 4. 3 
 

Summary of actions associated with upward force 3 

Teacher action How the action Maintains 
Student uncertainty 

Upward Force 

1) Allowing student to start design 
without teacher modeling, such as 
using the pedagogical strategy of “I 
do, we do, you do.”  (D) 

 
2) Providing opportunities to explore 

independently during this hands-on 
type lesson. (D) 

 
3) Refusing to provide hints or guidance 

and instead asking non-leading 
questions and walking away. (Z) 

Maintains the open, ill-
defined, divergent quality 
of the engineering task  

 
(Student have to find their 
own solution path, as they 
begin designing and 
explore and struggle 
through unanticipated 
problems on their own) 

Experience teaching 
engineering  
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Figure 4. 4: Diagram of the upward force 3: knowledge and experience.  

Upward Force 4: Leveraging Groupwork and Peer Collaboration 

In the pre- and post- interviews, all three teachers described strategies for grouping 

students and peer collaboration in relation to their efforts to allow students to work 

independently while completing an engineering design challenge.   

Leveraging Groupwork and Peer Collaboration 

Teacher D. As mentioned earlier, Teacher D let the students start designing their hand 

pollinator without modeling or support to help them get started. In discussing this action, 

Teacher D explained how she felt concerned taking this approach because the students might 

“bomb it” without her first modeling for them.  This statement expressed Teacher D’s discomfort 

and trepidation in deciding on this action.  When discussing this concern, she stated,  
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D: I think part of the class management is when you seat your kids, you do high, 

medium, and low in each group, non-ELL and ELL, so that if certain kids don't get it, you 

know somebody in that group is going to carry them and model for them. 

Teacher D’s comments demonstrate the intention to mix ability and language levels so 

that students could support each and work without teacher direction.  This heterogeneous 

grouping strategy is linked to her decision to let students start designing without much teacher 

modeling or support.  This grouping strategy appears to have eased her discomfort and factored 

into her decision to let students “go! think, create” without first modeling it for them.  Teacher 

D’s grouping strategy and intention to let peers support each other represented an upward force 

towards taking actions to allow for the uncertainty of starting and persevering in an open-

problem space without having to rely on the teacher support or guidance.   

It is important to note that peer collaboration in Teacher D’s classroom was also seen to 

reduce student uncertainty at times as some students would simply copy a peer’s design or 

another student would take over when asked for help.   

Teacher Z. Similar to Teacher D, Teacher Z also discussed her grouping strategy and 

peer collaborations in relation to her actions to let students work independently.  Late in the 

lesson, Teacher Z combined two groups who were struggling, instead of telling or guiding them 

to the answer herself. Talking to the group, she stated, “Yes, here is the buzzer, but I still need to 

see the whole thing. I want to see... I have Zane and I someone here who was really good at 

doing the light bulb and the buzzer, but they couldn’t do the whole thing. But this group couldn’t 

do the light bulb and the buzzer. So that is why... I got you help, okay?” Teacher Z used peer 

collaboration as a way to help the students move forward without giving them the answer. By 

stating that certain students may have the knowledge needed, Teacher Z was attempting to get 
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students to listen to each other and pool their knowledge to complete the task. These actions 

illustrate her efforts to leverage peer collaboration to help students overcome this problem on 

their own.  

Teacher Z explained her reasoning behind this action.  Specifically, she stated,  

Z: Even when they are doing work, everyone has to know the answer. So, if you 

are the one who knows it, you better explain to the other three. So, there are little things 

to be making sure that they really understand how to do it. Umm... They, most of the 

time, changing who they are sitting with and how they have learned to help each other. In 

the other class, what I am trying to do, the goal is to teach each other and do be able to 

look at the success criteria and say you are missing this, or you are missing this step, and 

do it together. 

In this example, Teacher Z describes how grouping and peer collaboration were part of 

her strategy to support students in solving the problem without her help. The comments about 

changing whom the students are working with represents an intentional grouping strategy to 

support students in working and learning together. Together, Teacher Z’s actions and reasoning 

represent an effort by Teacher Z to leverage peer collaboration to maintain the opportunities for 

student uncertainty associated with letting students overcome a problem without her guidance.    

Teacher K. Teacher K also set up her classroom and took action that leveraged peer 

collaboration, setting up her classroom so that students were working in teams to design their 

own parachutes.  She explained how her grouping strategy was meant to address behavior issues 

and support lower students.  Specifically, she explained, “Yea, I mean, and then you have a little 

reader and this person would, you know, be able to help them, so - not just behavior, but like, 

who might (help). Like, who might not mind helping someone who's lower in reading or stuff 
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like that. Or who's very helpful and willing to help this kid that's, you know, kind of might be a 

SPED kid or a 504 or something.” In this example, Teacher K explains her grouping strategy was 

based on more than who works well together, but also who is willing and able to help lower 

students or students with special needs.  Her grouping strategy intentionally fostered peer 

collaboration by grouping students who could work well together and would be willing and able 

to help each other.   

For another example, when walking around to check in on each group she said, “So you 

guys are gonna need to help her out. Once she comes over here, somebody else needs to do this 

side, okay?”  Teacher K thus directed students to help each other when there was a problem. 

When asked about her reasoning, Teacher K replied,  

K: Oh, okay, because they had already messed up, right? So, just telling them that 

they need to help her out, because obviously she wasn't giving them the whole circle around - 

and then, I think the placement of that just kind of threw her, because, you know - kind of 

hard for her, so just trying to help her out, too. 

In this example, Teacher K is intentionally leveraging teamwork to overcome a 

challenge, fostering independence in her classroom.   

In her pre-interview, Teacher K elaborated on her intention to have students help each 

other while working in groups.  When asked about what she does when students are having 

trouble, she stated, “Yeah, you kind of have to tell them that, you know, go back to what you 

planned as a group. Do you need to change something? Do you guys need to discuss again?” 

This demonstrates her intention for students to overcome a struggle by going back to their group 

plan and discussing it again as a group, leveraging teamwork to help students overcome a 

challenge on their own.  
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Summary of Upward Force 4 

In summary, all three teachers related their actions for maintaining student uncertainty to 

their use of specific grouping strategies or their efforts to leverage peer collaboration as shown in 

Table 4.4 and Figure 4.5.  Through their actions to group students who work well together, and 

who could support each other, the teachers leveraged peer collaboration to solve problems and 

overcome struggles with limited teacher guidance. Through their actions in setting expectations 

and rules for peer collaboration, the teachers were able to give students more freedom and 

ownership of their designs, allowing students to face uncertainty. Leveraging group work and 

peer collaboration was thus an upward force in maintaining opportunities for student uncertainty. 

It is important to note that while teamwork and peer collaboration was an upward force 

for maintaining student uncertainty, all three teachers also discussed the challenges of having 

students work in teams.  These challenges or disadvantages to teamwork will be discussed in the 

downward force section related to student concerns.  From this standpoint, teamwork and peer 

collaborations can be leveraged to maintain student uncertainty while also running the risk of 

reducing uncertainty.  Teachers must therefore prioritize and find a delicate balance when 

leveraging student uncertainty.  
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Figure 4. 5: Diagram of the upward force 4: Leveraging groupwork and peer 

collaboration. 

Table 4. 4 
 

Summary of actions associated with upward force 4 

Teacher action How the action Maintains 
Student uncertainty 

Upward Force 

1) Allowing student to start design without 
teacher modeling, such as using the 
pedagogical strategy of “I do, we do, you 
do.”  (D) 

 
2) Combined two groups who were 

struggling, instead of telling or guiding 
them – promoting peer support and 
knowledge sharing (Z) 

 
3) Set up her classroom and grouped 

students in a way that leveraged peer 
collaboration and support & prompting 
students to help each other (K) 

Maintains the open, ill-
defined, divergent quality of 
the engineering task  

 
(Student have to discuss and 
work together to find their 
own solution path, as they 
design and explore and 
struggle through 
unanticipated problems 
without teacher support 

Leveraging 
groupwork and 
peer 
collaboration 
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Conclusion of the Upward Forces 

The findings in this chapter show that the factors which influenced the teachers’ 

decisions towards maintaining opportunities for student uncertainty fall into four overarching 

categories, (a) the goal or intention of teaching an engineering lesson, (b) preparation, (c) 

knowledge and experience, and (d) leveraging groupwork and peer collaboration.  These 

categories are represented as upward forces within a free-body diagram as a means to visually 

interpret, explore, and communicate the way that these factors influenced these elementary 

teachers’ actions.  However, it is important to note that increasing uncertainty was rarely 

observed or discussed by the teachers.  The teachers in this study encouraged or maintained the 

uncertainty of the ill-structured engineering task but did not take actions that added to or 

increased student uncertainty. 

Overall, the findings demonstrate that each of these forces affected the teachers in 

different ways, with some forces not affecting a specific teacher’s actions at all.  It appears that 

the goal or intention to teach engineering had the biggest influence overall on all three teachers’ 

decisions and actions to maintain opportunities for student uncertainty. Teacher D and Z 

discussed all four upward forces as influencing their actions. Teacher K, who took fewer actions 

to maintain uncertainty, only discussed the goals of teaching engineering and leveraging 

groupwork as influencing her actions related to maintaining uncertainty.  To summarize how the 

upward forces affected each teacher differently, figure 4.6 provides a final free-body diagram 

that illustrates all the upward forces affecting the teachers.     
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Figure 4. 6: Diagram of the upward forces for each teacher. 



ENGINEERING UNCERTAINTY   99 

CHAPTER 5: DOWNWARD FORCES 

While the teachers in this study each took actions to maintain, support and encourage 

opportunities for student uncertainty, they also acted in ways that minimized and reduced the 

opportunities for students to face uncertainty.  Similar to the structure of the previous chapter, I 

will first describe the teacher action and explain how the action reduced or minimized student 

uncertainty.  Next, I will describe the teacher’s reasoning behind the action as interpreted by 

their comments about the action.  The reasoning behind a teacher’s actions will be modeled as 

downward forces, as they represent the factors that influenced the teacher’s decision to take an 

action to reduce or minimize opportunities for student uncertainty.  Based on the findings, the 

downward forces for these three teachers fall into four overarching categories, which are 

described in the sections below. 

Similar to chapter 4, teacher actions were classified as reducing or minimizing 

opportunities for student uncertainty if they diminished or eliminated one of the following 

aspects of the ill-structured task: (a) An open, Ill-defined and divergent problem space, (b) 

optimizing solutions within competing demands, (c) dynamic problem space, and (d) incomplete 

or imperfect information.   

Downward Force 1: Teacher Beliefs and Concerns About Students’ Abilities 

All three teachers discussed issues and concerns related to their beliefs about students and 

the students’ abilities as a significant factor in their decisions to act in ways that reduced or 

minimized opportunities for student uncertainty. While the general category is labeled as teacher 

beliefs and concerns about students’ abilities, to better interpret and understand this factor and 

how it affected teacher decisions, it is sorted into three subcategories, (a) students’ ability to 

independently start, stay on task and persevere, (b) the students’ academic level, language 
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proficiency and learning styles, and (c) the students’ ability to work together in teams.  In the 

following section, I will explain how each of these student concerns was related to the teachers’ 

decisions and actions to reduce or minimize uncertainty. 

Concerns About Students’ Ability to Work Independently 

Teacher Z and Teacher K both expressed concerns with their students’ ability to work 

independently when commenting on those actions which were coded as reducing opportunities 

for student uncertainty. Specifically, these teachers commented on their concern for the students’ 

ability to start a task and persevere through it independent of the teacher.   

Teacher Z.  Throughout the lesson, Teacher Z was reluctant to lead or guide students 

because she wanted them to struggle and find a way to persevere and overcome the problem on 

their own.  However, at times she would step in to provide guidance if she felt it was needed. 

Teacher Z’s actions that reduced student uncertainty were generally coded as leading questions, 

pointed hints, and comments that guided students towards the solution or to overcoming a 

struggle.  

In the following example, a group of students was struggling late in the lesson to get their 

alarm circuit to work.  The group repeatedly called Teacher Z over for help, proclaiming that “it 

was not working”.  While Teacher Z resisted at first, she eventually asked the group some 

specific leading questions, such as "Check the conductor… So how can you fix that? Because if 

it lands here or are you going to make sure it is going to land in here.”  In this example, Teacher 

Z asked a very specific question that pointed students to the problem with their materials and the 

location where the trough was landing. These questions narrowed the problem space for the 

students by focusing them on the specific problems in their design, therefore reducing student 

uncertainty.  This action reduced but did not eliminate an opportunity for student uncertainty 
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because the teacher pointed them in a specific direction without directly telling the students the 

answer.  

When asked to explain her actions from the video clip, and specifically about why she 

said what she did, she replied,  

Z: Because they kept saying that it wasn’t working. So, then I said, "I am going 

give you a couple of questions and see if you can fix them and try going back to thinking 

about the insulators and conductors.” But to them I had to be more specific and say, 

“what happens if I move it," "what happens if it lands on the plastic, what happens at all 

times with them?" But I had to be more specific with the questions, because they were 

giving up. Like saying it was the battery’s fault. But it wasn’t. 

Researcher: So sometimes you feel like you need to be more specific depending 

on...? 

Z: Yes, to narrow down their thinking because... I thought they had to be guided 

more to get to the right answer. 

In these comments, Teacher Z recognized that she was asking specific leading questions 

to focus the students on the problem of using an insulator and where the trough should land to 

complete the circuit.  These comments demonstrate her understanding and intentionality in using 

questions to lead the students down a correct solution path.  She then explained that she felt she 

had to take this action to guide them towards the right answer because she felt they were “giving 

up” and blaming the battery for their problems.  Teacher Z’s belief that the students were giving 

up represented her concern that these students were unable to persevere on their own at this point 

in the lesson.  By her explanation of how this belief and concern about her students influenced 



ENGINEERING UNCERTAINTY   102 

her decision to act in a way that reduced an opportunity student uncertainty, this belief and 

concern represent a downward force.   

When asked about her decision to guide students at times, and whether it is hard for her 

to gauge when and how much to guide the students, Teacher Z responded,  

Z: It is very hard. Because if I don't guide them, then they are going to get lost. 

But if I....sigh... I think lately, we have been guiding them too much [...] They are afraid 

to fail. […] because we have been guiding too much. But then I notice that... but I didn't 

say do... maybe a simple comment that, “do not fold the big piece of foil.” I don't know. 

But some of them give up if you don't guide them. But they have been told everything. 

everything is being fed to them. So, they don't have the real discovery time. 

In these comments, Teacher Z explained that it was necessary to make simple comments 

to guide students but resisted explicitly telling them what to do.  She explained that her reason 

for guiding students was related to her concern that students will get lost without teacher 

guidance. Teacher Z also explained that her guidance was needed at times because the students 

are “afraid to fail” and that “some of them give up,” and associated this concern with her belief 

that students are being guided too much in school.  However, she explains that she tried to only 

ask simple questions, not tell them what to do explicitly. 

 Overall, Teacher Z’s actions and explanations illustrate a general reluctance to tell 

students what to do and a resistance to guiding them.  However, her reluctance and resistance 

wane if the students’ struggle lasts too long.  This initial resistance to guide students combined 

with eventually relenting appears to represent the way Teacher Z struggles to find a balance or 

equilibrium between letting students struggle through uncertainty and deciding when to guide 

them by narrowing the problem space.  The reasons behind her decision to relent and guide 
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students were tied to her beliefs about students’ abilities, which she contributes to a concern that 

students are led too much in school. 

These comments again link Teacher Z’s actions, which reduced opportunities for student 

uncertainty, to her concern that some students may lack the ability to persevere independently.  

Therefore, this student concern represents a downward force as it is related to her actions to 

reduce student uncertainty. 

Teacher K.  In contrast to Teacher Z’s reluctance to guide students, Teacher K started 

the lesson by guiding students, explaining step-by-step how to start building the parachute.  

Additionally, she asked questions and made comments that clarified and re-clarified these 

instructions throughout the lesson.  For example, Teacher K started the lesson with a whole-

group discussion where she explained, in detail, how to determine the correct string length for 

their compass, how to build the compass with the string and pencil, how to measure each string, 

and how to attach it to their canopy.  By directing the students through each step of how to start 

building their parachutes, Teacher K’s actions reduced the students’ independence and narrowed 

the problem space from a more open-ended problem to simply following a set of instructions.  

These actions reduced the opportunity for her students to face the uncertainty of figuring out how 

to start an open-ended task on their own.   

When asked about the reasoning behind her decision to provide more teacher-centered 

direction and clarity, Teacher K explained that her students would “get confused” and how “a lot 

of them aren't, like, self-starters.” She further explained that they “still need a lot of guidance” 

based on her experience with this age group, and that “it's always best to do it with the whole 

group and then if you find that the kids are obviously, you know, still not getting it, you have to 

stop and go over it again, so.” By stating that her students “get confused” and are not “self-
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starters,” Teacher K expressed her specific concerns with her students’ ability to start and work 

on a task on their own.  This belief about her students’ inability to self-start, which she associates 

with their age, represents a deficit view of her students, as she appears to be focused on the 

students’ inabilities, without giving them a chance to demonstrate whether they can start on their 

own, or with limited teacher guidance.   

Teacher K’s comment that she would need “to stop and go over it again” if she did not 

provide this teacher direction and clarity at the beginning of the lesson links to a view that 

teaching should be efficient and productive. This view represents a dominant narrative where 

teaching efficiency, in terms of getting the students to complete or finish the task, or simply get 

to the answer, is highly valued.  Additionally, Teacher K expressed a belief that letting the 

students handle the materials and build the parachute meant they were accomplishing the task 

themselves, even if she was continuously guiding and leading them through the process.  She 

appears to view the finished product or answer as a representation that the students completed 

the task on their own, and that guiding them through the process was not the same as giving them 

the answer. This view of teaching, which equates speed and final product as student 

understanding, shifts the teaching focus away from the process of designing and problem-

solving, and consequently sidesteps the wealth of opportunities for students to face uncertainty. 

Overall, these comments link Teacher K’s decision to provide substantial teacher 

guidance, which reduced opportunities for student uncertainty, to a deficit belief about students’ 

ability to start a task and work independently, and to a view of teaching that is focused on 

answers and efficiency.   While both teacher K and teacher Z were concerned with their students’ 

abilities to work or persevere on this task without teacher support, there was a striking difference 

between the two, as Teacher Z gave her students a chance to face and overcome their struggle 
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before stepping in to guide them.  Nonetheless, as their beliefs about their students’ abilities were 

an influence on those actions that reduced opportunities for students to face uncertainty, this 

represents a downward force for both teachers.  

Concerns for Students’ Academic Level, Language Proficiency, and Learning Style 

Both Teacher D and Teacher K linked actions that reduced or minimized student 

uncertainty to a concern with the academic level, language proficiency and learning style of their 

students.   

Teacher D. Teacher D expressed a concern about her students’ academic level and 

ability to complete and learn from this engineering task.  Teacher D would, at times, give more 

specific and leading feedback to certain students.  For example, she asked one girl to bring up 

her drawing, and then asked her specific questions to check on her plan and which materials she 

wanted to use.  This more exhaustive check-in was only used for certain students.   This type of 

check-in reduced the students’ independence and autonomy and therefore limited the students’ 

opportunities to face the uncertainty inherent in the task, as it narrowed the problem space either 

by confirming that the student was on the right track, or by redirecting the student.  

After watching the video of this action, Teacher D explained,  

D: Okay so that kid is super, super low. So, I had her bring me her paper so we 

can go over specifically what she needs for her pom-pom. But like I wish I could be there 

with her. Because I know she is a student, she is like kinder level or first grade. But I 

know she is a student where she is not grasping it. Like, there is no-one there really to 

guide them... Because the kids are basically on their own. they are doing, they are 

designing. they are so into their own project. Where a student like her, she is not 

benefiting from it, there is no-one there to sit with her and have this conversation with. 
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In this statement, Teacher D expressed her concern that this girl’s low academic level 

would hinder her ability to fully understand and complete this student-led engineering task.  She 

then explained that academically low students need teacher support or guidance in order to learn 

and benefit from doing an open, independent task.  Teacher D’s belief that “low” students cannot 

learn without teacher help led to her stepping in to offer too much specific guidance, which 

reduced the uncertainty of the task, as well as reduced the learning potential that the task offers. 

Later in the interview, when asked about her comments regarding the different academic 

levels of students, she clarified her view that a student’s academic level is tied to their ability to 

make and overcome mistakes. Specifically, she stated,   

D: I think naturally, the different levels of students, makes it more open for 

change. […]  So, like a medium level kid, maybe they would feel like they made a 

mistake, now how can I fix this. Where I think that higher level students know what steps 

they need to do to fix it. (…) so, I think, the higher students have that advantage, but the 

middle students, there might be, like, “I made a mistake, what do I do next.” They are 

still going to learn from that but at a slower pace, like, they still know that need to fix it, 

but it might not come as quick. Umm, to solve that problem.  I think... I feel like, if they 

are a high student, they are naturally confident people. Umm, I think they are more open 

to mistakes and they don't feel bad. I think that if you are a low student, you make so 

many mistakes, […] So maybe you are more shy and apprehensive about making these 

changes. 

Teacher D’s comments illustrate her opinion that a student’s academic level is directly 

tied to their ability to make and overcome mistakes.  Overall, she feels that both high and 

medium students are more confident, and therefore more willing to make and overcome their 
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mistakes, although at different rates.  Low students, on the other hand, are less open to making 

and overcoming their mistakes because they are more insecure about the mistakes they make, 

and more apprehensive about making changes.  This reasoning illustrates Teacher D’s view that 

her low academically achieving students are unable to face the uncertainty tied to making 

mistakes and being able to overcome them.  This concern directly matches her actions above, 

where she provided exhaustive check-ins specific to her “super low” student.  This view of 

students represents a deficit view, where “low” students are unable to overcome mistakes or 

complete a task without teacher support, and it appears this belief about her students was getting 

in the way of her seeing the potential that engineering holds for student learning. In causing her 

to reduce opportunities for student uncertainty, this belief represents a downward force. 

Teacher K.  While teacher K did not discuss the academic level of her students, she 

expressed a concern for accommodating the different learning styles and personalities of her 

students.  As described earlier, Teacher K began her lesson by explaining and modeling each 

step of how to design and build the parachute. She also asked many clarifying questions to 

ensure understanding from the whole class.  As stated earlier, modeling and clarification reduced 

opportunities for student to face uncertainty. 

When asked about why had been being so explicit in her instruction, Teacher K 

explained, “Um, again, just the type of learners they are. I mean, maybe a handful would not 

need me to do that, just say, "Hey, you need to add three inches on because -" but a lot of them, 

you know you have your different types of learners. So, I guess, well I need to accommodate to 

all of them (…)”  These comments link Teacher K’s action and decision to provide step-by-step 

instructions and clarity to her concern that her teaching must accommodate for all types of 

learners.   Due to this concern, Teacher K feels the need to ensure all students understand what to 
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do in class, and she must therefore be very explicit and clear in her directions. This statement re-

affirms her concerns with ensuring learning by accommodating for a classroom of students with 

a wide range of personalities and learning styles.   This statement directly links this concern to 

her actions reducing opportunities for student uncertainty. Overall, Teachers K’s beliefs about 

her students were also intertwined with her beliefs about being a teacher and accommodating and 

ensuring learning for all students. 

Concern About Students’ Ability to Work in Teams 

The third concern related to reducing uncertainty was about students’ ability to work 

together in teams.  Both Teacher Z and Teacher K’s actions to reduce or minimize opportunities 

for student uncertainty were also tied to their concerns related to the students’ ability to work as 

a team.   

Teacher Z.  During the alarm circuit lesson, Teacher Z made multiple visits to assist one 

group who was having trouble working together and moving forward on their alarm circuit 

design.  While assisting this group, she asked questions or made comments aimed at helping the 

groups move forward by working together more cooperatively.  During one instance, she walked 

over to a group and said "Amy, who is supposed to be on this side? Why do I have three on this 

side and one on this side (of the table)? It is a small table and you are supposed to have the same 

space. You can, if you want to get closer, you can get closer here. It is two and two. Amy wants 

to talk... say something.”  In this example, Teacher Z directed the students how to sit, two 

students on each side of the table, and managed the group space to ensure more equitable space 

and access to the materials and the group’s design.  By asking Amy to speak, Teacher Z directed 

the team on whose turn it was to share.  These actions limited the group’s autonomy by 

specifically directing them how to sit, share the space, and communicate with each other.  By 
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limiting the group’s autonomy, Teacher Z reduced the opportunity for uncertainty tied to figuring 

out how to share space, materials, and ideas as they work together to overcome problems and 

optimize their solutions.   

When asked about why this group was struggling, Teacher Z explained, 

Z: Umm, with the power, to see who is going to have it. She wanted to have the 

whole thing; Mary wanted to have it. David was like, oh, whatever, I don’t really care 

much. I am just doing it here and I can do whatever you tell me to do. but these two were 

struggling, and just to say... And I am surprised, because Michael most of the time talked 

over, too. But Amy was having a really hard time. She normally works with three girls. 

In these comments, Teacher Z explained her belief that the group was struggling because 

they were having trouble working together as a team. She describes how one student was talking 

over the others, one student was taking over, another student was disengaged, and the other 

student was having a hard time working with the group. She explains her belief that this 

dysfunction was tied to a power struggle, and that this struggle was limiting the group’s progress 

and engagement.   

When asked if it is hard to balance her intention to let students work through these 

teamwork issues on their own with the need to provide teacher direction and support, she 

explained,   

Z: Yes, and in my mind, I also think, “should I put them in a different group or let 

them struggle" and that is what we talk about. That is life, sometimes you are stuck with 

people you don’t like. How do you work with them? Not so much if they are mean or 

something but because of that power struggle. That you are normally the one who is the 

leader and over here, not the leader. That is something that they have to learn, too. And 
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that group is a really good group for that because, even though they were struggling a lot, 

they really want to finish. They care about their grades a lot. So, the project will be done. 

These comments affirm Teacher Z’s concern about her students’ ability work as a team.  

Her comments also signify an internal struggle for Teacher Z of when to step in and when to let 

them continue to struggle independently.  While she was conflicted in how to deal with this 

student issue, she decided that working through power struggles and learning to manage 

leadership roles represents real life and is a skill they should learn.  While teacher Z reduced the 

uncertainty by stepping in to manage their space and communication, she also maintained the 

opportunity for uncertainty in continuing to work in a group with power struggles.  Overall, 

Teacher Z’s concerns about her students’ ability to work productively as a team influenced her 

actions to step in and reduce, but not eliminate, the students’ uncertainty.  Teacher Z appeared to 

step in to reduce autonomy and uncertainty due to teamwork issues more often than she stepped 

in to reduce other sources of uncertainty for this task.  

Teacher K.  Like Teacher Z, Teacher K’s actions were also tied to her concerns relating 

to the students’ ability to work as a team.  In the following example, Teacher K was checking on 

groups as the students worked independently on their parachute designs. One group was having 

trouble working together and staying on task as they cut the fabric for their parachute design. 

Teacher K walked up as the group was arguing over one of the students having cut a hole in the 

middle of their parachute - team members were blaming each other over who cut the hole. Due to 

the argument and blaming, the team was struggling to stay on task and work productively as a 

team.  Teacher K stepped in by asking a set of questions and comments that resolved the issue, 

helped fix their mistake, and moved the group forward toward the next step in their design.  By 

helping the team move on from their argument and mistake, Teacher K limited the group’s 
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autonomy and reduced the opportunity for student uncertainty in discussing how to resolve the 

issue and optimize solutions as a team.   

After watching the video of this interaction, Teacher K’s comments indicated a concern 

with the ability of specific students in this group to work as a team. She also expressed a feeling 

that it was necessary at that time to step in and help this group work together and move forward 

on their parachute design. Overall, this concern about her students’ ability to make progress as a 

team represents a downward force, as it influenced her decision to intervene in a way that 

reduced an opportunity for student uncertainty. 

Overall, Teacher Z and Teacher K expressed concerns with their students’ ability to work 

productively as a team by discussing, evaluating and debating possible solution paths. Both 

Teacher Z and Teacher K’s comments represent a concern with the students’ ability to grapple 

with and overcome the uncertainty related to working as a team to optimize a solution within an 

ill-structured problem space. As this belief influenced their actions that reduced opportunities for 

students to face uncertainty, it represents a downward force. 

Summary of Downward Force 1 

Overall, these finding demonstrate that the decision to take actions that reduced 

uncertainty were influenced by the teachers’ beliefs and consequent concerns about, (a) the 

students’ ability to start and persevere without teacher support or guidance; (b) the ability of 

students at low academic or language levels to work and struggle independently, and (c) the 

ability of their students to work together as a team.  Each teacher was affected by these concerns 

in different ways.  Table 5.1 provides a summary of the actions influenced by these student 

concerns.   
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Figure 5. 1: Diagram of the Downward Force 1: Beliefs and Concerns about Students’ 

Abilities.  

Underlying each of these student concerns is the general concern about letting any 

student work and struggle through an ill-structured problem without teacher guidance and 

support.  This concern, and the consequent actions that limited student independence and 

autonomy, in turn reduced the opportunity of the students to experience and overcome the 

uncertainty of an open and divergent problem space, where teams must work together to 

optimize a solution. This underlying concern is representative of a common concern that many 

teachers face -- how to differentiate and accommodate for a classroom of students from a wide 

range of abilities, interests, and personalities.  

Notably, these three teachers spoke more about the students struggling to persevere, stay 

on task, and work with others than they did about the students struggling to complete the task 

itself.  While these concerns were all tied to completing the engineering task, the teachers framed 
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them in terms of the students themselves.  These concerns illustrate that these teachers 

understand the challenges students face in relation to developing the “softer” skills needed for 

problem solving, such as perseverance and teamwork.   

This finding demonstrates strong beliefs about students and their abilities.  While these 

beliefs about students have merit in terms of differentiation by supporting and scaffolding 

learning for certain students, all of these beliefs related to actions that reduced uncertainty 

represent a deficit view of students by focusing on what they cannot do – how students cannot 

start a task independently, cannot work as a team, or cannot complete this high level task due to 

their language proficiency or academic level.  The teachers appear to take a view of 

differentiation as accommodating only for deficits, which represents a narrative in schools that 

teachers must ensure learning by differentiating and accommodating for student shortcomings or 

inabilities.  This belief about students disregards the assets or funds of knowledge these “low” 

students bring to facing uncertainty and solving ill-structured problems independently. These 

teachers’ beliefs about student inabilities or deficits represented a force that pushed teacher’s 

actions to reduce or eliminate opportunities for students to experience uncertainty, especially the 

students that are viewed as low academic, ELL, and behavior problems.  
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Downward Force 2: Beliefs About Teaching 

Teacher D discussed her beliefs that teachers should first model or provide explicit 

directions for the students.  While the majority of Teacher D’s actions worked to maintain 

student uncertainty, at times her actions reduced opportunities for student uncertainty.  An 

example of this occurred at the beginning of the lesson, when Teacher D modeled, in a whole-

group setting, how the plan for their hand pollinator should be drawn and labeled.  While 

Table 5. 1 
 

Summary of actions associated with downward force 1: student concerns 

Teacher action Reduced student uncertainty by Downward 
Force 

1) Asked leading questions, gave 
pointed hints or provided 
comments that guided students 
towards the solution (Z) 

2) Directing students though each 
step of how to start building 
(K) 

3) Asking questions, making 
comments and showing 
students how to build their 
design (K) 

Reduced the students’ independence. 
- Reduces the open, ill-defined, 

divergent quality of the engineering 
task  

- Reduces the opportunity to discuss 
and decide on a solution path as a 
group. 

- Reduced the opportunity to 
encounter unanticipated problems 
on their own. 

Beliefs about 
students’ 
ability to 
independently 
start, stay on 
task and 
persevere 

1) Giving more specific and 
leading feedback to some of 
the students (D) 

2) Asking high students to help 
and model what to do for the 
low students (D) 

3) Directing or leading students 
though each step of how to 
start building (K) 

Reduced the students’ independence 
and autonomy. 
- Narrowed the problems space by 

confirming that the student was on 
the right track 

- Narrowed the problems space and 
chance of encountering and 
overcoming problems.   

Belief and 
Concerns for 
students’ 
academic 
level, 
language 
proficiency, 
and different 
learning style 

1) Directing students how to sit, 
share the space, and 
communicate with each other 
(Z) 

2) Directing students how to 
move past an argument and fix 
a mistake. (K) 

Limits the groups autonomy  
- Reduced the uncertainty tied to 

figuring out how to share space, 
materials, and ideas as they work 
together to optimize the solutions.   

- Reduced the uncertainty related to 
discussing and optimizing solutions 
with as a team.  

Concern for 
students’ 
ability to 
work together 
in teams 
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modeling how to create the plan, Teacher D provided an example of the hand pollinator from the 

storybook they read to start the engineering unit.  By providing this example and modeling how 

to plan immediately before the students started designing, Teacher D slightly narrowed the 

problem space, which a reduced potential source of student uncertainty as they began to plan and 

create their own design. 

When asked about providing this example for the students, Teacher D explained, 

D:  I remember drawing a picture of Mariana's pollinator (girl from the story 

book), and being like, this is the stick, this is the pom-pom. And to me, right there, I was 

like “shoot” they’re going to do that. They are going to mimic that and not kind of have 

that own self-discovery. They were unsure of the design process or how to plan their 

pollinator. 

These comments illustrate Teacher D’s awareness that she might have given away too 

much by drawing the example.  Her statement, “shoot they’re going to do that,” shows she was 

worried that she had modeled too much and that the students might copy this design.  However, 

she also felt this action was necessary because the students were unsure of the design process or 

how to plan their pollinator.  These comments illuminate Teacher D’s internal struggle between 

her intention to let students struggle with little teacher support and the desire to provide some 

level of guidance.  

Teacher D discussed this internal conflict on several occasions throughout the interviews.  

She explained, 

D: I think I am so used to the I do, we do, you do. You know, let me show you 

how to do this, let’s do it together, now you do it.  Now I feel like this lesson is go. Like, 

I feel like I am not being a good teacher because I am not modeling them, I am not 
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teaching them what to do. I am just like go, solve it. I have just done this for so many, 

like teaching is like “I Do,” like let me show you what I are doing, let’s do it together, 

and this I am like, uhhhhh (moan) just go. Like throwing a kid into the... Like to swim, 

just throw them in. You feel bad because it is not your routine. I am used to guiding them 

a lot. But it works, and I know it works, but you feel like... this is different from what I 

am used to. 

In these comments, Teacher D described how she usually uses the “I do, we do, you do” 

pedagogical approach, where she first models for the students and then leads them through a task 

together before letting them start working on their own.  By stating that she felt like she was 

“being a bad teacher” by not modeling for them, Teacher D denoted a view that it is her duty as a 

good teacher to always explicitly model what to do for her students.  Her statement “I am like, 

uhhhhh (moan) just go” further demonstrated her trepidation to throw them into the project 

without first modeling.   Her apprehension was, in part, tied to the fact that this teaching 

approach was outside the realm of what she normally does.  Overall, her belief about teaching, or 

what it means to be a good teacher, represents a downward force in her decision to take actions 

that reduced opportunities for student uncertainty. 

Summary of Downward Force 2 

Overall, Teacher D’s comments indicate her apprehension at not providing enough clarity 

and explicitness for the students before letting them work independently.  Teachers D’s 

discomfort appears to represent her tension in diverging from the dominant or normative 

teaching approach in many schools, where “good” teachers should ensure student understanding 

before letting them work independently. While the dominant “I do, we do, you do” pedagogical 

approach has its place in classrooms, as it offers safety and efficiency for teachers, it robs 
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students of the opportunity to face the uncertainty of struggling to solve an ill-structured problem 

independently.  

 
Downward Force 3: Lack of Knowledge and Experience 

Throughout the interview, Teacher K described her lack of knowledge and experience 

teaching engineering.  While Teacher K had taught engineering units in the past, this was her 

first time teaching the parachute unit.  When asked in the post interview about the overall 

success of the unit, she hesitantly said it was “okay” and explained, “It probably could go better 

but like I said, this is my really, first time going through the whole kit.  I know, I have done it 

before, but it was a couple of years ago, so I don’t even know if I completely finished it when I 

did it in 5th grade.  So, there is obviously improvement needed.”  These comments represent a 

feeling that she lacked experience in teaching this unit.  She also related this lack of experience 

to her feeling that the lesson did not go as well as she had hoped, and that improvement was 

needed.  She also referred to her class as “guinea pigs” and stated that she was trying this lesson 

out on them. By making this comment, Teacher K expressed firstly her inexperience, but also 

that teaching a new lesson gives her a chance to experiment and try to figure out the best way to 

Table 5. 2 
 

Summary of actions associated with downward force 2 

Teacher action Reduced student uncertainty by Downward Force 

1) Providing an example and 
modeling how to plan right 
before the students started 
designing (D) 

 
2) Validating and re-clarifying 

the directions by walking 
around and checking-in on 
each group (K) 

Slightly narrowed the problem 
space which reduced student 
uncertainty of finding their own 
solution path. 

 
Narrowed the problem space 
which reduced the uncertainty of 
deciding for themselves if they are 
on the correct solution path and 
what to do next 

Beliefs about teaching - 
Apprehension for 
letting their students 
start designing without 
first modeling (I do, 
we, do, you do) or 
providing explicit 
directions for the 
students 



ENGINEERING UNCERTAINTY   118 

teach engineering, and this specific lesson.  Teacher K’s attitude towards teaching a new and 

novel unit illustrated her willingness to take the risk of trying out a new lesson, learn from this 

experience, and make improvements next year.   

The newness of this lesson and Teacher K’s self-described lack of experience and 

knowledge affected her actions during the lesson.  For example, at the beginning of the observed 

lesson, Teacher K explained to the class each step for designing and building the parachute.  

Teacher K explained step-by-step how to make a compass before students were allowed to start 

working independently on their parachute. In a whole group setting, she explained,  

K: Okay, so are you ready to plan your parachute? […] So, my last class we had 

to experiment a little bit. This actually is probably the real first time that I’ve done this. 

[…]  Okay, so there are a couple of things you’re gonna have to do, okay? You have to 

remember – your parachute canopy, it must be round.  […] “Okay, so then we try to 

figure this one out, which was a little confusing 

In this example, Teacher K acknowledged to the class that this was her first time teaching 

this lesson; she also stated that the class before had to experiment as they went through the 

lesson.  These comments denoted her inexperience to the class but also her attitude that they 

were going to figure this out together.   She then explained that it would be “a little confusing,” 

which let the students know that this was confusing even to her. By making these comments to 

her class, Teacher K appears to have preemptively addressed her concerns about her lack of 

experience and prepared the students for the fact that this lesson may run into problems.  

Additionally, by stating that they were learning and figuring it out together, Teacher K shared 

some of her authority and power with the students by making the lesson a more shared task.  
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After addressing this concern, she proceeded to lead students through the steps for 

creating the compass and making a circular canopy. She explained,  

K: […]  If you're doing nine inches you get nine inches, you tie it around your 

pencil, and you go around. Have you guys done that before? Some of you might have. 

Okay, so we're going to do it that way because that's going to be the best bet that you get 

a circle, okay? Alright, so it has to be round. 

 In this action, teacher K provides explicit instructions for how to complete this task.  

This was a typical example of Teacher K’s teacher-led approach and how she explained to the 

students step-by-step what to do.  This teacher direction and guidance reduced the opportunity 

for uncertainty for students in having to figure out how to get started by themselves; this reduced 

the students’ independence and narrowed the problem space. 

After watching a video clip of this action, Teacher K explained the thinking behind her 

actions.  She stated, 

K: […] Um, so yea I had to make myself clear on what we were doing so they 

would be clear on what they were doing. Um, so yea that's what I was just trying to do 

with them. Because, like I said, diameter was just like, "Oh, I don't know." And I know 

she's (math teacher) worked a little bit with the compass, but obviously not to the point 

where they could say, "Hey, let's just get a string and then, you know, come up with that 

idea. 

Teacher K’s comments about not knowing the diameter and that she had to make it clear 

for herself demonstrated her lack of content knowledge and experience teaching this lesson.  Her 

next statement that she “had to make myself clear on what we were doing so they would be clear 

on what they were doing” linked her decision to provide clarity to her lack of knowledge and 
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experience.  This statement is evidence that her teacher-directed instructional approach was 

influenced by her lack of knowledge and experience and therefore, this lack of experience 

represents a downward force for reducing student uncertainty.    

Summary of Downward Force 3 

Overall, the novelty of this lesson combined with Teacher K’s lack of knowledge and 

experience led to her own uncertainty and confusion, which in turn led to her decisions to 

provide more clarity and teacher direction for her students. Teacher K’s comments demonstrated 

that this lack of knowledge and experience represented a downward force as it affected her 

decision to act in ways that reduced opportunities for student uncertainty.  Teacher D and 

Teacher Z, in contrast, both described a high level of experience and confidence in teaching their 

respective engineering units.  Their experience, which represented an upward force, was 

described in Chapter 4. 

 

Figure 5. 2: Diagram of the Downward Force 3: Beliefs and Concerns about Students’ 

Abilities. 
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Downward Force 4: Logistical Constraints 

All three teachers discussed logistical constraints as influencing their actions while 

teaching their respective engineering units.  While the teachers discussed a plethora of 

constraints and restrictions on their teaching, the majority of comments related to their actions 

involving student uncertainty fell into two logistical categories: time and materials.   

Time Constraints 

Concerns and challenges related to time were discussed by Teacher Z and Teacher K as 

an influence on their actions to reduce or eliminate opportunities for student uncertainty.   

Teacher Z.  During the final ten to fifteen minutes of the lesson, Teacher Z approached a 

team that was struggling to get their alarm circuit to light up and sound the buzzer.  After 

walking up to the team, Teacher Z asked a set of questions to help them identify the problems 

with their design. While talking to this group, Teacher Z raised her voice, appearing to get a little 

agitated with this group’s lack of progress.  The follow student-teacher interaction took place, 

Teacher Z:  […] What is the problem (agitated)? Can you problem [trouble] shoot and 

show me where the problem is happening? Was the light working by 

itself? Was the buzzer working by itself? 

Richard No, uhhh, we can’t figure out how to do the light. 

Table 5. 3 
 
Summary of actions associated with downward force 3 

Teacher action Reduced student uncertainty by Downward Force 

1) Leading the students 
step-by-step how to start 
designing and building 
(K) 

This reduced the students’ independence  
- Narrows the problem space by 

limited the uncertainty of figuring 
out how to get started on their own.    

Novelty of the lesson 
and Lack of 
Experience and 
knowledge 
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Teacher Z: Okay, can you show me how you have the light and the buzzer working by 

itself? 

Amy:    Oh, we tried to do it differently, so, uhh… 

Teacher Z:  Can I see it? 

Amy:  (Working with materials, changing a few things in order to show the 

teacher but it is still not working)  

Teacher Z:  So, let’s figure this out, can you show me that your light and your buzzer 

are working, together? 

During this interaction, Teacher Z asked a set of questions aimed at pushing the students 

to troubleshoot by identifying where the problem was happening and physically show her how 

the light or the buzzer were working alone. These questions led students through a process of 

isolating and simplifying the problem.  By guiding the students through a process of 

troubleshooting and helping them identify the problem, Teacher Z reduced the group’s 

independence and narrowed the problem space. Therefore, her actions reduced an opportunity for 

student uncertainty, but only slightly, as she did not tell or lead them down a specific solution 

path but instead only helped narrow the possible solution paths through a troubleshooting 

process.  

After watching a video clip of this student-teacher interaction, Teacher Z explained her 

actions in the following statement, 

Z: I am kind of frustrated too because I have come many times to that table. […] 

And I really thought that just letting them struggle was going to fix it. But I got 

frustrated, Amy is very frustrated, umm, and nothing is being done. They are not even 

testing anymore.  I think I was getting frustrated at the time, so I said, we are going to 
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break it down into step-by-step.  Show me that it works. At what point was it working? 

They had so many cables, and they were wrapping them with foil. And I went to see, 

what was their goal.  Like, let’s go to something simple and let’s see if you guys can see 

what simple looks like. And then you add something else that is simple, and can you put 

them together and see it will work. (…) So, then my goal was to reduce the amount of 

wire that they had. 

In this explanation, Teacher Z first described her frustration with this group’s lack of 

progress and the fact that she had to keep coming over to the group. Next, she explained that she 

hoped they would be able to figure it out on their own if she let them have more time to struggle, 

but instead, the students were getting frustrated and starting to shut down.  Teacher Z then 

explained that her feeling of frustration was tied to her feeling of time running out, which in turn 

led her to guide the students step-by-step and direct them to simplify their design.  These 

comments illustrate how Teacher Z’s initial intention to let students struggle independently was 

superseded by her concern about the lack of time and her feeling that students were shutting 

down. The constraint of time influenced her decision to reduce an opportunity for student 

uncertainty and therefore represented a downward force. 

Later in the lesson, as time was running out, Teacher Z’s actions shifted towards an 

approach of telling and showing students what to do.  For example, in the last five minutes of the 

lesson, Teacher Z walked up to one group who was having trouble making progress. During her 

interaction with this group, Teacher Z quickly transitioned from asking open-ended questions to 

much more leading questions, such as, “okay, where can you add a battery, where is this whole 

system? Can you split it and add a battery here?”  These questions led the students to where the 

battery should be placed in their circuit.  Later in this interaction, Teacher Z appeared to get 
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agitated, loudly saying “guys,” as she proceeded to tell and physically show this group how to 

change their design.  By directing and then showing the students what to do to fix their circuit, 

Teacher Z eliminated the uncertainty of finding their own solution path within an open, divergent 

problem space, the uncertainty of working as a team to discuss and optimize the solution, and the 

uncertainty of possibly encountering further unanticipated problems.   

After watching the clip of this teaching episode, Teacher Z was asked to explain the 

thinking behind her actions. She replied with the following statement, 

Z: Time is up! I can tell that time is up. Looking at the clock and being like okay, 

it is almost over and you have nothing. So... and I really wanted them... I think that 

maybe that is what I was thinking, the time is almost up, and I want you to end up with 

good experience where you are successful. Not to close with something that, electricity is 

frustrating, and I don’t want to have nothing to do with it ever again. 

Teacher Z’s explanation directly links her actions to the constraint of time running out.  

She also explained that her decision was tied to her desire for students to end up with a good 

experience where they were successful; she did not want students to leave the lesson frustrated or 

never wanting to have anything to do with electricity.  These comments extend Teacher Z’s 

concern with time constraints to a concern for students having a successful and good experience.  

These concerns are tied to her students’ self-esteem and future interest as learners.    

Overall, time constraints impacted Teacher Z’s decision to act in ways that reduced and 

eliminated opportunities for student uncertainty, therefore representing a downward force.  

While Teacher Z generally strove to let her students struggle independently, she described the 

dilemma of balancing the three conflicting commitments, (a) maintaining student uncertainty by 
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letting students struggle, (b) time constraints, (c) ensuring student had a successful and a positive 

learning experience. 

Teacher K. Teacher K also discussed time constraints in connection to her actions.  In 

the following example, Teacher K was walking around helping groups as they worked 

independently on their parachute canopy. She walked up to a group and asked the following 

questions,  

K: Okay, so what I'm going to do next is: you guys are gonna get a piece of string, 

okay? This is gonna help you to make your circle, okay? Um, you're going to make the 

string as long as half of your diameter. So, for example, if it's forty-nine, it would be by 

multiplying, seven. So, you would make it seven inches long and then what would you do 

after that? 

By asking these questions, and making these comments, Teacher K led the students step-

by-step in exactly what to do to figure out the length of the string for their compass. By leading 

them through the process of making their canopy, Teacher K took away their independence and 

constrained the problem space to a single solution path.  Consequently, these actions eliminated 

the uncertainty of discussing and optimizing their design as a group, and the possibility of 

encountering unanticipated problems.      

After watching a video clip of this teaching episode, Teacher K was asked why she acted 

in a way that led the students instead of letting them figure it out for themselves.  She explained, 

K: That, and I just think it's like, time. Time, you know. And I think that's a lot of 

the reason why I do that, too, because I don't have a lot of time. But I should try that [let 

them figure it out on their own] (…) It gets their minds going, and hopefully they'll take 

something that is like, "Oh, okay, we should've done that." Instead of me telling them. 



ENGINEERING UNCERTAINTY   126 

In this statement, Teacher K acknowledged that she was explicitly telling students what 

to do but explained that she felt it was necessary to take this action in order to finish within the 

time limits; time constraints influenced her decisions to take these actions of telling or leading 

students step-by-step in what to do.  While her comment also expressed a general openness to try 

letting students figure things out on their own, and that it could be beneficial for them, this 

example demonstrates how time constraints were a major factor in her decision to act in ways 

that reduced opportunities for student uncertainty. 

Overall, time constraints impacted Teacher Z and Teacher K’s decisions to act in ways 

that reduced or eliminated opportunities for student uncertainty, therefore representing a 

downward force.  While time constraints affected each teacher differently, the actions of both 

teachers in this study were aimed at balancing the time needed for students to struggle and work 

independently while also staying within the time constraints of the lesson.  This balance and the 

corresponding actions were different for both teachers.  For Teacher K, time constraints seemed 

to limit her decisions to let students struggle from the beginning of the lesson.  For Teacher Z, on 

the other hand, time constraints only affected her decision to reduce or eliminate uncertainty 

towards the end of the lesson.  

Materials Constraints 

EiE engineering kits include a large number of materials. Consequently, the participating 

teachers spent a lot of time managing the materials and helping students deal with issues related 

to the material.  For example, the alarm circuit kit has over 20 materials, such as aluminum foil, 

cardboard, wires, batteries, paper clips, light bulbs, light bulb holder, buzzers, binder clips, metal 

washers, index cards, pennies, metal fasteners, two types of tape, etc.  The logistics of managing 

the large amount of materials included, (a) ensuring, organizing, and passing out the materials 



ENGINEERING UNCERTAINTY   127 

for each group, (b) making sure that all materials were functioning, and (c) keeping track of and 

cleaning up the materials from lesson to lesson.  The material logistics were discussed in relation 

to the teachers’ actions during the lesson.  

Teacher K.  Teacher K discussed material constraints as influencing her actions during 

the parachute lesson. Specifically, she explained that she did not have enough materials to allow 

her students to make improvements after testing their first parachute designs.  By not allowing 

the students to improve their designs after testing, she eliminated their opportunity to optimize 

their solution as a team and to overcome any unanticipated problems that could occur during or 

after the testing stage.  Therefore, due to material constraints, Teacher K eliminated the chance 

for her students to face the uncertainty tied to the improvement stage of the engineering design 

process.    

Teacher K explained the reason behind her decision to not let students improve their 

designs. She stated,  

K: See yeah, that is what I am saying.  Lacking materials. I don’t have the stuff 

here.  They refill them.  They actually bring us the stuff we need to refill them.  But they 

only do it once a year.  So, I mean, I was running out of stuff and running out of 

time.  So, I just kind of made them think about it.  They didn’t actually, really get to try 

it. 

In these comments, Teacher K explained that she lacked the materials for this lesson, 

which led to her decision to have students think about how they would improve their designs 

without actually trying it.  Her actions are also linked to a lack of time.  These statements directly 

link material constraints to Teacher K’s decision to eliminate improvement activities, and 

therefore the opportunity for her students to face the uncertainty of optimizing and overcoming 
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mistakes.  Material constraints, as well as time limitations, represent a downward force for 

Teacher K. 

Teacher D.  Teacher D also discussed materials as influencing the way she structured her 

lesson.  She decided to spend the majority of her time at the side of the classroom handing out 

and collecting materials for each student; this meant spending most of her time during the lesson 

managing materials.  Beyond this general lesson structure tied to material management, several 

students were having problems with the materials getting stuck inside the pipe that represented 

their flower; these students would come up to Teacher D and ask for help. Teacher D, who was 

busy passing out the materials to a line of students, asked another student to help the get the 

pom-pom out for the girl.  This student helper took over by getting a pair of scissors and pulling 

the pom-pom out of the pipe.  The issue with the pom-pom represents an unanticipated problem 

that caused student uncertainty; Teacher D’s action therefore reduced student uncertainty by 

having another student solve the unanticipated problem for her.    

When asked to explain her action, Teacher D explained, “I think I was... Teaching is 

multitasking, and this was multitasking to the extreme. Because I have kids sitting down - trying 

to monitor them, I have kids in line - trying to monitor them, […] And I have a bunch of kids 

who, their pom-pom got stuck. So, I had to like call on this kid, who is like this man, who can 

solve any problem, he has these thoughts in his head, how to get things out.”  Teacher D’s 

comments illustrate that she felt overwhelmed by multitasking as she managed a classroom of 

thirty second graders who were each using numerous materials to independently design and build 

their hand pollinator.  The added issue with the pom-pom led to Teacher D asking Raul, who she 

felt could solve any problem, to take care of this issue for the student.  Therefore, this issue with 
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the materials, on top of all her other obligations as a teacher, led Teacher D to take an action 

which reduced opportunities for student uncertainty. 

Summary of Downward Force 4  

The logistical constraints of managing time and materials while teaching an engineering 

unit presented a challenge for all three teachers.  Finding enough time to teach all the lessons in 

these engineering units while also finding the time to let students fully go through the design 

process (plan, design, build and improve) was a challenge for all three teachers.  In addition to 

the challenges with time, the logistics of managing the large number of materials needed for 

these engineering lessons presented a challenge for the teachers.  These logistical challenges or 

constraints, however, impacted each teacher and their actions related to student uncertainty in 

different ways, as shown in figure 5.4. For Teacher K, these logistical constraints represented a 

strong force that led to her reducing and eliminating opportunities for student uncertainty.  For 

Teacher Z, the time constraints alone led to her reduction of student uncertainty, but only 

towards the very end of the lesson, and this reasoning was intertwined with her desire to have all 

groups find success.  For Teacher D time and materials both represented challenges, but these 

challenges only represented a slight force that influenced her decision for taking actions that 

reduced opportunities for student uncertainty. 

Table 5. 4 
 

Summary of actions associated with downward force 4 

Teacher action Reduced / eliminated student uncertainty 
by 

Downward 
Force 

1) Asked questions led 
students through a process 
of isolating and 
simplifying the problem 
(Z).  

 

Reduced the groups independence and  
 

- Slightly narrowed the problems space by 
helping troubleshoot but not telling or 
lead them down a specific solution path. 

- Eliminated the uncertainty of finding 
their own solution path within an open, 

Time as a 
logistical 
Constraint  

 
(time 
running 
out) 
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2) Directed and then showing 
a group of students what to 
do to fix their circuit, (Z) 

 
3) Made comments and asked 

questions which led a 
group of students through 
the process of designing 
and building making their 
parachute (K) 

divergent problem space, the uncertainty 
of working as a team to discuss and 
optimize the solution, and possibility of 
encountering further unanticipated 
problems.   

- Constrained the problem space to a single 
solution path, which eliminated the 
uncertainty of discussing and optimizing 
their design as a group and the possibility 
of encountering unanticipated problems.      

1) not allowing the students to 
improve their designs after 
testing (K) 

 
2) Asking a student to solve a 

problem for a struggling 
student (D) 

1)  eliminated their opportunity to improve 
and optimize their solution as a team and 
to overcome any unanticipated problems 
that occur during or after the testing stage 

2) Reduced a student’s uncertainty by having 
another student solve the unanticipated 
problem for her.    

Materials 
as a 
logistical 
Constraint 
(limited 
materials) 

 

 

 

Figure 5. 3: Diagram of the downward force 4: Logistical constraints for each teacher 
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Conclusion of the Downward Forces 

The findings in this chapter show that the factors which influenced the teachers’ 

decisions to reduce or minimize opportunities for student uncertainty fall into four overarching 

categories, (a) beliefs and concerns about students, (b) beliefs about teaching, (c) lack of 

experience and knowledge, and (d) logistical constraints. 

Overall, the findings demonstrate that each of these forces affected these teachers in 

different ways, with some forces not affecting a specific teacher’s actions at all.  The teachers’ 

beliefs and concerns related to their students, and the abilities of their students, appears to have 

had the largest effect on the teachers’ decisions to take action that reduced opportunities for 

uncertainty.  Overall, these beliefs and concerns that influenced their decisions characterized 

students in a deficit perspective, as they focused on the students’ inabilities, and what they 

cannot do.  This deficit view of students was intertwined with the dominant narrative in schools 

that teaching, or “good” teaching, should focus on productivity, getting to answers, and ensuring 

learning for all students by taking an “I do, we do, you do” teacher-led pedagogical approach, 

and accommodating for students by focusing on their inabilities and short comings.  The 

downward force of these deficit beliefs about students and the dominant results-based narrative 

in schools appeared to have a big impact on teachers’ actions to reduce or eliminate opportunities 

for student uncertainty.  
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Figure 5. 4: Diagram of the downward forces for each teacher.  

  



ENGINEERING UNCERTAINTY   133 

CHAPTER 6: DISCUSSION AND IMPLICATIONS 

This chapter presents a discussion of the study findings. The discussion is organized into 

several sections. First, the impact of teacher actions on experienced uncertainty is considered. 

Second, the upward and downward forces influencing teacher actions are discussed. Implications 

for the field of elementary engineering education research and practice are then considered.  

Finally, limitations of the study and suggestions for future research are acknowledged.  

Teacher Actions Affecting Experienced Uncertainty 

Study findings indicated three primary ways that elementary teacher actions affected their 

students’ opportunities to experience uncertainty during engineering lessons, understood as ill-

structured problem spaces that can lead to uncertainty (Jonassen et al., 2006).   

1. Opportunities for independence and autonomy. Two teachers in this study (Teachers 

Z and D) primarily used actions that maintained or reduced students’ independence 

from the teacher, such as allowing students to start the task on their own and offering 

limited guidance.  The remaining teacher using actions such as modeling, guiding, 

and leading students, which limit student independence, leading to a less open or 

divergent problem space.  While independence itself is not an element of an ill-

structured problem space, in classrooms, it acts as an overarching aspect of the task 

that has a major impact on the ill-structured problem space and consequently the 

potential for students experiencing uncertainty, as shown in Figure 6.1. 

2. Opportunities to experience open-ended and divergent qualities of a problem space. 

Jonassen and his colleagues (2006) state that engineers face an element of uncertainty 

by working to solve open-ended, divergent problem space with no single “right” 

answer.  The teachers in this studied demonstrated a variety actions: some uncertainty 
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increasing actions that maintained the problem space and some uncertainty decreasing 

actions that narrowed the problem space.  Uncertainty increasing actions included 

encouraging students to make mistakes, try out different materials, or explore a new 

solution path as they improved their designs.  Uncertainty decreasing actions included 

leading students toward a specific solution, guiding them in how to fix a problem, or 

directing them in what resource to use and how to use it.  Within and accompanying 

this open-ended and divergent problem space was the opportunity for students to face 

the uncertainty of determining the materials or resources and how to use them when 

designing.  While this was not a major element of uncertainty affected by teachers, 

each teacher allowed students to choose between a variety of materials (resources) 

and decide how to use them.  

3. Opportunities to discuss and optimize solutions as a team.  Several researchers 

(Jonassen et al., 2006; Koen, 2003; Dym et al., 2005) noted that a source of 

uncertainty concerning ill-structured problems is found in having to discuss and 

decide on the optimal solution.  The teacher actions generally maintained this aspect 

of the problem space by setting up and structuring the lesson in way that required 

students to discuss and make decisions as a team.  However, while the teachers set up 

their classrooms to promote teamwork, at times they stepped in to settle conflicts or 

issues related to collaboration and teamwork, which then limited the uncertainty of 

figuring out how to work successfully and productively as a team.   

In Summary, Figure 6.1 shows different aspects of the task and/or problem space, 

represented here by different layers, that teacher actions affected during their engineering lesson. 

The first layer represents the overarching aspect of student’s autonomy. The second layer 
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includes two parts: the open-ended and divergent aspect of the problem space, and the aspect of 

determining out how to optimize the solution as a team.  Within the open and divergent problem 

space is the third layer, containing two parts: the aspect of determining true resources or 

materials and how to use them, and the aspect of encountering unanticipated problems.  

 

Figure 6.1: Representation of how teacher actions affect the task and/or problem space 

with regard to the potential opportunities for students to face uncertainty.  

Beyond mapping teacher actions to how they affect the ill-structured aspects of the 

problem space for this task, I was also able to identify elements of a problem not taken up by 

these teachers. Based on the framework in Chapter 2, the aspects of an ill-structured problem 

space not taken up or discussed by teachers were, (a) unclear goals for the problem (b) weighing 

the interests of the client against other demands, concerns and constraints, (c) acquiring new 

information as part of dynamic problem space and (d) dealing with incomplete or imperfect 

information.  My findings indicate an absence of these aspects of an ill-structured problem space 
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that hold the potential to face uncertainty.  I believe the main reason teachers did not take up 

these aspects of an ill-structured problem space was due to the fact that it was not part of the 

engineering curriculum.  For example, there was a clear goal for the engineering task, and while 

there was a fictional client from the story, the impact and interaction of the client was minor.  

Furthermore, the engineering unit is set up in a way that front loads the needed information and 

does not require students to find new information once they are designing, or to deal with the 

complexity of incomplete or imperfect information.  The teachers in this study all relied heavily 

on the curriculum and kept to the problem as established by the curriculum, therefore, they did 

not take actions related to these elements.  Furthermore, it is important to understand that not all 

problem spaces or engineering tasks, even in the real world, encompass all elements of an ill-

structured task.  It is also understandable that both curriculum and teachers must limit or decide 

which elements are appropriate for the age and grade level of the students and the constraints of 

schooling.   

Interaction of Upward and Downward Forces Influencing Teacher Actions 

In addition to mapping teacher action to elements of an ill-structured problem space, the 

aim of this study was to investigate what factors influenced the teachers’ decisions to take 

actions that increase and maintain or to reduce and minimize opportunities for students’ 

experiences of uncertainty. 

In this study, I identified the primary factors, which I have represented as forces, that 

influenced three elementary teachers’ actions to increase, maintain, reduce, or minimize the 

uncertainty that students experienced during an engineering lesson.  Research has shown that 

teachers face many different factors and pressures as they make decisions in their classroom 

(Doyle ,1983; Helsing, 2007).  By using forces and force diagrams, this study provides a new 
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approach to interpret what factors specifically influence a teachers’ actions to reduce or maintain 

opportunities for students to face uncertainty, and how these factors combine or counteract to 

establish an equilibrium for each teacher.  By confining the forces in this diagram to a single 

dimension (up and down) in terms of actions that modify a task in terms of opportunities to 

experience uncertainty, I was able to constrain the analysis and classify the forces.  Then, by 

categorizing the factors as upward and downward forces, I was able to interpret which forces 

combine to influence a teacher’s action in one direction (i.e. maintaining) and which forces 

counteract the opposing forces, influencing a teacher’s decision in the other direction (i.e. 

reducing or eliminating).  Figure 6.2 provides the force diagram for all upward and downward 

forces identified for the teachers in this study. 

 

Figure 6. 2: Diagram of the all upward and downward forces.  

While each teacher had upward forces compelling them to allow student uncertainty and 

downward forces prompting them to minimize or reduce student uncertainty, these forces cannot 

be considered separately, but instead work together and/or against each other to influence how 
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each teacher enacted the lesson, and whether the teachers’ enactment of the lesson in the end 

allowed for students to experience the uncertainty of an ill-structured engineering task.   While 

each teacher in this study found their own balance or equilibrium in these forces, Teachers D and 

Z found a similar equilibrium different from that found by Teacher K. 

Teacher D and Teacher Z achieved a balance of forces that, overall, maintained a 

problem space with opportunities for students to face and struggle through uncertainty, even 

though they sometimes utilized behaviors that reduced or eliminated uncertainty.  For both 

teachers, engineering appears to hold the potential to help teachers give students opportunities to 

face uncertainty, with enough upward forces to counteract the downward forces each described 

as impediments.  Importantly, the combination of forces (e.g., their goal for teaching 

engineering, their experience, time and effort spent preparing, leverage of peer collaboration) 

that enabled Teachers D and Z to counter the downward forces (see Figure 6.2). 

 

Figure 6. 3: Diagram of the balance in forces for Teacher D and Teacher Z.  

In contrast, Teacher K achieved a balance of forces that reduced or eliminated the 

potential for students to experience and confront the uncertainty of an ill-structured problem 
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space. Teacher K’s enactment of the lesson could be described as a teacher-led approach, in 

which she modeled and gave step-by-step directions, continuously clarified and reclarified 

instructions, and asked leading questions throughout the lesson.  Although Teacher K expressed 

the goal for teaching engineering to let students work independently and make mistakes as they 

designed and improved their own parachute, her actions led to a quasi-independent problem 

space for students due to her tendency to give step-by-step directions and intervene with leading 

questions whenever she believed the students were doing something wrong.  Thus, despite the 

upward forces contributing to her intention to allow students to make mistakes and struggle 

through an engineering task on their own, the pressure of the downward forces concerning her 

beliefs about students’ inabilities, beliefs about teaching, and inexperience, combined with the 

novelty of the engineering task, and the logistical constraints for this engineering lesson together 

impeded her capacity to enact a lesson that maintained opportunities for students to face 

uncertainty (see Figure 6.3).    

 

Figure 6. 4: Diagram of the balance in forces for Teacher K.  
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Engineering May Not Be Enough Alone 

Furthermore, all three teachers discussed their goal of teaching engineering as affecting 

their decision to take action to encourage students’ experiences of uncertainty, fostering student 

independence and independent struggle, and fostering mistake making and improvement while 

completing an engineering task. Similarly, past literature has indicated that teachers’ learning 

goals for a task (the intended curriculum) influences their actions and enactment of the lesson 

(Smith, 2000).  The intention of teaching engineering was thus considered a strong upward force. 

Despite this common upward force, only Teachers Z and D were able to enact a lesson that 

accomplished their intentions by maintaining a problem space that provided these opportunities, 

while Teacher K ultimately enacted a lesson that reduced or eliminated opportunities for students 

to face uncertainty. Teacher K described beliefs that her students were unable to start the task 

and work independently, along with a teaching paradigm focused on answers, efficiency and 

ensuring understanding. This approach yielded only a façade of a student-led, ill-structured task.   

Teacher K represents an example of a teacher who had the right intentions, but who was unable 

to counter her inexperience, the deficit and dominant narratives she held about students and 

teaching, and the logistical constraints of the lesson. Overall, Teacher K’s intentions for teaching 

engineering were not enough to enact a lesson that maintained opportunity to face uncertainty. 

In summary, the findings from all three teachers appear to indicate that the goal for 

teaching engineering, while a powerful upward force in itself, may not be a strong enough force 

alone for all teachers to enact a lesson that maintains a problem space with opportunities to face 

uncertainty. 

Previous research has identified different factors that influence teachers’ decisions in the 

classroom, but has considered these factors separately (Helsing, 2007; Shavelson, 1973). By 
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modeling the upward and downward forces within a force diagram, this study adds to the 

literature by providing a closer, more organized look at how these forces can combine and 

likewise counteract each other. This approach demonstrated how teachers used a combination of 

upward forces to maintain opportunities for student uncertainty, and how a combination of 

downward forces was likewise linked to a reduction of opportunities for uncertainty. This 

approach provides a visual interpretation that added a depth of understanding of how these forces 

are not separate factors, but instead work in either combination or opposition to influence a 

teacher’s actions and interactive decision making.   

The literature on teacher decision making has shown that teachers must integrate and 

evaluate information about students, subject matter, the classroom, and other factors as they 

make teaching decisions during a lesson (Shavelson, 1973).  For high-level, student-led lessons 

with ill-structured problems spaces, such as engineering, teachers are faced with even more 

pressures and risks associated with maintaining opportunities to maintain uncertainty (Doyle, 

1988).  This study, which focused on three teachers’ decisions that impacted opportunities for 

students to deal with uncertainty during an engineering lesson, narrows the focus by identifying 

and classifying the primary forces that can impact interactive decisions and actions of teachers 

when it comes to teaching engineering, specifically.  

Dominant Deficit Narratives in Schools 

Study findings indicated that each teachers’ in the moment, interactive decisions with 

regard to student uncertainty were heavily influenced by their beliefs about students and 

teaching, and these beliefs match some of the dominant and deficit narratives perpetuated in 

schools.  This finding matches the literature that has found that teachers’ beliefs about students, 

learning and teaching influence their decisions (Fang, 1996; Pajares, 1992; O'Brien and Norton, 
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1981).  I represent these beliefs as a downward force.  As shown in chapter 5, the teachers 

described their beliefs and concern about students’ inability to start a task, stay on task, or 

persevere on their own.  For Teacher D and Teacher K, these concerns were discussed in regard 

to low performing, unmotivated and English Language Learner (ELL) students.  These beliefs 

about students match a deficit model, which Valencia (1997, 2010), explains as attributing 

students’ lack of success to internal deficiencies (e.g., limited intellectual abilities, linguistic 

shortcomings, and lack of motivation). The findings show that this deficit view of students, 

which represents a longstanding and dominant narrative in schools (Valencia, 1997; 2010), 

factored into all three teachers’ decisions to reduce or minimize opportunities to face uncertainty. 

Research has shown that student characteristics and concerns play a major factor in 

teaching decisions (Borko & Cadwell, 1980; Calderhead, 1981; Shavelson et al., 1977).  Similar 

to this literature, study findings illustrate how these teacher beliefs and characterizations of their 

students were a significant force in their decision-making process (Fang, 1996; O'Brien and 

Norton, 1991).  The findings from this study further add to this research.  First, this study 

identifies that deficit thinking about students was directly linked to the teacher’s decisions to 

modify the problem space in ways that reduced opportunities for uncertainty.  Second, the 

findings indicate that this deficit view of students was intertwined with the perspective that 

teachers need to provide accommodation that support student deficits.  These beliefs about 

accommodations represent a challenge many teachers face in figuring out how to differentiate 

and accommodate for all students when you have a classroom of students with a wide range of 

abilities, interests, and personalities.  While literature supports the idea that teachers should 

modify and adjust their instruction to match their students (Tomlinson, 2014), in this study, the 

teachers’ decisions to modify the problem space in ways that reduced opportunities to face 
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uncertainty were linked to a desire to accommodate for students’ deficits or inabilities.  This 

finding matches a dominant narrative in many classrooms where accommodation and 

interventions focus on student deficits without considering the students’ strengths or funds of 

knowledge (González, Moll, & Amanti, 2006; Valencia, 1997; 2010). Overall, the deficit view of 

students and accompanying perspective of teaching match a general perspective in schools that 

underestimates students’ abilities, particularly for students who are seen as academically 

performing, English language learners, or those who lack motivation (Sorhagen, 2013).  In this 

case, the teachers tended towards a view of students that underestimated their ability to 

independently tackle and persevere through the uncertainty of an ill-structured engineering task. 

Countering Deficit Beliefs About Students and Accommodation 

While each teacher found a way to balance their concerns about students and desire to 

accommodate for students with their intentions to let students work and struggle independently, 

Teachers D and Z demonstrated greater capacity to resist or counter this deficit perspective. For 

example, although Teacher D described a deficit perspective about her students and a feeling she 

should accommodate for her low performing and ELL students, she seldom acted on these 

concerns. Teacher D was able to counter this downward force tied to her deficit beliefs about 

students by relying on her experience, preparation, and goals for teaching engineering.  Overall, 

Teacher D, with the influence of her upwards forces, was largely able to resist the influence of 

these deficit narratives and find an equilibrium where she maintained a problem space with 

opportunities for students to face and struggle through uncertainty. 

Similarly, Teacher Z, who described concerns related to her students’ inability to 

persevere, found a balance that countered these concerns, demonstrated by her reluctance to tell 

students what to do and her decisions to resist student’s requests for guidance.  Overall, Teacher 
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Z’s actions maintained a problem space with ample opportunities for her student to confront and 

persist through uncertainty for the majority of her lesson.  She modified this approach when she 

believed the struggle lasted too long, as she was concerned students would shut down or give up.  

This resistance to guide students combined with eventually relenting appears to represent the 

way Teacher Z attempted to find a balance or equilibrium between letting students struggle 

through uncertainty versus deciding when to guide them by narrowing the problem space.    

In addition to deficit beliefs about students, the downward force of time constraints had 

the most significant impact on Teacher Z’s decision to reduced and eliminate student uncertainty.  

While Teacher Z worked hard to resist leading students and maintain a problem space where 

students could struggle through the task, Teacher Z made the decision to reduce or eliminate 

uncertainty toward the end of the lesson when time was running out. For Teacher Z, the 

influence of time constraints was intertwined with a desire for students to have a successful and 

positive experience with engineering.  In the end, Teacher Z had to find a balance between 

giving students time to struggle and work independently while also staying within the time 

constraints of the lesson and providing a positive experience for students.  This led to a lesson 

where the problem space provided amble opportunities to face uncertainty, up until the final 

minutes of the lesson. 

While this study aimed to examine teacher in-the-moment decision making through the 

lens of an information processing framework (Borko & Cadwell, 1980; Calderhead, 1981; 

Shavelson et al., 1977), the findings from this study indicate that a teacher’s overall beliefs about 

students and teaching influenced the way they processed information and made decisions during 

a lesson. Therefore, these findings add to the literature by indicating that the way these teachers 

made in-the-moment decisions was influenced by and situated in the broader narratives about 
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students and teaching.  This finding parallels the previous literature on teacher beliefs, which has 

shown teacher beliefs to affect teacher practices (Fang, 1996, Pajares 1992; O'Brien and Norton, 

1991).  While the findings from this study similarly illustrated that beliefs about students and 

teaching play a major role in teachers’ decisions, this study adds to the literature by identifying 

how teachers’ beliefs overwhelmingly focused on student deficits and correlating dominant 

beliefs about teaching as accommodating and ensuring understanding for all students. Overall, 

these broader narratives, which teachers face in our current school system, were identified as 

major downward forces in teachers’ decisions to reduce or eliminate opportunities for student 

uncertainty during an engineering lesson. 

Despite the evidence of a dominant student deficit narrative, this study has also shown 

that some teachers, such as Teacher Z and Teacher D, are able to use a combination of upward 

forces to counter these deficit beliefs about teaching and maintain a task with opportunities for 

students to deal with uncertainty. While the literature has shown school culture tends to 

perpetuate the illusion of certainty, with teachers tending to minimize or avoid uncertainty 

entirely (Floden & Clark, 1988; Helsing, 2007), the findings from this study provide a counter 

example to this narrative, while also identifying the specific forces behind these teachers’ 

decisions to maintain opportunities for student uncertainty. 

Countering Dominant Beliefs About Teaching 

As shown in chapters 4 and 5, Teacher D felt a trepidation to let students “go, think, 

create” without first modeling and following her usual “I do, we do, you do” pedagogical 

approach. Her apprehension was linked to the downward force of her beliefs about teaching, 

which appears to be driven by a dominant narrative in schools where good teachers must model 

for their students and ensure understanding before letting them work independently.  Teacher D’s 
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beliefs about teachers match the literature, which has shown that classrooms are typically filled 

with low-level, well-structured problems and situations that are neatly packaged to minimize 

ambiguity (Bolhuis, 2003; Shepardson & Pizzini, 1991).  While the dominant narrative factored 

into her decisions, her goals for teaching engineering (upward force #1) and her prior experience 

knowing that “it will work” (upward force #3) outweighed the force of these beliefs about 

teaching.  In the end, she was able to resist her apprehension, and only provided minimal 

modeling before students began designing.  This example illustrates how Teacher D had to find a 

balance between her belief that teachers should be explicit and provide models, which equates to 

little uncertainty, and letting students find their own solution to maintain an open and divergent 

problem space, which equates to facing increased uncertainty.  While each teacher must find 

their own balance or equilibrium between the upward and downward forces, Teacher D’s 

equilibrium during this engineering lesson represented a shift away from the belief that she needs 

to take an “I do, we do, you do” pedagogical approach to teaching that thereby maintained or 

only slightly reduced, students’ opportunities to face uncertainty. 

Overall, the upward forces for Teacher D and Teacher Z provided a counter to the 

downward forces related to beliefs about students and beliefs about teaching, which represent 

two dominant narratives linked to the illusion of certainty perpetuated in schools (Bolhuis, 2003; 

Shepardson & Pizzini, 1991).  For these two teachers, the combination of upward forces together 

formed a counterbalance to the dominant narratives in schools, which focus on students’ deficits 

and underestimate students’ abilities, and a view of teaching where teachers should always 

ensure student understanding through modeling, guiding, and accommodating.  While teachers 

often should model, guide and accommodate for students, if teachers always feel they need to 

ensure understanding, then students may never have opportunities to face, struggle through and 
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learn from uncertainty.   This finding adds to, and potentially provides contrast to, the literature 

that has shown teachers’ beliefs to be stable and resistant to change (Fang, 1996; Pajares, 1992).  

While teacher beliefs may be resistant to change, by exploring and identifying how Teacher Z 

and Teacher D were able to counter these dominant and deficit beliefs about students and 

teaching, this study contributes to the understanding of how or why teachers’ beliefs may change 

or shift, and how this impacts their decision-making processes.    

Implications for K-12 Engineering Education Research and Practice 

The findings concerning teacher actions affecting students’ experienced uncertainty have 

several implications for research on K-12 engineering education and research, which are 

discussed in this section. 

While research on productive struggle (Permatasari, 2016), high-level tasks (Smith & 

Stein, 1998; Smith, 2000) and productive persistence (Edwards & Beattie, 2016) had identified 

the teacher actions or instructions that maintain or reduce and eliminate opportunities for student 

struggle, a gap remained concerning how these teacher actions specifically affect the problem 

space in terms of opportunities for students to confront uncertainty during an engineering task. 

By using a framework based on the inherent elements within a problem space that can cause 

uncertainty (Jonassen et al., 2006; Koen, 2003, Dym et al., 2005), this study adds to the literature 

by providing an understanding of how teacher actions affect specific elements of an ill-structured 

task that cause uncertainty.  By mapping teacher action to these specific sources of uncertainty, 

these findings start to identify the exact effect teacher actions have on student opportunities to 

confront and learn from uncertainty.  These findings also add to the literature by identifying the 

elements of an ill-structure problem space that teachers did not address or enact as part of the 

engineering task.   
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The findings from this study illustrate how teacher actions that promote independence 

and autonomy within a problem space create a powerful first step and gateway for maintaining a 

problem space where students have opportunities to face these different sources of uncertainty.  

These findings are similar to Permatasari (2016), who explained that “not stepping in too soon or 

too much, thereby taking the intellectual work away from the students” comprise a teaching 

strategy that supports productive struggle. Moreover, the present findings add to the research by 

revealing that teachers’ beliefs concerning what amount of independence is appropriate 

influences teachers’ subsequent actions and effect on students’ experiences of uncertainty.   

This finding further highlights the importance of teacher development that cultivates the 

view that independence concerns more than just the hands-on construction aspect of a task, but 

also involves letting students learn how to approach an open-ended problem, choose from 

numerous solution paths, and persevere through unanticipated problems and mistakes as they 

discuss and optimize their solution as a team.  Another implication is that it may be helpful for 

teachers to understand how their actions affect these different elements of the problem space and 

consequently the opportunity for students to struggle through uncertainty. 

Previous research has shown that many teachers perpetuate the illusion of certainty in 

school by making teaching decisions that tend to avoid, eliminate and reduce student uncertainty 

due to its negative elements and added challenges (Carter & Doyle, 1982; Floden & Clark, 1988; 

Helsing, 2007).  However, research has also shown that some teachers view student struggle and 

uncertainty as an asset for learning, and therefore take actions that maintain and encourage their 

students to face and overcome uncertainty (Helsing, 2007).  The findings from this study, in 

comparison to previous studies, specifically focuses on this conflict in teaching the subject of 

engineering, and adds to the literature in three ways: (a) by identifying the factors that influence 
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a teacher’s decision to maintain or reduce opportunities for students to face uncertainty during an 

engineering lesson, (b) providing an understanding of how these factors combine and counteract 

each other as teachers enact an engineering lesson (c) and demonstrating the prevalence of 

dominant student deficit narratives, how some teachers were able to develop counterforces to 

these narratives.  

Research on K-12 engineering education has shown the integration of engineering into K-

212 classrooms hold the potential to help young students develop critical thinking skills and 

habits of mind consistent with engineering, problem solving skills and dispositions (Katehi, et 

al., 2015; NRC, 2014), as well as the potential to help teachers transform their instruction to a 

more integrated, project-based, hands-on, and student-centered approach (O’Brien et al., 2014). 

This study similarly found that the goal of teaching engineering did provide a strong upward 

force for teachers; however, as with Teacher K, this upward force by itself was not strong 

enough to enact a lesson that provided opportunities for students to face uncertainty. Overall, it 

appears that a combination of forces, which included the goals for teachers engineering, but also 

experience, long and short-term preparation efforts, and leveraging peer collaboration, were 

required to maintain a task with many opportunities for students to deal with uncertainty. This 

study demonstrates that the intention of teaching engineering is not a strong enough force 

without added upward forces. Teachers may need additional training or support to develop these 

additional upward forces that were found to benefit Teachers D and Z and enable them to enact a 

lesson that fulfilled the potential of engineering to create a learning environment where students 

can face uncertainty. 
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Limitations and Future Research 

Several limitations of the present study need to be acknowledged. First, the relative 

newness of engineering as an official part of the K-12 science standards in many states means 

that the population of teachers in an elementary school likely will possess a range of experience 

and comfort teaching engineering (Katehi et al., 2015), and those with less affinity for 

engineering may avoid or limit the amount of time spent teaching this subject. Accordingly, the 

present study sample consisted of participants who elected to teach engineering in a school 

district where teaching this subject is strongly recommended but not required.  This introduced a 

selection bias into my study, wherein the participants likely included individuals who were 

interested and comfortable teaching engineering, while participants who may be less interested 

or qualified to teach engineering were naturally excluded. Therefore, understandings gained 

about these teachers’ actions and reasons for taking actions may be limited to elementary 

teachers who are interested, comfortable, and willing to teach engineering. This limitation also 

points to an important direction for continued research: Future studies should recruit elementary 

teachers who feel comfortable and experienced, as well as those who feel uncomfortable, less 

experienced, or who hold negative feelings about teaching engineering. Studies based on this 

diverse sample would generate deeper insights into the teacher actions employed, why these 

actions are used, and how these actions affect opportunities for students to experience 

uncertainty.  

Another limitation concerned the narrow scope of inquiry wherein only one engineering 

lesson was observed per teacher.  Classrooms are complex and dynamic environments, and many 

elements may influence a teacher’s perception and decision-making regarding uncertainty 

(Doyle, 1988; Helsing, 2007).  Therefore, the study findings may be conflated by or imbedded in 
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the aspect of the classroom unrelated to teaching engineering.  Furthermore, expanding the 

sample to include more teachers and more lessons would expand the data set, potentially leading 

to additional or more nuanced findings. Consequently, future research is advised to examine the 

impact of teachers’ actions while teaching other disciplines on students’ experience of 

uncertainty.  This type of cross-disciplinary study may provide more insight into the true impact 

of engineering as an upward force on teacher decisions to maintain opportunities for uncertainty 

and whether the uncertainty of an engineering task influences the teachers’ decisions to maintain 

opportunities for students to face uncertainty. 

 It is also important to highlight that, while this study discusses opportunities for students 

to experience uncertainty, this study chiefly investigated the way teacher actions affected the 

problem space and potential opportunity for students to face uncertainty.  This study does not 

make any claims about the uncertainty experienced by students.  Further research is needed to 

develop an understanding of the uncertainty experienced by students.       
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APPENDIX A: FIELD NOTES PROTOCOL 

Table 3.2 
 
Example of field notes 

Context of lesson 
Classroom layout, use of 
materials & manipulatives, 
or technology. 

Source / moment of uncertainty  
1) Ill-defined and divergent problem 

space, 
2) Incomplete data and imperfect models,  

3) Optimization within competing 
demands, 

4) Dynamic problem space 

Other 
interesting 
activity 

   

Summary notes: 
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APPENDIX B: PRE-OBSERVATION INTERVIEW PROTOCOL 

 (30 – 60 minute, audio recorded) 
Pre-teaching interview  

Category and Questions Purpose Research Q 
Background/Experience Questions 

1. What teaching certifications do you hold (including National 
Board certification)? 

2. How long have you been teaching? What grade levels have you 
taught? 

3. What is your level of experience of or knowledge about 
engineering? do you have?   

4. Please describe any engineering courses you have taken (high 
school or college) OR any courses that may have involved 
engineering-like projects or experiences. How did you do in 
these courses or experiences?  

5. What other background experiences or knowledge do you have 
with engineering?  Please explain. (i.e. non-school experiences, 
afterschool clubs, hobbies, relatives or friends who are engineers, 
etc.) 

6. Please describe your teaching experience with engineering.  

Gather 
relevant 
background 
information 
on the 
teacher’s 
knowledge, 
education, and 
experience 
with 
elementary 
education, 
engineering, 
and teaching 
engineering 

(2) What 
are the 
teachers’ 
perspectives 
on their 
experience 
managing 
uncertainty? 

 

Engineering / Goals for teaching engineering  
1. In your opinion, what is engineering? What do engineers do? 
2. Do you think engineers ever feel unsure about (struggle through) 

their design/solution?  If, so how?   (reasons/sources for the 
uncertainty/struggle) 

3. What is your goal for teaching engineering to your students? 

Gather 
information 
about the 
teacher’s 
knowledge of 
engineering 
and 
perception of 
and overall 
goals for 
teaching 
engineering  

(2) What 
are the 
teachers’ 
perspectives 
on their 
experience 
managing 
uncertainty? 

 

Lesson/unit specific questions 
1. What is the name of the engineering unit or lesson you will be 

teaching?  
2. Have you ever taught this specific unit before?  Have you taught 

similar unit? (If so when, how many times?) 
3. Why did you choose to teach this engineering unit/curriculum? 

(why were you asked to teach it?) 
4. What are your main learning goals or objectives for this specific 

engineering unit/lesson? (what do you hope the students will get 
out of it?) 

5. Where do you feel the students might experience uncertainty? 
How do you plan it?  

6. What might be challenging about implementing this curriculum? 
7. What modifications/changes/improvements do you plan to make 

to the curriculum (Kit)? Why? 

Gather 
information 
on the 
teacher’s 
experience 
with, 
perception of, 
and goals for 
teaching the 
specific unit 

(2) What 
are the 
teachers’ 
perspectives 
on their 
experience 
managing 
uncertainty? 
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APPENDIX C: POST-OBSERVATION INTERVIEW PROTOCOL 

Post-teaching interview and protocol 
Category and Questions Purpose Research 

Question 
Post-teaching Questions  
(15-20 minutes, audio recorded) 
1. How do you feel the about overall success of the 

unit/lesson? 
2. How do you feel about teaching this 

curriculum/engineering to your students? (being asked to 
teach) 

3. What were your goals and were they reached?  
4. What were the overall challenges with implementing this 

curriculum? 
5. What do you think the students struggled the most with 

during this unit? 
6. Would you teach this unit again? (What would you do 

differently next time? Why?) 
Uncertainty specific: 

7. Think back about the unit, tell me about a time you felt 
unsure/unconfident (experienced a sense of uncertainty) 
about how to best teach part of the lesson or how to help 
students.   

8. Do you think students ever felt unsure about (struggle 
through) their design/solution?  If, so how? 
(reasons/sources for the uncertainty/struggle) 

9. Were there any times you let students struggle through a 
problem or issue during the unit? Why, how? 

Gather important 
information on the 
teacher’s overall 
perception of 
teaching 
engineering/this unit 

  
Gather 

valuable information 
about which aspect 
of the lesson that the 
participant saw as 
uncertain.     

(2) What are 
the teachers’ 
perspectives on 
their 
experience 
managing 
uncertainty? 

 
(3) 

How do the 
teachers deal 
with 
uncertainty 
(pedagogical 
reactions)?  

 
 
 

Stimulated recall interview with video 
(60 minutes semi-structured, audio recorded) 
Step 1 - Show video clip of observed lesson (40-60 

minutes)  
1. Ask teacher to watch the clip and then describe what 

happened and how they felt during in the teaching 
episode, specifically focus on moments or feelings of 
uncertainty 

2. Ask them to identify and explain situation when they, or 
their students, felt doubtful or unsure 

Example prompts of uncertainty: 
a. Unsure of what to do during the lesson 
b. Unsure how to teach something or if it was the 

“right” way to teach, 
c. Unsure how or when to help students, 
d. Unsure what the students were thinking/doing, 
e. Letting the students face uncertainty or struggle,  

Gather 
information about 
how the teacher 
experiences the 
lesson,  

 
Follow up 

questions will target 
moments of 
uncertainty to gain a 
more in-depth 
understanding of the 
teachers 

interpretation 
of uncertainty and 
how/ why they 

(2) 
What are the 
teachers’ 
perspectives on 
their 
experience 
managing 
uncertainty? 

 
(3) 

How do the 
teachers deal 
with 
uncertainty 
(pedagogical 
reactions)?  
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f. Or moments when the students felt unsure or 
doubtful about (e.g. what they need to do for the 
assigned task, how their plan or design might 
function, if their solution will work, or if they should 
or how to change something) 

 
Step 2 – Narration Stop to ask the follow-up 

questions 
1. What caused or initiated your sense of uncertainty? 
2.  How did you react to uncertainty? 
3. Why did you decided to _(insert teacher action)__ in this 

situation? 
4. How do you think your action(s) affected the lesson 

(teaching)? 
5. How were the students’ reacting to the uncertainty or 

your (action)?  
 
Optional closing questions: 

6. How do you think your action your goals for the 
lesson/unit/teaching engineering? 

7. Now that you are looking back, would you do anything 
differently? Why or why not? 

reacted the what 
they did. 

 

 



ENGINEERING UNCERTAINTY   156 

APPENDIX D: STIMULATED RECAL VIDEO CLIP SELECTION 

Teacher K (Parachute) Teacher D (Hand Pollinator) Teacher Z (Alarm Circuit) 

Clip 1: (~2 min)  
Teacher action - Intro part of 
the lesson - Teacher is 
uncertain how to make a 
round circle – explains it to 
whole class. 
 

Clip 2: (~3 min)  
Teacher action - Intro part of 
the lesson – telling, giving 
step-by-step instruction 
 

Clip 3: (~3 min)  
Teacher action - explaining 
how to make a circle  
 

Clip 4 (~5 min)  
Student-teacher interactions 
around student uncertainty - 
Groups are struggling, 
teacher is going around to 
asking questions, check-in 
and helping students. 
 

Clip 5 (~3 min)  
Student-teacher interactions 
around student uncertainty – 
student confusion, teacher is 
telling 
 

Clip 6 (~2 min) 
Student-teacher interactions 
around student uncertainty, 
three groups with 
uncertainty/mistakes, teacher 
is coming over to help groups 
 

Clip 7 (~2 min) 
Student-teacher interactions 
around student uncertainty - 
student asking questions and 
for help, teacher helping 
 

Clip 8 (~3 min) 
Teacher Action – whole 
group lesson wrap up, teacher 
asks what was difficult 

Clip 1: (~2 min)  
Student-teacher interactions 
around student uncertainty -
Uncertainty with plan/ 
different flowers - Teacher 
draws example from the 
book, says "I am not going 
to give you any ideas" 
 

Clip 2 (~3 min) 
Teacher Action – Teacher 
says to whole class - 
“mistakes are okay”  
 

Clip 3 (~3 min) 
Teacher uncertainty - with 
materials, logistics 
 

Clip 4 (~5 min) 
Teacher action - Teacher is 
passing out materials and 
checking in with each 
student as student working 
independently 
 

Clip 5 (~2 min) 
Student-teacher interactions 
around student uncertainty - 
Student Uncertainty in why 
it worked, what made it 
work well 
 

Clip 6 (~3 min) 
Teacher action – conclusion 
activity – “had you use your 
brain to figure it out, I did 
not tell you” 
 

Clip 7 (~2 min) 
Teacher action – conclusion 
activity – “had you use your 
brain to figure it out, I did 
not tell you” 
 

Clip 1: (~3 min)  
Student-teacher interactions 
around student uncertainty 
Students are unsure, Teacher 
allowed to them to retest some 
objects they are not sure about.
  

Clip 2: (~4 min) 
Teacher action - Limits 
uncertainty - shows them 
 

Clip 3: (~4 min) 
Student-teacher interactions 
around student uncertainty 
Student struggling with design, 
teacher is states 
“find your mistake”, “Try a 
different route” 
 

Clip 4: (~4 min) 
Student-teacher interactions 
around student uncertainty -
Student struggle with circuit - 
Teacher gives hints “how can 
you use a binder clip” 
 

Clip 5: (~2 min) 
Student-teacher interactions 
around student uncertainty 
Student struggling as they work 
in groups to Improve design - 
finally got it to work but not 
every time. 
 

Clip 6: (~4 min) 
Student-teacher interactions 
around student uncertainty 
Student struggling to work 
together, Teacher sends student 
over to help the other group 
 

Clip 7: (~4 min) 
Student-teacher interactions 
around student uncertainty 
Student group is struggling as 
time is running out, Teacher is 
leading - Teacher Questioning 
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