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Abstract: Understanding the impact of feedback in complex learning activities, such as 
writing, is challenging. We contribute a combination of writing environments and data and 
process mining tools that can provide new ways of measuring this impact. We use the tools in 
a field experiment in an engineering course (N=45). Responses (timing, amount and types of 
text changes) were examined using log data and process mining techniques. Two experimental 
conditions were used: reflective followed by directive feedback (A) and vice-versa (B). We 
found that both forms of feedback were read multiple times. Students required longer times to 
respond to reflective, compared to directive, feedback. The type of feedback, however, made 
little difference to the types of revisions that students performed. Overall, our findings point to 
the difficulty of encouraging students to reconsider and revise what they have already written. 

Introduction 
Writing is considered to be a critical form of learning activity at all educational levels. Writing is also a 
particularly complex activity, and it is generally believed that both novice and experienced writers benefit from 
feedback provided by others in order to improve their writing. This paper presents a new approach to study the 
impact of feedback and findings from a field trial in engineering education. This paper examines the impact of 
different types of writing feedback (directive vs. reflective) on students’ writing process, including the types of 
revisions students make to their document.  

Feedback can be defined as information provided to a person about his/her performance in a task. In 
educational contexts, the provision of feedback is intended to increase not only a student’s performance, but 
also the likelihood of learning from the task. Intuitively, feedback should almost always improve learning and 
performance. Research has shown that the relationship between feedback, performance and learning is nothing 
but simple (Hattie & Timperley, 2007; Shute, 2008). A meta-analysis found that while feedback improved 
performance on average, there was a large variation in the effect sizes, and in a third of the studies feedback had 
a negative impact (Kluger & DeNisi, 1996). To explore possible moderators, Kluger and DeNisi formulated a 
theory called Feedback Intervention Theory (FIT). FIT draws from control theory and cybernetics to state that 
feedback interventions cause a person to compare the feedback with a standard or goal. Perceived discrepancies 
between the feedback and the standard will motivate the person to reduce the discrepancy.  

 FIT provides a framework to predict the influence of different types of feedback on learning. For 
instance, feedback with criticism (or praise) towards the learner would divert attention from task relevant 
processes and can impede learning. Similarly, feedback that highlights one’s performance compared to others 
(normative feedback, such as grades) would also impede learning. In contrast, feedback that directs attention to 
the task should facilitate learning, especially if it contains information needed to address the problem 
highlighted in the feedback (Kluger & DeNisi, 1996, pp. 267-268). Feedback that includes cues about the goal 
or standard of the task outcome (“goal-setting interventions”) should also increase performance and learning.  

Writing, the particular task that we are concerned with here, is much more complex than the typical 
tasks used in feedback research. Nonetheless, there are some findings consistent with FIT. For instance, FIT 
would predict that without distinguishing different types of feedback, the effect of writing feedback might be 
negligible. In line with this prediction, a meta-analysis which lumped together feedback of various kinds found 
that feedback did not significantly increase the effectiveness of writing interventions on learning (Bangert-
Drowns, Hurley, & Wilkinson, 2004, p. 47). But when types of feedback are distinguished, FIT would predict 
that their impact would differ. Not many studies have examined this issue, but there is some supporting 
empirical evidence. One study by Nelson and Schunn (2009) examined correlations between features of peer 
feedback and the likelihood of the feedback being implemented. The writing task was an essay in an 
undergraduate, introductory course on history. This study found that task-focused feedback (such as those that 
included specific solutions or specific location of problems) predicted implementation, whereas feedback that 
focused on the writer (those with affective language such as praise and criticism) did not.  
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To conjecture further about the role of feedback in writing, we draw from a cognitive model of writing 
proposed by Bereiter and Scardamalia (1987). They proposed that writing could occur in two different modes: 
knowledge telling and knowledge transforming. In knowledge telling, the composition process begins with the 
writer picking up topic and genre cues from the task description, and writing down knowledge from memory 
activated by these cues. Text already produced becomes an additional source of cues to retrieve knowledge from 
memory. This process of memory retrieval cued by the task description and text already produced is repeated 
until the writer feels he/she no longer has any relevant knowledge (or until time or space constraints are met).  

The knowledge transforming mode of writing is more complex. It involves the construction and 
continual reconstruction of a content problem space (what to say) and a rhetorical problem space (how to say it) 
(Bereiter & Scardamalia, 1987). The two problem spaces interact, with output from one feeding into the other. 
For instance, a writer in this mode would think about whether the produced text, in its current form (a rhetorical 
issue), conveys what they intend to say (a content issue). The writer would also think about whether others, or 
she herself, believe what the text is saying. This may change the way she thinks about the topic, which in turn 
may prompt her to find a different way to express her new view.  

How does writing feedback come into play? Feedback that points to the writing task (as opposed to the 
writer) has the potential to prompt a writer to reconsider what she/he has written and/or how it was written. In 
other words, feedback could prompt processes associated with the knowledge-transforming mode of writing, as 
reflected in more revisions that go beyond cosmetic text changes and also in the greater time lag between 
feedback and first revision. However, we conjecture that certain types of (task focused) feedback may be more 
effective than other types at prompting knowledge transforming processes. For instance, feedback that contains 
specific instructions (what we call here directive feedback) may prompt a writer simply to correct the specific 
problems, without much consideration. In contrast, feedback that asks students to connect problems in their text 
with broader content or stylistic issues (what we call here reflective feedback) may prompt more substantial 
revisions. In this study, we examine two approaches for giving task-focused feedback: directive and reflective. 
Directive feedback tells the student that there is a problem in the text that needs addressing. Reflective feedback 
asks the student to consider whether there is a problem.  

Method 

Research questions and hypotheses 
The main question addressed in this study is: “What are the different impacts of reflective and directive 
feedback on students’ writing process in terms of the timing, amount and types of text changes performed?” As 
mentioned above, directive feedback explicitly informs a student that their text contains a specific problem, and 
instructs them to address the problem. Reflective feedback merely suggests the possibility of a problem, but 
asks the student to decide whether there is a problem that needs to be addressed (see examples in Table 2).  

We conjecture that reflective feedback is more effective than directive feedback in prompting students 
to reconsider their ideas and revise what they have written (processes consistent with a knowledge-transforming 
mode of writing). More specifically, we predicted that reflective feedback would prompt more deletion of 
words. Reflective feedback would not necessarily prompt more addition of words, because adding words 
(expanding a text) can be performed without much reconsideration of text already produced.  

Study design and participants 
The participants were (N=45) undergraduate and postgraduate engineering students from The University of 
Sydney. All participants were enrolled in a project-based course where the main activity was to develop a web 
application. Students had to individually write a proposal that would become the basis of their software 
development project. The semester was 13 weeks long; the writing activity occurred in the first half of the 
semester and spanned 32 days. 
 
Table 1. Timeline of the writing assignment 
 Day 0 Day 10 Day 12 Day 17 Day 19 Day 27 Day 32 

Group A 
(n=22) 

Directive 
feedback sent 

Reflective 
feedback sent 

Group B 
(n=23) 

Assign-
ment 
opened 

1st draft 
submitt
ed 

Reflective 
feedback sent 

2nd draft 
submit-
ted 

Directive 

feedback sent 

Peer 
feedback 
sent 

Final 
deadline 

 
In this context, we conducted a crossover field experiment where students were randomly assigned to 

receive either reflective (n=22) or directive (n=23) tutor feedback in response to the first drafts of their 
assignment. The first draft was worth 3% of the course mark. Students then had five days to revise before 
submitting their second draft, which was not assessed. Following this, students who initially received reflective 
feedback were provided with the directive feedback for their second draft (and vice versa). The crossover setup 
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helped satisfying ethical requirements by ensuring that students were not systematically disadvantaged by the 
type of tutor feedback. In addition, after the second tutor feedback, the students had to review their peers’ 
second drafts. The final submission was worth 5% of the course mark. 

Tools and measurement 

The writing environment 
Writing activities were managed through iWrite (Calvo, O‚ÄôRourke, Jones, Yacef, & Reimann, 2011). 
Students write on Google Docs, a cloud-based application, and revisions of the documents are retrieved using 
Google’s API. Tools and heuristics developed to automatically recognize collaborative writing activities 
(Southavilay, Yacef, & Rafael A Calvo, 2010) was used here to explore what students did after reading the 
tutor’s feedback.  

Tutor feedback 
The tutor feedback was prepared by the three instructors of the course (who each generated feedback for 
roughly 1/3 of the students). Feedback was written within the reviewers’ page in iWrite. In order to better align 
the feedback provided by the three instructors, feedback samples were kept in a shared document. An email 
announcing that feedback was available at a certain webpage was sent to all students simultaneously. Students 
were then able to access the feedback on the same interface. Between 3 and 6 feedback items were provided to 
each student in each phase (M=4.4, SD=1.12). Reflective feedback items had M=96.52 (SD=26.10) number of 
words at the first release and M=86.86 (SD=23.44) number of words at the second release. Directive feedback 
items had M=63.77 (SD=16.78) at the first release and M=58.47 (SD=20.66) at the second one. 

 
Table 2. Examples of reflective and directive feedback for the same problem. 

Reflective feedback Directive feedback 

Please think whether including a list of users’ needs, features and design 
would enhance the clarity of your individual module. 

Write a new description of the 
users’ needs, they are not clear.  

Sometimes spelling mistakes can distract readers from the gist of your 
argument or message. You may want to check any spelling errors in your 
document. 

Fix the following Spelling 
problems: [list of problems] 

Data analysis 

Log preparation 
While users write, Google Docs (GD) saves the document frequently and stores all its revisions. This feature 
provides a history of the document, where each version of the document can be retrieved with its timestamp. All 
major revisions available for the 45 documents (an average of N=7.76, SD=4.33 per document) were used. The 
content of the revisions was used for detecting the type of text change operations. In process mining terms, the 
history each document is a process instance (case), 

In addition, based on the log file of iWrite we used a log file containing all the students’ interactions 
with the website, with a timestamp each time they accessed the feedback page. This log revealed when and how 
often individual students access and read their feedback. The feedback-reading log also has one process for each 
document (student), in total of 45 processes. The revision and feedback-reading logs were merged for each 
student. A process mining tool, ProM (ProM., 2010) was used to analyze how students accessed feedback and 
revised their documents. A Dot Chart Analysis (Song & van der Aalst, 2007) was implemented as a plug-in in 
ProM to extract a snapshot of student activities of revising their documents and accessing the feedback. The 
result is shown in Figure 1. 

Detecting text change operations 
The model developed by Boiarsky (Boiarsky, 1984) was used to analyze semantic changes in the writing 
process. In particular, the 12 types of text change operations (Southavilay, Yacef, & Rafael A Calvo, 2010) 
shown in Table 3 were used. Text change operations at both paragraph and document levels were considered.  
At the paragraph level, beyond surface changes, the other types of text changes are listed in Table 3.  

A text comparison utility was used to identify text change operations (Southavilay, Yacef, & Rafael A 
Calvo, 2010). The utility is based on the Unix Diff utility, which takes two revisions of text and produces a 
difference statement with insertions, deletion, and replacements between the two. The text comparison utility 
uses both paragraph and word-differencing algorithms to detect text changes operations at paragraph and word 
levels. For each document each two consecutive revisions were compared and the differences computed. First, 
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the utility uses the paragraph differencing algorithms to discover the addition of new paragraphs, the deletion of 
existing paragraphs, and the alteration of existing paragraphs. Based on the paragraph-differencing algorithm, 
we detect text change operations of adding, deleting, moving/reordering, merging, and splitting of existing 
paragraphs. For each altered paragraph in the later revision, the utility then uses the word differencing algorithm 
to compare it to the corresponding paragraph in the former revision in order to detect text change operations of 
moving/reordering, replacing, inserting, deleting, and appending words in the altered paragraphs.  
 
Table 3. Types of text changes automatically identified 

Text structure Content change within individual paragraphs 
(i.e. word level changes) 

Content change at the 
paragraph level 

� Moving/reordering 
paragraphs  

� Merging paragraphs  
� Splitting paragraphs.  

� Moving or reordering words in a paragraph 
� Replacing words in a paragraph  
� Inserting words in the middle of paragraphs 
� Deleting words in a paragraph 
� Adding words at the end of a paragraph 

� Adding new paragraphs 
� Deleting paragraphs 

Findings and discussion 
The dotted chart (Figure 1) shows the timing of each student’s access to the tutor feedback, and also the timing 
of revisions performed in Google Docs. Each row represents a process of one student revising his or her 
document and accessing the tutor feedback. One “column” (in between white vertical lines) represents a period 
of one week. Directive feedback is represented by triangles, reflective feedback by squares, and revisions by 
dots. Group A (who received directive feedback first) occupies the upper half of the chart.  
 

 
Figure 1. Dot chart showing when each student accessed directive feedback (red triangles) and 
reflective feedback (blue squares), and also instances of revisions (green dots).  

 
We refer to the period between first and second tutor feedback as Phase 1, and the period between the 

second feedback and final submission as Phase 2. The black line represents a date when the first tutor feedback 
sent and the brown line represents a date when the second feedback sent. Several observations can be made 
from Figure 1. While the feedbacks were sent at the same time, students accessed them at different times (most 
accessed the feedback on the same day they received it, but some took one or more days). Also, almost all 
students accessed the feedback multiple times (except for one student who accessed the feedback only once). On 
average students in Group A accessed the directive feedback 5.8 times and the reflective feedback 4.6 times. In 
Group B, on average students accessed the reflective feedback 6.3 times, and the directive feedback 4.9 times.  
Students in both groups revisited the first tutor feedback during Phase 2 (i.e. after receiving their second 
feedback), as can be seen from the mix of red triangle and blue squares on the dot chart Hence, students’ 
behaviors in Phase 2 need to be seen as potentially influenced by both types of tutor feedback. An examination 
of the timing the changes shows that students took longer to respond to reflective feedback than to directive 
feedback (1 day longer in Phase 1, and 2 days longer in Phase 2). While not predicted theoretically, this 
difference is understandable, as reflective feedback requires students to think for themselves, as opposed to 
being a direct instruction.  

In order to see how students revised their documents according to feedback types, we analyzed four 
types of revision types (adding paragraphs, deleting paragraphs, adding words and deleting words in existing 
paragraphs) and the corresponding number of words added and deleted. For each phase, we compared the 
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number of words added and deleted in the four types of revision types in the two experimental conditions. In 
order to distinguish between headings (not considered in the analysis) and content paragraphs, we defined a 
paragraph as containing at least 7 words. This resulted in several findings.  

First, not many students performed major revisions, especially in Phase 1. For instance, in Phase 1, 
only 13 students from Group A and 12 from Group B added new paragraphs, and only 10 from Group A and 9 
from Group B added words to existing paragraphs. Even fewer students revised their documents by deleting 
words: in Phase 1, only 4 students from Group A and 5 from Group B deleted paragraphs, and only 8 from 
Group A and 3 from Group B deleted words in existing paragraphs. In other words, most of the students in both 
groups performed only minor revisions in Phase 1. In Phase 2, more students did revise their documents. They 
mainly did so by adding paragraphs and by adding words to existing paragraphs, rather than deleting paragraphs 
or deleting words within paragraphs. Over the two phases, only about half of the students (in both groups) 
performed revisions by deleting words. This indicates that only about half of the students reconsidered and 
revised what they have already written (which are indicators of knowledge transforming writing processes).  

A second set of observations are related to the differences, or lack thereof, between Groups A and B. 
Although in terms of average number words (see Table 4) Group B seemed to have performed more additions 
and deletions (in both phases), the box plots above show that there is more variation within rather than between 
the groups. That is, the difference in the average seemed to be inflated by several students who performed much 
more extensive revisions than most other students. This difference of amount of revision between the groups 
largely disappeared if we consider the median (as shown in the box plots). Groups A and B are also similar in 
terms of the number of students performing the three of the four types of revisions shown in the box plots. There 
seems to be a difference between the groups in Phase 1, in terms of the deletion of words in existing paragraphs: 
8 students in Group A, compared to 3 in Group B (although these 3 students made more extensive deletions 
compared to the 8 students from Group A).  

Together, these observations suggest that the feedback (both reflective and directive) failed to prompt 
major revisions for most of the students. This is an important pedagogical point: that students have the liberty to 
take into account, or not, their tutors' feedback. Most students did not revise extensively, despite the feedback 
given, the time students had to address the feedback, and also the fact that students accessed the feedback 
several times. Furthermore, the observations indicate that our theoretical predictions about the impact of 
different feedback types were not supported by the data. This could have been due to several reasons which are 
more to do with the methods, rather than the hypotheses themselves. One possible explanation is that not all of 
the reflective feedback was of the same quality: an initial inspection of the reflective feedback items indicated 
that some items were more directive (instructing students to do specific things). Another possible reason for the 
lack of difference between the groups’ revision behavior is that too few students engaged in extensive revisions 
during Phase 1, mainly because the students had little incentive to perform those revisions (as indicated above, 
students’ behavior in Phase 2 cannot be taken as indicators of the influence of different feedback types).  
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Abstract: Uncertainty is ubiquitous to learning, particularly in collaborative learning 

contexts, which are likely to induce uncertainty related to both social and task issues. The 

purpose of this qualitative study was to explore how students vary in their individual 

propensities for managing uncertainty they experience while working with peers. Using 

observations and interviews I examined how students in one fifth grade class managed 

uncertainty while collaborating on robotics engineering projects. Relying on techniques of 

grounded theory and microanalysis of discourse, I addressed the question:  How do students 

vary in their individual propensities for managing uncertainty they experience during 

collaborative academic tasks?  In particular, I examined variation in the size and composition 

of the set of strategies from which students drew, changes in students’ use of strategies across 

projects, and their willingness to entertain or take up uncertainty.   

Introduction
Learning in academic contexts involves experiencing psychological uncertainty, and the ways students manage 

their uncertainty influences their behavior and their learning in collaborative contexts (Huber, Sorrentino, 

Davidson, Epplier, & Roth, 1992). Although learning is often portrayed as a process of reducing uncertainty, it 

is long recognized that learning may also require the cultivation of uncertainty (Bereiter & Scardamalia, 1993; 

Piaget, 1972; Sieber, 1974). Furthermore, when academic tasks entail collaborating with peers, uncertainty may 

be particularly prevalent as it is likely to stem from diverse social and task issues. If uncertainty is a pervasive 

experience in collaborative learning contexts, it is important for educators and educational researchers to 

understand learners’ responses to this experience in order to develop strategies for helping students increase 

their skills at effectively managing the uncertainty they experience while working with peers. Educational 

philosophers the likes of Dewey (1929) and Bruner (1996) have extolled the place of psychological uncertainty 

in learning; however, the experience of uncertainty has most often been discussed tangentially to concepts of 

more focal interest to educational researchers. Wishing to focus directly on how students manage uncertainty 

during collaborative academic tasks, I conducted a qualitative study relying on observations and interviews with 

fifth grade students collaborating in small groups to design and build robots. Specifically, I addressed the 

question, how do students vary in their propensities for managing uncertainty during collaborative tasks?

Theoretical Framework 
Uncertainty is an individual’s psychological experience of doubting, being unsure, or wondering about how the 

future will unfold, what the present means, or how to interpret the past. Uncertainty can pertain to one’s self, 

other individuals, or other aspects of the environment. Rather than a coldly cognitive phenomenon, uncertainty 

is a cognitive feeling (Clore, 1992) that can be more or less conscious and more or less tied to emotions.  

Uncertainty management is behavior students engage in to facilitate action in the face of uncertainty.  Although 

uncertainty management is often conceptualized as entailing tactics to reduce uncertainty, it also pertains to 

efforts aimed at ignoring, maintaining, or intentionally increasing uncertainty (Jordan, 2010; Babrow & 

Matthias, 2009). Which strategies might be appropriate in a given situation depends on multiple factors, 

including the social context and social norms for managing uncertainty that have been established in a particular 

community of practice (Goldsmith, 2001; Lingard, Garwood, Schryer, & Spafford, 2003).   

 Self-report scales and experimental methods to measure individual orientations to various forms of 

uncertainty can be traced from the mid-20
th

 century (e.g., Budner, 1962; Debacker & Crowson, 2006). Such

approaches may not reflect the complicated nature of uncertainty management as observed by teachers and as 

experienced by students working with peers. Therefore, I used a methodological approach that allowed me to 

observe the rich nature of uncertainty as it is experienced and managed by students in collaborative contexts. 

 Even young students can recognize their uncertainty (Metz, 2004), but they often fail to experience 

uncertainty when uncertainty is warranted (Sieber, 1974). The amount of uncertainty students experience during 

academic tasks can be influenced by task characteristics such as evaluation systems (Doyle & Carter, 1984), 

novelty (Herbst, 2003), task framing (Schauble, Klopfer, & Raghavan, 1991) and discourse (Hierbert et al., 

1996). Therefore, I chose to study uncertainty in a collaborative design setting, open and ambiguous, ill-

structured and generative (Jonassen, 2000; Kolodner et al., 2003).   
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Method 
The study was initiated at the beginning of instruction in robotics engineering and preceded through the 

completion of three collaborative projects (14 sessions each); two were more-structured and close-ended and 

one was an ill-structured task (Spiro, Feltovich, Jacobson, & Coulson, 1991). All projects utilized LEGO

Mindstorms materials. Students worked in groups of three or four, changing group membership for each project.

Participants were 24 fifth graders in a public suburban classroom.  The study concentrated on 15 focal students 

purposefully selected for diversity of gender (eight female), ethnicity (seven Black, four White, two Hispanic, 

two Asian), and academic achievement (five received special education services; two gifted-and-talented).   

 I conducted naturalistic observations (1½-2 hours each) and interviews. Data sources include expanded 

field notes, audio and video recordings, transcripts for 12 groups across three projects, and interview transcripts.

Data analysis was inductive and interpretive, relying on techniques of grounded theory (Corbin & Strauss, 2008) 

and influenced by Erickson’s (1992) ethnographic microanalysis of discourse and interactional sociolinguistics 

(Mercer, 2000). Member checking with the teacher and peer debriefing occurred throughout the study.  

 A two-pronged strategy was used to identify individual propensities. First, drawing on knowledge of 

linguistic, paralinguistic, and gestural markers of uncertainty (e.g., Feldman & Wertsch, 1976; McNeill, 1992), I 

conducted open coding of uncertainty experiences and management using transcripts of small group sessions 

and student interviews randomly selected from projects 1 and 3. Using axial coding to refine categories, I 

identified 20 management strategies and categorized them as tactics for reducing, ignoring, maintaining, or 

increasing uncertainty (see Table 1). Re-reading the data and focusing on individuals, I determined which 

strategies dominated each focal student’s approach to uncertainty. I then organized these data in a strategy-by-

student matrix to identify students whose overall patterns were similar.  

Table 1: Strategies and Categories for Managing Uncertainty.

Reduce Ignore Maintain Increase

Analyze issues Test systematically

Trial-and-error            Explain clearly

Seek consensus Observe others 

Seek expert other        Ask for confirmation 

Request info.              Draw on experience

Refer to authority figure

Seek information from materials or texts

Avoid             Blame

Pass off task 

Keep going (persist, 

bluff)

Dismiss (do not 

consider introduced 

uncertainty) 

Delay action, 

decision, or 

evaluation

Acknowledge 

Express doubt 

Open the 

problem space

In a separate analysis, I created “mini-portraits” of fifteen focal students (Do & Schallert, 2004), for 

whom I had data from at least two robotics projects (the exception was “Nathan,” for whom I had data from 

only one project). Creating case studies in NVIVO, I first selected five to ten episodes from small-group 

sessions in which the focal student played a major part in group interaction. I conducted microanalysis of 

transcripts of each episode, examining uncertainty (and certainty) and uncertainty management and comparing 

with field notes and recordings. I read through all interview transcripts with each focal student multiple times 

and integrated information across data sources, making extensive memos and tuning the picture of students’ 

propensities. I then compared these portraits with the matrix to determine consistency between the two analyses.  

Findings 
Of the 20 management strategies identified, 16 were used by all 15 focal students at least once.  Despite the fact 

that all students used a majority of the strategies, I was able to identify for each student his/her propensity for 

responding to uncertainty.  There were five propensities in all (see Table 2).   

Table 2: Characteristic Patterns of Uncertainty Management. 

  

1

Pause for 

Reflection

2

Seek a 

Plausible 

Explanation

3

Take Action

4

Can Somebody 

Help Me?

5

What, Me 

Uncertain?

Demetre

Berta

Satya Ray

Isabel

Kisha Derrick

Becky Nathan

Alexis Sierra 

Shamitra

Bobby Luis

Trevor

  

Pause to reflect. Students in this category accepted uncertainty as a normal and inevitable aspect of 

academic tasks. They had little reticence about expressing uncertainty, recognizing and acknowledging it 

openly. They exhibited a desire to collect more information and reflect prior to action, often using strategies 
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categorized as maintaining uncertainty. They asked for explanations of members’ ideas. Rather than address 

and resolve an uncertainty only in relation to a present situation, they reflected on its greater meaning.

Seek a plausible explanation. These students expected uncertainty and did not seem threatened by it.  

Their uncertainty management was instrumental, focused on achieving the task. They were proactive in using 

group members, seeking confirmation for potential actions and comparing perspectives to create plausible 

explanations. They tended to interpret outcomes of action in a positive light, thus sustaining task focus. They 

planned for and took tentative action and observed and analyzed the outcome of each step.   

 Take action. Students with this set of characteristics were gung-ho, forward-oriented, and impatient 

with uncertainty. They oscillated between managing uncertainty by risk-taking/trial-and-error experimentation 

and dismissing uncertainty by making positive predictions.  They rarely consulted about their own or their group 

members’ decisions. When pressed for explanations, they often replied, “Ms. Katell said...” Eager to experiment 

and see what happened, these students rarely let analysis stand in the way of the next test, either prior to or 

subsequent to action.  Rare reflective actions were usually based on immediate past experience. 

Can somebody help me? These students preferred to fly under the radar. They were willing to 

acknowledge uncertainty but tried to avoid it. They frequently turned tasks over to group members, relied on 

outside expertise, and requested scaffolding from their group members for their project participation. These 

students requested help with immediate uncertainty, rarely considering the long-range use of that help.    

 What, me uncertain? Unique in their dogged denial of uncertainty, these students minimized or 

avoided acknowledgment of uncertainty. They were quick to blame their peer collaborators rather than puzzle 

over a problem. They made confident claims, (e.g., “I know what to do”) rather than mitigate their claims with 

uncertainty markers. They prepared for failure by expressing certainty, for instance, “It’s not going to work.”  

 One way to better understand variation is to examine the interaction of students with different 

propensities. There was always tension between action and reflection as students worked toward joint academic 

goals, a tension that impacted learning and project success. The ways students experienced and managed 

uncertainty played a large role in how this tension played out. This was the case with Nathan and Demetre, 

group members for the first robotics project. Demetre’s propensity for managing uncertainty was to pause for 

reflection.  He often used analogies in his attempts to reduce uncertainty as represented in his response to my 

inquiry about his group’s problems programming the obstacle course. 

We need to have a little more figuring, study more, get more knowledge if it’s 

possible to do that. It’s possible to measure distance on kilometers and all that. The 

only problem is this is a rotation of how far the robot will move. But it is possible to 

measure, like, the rotations of the earth. So I started thinking on my own, “Is it 

possible for the wheel to be like the earth, to be spinning around in a rotation?”   

Demetre’s response to his uncertainty about programming his group’s robot was to collect more information and 

reflect on similar problems before taking action. Contrasted with Demetre’s need for reflection is Nathan’s 

propensity to take action. Nathan operated from a model of risk-taking in the face of uncertainty. 

We did this new program that actually worked, but at first I was a little bit unsure that 

it would work. And it ended up coming through for us when it hit the wall... W ell 

since I wasn't very sure, testing stuff, well, that program was kind of strange. But a 

scientist needs to take his risks... Sometimes when people do experiments and they're 

not sure, they take a risk and most of the time it comes through.  

Nathan managed uncertainty by mimicking one way he saw other scientists manage uncertainty. He attributed 

his group’s success not to knowing what to do and doing the right thing, but to their risk-taking. These 

contrasting strategies for managing uncertainty caused friction throughout the project, with Nathan wanting to 

take action and Demetre pushing for reflection. There was little explanation or discussion to create sense 

together that might have helped these students resolve uncertainty, learn, and progress with the project.

I also organized the data in terms of whether students used many/few strategies and whether they 

did/did not easily acknowledge uncertainty (see Table 3).   

Table 3: Range of Strategies and Recognition of Uncertainty 

Many Strategies Few Strategies

Easily Acknowledged 

Uncertainty

Satya Berta Ray

Isabel           Demetre

Alexis Sierra

Shamitra

Did Not Easily 

Acknowledge Uncertainty

Derrick Trevor

Becky Kisha

Bobby Luis Nathan
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