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Abstract

Uncertainty, often perceived as a barrier to learning, can catalyze deeper understanding
and cognitive engagement when appropriately supported. This study investigates how Dutch
secondary school students experience and manage uncertainty during collaborative inquiry-
based learning within a digital climate simulation lab (Go-Lab). Drawing on Jordan’s (2010)
uncertainty management framework and the inquiry learning cycle model by Pedaste et al.
(2015), the study analyzes 47 student chat episodes to identify the types and management
strategies of uncertainty encountered. Four types of uncertainties emerged: Uncertainties
related to the learning environment, course content, task assignment, and interpersonal
relationships. Students predominantly employed a reducing strategy to manage these
uncertainties, though instances of maintaining, ignoring, and increasing uncertainty were also
observed, varying across different phases of the inquiry cycle. The inquiry process of
investigation elicited the most uncertainty, especially related to the learning environment.
Findings highlight the value of collaborative uncertainty dialogue significance and supported
inquiry-based learning environments in promoting productive uncertainty management. These
insights can inform the design of inquiry-based educational systems that encourage meaningful

student engagement in the face of ambiguity.



Introduction

When learners experience cognitive challenges they have to engage in deep cognitive
processes establishing deeper learning and understanding of the task (D’Mello et al., 2014).
Such benefits of cognitive challenges have been theorized through cognitive conflict (Limon,
2001), impasses (VanLehn et al., 2003), cognitive dissonance (Festinger, 1957), socio-
cognitive conflict (Mugny and Doise, 1978), and cognitive disequilibrium (Piaget, 1952).
Uncertainty is a state of disequilibrium (Piaget, 1972), where learners experience doubt or are
unsure about a situation (Jordan and McDaniel, 2014). When learners are uncertain they
experience conflicts between what they know and their discoveries, unsure of their explanation
(Lee et al. 2011; Potvin and Cyr, 2017). Encounters of uncertainty can encourage learners to
recognize gaps in their understanding and consider alternative perspectives more thoughtfully
(Kaur and Dasgupta, 2024).

While uncertainty is often perceived as an obstacle in education (Bonnet and Glazier,
2023), research suggests that it can provide enriching learning experiences when appropriately
managed. Educational systems that encourage productive uncertainty - where students explore
uncertain aspects of the learning content with appropriate guidance - have been shown to
improve engagement and learning outcomes (Engle, 2011; Reiser, 2004; Gresalfi et al., 2009).
Despite these benefits, many traditional education systems prioritize efficiency, structured
instruction, and standardized testing, leaving little room to explore uncertainty (Chen, 2024).
Chen (2024) describes how teachers face pressure to cover extensive curricula, limiting
opportunities for inquiry-driven exploration. Standardized assessments encourage certainty,
while not encouraging questioning, reflecting, and embracing mistakes as valuable learning
opportunities (Chen, 2024; Rosen, 2019). Rosen (2019) claims that students may struggle to
navigate ambiguity, change, and complexity, gaining limited experience in productively

managing uncertainty and regulating their learning processes — valuable competencies for real-



world problem-solving (Youngerman and Culver, 2019; Rosen, 2019). Productively managing
these uncertainties establishes these moments of growth (Dewey, 1910). Consequently,
advancing our understanding of how students navigate uncertainty in academic settings is
essential for improving educational practices fostering meaningful, long-term learning
outcomes (Jordan, 2010).

Dewey (1993) highlights that uncertainty naturally encourages inquiry, especially in
complex problem scenarios. Inquiry-based learning is a teaching approach that encourages
students to learn about new concepts and subjects by engaging in techniques similar to those
used by scientists (Keselman, 2003). Throughout the inquiry process the learners formulate
hypotheses and conduct experiments to build new knowledge (Pedaste et al., 2015). Actively
introducing students to situations of uncertainty during Inquiry-based learning can stimulate
students to make sense of new knowledge and establish new understandings (Manz, 2018;
Watkins et al., 2018). This enables the students to reassess their understanding and develop new
insights, promoting deeper learning strategies such as elaboration, self-explanation, and
metacognitive reflection (Eysink and de Jong, 2012). Well-supported inquiry processes can,
therefore, aid students in resolving those cognitive conflicts of uncertainty (Limon, 2001;
Potvin, 2023), and when designed with sufficient support for managing uncertainties, inquiry-
based learning enables the learners to build resilience and confidence in their problem-solving
skills (Rosen, 2019). To foster these skills in the learning environment, it is essential to examine
how learners currently manage their uncertainties during inquiry-based learning. Additionally,
discovering how students manage uncertainties in these technological learning systems is
valuable due to their increasing emphasis (Rosen, 2019), modifying classroom practices to.

Furthermore, while engaging in inquiry-based learning, students perform activities to
build new knowledge and learn about new concepts and subjects. This introduces new

uncertainties than before with direct instruction (de Jong et al., 2023), where students could



experience uncertainty regarding different phases and collaborative features in the inquiry
process. For example, students may experience uncertainty during the orientation phase, as they
are introduced to new course content for the first time (Jordan, 2010). Additionally,
uncertainties may arise during the investigation phase, where students may feel unsure about
navigating and engaging with the learning environment effectively (Jordan, 2010). Based on
Jordan’s (2010) research, students in the inquiry process may face uncertainties connected to
their collaboration with peers while completing the learning tasks, evoking uncertainties
connected to interpersonal relationships and assignment of tasks. To foster a valuable inquiry
learning environment that encourages change and uncertainty, it is essential to examine the
types of uncertainties students face during inquiry-based learning. This study aims to close the
research gap between students’ uncertainty and inquiry-based learning. Therefore, we
developed the following research questions.

RQ1: What types of uncertainties do students encounter during inquiry learning?

RQ2: How do students manage uncertainties during inquiry learning?

Theoretical Framework

Uncertainty Management

With the growing desire to facilitate meaningful learning opportunities in educational
settings, there has been an increasing focus on developing methods to assess both the degree
and source of uncertainty during the learning process (Sanchez et al., 2022). Successfully
navigating uncertainty can be challenging, particularly for young learners (Kaur and Dasgupta,
2024). Uncertainty can result in extraneous cognitive load (Sweller, 1994), but can likewise
bring up new possibilities of potential change and knowledge acquisition (Hatch, 1999).
Encounters of uncertainty can encourage learners to recognize gaps in their understanding and
consider alternative perspective more thoughtfully, ultimately supporting productive

uncertainty management (Kaur and Dasgupta, 2024). This establishes learners curiosity,



promote deeper learning (Lamnina and Chase, 2019), and fosters independent thinking (Feng
etal., 2024).

Jordan (2010) proposes four uncertainty management strategies that learners engage in
when experiencing uncertainty (see Table 1). Jordan’s (2010) description is based on Babrow
et al.’s (1998) conclusion that learners respond to uncertainty by reducing, maintaining and
increasing the uncertainty. Lipshitz and Strauss (1997) found another strategy that revealed an
approach of ignoring uncertainty. Research has shown that curiosity prompts the learners’
brains to seek new information, aiming to reduce uncertainty and improve their ability to predict
outcomes in their environment. (Fitzgibbon and Murayama, 2022; van Lieshout et al., 2021).
Reducing uncertainty is known to be a prevalent strategy to manage uncertainty (Smithson,
1989; Jordan, 2010). Learners might engage in trial-and-error experimentation, request
information and seek consensus with their peer collaborators. Another category of reducing
uncertainty is to ask experts or other authority figures, such as teachers or researchers (Giddens,
1990). Nonetheless, Ison et al. (2021) illustrate that in complex and uncertain situations, only
encouraging the reduce strategy to manage uncertainty can stimulate oversimplification, as such
real-world situations can be not linear or easily managed. Therefore, they emphasize the
possibility of allowing solutions to emerge naturally rather than following a predetermined
sequence. Rosen (2019) argues that when students sustain their uncertainty throughout the
learning process, transformation occurs as a result of gradual preparation. Sustaining
uncertainty is described by the maintain uncertainty management strategy, defined by
acknowledging the experience of uncertainty but delaying immediate action to resolve it.
According to Arthur (1999) this strategy enhances learning, as the learner can use that
observation at their next decision reducing possible wrong turns and still allowing multiple
perspectives to move forward. Weick (1995) further embraces the decision to maintain

uncertainty as a possibility for the learner to make sense of the situation and seek out multiple



perspectives and solutions to the situation. The resulting delay of decision has likewise been
identified as a valuable step during problem-solving (Glanville, 2007; Kilduff et al., 2000).
Dismissing the introduced uncertainty and persisting with the next learning task is defined by
the ignore strategy. Poli et al. (2022) highlights that although humans can generally manage
uncertainty well, they prefer to pass off uncertainty when it is extreme. Lastly, Jordan (2010)
describes the possibility of increasing uncertainty as a management strategy. By opening up
the problem space and actively looking for alternative possibilities and opinions, the learner
leaves room for questioning and stays open-minded (Bereiter and Scardamalia, 1993).
Therefore, the learner increases uncertainty intentionally to acquire a more comprehensive view
of the learning topic (Jordan, 2010). A detailed list of all categories of each uncertainty
management strategy retrieved from Jordan (2010) is enlisted below (see Table 1).

Table 1

Strategies and Categories for Managing Uncertainty

Reduce Ignore Maintain Increase
Analyze issues Keep going (persist,  Delay action, Open the problem
. bluf decision, or space
Test systematically D P
. evaluation
Avoid Purposefully seek

Engage in trial-and-
Acknowledge

error Pass off task multiple alternative
experimentation . Express doubts action trajectories or
Dismiss (do not
opinions

Explain clearly consider introduced

. } uncertaint
Request information )
from group members
Observe others

Seek expert other




Seek information
from materials or

texts
Ask for confirmation

Draw on past

experience
Seek consensus

Refer to an authority

figure

Note. From “Managing Uncertainty During Collaborative Problem Solving in Elementary
School Teams: The Role of Peer Influence in Robotics Engineering Activity”, by M.E. Jordan

and R.R. McDaniel Jr., 2014, Journal of the Learning Sciences, 23(4), 490-536.

Uncertainty Management during Inquiry Learning

Research has displayed that students learn more in active learning classrooms compared
to traditional lecture courses, even when they feel they learn less (Deslauriers et al., 2019).
Inquiry-based learning inherently involves students’ exploring and encountering uncertainty in
the subject matter (de Jong et al., 2023), after studies indicating that learning environments that
stimulate confusion, coupled with student engagement, positively correlate with deeper
learning (Pekrun et al., 2002; Craig et al., 2004; Baker et al., 2010; D’Mello and Graesser,
2014). This holds when uncertainty is structured and supported - through scaffolding and
teacher feedback - making it productive, not frustrating (de Jong et al., 2023). Inquiry learning
recognizes the active role children play in their learning (Harlen, 2013) where students
themselves identify problems, engage in experimentation, data observations and developing
and answering research questions (de Jong, 2019, van Joolingen and Zacharia, 2009). Rather

than directly providing correct answers, inquiry-based learning naturally encourages students



to take an active role in constructing their own scientific understanding fostering deeper
engagement (Engle and Conant, 2002). This concept originates from Dewey’s foundational
ideas (1933), where he described inquiry as a process involving active engagement with
uncertainty. The inquiry process encourages the use of adaptive and independent thinking to
manage uncertainty (Feng et al., 2024). Unlike traditional models that emphasize singular
correct answers, Inquiry-based approaches promote flexibility, critical thinking, and multiple
perspectives (Chen, 2024). This enables a balance between disequilibrium and structure,
fostering continuous growth and equipping students to navigate the ongoing shifts and
uncertainties in the modern world, to enhance students’ ability to persevere in challenging
situations and promote their capabilities that foster lifelong learning (Rosen, 2019). Effective
uncertainty management may involve reducing, ignoring, maintaining, or increasing
uncertainty, depending on the context (Babrow et al.1998; Kruglanski and Webster, 1996).
Recent findings in developmental research indicate that humans strategically allocate their
attention to the acquisition of information from their surroundings (Addyman and Mareschal,
2013; Liquin et al., 2021; Poli et al., 2020). These observations imply that humans are sensitive
to the informational properties of the environment (Poli et al., 2022). Jordan (2010), similarly,
indicates that students’ uncertainty management strategies are shaped by the characteristics of
the tasks they engage in. The learners’ evaluation and attribution of the source of their
uncertainty might influence their perception of potential actions, which, consequently, could
influence their uncertainty management strategies (Jordan, 2010). Thus, when students
encounter uncertainty during academic tasks, their uncertainty management might differ
depending on whether they see the uncertainty as part of the learning environment or knowledge
about the course content (Kahneman and Tversky, 1982; McDaniel et al., 2003; Jordan, 2010).
Exploring how the learning tasks of the individual inquiry phases interact with students’

uncertainty management strategies is valuable to gain a deeper understanding on their impact



on students’ learning processes. Therefore, in the current research we will explore how
students’ manage their uncertainties in each individual inquiry phase to elicit a deeper
understanding of students’ uncertainties in the topic of inquiry-based learning.
Collaborative Uncertainty Management

Inquiry-based learning is typically conducted within a collaborative classroom setting,
therefore completing collaborative learning tasks. Collaborative learning has be demonstrated
to promote academic achievement (Springer et al., 1999), positive peer interactions (Loes et al.,
2017), and critical thinking (Fung et al., 2016) while also enhancing communication and group
skills (Terenzini et al., 2001). During collaborative learning, students feel like they are part of
a learning group, as described by Tuckman’s (1965) model of group development. Nonetheless,
students can face challenges during collaborative learning (Feichtner and Davis, 2016). Kaur
and Dasgupta’s existing studies on peer learning and social regulation of learning (2024)
emphasize the influence of peer responses in managing uncertainty in collaborative settings.
Within the social dynamics of an academic collaborative group, students may be particularly
mindful of their perceptions by peers, which can encourage them to modify their uncertainty
management strategy (Jordan, 2010). For example, when uncertainty is acknowledged and
addressed collaboratively, students are more likely to resolve uncertainty through explanation
and discussion (Jordan, 2010; Kaur and Dasgupta, 2024). Therefore, the current research
explores patterns and connections in collaborative uncertainty management, highlighting the
role of productive group collaboration in helping students successfully navigate uncertainties
in Inquiry-based learning environments.
Types of Uncertainties during Inquiry learning

Uncertainty orientations may change when the learner is fearful of failure of social
rejection by their collaborators suggesting that their uncertainty management strategy depends

on the context (Sorrentino and Roney, 2000). These individual and contextual element are likely
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to shape how learners manage uncertainty in collaborative tasks, including interpersonal
relationships or aspects of the learning environment (Jordan, 2010). In Jordan’s (2010) study
students encountered uncertainty both in the project activities and within the collaboration
dynamics as they worked to complete their engineering projects, exemplifying uncertainties
toward the learning content, task assignment, interpersonal relationships, and the learning
environment. For example, when unfamiliar learning tools are introduced, this will require the
students to realign their collaborative task completion (Tuckman, 1965) and integrate their prior
knowledge with new acquired knowledge (McClelland et al., 2020). To deepen the
understanding of which specific types of uncertainties students face when moving through the
inquiry learning process, our study investigates the types of uncertainties students experience
in an Inquiry-based learning environment.
Supporting Uncertainty Management in Inquiry learning environments

Collaborative learning likewise has been displayed to increased learning gains when
appropriately supported and designed (O’Donnell, 2006). Kaur and Dasgupta (2024)
established that extended periods of uncertainty, especially in the absence of real time support,
may have adverse effects and contribute to negative emotional outcomes. Establishing what
challenges and uncertainties the students will face throughout inquiry-based learning can
determine what support is needed for the students to address and manage their uncertainties
(Lehrer, 2009; Metz, 2004; Manz and Suarez, 2018). Real time support is essential to increase
productive and focused conversations (Kaur and Dasgupta, 2024). Even if humans can function
well under uncertainty, Poli et al. (2022) displayed that there is an overall tendency of learners
to avoid extreme forms of uncertainty. Therefore, a valuable learning environment induces
moderate levels of uncertainty.

With the growing desire to facilitate meaningful learning opportunities in educational

settings, there has been an increasing focus on developing methods to assess both the degree
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and source of uncertainty during the learning process (Sanchez et al., 2022). With the insights
of the previous research we will look into the effects of the inquiry process on students
uncertainty management strategies. In this research study, we present what types of
uncertainties students encounter and how students manage these uncertainties as they navigate
through the inquiry cycle in an online laboratory.
Methods

Design and Instrumentation

The study took place in the broader scheme of a multi-national education study called
the “Dragon Gate Project”, collecting and comparing data from secondary school students in
Taiwan, Germany and the Netherlands through a digital ecosystem called Go-Lab. Go-Lab
facilitates inquiry learning spaces (ILSs) where students can learn STEM subjects through the
engagement in experiments (De Jong, 2019). The current study developed a Climate Change
Eco-Lab designed as a computer-supported collaborative learning (CSCL) environment where
students could explore the impact of human activities on the environment including variables
such as fossil fuels, deforestation and CO2 emissions. The students learned about their effects
on the climate with the support of inquiry-based learning, requiring students to work as a team,
completing collaborative and individual tasks. Lastly, the students engaged in a pre- and post-
test on their knowledge on the effects of human activities on climate change to discover the
learning outcome of the Eco-Lab. The current research works with a subset of this education
study, using the chat tool of the Eco-Lab to research Dutch students’ uncertainties.
Procedure

Each participant spend approximately 115 minutes in total on the study, divided into 3
sessions. Each participant engaged in two 45 minute classroom sessions for the learning
activities and an additional 25 minutes for pre- and post-intervention surveys. The scientific

process of Inquiry-based learning was organized into connected inquiry phases forming the
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Inquiry cycle, highlighting important aspects of scientific thinking (Pedaste et al., 2015). The
students completed the Eco-Lab moving through the entire inquiry learning cycle. This was
established by creating sub-sections that displayed the individual inquiry phases. To represent
the inquiry cycle, the Eco-Lab is divided into 8 sections, taking the students through the inquiry
cycle (see Figure 1; a detailed overview of all sections is provided in Appendix A). The
following descriptions follow the framework from Pedaste et al. (2015). In the first inquiry
phase the learner receives an orientation on the learning topic. The first four sections called
“Instruction”, “The Scientific Method”, “Welcome”, and “Introduction” are designed to
introduce the student to the learning environment and the topic of climate change to represent
the inquiry phase of Orientation. The following section called “Prediction” represents the
Conceptualization phase where students create their hypotheses on climate change variables.
The brain is continuously engaged in enhancing its ability to predict environmental event
(Clark, 2013). This enables learners to navigate and interact efficiently with familiar settings,
where sufficient information is available to support optimal decision-making (Poli et al., 2022).
In contrast, identifying effective strategies for information gathering in unfamiliar
environments poses greater challenges (Baranes et al., 2014) which suggests that establishing a
prediction in a novel environment might increase learners’ uncertainties. The “Experiment”
section represents the Investigation phase, allowing the students to investigate their hypothesis
through an experiment. The Investigation phase reinvents the learners curiosity into an
actionable process (Scanlon et al., 2011). The learners explore and observe different variable
values through designing and conducting different experiments that are related to the defined
research questions or hypotheses. The last section of the Eco-Lab called “Conclusion”
represents the Conclusion inquiry phase, encouraging the students to make inferences from their
investigation. The Discussion inquiry phase is represented by a chat tool the peer collaborators

can use to discuss and communicate their work throughout all Eco-Lab sections.
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Figure 1

Overview of the Eco-Lab including the Inquiry Sections and Chat Box Tool
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The study in the Netherlands originally invited 78 students in three classes, and two pre
university education classes (VWO) and one senior general secondary education class (HAVO).
The first VWO class included 29 students (2 students were absent, a total of 27 students
participated); the second VWO class included 25 students (6 students were absent, a total of 19
students participated); the HAVO class included 24 students (3 students were absent, a total of
21 students participated). This concludes a total of 67 students participated in the study (N=67).
Among them, 17 students did not fill in the post-test, and 1 student did not fill in the pre- and
post-test. This concludes a total of 66 students filling out the pre-test; but only 49 students filled
out both the pre- and post-tests. The participants were secondary school students, ranging from
14 to 17 years old. The participants were randomly given a code name to log in to the Eco-Lab
to be able to document their log files and textual chat records. Each participant was grouped
together with one or two other participants in their same class, being able to complete the tasks

at the same time and seeing each other’s answers to the collaborative items. Each peer group
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then randomly got assigned to a experimental or control condition that was part of the larger
experimental research. In the current study these two conditions are not further explored as the
students’ experience with uncertainty in both conditions turned out to be similar.
Data Analysis

The current study employs an exploratory research analysis, investigating uncertainty
management during inquiry-based learning through the qualitative data derived from the chat
tool. Content analysis of the chat data includes coding, summarizing and evaluating the

frequencies of these codes to explore connections and valuable insights (Strijbos et al., 2006).

Step 1: Finding Markers in the Chat File

We assessed students’ uncertainty by scanning the data for paralinguistic and linguistic
uncertainty markers, using Jordan’s (2010) summarized list of uncertainty makers as a
guideline. See the full overview of markers that were used in the current study and their initial
source in the table below (Table 2).
Table 2

Markers of Uncertainty

Marker Source

Paralinguistic Markers

Errors, disfluencies, hesitations (fillers such as “well...”,  Barr (2003), Maclay and
repeats, false starts, “um”, “er”) Osgood (1959)

Linguistic Markers

Verbal hedges, Parenthetical adverbs that convey Feldman and Wertsch (1976),
psychological uncertainty (“I guess”, “I doubt””) Modal Green (1984), G. Lakoff
verbs and auxiliaries that convey referentially ambiguous  (1973), Turner and Pickvance

%% <¢ 2% ¢

uncertainty (“may”’, “might”, “perhaps”) (1973)
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Questions; tag questions (“It goes this way, right?”) Bernstein (1962), Turner and

Conditionals, hypotheticals (“if...”) Pickvance (1973)

Approximators (“It’s pretty long”) Qualifiers, Rephrasing McFadyen (1996), Meaney
(2006)

Explicit self-reports of mental states reflecting Anderson et al. (2001)

metacognitive awareness of uncertainty (“I’m not sure”,

“I’m confused”)

Step 2: Reading through the textual chat file
We read through the complete textual chat file to find additional moments of uncertainty

that have not been shown through the search for uncertainty markers.

Step 3: Establishing the Concrete Uncertainty Episodes

We established the concrete unit of analysis by defining the beginning and end of a
concrete uncertainty episode: An uncertainty episodes starts when a new topic arises and
uncertainty is expressed. The episode ends when the topic ends. To make the analysis easier,
we translated every uncertainty episode from Dutch to English using our own knowledge skills,

Chat GPT and Google Translate.

Step 4: Analysis of Inquiry Phases

To investigate in which inquiry phase the students experienced their uncertainty, the log
files of the ILS are used. The investigation of the uncertainty units uses the log files of the ILS
to determine which inquiry phase is connected to each unit. The units were coded for the Eco-
Lab sections representing each inquiry phase: Orientation (Instruction, Scientific Method,
Welcome, Introduction), Conceptualization (Prediction), Investigation (Experiment), and
Conclusion (Conclusion). To ensure the validity of the analysis, the Discussion phase is not
included in the Eco-Lab analysis, as it was not represented as a distinct section within the ILS.
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Given that the Orientation phase comprises multiple sections and, consequently, a greater
number of tasks compared to the other phases, these sections are analyzed, coded and compared
individually. This approach accounts for the extended time spent in the Orientation phase and

the consequent higher frequency of uncertainty units during this phase.

Step 5: Analyzing the Types of Uncertainties

The coding scheme and themes used in this paper is based on literature and data on
grounded theory, extracted from Jordan’s (2010) research. The current study uses four codes,
adjusting and confining them to the uncertainties that were expressed in the established
uncertainty episodes. The four codes arose from analyzing the individual uncertainty units and
the context in which the uncertainty arose (see Table 3).
Table 3

Coding the Types of Uncertainty

Type of Uncertainty Code Definition

Learning Environment Uncertainty Uncertainty is expressed about the Learning
environment (How to use tools in the ILS,
e.g. simulator, adjusting variables,
understanding the tasks, problems with the

LE)

Course Content Uncertainty Uncertainty is expressed about the Course
content (Discussions about climate change,

course material, or related topics)

Interpersonal Relationship Uncertainty Uncertainty is expressed about the work of

the other group member
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Task Assignment Uncertainty Uncertainty is expressed about the
assignment of task between the group
members (How students divide tasks or

roles in the group)

Step 6: Analyzing the Uncertainty Management Strategies

After coding for the type of uncertainty, the next step was applying codes related to the
four uncertainty management strategies derived from Jordan’s (2010) dissertation study:
Reduce, Ignore, Maintain, Increase. Each strategy defines a different approach to managing
uncertainty and multiple categories were considered to deepen the investigation of students

uncertainty management strategy (see table 2).

Step 7: Interrater Reliability

To ensure interrater reliability, 20% of the uncertainty units were coded in collaboration
with two other researchers, one PhD student and one expert in the field of uncertainty
management and inquiry-based learning. This involved the iterative process of 2 rounds with
the first researcher and 6 rounds with the second researcher of refining and adjusting the
uncertainty units and code definitions until reaching consensus. Disagreements were resolved

through discussion and the final codes were applied to the rest of the data.

Step 8: Inquiry Cycle and Uncertainty Management Exploratory Analysis

To exemplify the strategies and types of uncertainties observed in the ILS, one unit of
each uncertainty management strategy per inquiry phase is illustrated in the Results section of
this paper. The chats are examined to explore the context and purpose of uncertainty in the
conversations. Statistical analysis was used to determine the frequency, means and standard

deviations of the types of uncertainty and uncertainty management strategies during the inquiry
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learning phases. Overviews are created to display the analysis of students’ uncertainties during
the inquiry learning process to investigate possible connections and patterns of the uncertainty
management strategies and types of uncertainties experienced by the students. The exploratory
results are documented in the Results section of this paper. Connections and patterns derived
from the chat analysis are integrated in the Discussion section of this paper.
Results

To examine how students manage uncertainty during inquiry learning, we analyzed the
situations in which the students encountered uncertainty and the strategies they used to manage
it. The results of the current study are connected to the individual phases of the inquiry learning
cycle to explore the contextual and phase-specific variations. The analysis of the students’ chat
tool identified a total of 47 uncertainty episodes in the conversations. The highest number of
uncertainty instances was found in the Investigation phase (N=17), followed by the Orientation
phase (Introduction: N=10; Welcome: N=8), the Conceptualization phase (N=8), and finally,
the Conclusion phase (N=4) (see Table 4 and 5). No instances of uncertainty were observed in
the first two sections of the Orientation Inquiry Phase (Instruction: N=0; Scientific Method:

N=0), therefore being excluded from the further coding analysis.

RQ1: What types of uncertainties do students encounter during inquiry learning?

To explore the first research of what types of uncertainties students encounter during
inquiry learning we coded four types of uncertainties throughout the uncertainty episodes. Most
uncertainties displayed in the chat conversations revolved around the Learning environment
(LE Uncertainty), followed by Course content (CC Uncertainty). Most Learning environment
uncertainties occurred in the Investigation Inquiry phase, while most Course content
uncertainties appeared in the Introduction inquiry section. Only a few uncertainty episodes
emerged in the context of Task assignment (TA Uncertainty) and Interpersonal relationships

(RE Uncertainty) (see Table 4).
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Table 4

Frequency of Types of Uncertainties during Inquiry Phases per Uncertainty Episode

Type of Orientation Orientation Conceptualization Investigation Conclusion Total

Uncertainties (Welcome) (Intro)

LE Uncertainty 5 4 4 16 2 31
CC Uncertainty 0 6 3 1 2 12
TA Uncertainty 2 0 1 0 0 3
RE Uncertainty 1 0 0 0 0 1

RQ2: How do students manage uncertainties during inquiry learning?

To answer the second research question of how students manage uncertainties during
inquiry learning, we analyzed the frequency of uncertainty episodes that were coded for four
uncertainty management strategies. All four strategies for managing uncertainties, meaning
Reducing, Ignoring, Maintaining, and Increasing uncertainties were visible in the analysis of
the current student chat conversations. Among the uncertainty management strategies, Reduce
was the most frequently used strategy across all inquiry phases, followed by Maintain, Ignore,
and lastly, Increase (see Table 5).

Table 5
Frequency of Uncertainty Management Strategies during Inquiry Phases per Uncertainty

Episode

Uncertainty Orientation Orientation Conceptu Investigat Conclusion Total M SD

Strategy (Welcome) (Intro) alization ion
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Reduce 5 8 6 9 3 31 64
Ignore 0 1 1 4 0 6 1.2
Maintain 3 0 1 3 0 7 1.2
Increase 0 1 0 1 1 3 04

2.14

1.47

1.36

0.49

Table 3 further presents the frequency and variability of uncertainty management
strategies (Reduce, Ignore, Maintain, Increase) determined in the textual chat file across all
inquiry phases. The Reduction of uncertainty has the highest mean frequency, indicating it is
the most commonly used strategy by the students. To provide further insights into these findings
and explore the relationship between the individual uncertainty management strategies and
inquiry phases, examples of each combination observed in the textual chat file are presented in

the following section. Each episode displays a separate group containing two students.

Chat analysis of Uncertainty Episodes per Inquiry Phase
Orientation Inquiry Phase (Welcome Section)

The deeper analysis of the chat starts in the Welcome section representing the
Orientation inquiry phase as this is where uncertainties were first observed in the chat file. In
the Welcome section, students encounter their first set of active tasks. While the earlier sections
“Instruction” and “Scientific Method” involved simply reading and understanding the effects
of human activities on climate change, they are now required to respond to questions, sharing
their own observations on the topic. Through consistent dialogue, sharing knowledge, and
maintaining open communication about the tasks they encounter, the following student group

engages in a Reduce strategy to manage their experienced uncertainty in this section.

Episode 1.

Jara:  Why is this so unclear?

21



Josh: Tdon’t know; I have no idea what I’m supposed to do right now.
Jara:  Yeah, me neither.
I’m reading the scientific method now.
Josh: I'm already answering some fun questions.
Jara:  Which ones?
Josh: Under “Welcome,” at the bottom.
Jara:  Ohhh.
Josh:  What kind of questions are these?
Jara:  No idea.
Really vague.
Josh:  Where are you?
We’re supposed to answer questions together or something.
Jara:  I’'m on 2 now.
Which ones are supposed to be done together?
Josh: Yeah, like in the Introduction or something.
Jara:  Ohh.
I’1l finish 3 real quick, and then we’ll do the Introduction?
Josh: Do you see my answers for 2 and 3?

Yeah, sounds good.

Jara articulates uncertainty, prompting a response from her peer collaborator Josh,
reflecting their mutual experience of uncertainty. The group collectively expresses uncertainty
about the learning environment and the task assignment. By openly stating their uncertainty,
they aim to gain clarity and determine the appropriate approach to addressing the questions.
Their exchange of information and mutual requests for guidance suggest the use of a Reduce
uncertainty management strategy. The group proceeds systematically, addressing each
questions step by step while collaboratively assigning and confirming tasks. They actively seek
consensus to navigate the tasks in correspondence with one another which allows them to create

a clear approach to progress through the Eco-Lab. Their mutual use of the Reduce uncertainty
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management strategy seems to be helpful in resolving any uncertainties that Jara and Josh come
to face throughout the first inquiry sections. The next uncertainty management strategy is
ignoring uncertainty. However, no instances of the Ignore strategy were observed in the
welcome section.

Students who engaged in the Maintain strategy appeared to be uncertain about the
learning environment itself — still acclimating to its features - rather than the tasks of the inquiry
phase. This scenario illustrates how uncertainty about the learning environment can manifest
as interpersonal relationship uncertainty, defined by a team member’s expression of
uncertainty regarding the work of the other group member. The expression of a lack of
consensus with the team member underscores the students’ desire for correspondence and
collaborative effort between the peer collaborators. This episode highlights the relational
uncertainty that can arise between collaborators at the beginning of the inquiry cycle.

Episode 2.

Romee: Can you see what I’'m writing now?
Because | can see your cursor.
Ellie: Yes, | see it
Romee: Then why aren’t you doing anything?
Ellie: | am?
I’ve filled out 1 and 3
Romee: 1don’t see that
You just said that you could see it

Ellie: I can see your thing

In this interaction, Romee expresses uncertainty and frustration about the Task
assignment, specifically regarding Ellie’s task completion. Romee is unable to view Ellie’s
answers, whereas Ellie can see Romee’s responses. The technological issue encourages Romee

to assume that Ellie is not collaborating effectively, and expresses disagreement despite Ellie’s
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assurance that she has completed her tasks. Romee’s expression of doubt and persistent lack of
consensus, exemplify the Maintain strategy, as uncertainty is acknowledged but resolution is
delayed. No instances of students employing Increasing uncertainty as a management strategy
were observed during the Welcome inquiry phase. This phase is characterized by the students’
initial engagement with a new and unfamiliar Learning environment. Consequently, the
uncertainties that arose in the chat conversations were often related to navigating the Learning

environment itself.

Orientation Inquiry Phase (Introduction Section)

The Introduction inquiry section is the first section where collaborative tasks are
introduced, likely directing students’ uncertainty toward this new component of the Learning
environment. By initiating the collaborative tasks of the Eco-Lab, the Introduction section
makes the chat box a more integral tool for interaction, introducing greater possibilities for joint
task completion. This conversation highlights two students encountering confusion about the
visibility of their collaborative task responses and using the Reduce strategy to manage their

uncertainties.

Episode 3.

Lara: I can’t see yours because it’s for individual use.

Sevgi: Oh, I didn’t realize that.

Lara: It’s acting weird for me. I can see your part about what you’ve
learned about climate change and so on, but not the rest.

Clair  4al5, do you agree or disagree with your partner?
(A):
Sevgi:  Oh, huh.

Maybe you should ask about that.

Lara: Yeah, sure.
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Lara shares their observation that she cannot view Sevgi’s answers because the current

task is an individual, rather than a collaborative, activity. She further expresses frustration,

stating that the Eco-Lab does not seem to function properly for her, as she is unable to see

Sevgi’s contributions on other collaborative tasks. Although Clair attempts to prompt further

discussion, the collaborators do not engage with the conversational agent’s question, likely

because they are preoccupied with managing their uncertainty. To address Lara’s uncertainty,

Sevgi proposes seeking help or direction from the teacher or researchers. This approach aligns

with the Reduce uncertainty management strategy, as seeking guidance from an authority figure

is a defined category within this strategy. The following episode illustrates the use of the Ignore

uncertainty strategy during the Introduction section.

Episode 4.

Nynke:

Clair
(A):

Nynke:

Beaudi:

Nynke:

I find it a bit vague because I don’t really know.

There’s a question here:

Do you agree with your group’s viewpoints?

But what viewpoints? What is that about? (:

Has your way of thinking changed after watching the video? Does the
information in the video match what you or your group thinks?

For this, | entered:

“Yes, kind of. I’'m now even more concerned about climate change, especially
the role humans play in it. (Throughout history, you also see that humans have

played an Increasing role.)”

4al3 (Beaudi) , do you agree or disagree with your partner?
I’m at the section called:

Prediction.

Yeah, those viewpoints—I guess just what we both said so far.

Yeah, | think so too.
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Nynke, experiencing uncertainty, explains her confusion and seeks clarification from
her collaborator, Beaudi. However, Beaudi does not respond immediately, instead continuing
his individual work and dismissing the uncertainty raised by Nynke. After several additional
messages, Beaudi finally replies with a vague comment that lacks a clear explanation. By
avoiding Nynke’s expressed uncertainty and prioritizing his own tasks, Beaudi demonstrates
the Ignore uncertainty strategy. Despite this, Nynke accepts this response and resolves her
uncertainty without gaining a comprehensive understanding. This interaction suggests that
some students’ primary objective may have been completing the tasks in the Inquiry Learning
Space (ILS), rather than fully engaging with the topic or collaborative aspects of the project.
Nynke’s expression of uncertainty might be motivated by her desire to answer a task requiring
her opinion on the group’s viewpoints. To do so, she relies on her collaborator’s input, using
the chat function to communicate a desire for explanations and clarity. In response, Clair
intervenes, seemingly trying to reengage Beaudi by directly addressing him and asking whether
he agrees with Nynke. Clair’s approach is notable, as it aligns with Nynke’s expressed
uncertainty revolving around agreement seeking and understanding the group’s viewpoints.
Interestingly, even though Beaudi’s engagement is limited and his responses are vague, Nynke
continues to update him on her progress in the subsequent tasks and informs him when she
moves to the next inquiry phase. Despite not receiving the same collaborative effort from
Beaudi, Nynke remains committed to Maintaining communication, seeking consensus, and
fostering collaboration, employing the Reduce uncertainty management strategy. This
persistence contrasts with Beaudi’s apparent focus on completing the tasks independently,
seemingly prioritizing efficiency over the collaborative learning objectives of the Eco-Lab.
However, later in the conversation, Beaudi demonstrates a shift in behavior. When he
experiences uncertainty he does seek help from Nynke, engaging more actively in the chat and

recognizing its value for the collaborative tasks. This change marks the groups’ transition to the
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Increase uncertainty strategy, which will be exemplified in the Investigation Inquiry phase
(Episode 13). There are no instance of students employing the Maintain uncertainty strategy
during the Introduction section. Besides the employment of the Reduce strategy, this section
includes only one instance of the Ignore strategy and one instance of the Increase strategy.

In this following episode, the expression of uncertainty serves the purpose of fostering

a deeper understanding of the Course content.
Episode 5.

Gracy: I’'m now at the Introduction
Do you understand question 1 with the standpoint?
What is our standpoint?

Stella:  What do you think is a good standpoint

Gracy: That climate change needs to be addressed

Stella:  OK, that’s good, but how
Flying less?

Gracy: Using biofuels

Stella:  That’s good

Gracy: Yes

Gracy begins by informing her peer collaborator, Stella, that she has moved on to the
next inquiry section of the Orientation phase, the Introduction section. She inquires whether
Stella understands the first question. Gracy expresses uncertainty about the meaning of the
question, which requires her opinion on the group’s standpoint — a reference to the questions
they previously answered as a group within the same inquiry phase. In response, Stella
challenges Gracy to think critically and propose a sufficient group standpoint. Gracy suggests
an idea that Stella responds to positively, but rather than concluding the discussion, Stella
expands the problem space by prompting Gracy to provide further details about her standpoint.

This exchange seems to encourage both collaborators to introduce and refine their ideas,
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ultimately reaching consensus on a shared standpoint. This episode illustrates the use of the
Increase uncertainty strategy, as the purposeful discussion and exploration of the task not only
resolved their initial uncertainty but also enhanced their understanding of the Course content.
The interaction between Gracy and Stella highlights how engaging in deeper conversations can
foster more detailed responses, improved comprehension, and effective collaboration on the
task. Additionally, this episode exemplifies a interaction between two students initiating their

group work with a constructive and collaborative approach.
Conceptualization Inquiry Phase (Prediction section)
Episode 6.

Emily: Hey, do you understand the drag-and-drop exercise in "Prediction™?
Because I don’t get what you’re supposed to do?

Luisa: You have to drag a word behind "if," like I have now: "If deforestation decreases,
then bioenergy Increases.” Something like that.

like this
Emily: Oh, okay, but I can’t see what you’re doing, I think.
Luisa: Talso can’t see what you’re doing
I’'m going to "Experiment” now
Emily: Okay, Me too
In the current Conceptualization phase, Emily expresses uncertainty about a drag-and-
drop exercise, prompting her collaborator, Luisa, to provide a clear explanation of the required
action. Although Emily demonstrates understanding of the task, she continues to highlight a
technical issue, specifically the difficulty in viewing all parts of the Learning environment,
including Luisa’s answers. This technical issues appears to persist throughout the study due to
inconsistent internet connectivity in the school environment. Luisa acknowledges Emily’s

concern, reassuring her of experiencing the same difficulty, before confirming her readiness to

transition to the Experiment phase. This exchange successfully resolved the uncertainty,
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enabling both collaborators to progress to the next inquiry phase. The active engagement and
acknowledgment of each other’s concerns exemplify the reducing of Learning environment
uncertainties, reinforcing their collaborative efforts and mutual support.

The following episode provides a concise example of the Ignore uncertainty
management strategy observed in the Conceptualization phase. The Prediction section marks
the first moment students are required to use a drag-and-drop tool rather than responding with
written text. In this exercise, students can drag-and-drop variables related to climate change and

combine them to form predictions.

Episode 7.

Eliza: Do you understand that Prediction? Because I don’t get it.

When Eliza expresses confusion about the Course content, her collaborator Justus does
not respond, effectively avoiding the uncertainty she raised. Later, when Eliza poses another
question, Justus provides a response, though it does not address her earlier expressed
uncertainty. Despite Eliza’s attempts to reduce uncertainty, this unit is defined by Ignoring
uncertainty, as Justus avoids providing a clear explanation or directly engaging with the
expressed uncertainty. Eliza’s initial uncertainty concerns the broader scope of the inquiry
phase rather than a specific task, which may explain why her collaborator did not respond to
her question. The question’s broad and less defined nature likely made it more challenging for
Justus to address effectively. When Eliza follows up with a more focused and concise question,
Justus does provide a response.

In this next episode, the collaborators are engaged in different phases of the Inquiry
cycle - Jip in the Conceptualization phase and Paul in the Investigation phase — yet both express
uncertainty about the learning environment. Jip initiates the exchange by sharing ideas and
seeking both confirmation and additional input from Paul to better understand the drag-and-

drop exercise required in the Conceptualization phase.
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Episode 8.

Jip: I really don’t understand this assignment
Paul:  Me neither
Jip: Are we supposed to randomly pick things? And just drag them?
Paul:  Clair, where are you when | need you
You’re still at "Prediction"
I’m at "Experiment"—this one is really impossible
Jip: Yeah, that’s the table, right?
Paul:  Yeah
Jip: We only have 2 minutes left
No one’s going to finish this
Paul:  I'm skipping it
Jip explicitly expresses uncertainty, aiming to receive clarification and guidance from
Paul on how to complete the exercise effectively. When Paul responds, he acknowledges the
uncertainty but delays taking immediate action to resolve it. Instead, he voices his own doubts,
redirecting attention to Clair, and mentioning the greater difficulty that he experiences in the
subsequent Investigation phase. Faced with time constraints, the group ultimately agrees to skip
the Experiment phase entirely and conclude the Eco-Lab. By delaying action and evaluation to
address their uncertainties, the group exemplifies the Maintain uncertainty strategy, which
involves sustaining rather than immediately resolving the uncertainty. Although Jip’s initial
intention was to Reduce uncertainty by seeking information from his collaborator, Paul’s
approach seems to shift the group’s strategy. This shift likely reflects his attempt to adapt his
approach to achieve consensus with Paul and navigate the collaborative process with the

uncertainties they face. No episode was identified in which students engaged in the Increase

uncertainty management strategy during the Conceptualization phase of the inquiry cycle.

Investigation Inquiry Phase (Experiment section)
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Unlike previous tasks, which involved answering discrete questions or developing a

hypothesis on climate change, the Investigation Inquiry phase introduces a more complex,

dynamic activity. Students can adjust multiple variables to observe their effects on future

climate scenarios, each configuration of variables displaying their visible, distinct impact. The

students then document their findings in an observation table.

Episode 9.

Tina:
Caro:

Tina:

Caro:
Tina:

Caro:

Tina:
Caro:
Tina:

Caro:

Tina:

now Experiment?

what is this

no idea

super weird

I don’t get this at all

you have to drag those things above or something, then write it down
oh, okay

how many do you think?

4 or something

[poop emoji]

oh yeah

yeah

[ think 1t’s good like this, right?
yeah

In this group both collaborators express uncertainty regarding the drag-and-drop

exercise and the accompanying observation table in the Experiment phase. Tina offers a clear

explanation of the task requirements, while Caro seeks additional clarity regarding the scope of

the task. Ultimately, Caro requests confirmation on whether the Experiment phase has been

completed, ensuring they can proceed collaboratively to the next inquiry phase. Despite the

uncertainties expressed by both group members, they actively share ideas, voice their doubts,
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and pose questions to one another, demonstrating their use of the Reduce uncertainty strategy.

They work together as a unit, displaying that while the Experiment inquiry phase culminates

more challenges, it seems to strengthen the collaboration and team work efforts in the groups,

further, highlighting the value and necessity of collaborative problem-solving. By navigating

these uncertainties together, the group demonstrates their ability to work collectively toward

achieving their ultimate goal of completing the project.

The following example highlights a group that first enacts in Ignoring and Maintaining

their uncertainties first, expressing their desire to discontinue the project but then changing their

strategy to Reduce their uncertainty instead.

Episode 10.

Luuk:

Sam:

Luuk:

Sam:

Luuk:

Sam:

Luuk:

Then you move on to the Experiment.
Yeah.

What the heck is this?

What

the heck?

This table.

Bro.

Yeah, I don’t understand anything about this.

I’m stopping.

Bye.

Don’t leave me behind!

Hey, I really don’t understand any of this.
Okay, you have to fill in the energy supply.
Above the task.

So:

Coal,

oil,
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Sam: ah, okay.

As the group transitions to the Investigation phase, Luuk expresses confusion regarding
the upcoming task. Sam agrees with the expressed doubt, reinforcing Luuk’s uncertainty,
thereby Maintaining Luuk’s uncertainty rather than resolving it. This dynamic is followed by
an announcement from Luuk to discontinue the project. However, the interaction takes an
unexpected turn when Sam voices his concern about being left to complete the task alone. This
prompts Luuk to re-engage with the activity, ultimately providing a detailed explanation on the
execution of the task. While the dialogue itself does not explicitly demonstrate task completion,
the ILS analysis indicates that the group successfully completed the observation table, thereby
resolving their uncertainty about the Learning environment. This episode exemplifies the
Reduce uncertainty management strategy, as the group navigates their doubts through
collaborative information exchange and explanation.

The following example displays a brief uncertainty conversation that precedes the

premature submission of tasks before completing the Investigation Inquiry phase.

Episode 11.

Ann: You know what? I’1l just move on to the Experiment. I can’t see what you wrote.
But what did you do there?
I’1l just write something in for myself.

Michael: | just filled it in the way | thought it would make sense.

Ann: I don’t understand the Experiment part.
I’'m logging out.

Ann initiates a discussion about transitioning to the Experiment section in an effort to

comprehend the requirements of the inquiry phase. After waiting for a response from her peer

collaborator, Michael, she indicates her intention to proceed independently, revealing that

Michael is avoiding her expressed uncertainty. Previously, Ann encountered a technical issue
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in the conceptualization phase, where she was unable to view Michael’s contributions. She
appeared to maintain this uncertainty, likely attributing it to a technical problem. However,
upon entering the Investigation phase, she desires clarity on Michael’s answers, aiming to
manage and resolve her uncertainty. Despite her efforts to engage Michael in collaboration, he
does not respond, dismissing her expressed uncertainty and demonstrating the strategy of
ignoring uncertainty. Recognizing Michael’s lack of engagement, Ann, likely driven by a
solution-focused mindset, proactively decides to generate an answer herself. After a delay,
Michael responds but offers no clarification or explanation regarding the task, opting instead to
focus on his individual work without actively addressing the expressed uncertainty. This lack
of collaboration seems to have an affect on Ann, as she continues to express confusion about
the investigation phase. Eventually, she decides to log out of the Eco-Lab, likely realizing that
she will not receive the support or explanation desired from her collaborator to complete the
concluding tasks. Consequently, Ann appears to opt for ignoring uncertainty as a strategy,
choosing to disengage from the task, following Michael’s choice to ignore her expressed
uncertainty previously.

In the following episode, Lois and Niall express uncertainty regarding the Investigation

Inquiry phase and engage in the Maintain strategy.

Episode 12.
Lois:  Hi.
Clair  This conversation is interesting. Could one of you summarize what you’ve covered
(A): so far?
Niall:  Heyy.

Lois: Idon’t want to anymore.
I don’t get it.
Niall:  Me neither.

Lois:  We haven’t covered anything, Clair.
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Niall: I don’t understand, Clair.
Lois:  Stupid Clair.

Niall:  Dumb Clair.

Lois:  Explain, Clair.

What am | supposed to do?

Niall:  Clair, you’re useless.
Lois:  Agreed.

What the flip?
Niall:  Erhm.

Why is this so confusing?

When Clair prompts them to summarize their progress, they direct frustration toward
her, using disparaging remarks while also asking her for clarification. Not answering Clair’s
question, Lois explicitly states that she does not want to continue working on the Eco-Lab and
does not understand the task. After attempting to blame Clair and asking her for an explanation
of the task, without receiving a response, they continue progressing through the tasks. The
collaborators use the chat primarily to express uncertainty rather than to exchange information
or seek solutions. Despite acknowledging their uncertainties, they delay any visible action or
evaluation to resolve it and instead use a Maintain strategy to manage their experienced
uncertainty. This interaction suggests that while the collaborators expressed frustration and
blame, categorized for the Ignore strategy, their acknowledgement of uncertainty is defined by
the Maintain strategy. As a result, their uncertainty regarding the Learning environment and
Course content remains unresolved.

The following episode of Increasing uncertainty follows a previous conversation of the

same group using the Ignore strategy during the Orientation Inquiry phase (see Episode 4).

Episode 13.

Beaudi: I don’t understand what we’re supposed to do.
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Nynke:
Beaudi:

Nynke:

Clair (A):

Nynke:

Beaudi:
Nynke:
Beaudi:
Nynke:
Beaudi:

Nynke:

Beaudi:

Nynke:

Beaudi:

Nynke:

Beaudi:

Nynke:

Me neither.

At Experiment.

What is the decision we need to make?
About what?

And that diagram is weird too.
Observation of what?

I have now: If nuclear energy Increases, then greenhouse gas emissions
Increase.

4al13, how do your ideas connect to what 4a05 just said?
Idea.

Subsidy—what do they mean by that?

Where does it say that?

In the column I’m at now.

Oh, money, | think.

It says something about subsidies.

Like a reward.

Okay.

So in the column next to it, do you need to give a reason why
deforestation is happening or something?

Yeah, | don’t understand that either.
I don’t get any of it.

I don’t understand this entire chart.
Maybe how you achieve the action.
Oh.

Okay.

And where do you get that variable from?
From the Prediction, those words?
You have something above there.
And you need to click on “close.”
Close.

But do we have three now?
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Is that enough?
Should I go to Conclusion then?

Beaudi: I think five is good.

Beaudi enters the Experiment inquiry phase and notices some doubts on what to do.
Despite showing to work mostly alone, he now uses the word we, highlighting group
collaboration, which contradicts his visible behavior and collaboration portrayed through the
chat. It seems that now that he experiences uncertainty he sees the value of the chat box and
being able to reach out to his collaborator, Nynke. The following unit highlights how
participants employed the Increase strategy to manage uncertainties during the Experiment
phase. Initially, both group members struggle to understand the Experiment and how to
complete the table. As Beaudi proposes ideas and answers, their collaborator Jerry continues to
ask clarifying questions, illustrating the category of opening up the problem space and
identifying additional uncertainties about the topic. This dialog showcases their uncertainty
about the Learning environment and Course content. Through continuous conversation and
collaborative effort, the group progressively resolves their uncertainties. Both group members
share their uncertainties and ask each other for information to be able to step by step fill out the
observation table and understand the meaning of each variable that can be used for the
experiment. Despite both group members occasionally expressing doubt and uncertainty both
show effort to resolve those by trying to find a solution and engage in collaboration,
consequently, reaching consensus and making a joint decision to move to the next Inquiry

phase.

Conclusion Inquiry phase (Conclusion Section)
The uncertainty in the next episode was sparked by the Conclusion inquiry phase where

the students compare their established results to their original group prediction.

37



Episode 14.

Ben: What was our group Prediction?
Sunny: Uh,
idk.
Ben: Crap, man.
Uhmmm.
Sunny: Ah, too bad.
No idea.
I don’t want to ask her either.
Ben: Yeah, same.
Prediction:
"The climate will continue to deteriorate if we don’t take action."
Something like that?
ldk.
Sunny: What a great Prediction.
Ben: Yeah, right?
Sunny: Totally fine.

The group members are uncertain about what the prediction entailed and after
expressing their shared uncertainty they agree not to consult their teacher. Nevertheless, they
opt for a trial and error experimentation trying to find a prediction that is approved by both
group members. Ben proposed a prediction that is met with enthusiasm by Sunny. Sunny
encourages him and assures him it looks good. Through trial and error experimentation, and the
process of seeking consensus and confirmation, the group effectively resolves their uncertainty
related to the Course content by employing a strategy of reducing uncertainty. In the textual
chat file there is no example of students using Ignore, Maintain or Increase as a uncertainty

management strategy during the inquiry phase of conclusion.
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Discussion

This study explored the types of uncertainties students encounter during inquiry-based
learning and the strategies they employ to manage them. By examining how learners experience
and respond to uncertainty across the different inquiry phases, we aimed to gain deeper insights
into how uncertainty can be harnessed as a productive part of learning, rather than viewed as a
barrier. To interpret the findings of this exploratory research, we address each research question
individually, connect the results to relevant theoretical background, and draw out practical
implications for instructional design and collaborative inquiry environments.

RQ1: What types of uncertainties do students encounter during inquiry learning?

In the current study we investigated what types of uncertainties students encounter
during the inquiry learning process. We found that the current students’ uncertainties attributed
to the Course content, Learning environment, Task assignment and Interpersonal relationships.
This aligns with Jordan’s (2010) proposed types of uncertainties that students face in
collaborative learning and emphasizes that uncertainty is a multi-faceted experience, influenced
by both cognitive and social aspects of learning. Experiencing such uncertainties reflects
Piaget’s (1952, 1972) concept of cognitive disequilibrium, where students become aware of
gaps between what they know and what the situation demands, triggering opportunities for
cognitive restructuring and deeper engagement.

Importantly, we found that the prevalence and nature of students’ uncertainties shifted
across inquiry phases. For example, during the Investigation phase, the introduction of a drag-
and-drop tool appeared to increase learning environment-related uncertainties. This likely
stemmed from the cognitive demands associated with mastering a new interface while
simultaneously applying conceptual knowledge - an example of extraneous cognitive load
(Sweller, 1994). From a practical perspective, this suggests that tools and interfaces could be
introduced gradually with explicit guidance, particularly at cognitively demanding phases of

inquiry, to prevent unnecessary confusion and disengagement.
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In the Orientation phase, students reported heightened uncertainties about task
assignment and interpersonal relationships, consistent with the initial “forming™ stage of
Tuckman’s (1965) group development model. During this time, students were still establishing
social norms and figuring out how to collaborate effectively. Such early-stage uncertainties may
also reflect socio-cognitive conflict (Mugny & Doise, 1978), where diverging perspectives
among peers can catalyse deeper negotiation and mutual understanding. These dynamics
underline the importance of providing early scaffolding for group roles and collaboration
protocols to reduce ambiguity and facilitate smoother group formation.

As students progressed, uncertainty about course content emerged when confronting
new disciplinary concepts. However, this uncertainty diminished as learners likely gained more
understanding and confidence. This phase-specific pattern of uncertainty suggests that teachers
and designers should anticipate fluctuations in uncertainty levels and be prepared to offer
targeted support at specific points in the inquiry cycle - particularly when new tools or content
are introduced. During the Conceptualization and Investigation phases, uncertainties again
shifted. As students began to form hypotheses and work with newly introduced digital tools,
their uncertainties transitioned from course content to learning environment and collaboration
focused. The act of aligning hypotheses with tool functionalities, possibly under time
constraints or affected by the technical difficulties, may have amplified these challenges. Here,
designers could align tool complexity with students’ current cognitive and collaborative
readiness, or provide support like examples or prompts.

In the Conclusion process, uncertainties had significantly decreased. Students were now
consolidating knowledge and applying previously learned concepts, rather than engaging with
novel material (McClelland et al., 2020). Uncertainties around collaboration and task division
had also diminished, likely because expectations and roles had already been negotiated. Other

reasons why uncertainty was not observed in the chat conversation could be due to external
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factors such as time pressure, technical challenges e.g. internet issues, or limited motivation,
including reluctance to use the chat feature. This highlights the desire to design inquiry
environments that minimize technical friction and encourage active communication, even in
later stages. Taken together, these findings suggest that uncertainty is not static but evolves
throughout the inquiry process. Such evolution supports a developmental view of learning, in
which phases of disequilibrium fosters deeper understanding (Piaget, 1972). Educators should
anticipate phase-dependent uncertainties, provide targeted support, and encourage students to
normalize uncertainty as a productive part of the learning experience.

RQ2: How do students manage uncertainties during inquiry learning?

The current study shows that students primarily used the Reduce strategy to manage
uncertainty, although Ignore, Maintain, and Increase strategies were also observed. These
findings align with Jordan’s (2010) research on uncertainty management strategies in
collaborative settings and demonstrate that students adaptively shift between strategies based
on context. This indicates that learners do not rely on one fixed strategy but instead apply a
range of different uncertainty management strategies. Some students reduced uncertainty by
asking peers or seeking confirmation from instructors, while others maintained or even
increased uncertainty to explore multiple perspectives before making a decision. These findings
support the view that uncertainty must not be eliminated; rather, different strategies serve
different cognitive and social functions depending on the learning phase and context (Babrow
et al., 1998; Weick, 1995).

At the start of the inquiry process, students largely relied on the Reduce strategy,
actively seeking clarification and confirmation from peers. This early engagement might be due
to the manageable nature of initial tasks, which emphasized prior knowledge and familiar
content. The presence of minimal ambiguity at this stage supports Poli et al.’s (2022) argument

that extreme uncertainty tends to prompt avoidance or deferral, while moderate uncertainty
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invites active engagement. As the inquiry progressed and the structure of the Eco-Lab became
more familiar, students increasingly used the Maintain strategy, choosing to delay resolving
certain uncertainties. This behaviour may reflect a growing metacognitive awareness of which
uncertainties were critical and which could be postponed - a skill associated with strategic
regulation in self-directed learning (Efklides, 2006). This awareness is part of self-regulated
learning, where learners monitor and adjust their engagement with uncertainty in real time. This
suggests that educators can encourage students to recognize and evaluate their uncertainties,
possibly through reflective prompts embedded at transition points in the inquiry process.

The collaborative features of the Eco-Lab, particularly the chat function, played a crucial
role in how students managed uncertainty. The chat enabled students to share questions, clarify
roles, and seek peer feedback, supporting the Reduce strategy in a social context. However, in
cases Where peers failed to respond or provided inadequate help, some students responded with
frustration or disengagement, leading to the use of the Ignore or Maintain strategies (see
Episode 11). These moments underscore the value of teaching productive collaboration skills
for uncertainty management, such as framing helpful questions or respectfully challenging a
peer’s idea, as proposed by Kaur and Dasgupta (2024). Students’ ability to navigate uncertainty
collaboratively also resonates with theories of socio-cognitive conflict (Mugny and Doise,
1978), where peer interaction plays a central role in managing and resolving conflicting ideas.
Designers can foster more effective communication by making peer contributions more visible
or adding feedback mechanisms that ensure accountability.

In the investigation process, where unfamiliar tools were introduced, uncertainty levels
increased. This seemed to correspond with a rise in Ignore and Maintain strategies, as students
may have felt overwhelmed by both cognitive and collaborative demands. In line with Poli et
al. (2022), such extreme uncertainty can lead to withdrawal (see Episode 11) or blame (see

Episode 12), particularly if students lack confidence or feel unsupported. This highlights the
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desire for designs that support both cognitive scaffolding and emotional resilience, such as
allowing undo actions, offering problem-solving guidance, or building supportive peer norms.
By the conclusion phase, students returned to the Reduce strategy. As they synthesized their
findings and evaluated predictions, many sought consensus with peers - behaviour that aligns
with the desire to achieve cognitive closure (Johnson and Johnson, 2009). This was a natural
ending point where students resolved remaining uncertainties and finalized group
understanding. Instructionally, this phase could be enhanced by encouraging reflective
activities, prompting students to articulate what uncertainties were resolved and what questions
remain.

Interestingly, the use of the Increase strategy, where students deliberately explore or
expand uncertainty, was rare. This may indicate a missed opportunity for deeper inquiry and
exploration, suggesting that tasks could have been more open-ended or framed to encourage
generative thinking. As Limén (2001) and Potvin (2023) argue, productive uncertainty often
stems from cognitive conflict and open-ended challenges, that invite learners to engage in
deeper learning strategies, such as elaboration, self-explanation, and metacognitive reflection
(Eysink and de Jong, 2012; D’Mello and colleagues, 2014). Inquiry-based learning tasks that
encourage group discussion and creative exploration, might naturally incline students to share
new ideas and expand on their experienced uncertainties. Educators and developers could
consider including structured opportunities for creative risk-taking, such as asking students to
propose alternative explanations or design additional experiments.

This study highlights that uncertainty during inquiry learning is dynamic, context-
dependent, and shaped by both individual cognition and group interactions. Environments that
encourage and guide students to manage their uncertainties productively provide valuable
learning opportunities. This would help students feel more confident during challenging

learning situations and increase their learning potential. Managing uncertainty is a relevant skill
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that can enhance students’ self-regulation and problem-solving in complex real-world situations
(Rosen, 2019). Inquiry learning environments should, therefore, be designed to guide students
toward managing their uncertainty autonomously in the future.

Conclusion
Implications for Educational Design

In education, understanding uncertainty is essential for both teachers and students. By
recognizing the dynamics of the inquiry process, considering its specific context and the
challenges students encounter, teachers can design learning environments that offer appropriate
support and guidance, addressing students’ needs accordingly. The inquiry process of
investigation has been shown to induce greater moments of uncertainty. Taking this into
account when designing experimental tasks is valuable to promote productive uncertainty
management and not induce extreme forms of uncertainty as proposed by Poli et al. (2022).
Given these challenges, it is crucial to provide appropriate guidance throughout the individual
phases of the Inquiry learning cycle. This includes timely intervention and relevant probing to
guide uncertain conversations in a focused direction and foster a supportive environment that
encourages students to express uncertainties to peers or teachers, as Kaur and Dasgupta (2024)
mentioned.

The results support Kaur and Dasgupta’s studies on peer learning and social regulation
of learning (2024), emphasizing the influence of peer responses in managing uncertainty in
collaborative settings. When uncertainty is acknowledged and addressed collaboratively,
students are more likely to resolve uncertainty through explanation and discussion (Jordan,
2010, Kaur and Dasgupta, 2024). Conversely, when uncertainty is dismissed or ignored by their
group member, students may disengage or adopt a similar uncertainty management strategy.
Therefore, the current research underscores the importance of peer response, highlighting the

role of supportive group collaboration in helping students successfully navigate uncertainties
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in Inquiry-based learning environments. Highlighting the amount of uncertainty episodes
displayed in this study, the current research adds to the notion that uncertainty is a natural and
valuable part of learning, especially in inquiry-based learning environments. By examining how
the different inquiry phases relate to uncertainty, educators can create learning experiences that
encourage curiosity, critical thinking, and resilience in the face of ambiguity, using uncertainty
as a powerful learning tool. Teachers can encourage productive uncertainty by helping students
examine their existing knowledge, identify contradictions, and explore possible solutions. To
support this, educators can inspire the following instructional strategies (Chen, 2024).

1. Increase uncertainty to motivate students to question and expand their knowledge.

2. Maintain or Ignore uncertainty to promote deeper understanding and a search for

consensus.

3. Reduce uncertainty to make progress with the learning task.

This process strengthens the development of their scientific knowledge and helps
students navigate uncertainty (Chen, 2024). As mentioned previously, engaging in open-ended,
inquiry-based activities builds students’ confidence in handling uncertainty, an essential skill
that creates value beyond the classroom (Youngerman and Culver, 2019; Rosen, 2019).
According to Chen (2024), effectively managing uncertainty involves encouraging students to
perceive it as an opportunity for exploration rather than a challenge to avoid. It helps the
students view uncertainty as an opportunity for inquiry rather than a barrier in their way. Thus,
integrating inquiry-based learning into the curriculum might already set up a valuable
environment to encourage productive uncertainty management. The current Inquiry-based
learning environment highlights the value of designing and constructing supportive learning
environments that make students feel more capable of managing their uncertainties through the
encouragement of uncertainty expression (Chen, 2024). Encouraging the expression of

uncertainty helps students feel more inclined to voice their doubts and seek deeper
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understanding. Creating an environment where uncertainty is expected and valued can help
learners feel more comfortable expressing doubts. Teachers or educational agents can guide
learners in expressing their uncertainties, building connections, and establishing arguments.
Encouraging students to write about their doubts and how they approach uncertainty can further
support this process.

The inquiry learning cycle presents students with ambiguous, real-life scenarios, such
as climate change solutions or historical interpretations, demonstrating that uncertainty can be
productively managed in multiple ways. It encourages students to explore different perspectives
and develop problem-solving skills (Rosen, 2019), and, further, to ask insightful, open-ended
questions instead of focusing on finding solely correct answers. To cultivate this active
participation, we confirm Chen’s (2024) claim to encourage educators to develop inquiry
learning systems that empower students to embrace uncertainty and investigate the gaps in their
knowledge. This approach supports students’ ability to manage uncertainty effectively while
fostering a more collaborative dynamic between learners and teachers (Kaur and Dasgupta,
2024). Ultimately, facilitating Inquiry-based learning in the learning environment can be useful
in teaching students how to navigate uncertainty productively.

Strengths, Limitations, and Future Research

Through the discussion, we found that beyond understanding learners’ uncertainty
management in inquiry-based learning, the inquiry-based learning environment presents an
instructional tool that can naturally encourage students’ uncertainty expression. The findings
underscore the potential for educational interventions and the design of Inquiry Learning Spaces
(ILSs) to enhance productive uncertainty management. In educational contexts, which
increasingly emphasize inquiry-based learning approaches and encourage students to engage in
discussions and explore diverse perspectives and solutions, it is important to understand and

foster productive uncertainty management, particularly within collaborative environments. The
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current study conducted exploratory research on uncertainty management of Dutch secondary
school students within an online Inquiry Learning Space, exploring their uncertainty
management and types of uncertainties in inquiry learning environments. It would be valuable
for future studies to investigate the influence of uncertainty management on the quality of these
inquiry processes and student outcomes.

Future research could also look into whether the current findings hold in other inquiry
scenarios. We found different uncertainty management strategies in different phases of the
inquiry cycle. This could include future research on uncertainty management across different
educational platforms, such as other ILSs within or outside Go-Lab and inquiry learning
systems, and other subject areas outside of climate change. Further research is valuable to see
if the results of the current study hold with different age groups and how uncertainty
management strategies evolve over multiple learning sessions which could provide deeper
insights into the factors contributing to students’ selection of strategies.

In the current study, the students were instructed to solely communicate with their peer
collaborators via the chat box. Through the direct communication tool of the chat box, the
students had the opportunity to communicate, discuss, and reflect on their experienced
uncertainty with their peer collaborators throughout the Eco-Lab. This aligns with the research
of De Jong and Njoo (1992), where this process showed support for meta-cognition and
regulative processes of inquiry learning, and gives insights into how students communicate their
experienced uncertainties during the inquiry learning process. While the chat tool enabled the
students to express their thoughts and ideas, it might have still limited their communication
channels. The students might not have written down their experienced uncertainties, especially
when they chose to ignore their uncertainty, therefore, not acknowledging their uncertainties to
begin with. The chat box, likewise, naturally does not include paralinguistic markers of

uncertainty which would add more insights into uncertainty expression. Future research
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addressing this limitation will be useful to explore student uncertainty expression during inquiry
learning through different communication tools.

To deepen the understanding of uncertainty management in all phases of the inquiry
process, incorporating a focused section in the ILS for the reflection subphase of the discussion
process could provide students with a dedicated space to reflect and analyse their learning
progress. This section would allow them to assess their experiences in each inquiry phase and
reflect on their collaborative efforts, reinforcing the key learning objectives of the Inquiry cycle.
Conclusion

The current study aimed to explore the connection between uncertainty management
and inquiry-based learning environments. Concludingly, the current research reveals that
students engage in various uncertainty management strategies throughout the inquiry learning
cycle and what types of uncertainties they experience varying throughout the inquiry process.
By deepening the understanding of learners’ uncertainty management processes, this study
contributes valuable insights into how students navigate and respond to uncertainty during
inquiry-based learning. This study explores the importance of uncertainty management in
inquiry-based learning, emphasizing the role of peer collaboration and the value of designing
learning environments that encourage productive uncertainty management. It highlights the
idea that increasing uncertainty can serve as a tool to foster deeper learning and encourage
productive collaboration among students. The study builds on previous research that focuses on
designing learning environments that actively encourage exploration and uncertainty to create
deep-learning opportunities for the students and underscores the implementation of inquiry
learning opportunities for productive uncertainty management (Feng, 2024).

To conclude, our study confirms previous claims (e.g., Chen, 2024; Rosen, 2019) that
educational systems often fail to nurture students’ tolerance for ambiguity. The pressure for

efficiency and correct answers may discourage exploration, thereby preventing students from
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developing resilience in the face of complex, uncertain problems. By supporting students in
learning how to manage uncertainty - especially through productive collaborative dialogue and
guided inquiry - we can move closer to educational environments that foster adaptive thinking,

creativity, and lifelong learning.
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APPENDIX A
Figure 1

Introduction Section of the Climate Change Eco-Lab
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The Scientific Method Section of the Climate Change Eco-Lab
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Figure 3

Welcome Section of the Climate Change Eco-Lab
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Figure 5

Prediction Section of the Climate Change Eco-Lab
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Figure 6

Experiment Section of the Climate Change Eco-Lab
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Figure 7

Conclusion Section of the Climate Change Eco-Lab
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