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Inquiry-based learning
Scientific inquiry refers to the diverse ways in which
scientists study the natural world and propose
explanations based on the evidence derived from their
work. Inquiry also refers to the activities of students in
which they develop knowledge and understanding of 
scientific ideas, as well as an understanding of how
scientists study the natural world.

Inquiry-based science learning presents students with 
several challenges, such as planning, monitoring, and 
evaluating investigations, interpreting data in the light of 
hypotheses, and creating evidence-based explanations 
(e.g. Carey et al., 1989; Krajcik et al., 1998; Kuhn et al., 1988; C. 
Zimmerman, 2000, Sandoval, 2003).

There is a need to support learners in engaging with 
inquiry reflectively. 



The nature of scientific inquiry

"Scientific inquiry refers to the diverse ways in which scientists 
study the natural world and propose explanations based on the 
evidence derived from their work. Inquiry also refers to the 
activities of students in which they develop knowledge and 
understanding of scientific ideas, as well as an understanding of 
how scientists study the natural world… Inquiry is a multifaceted 
activity that involves making observations; posing questions; 
examining books and other sources of information to see what is 
already known; planning investigations; reviewing what is already 
known in light of experimental evidence; using tools to gather, 
analyze, and interpret data; proposing answers, explanations, 
and predictions; and communicating the results. Inquiry requires
identification of assumptions, use of critical and logical thinking, 
and consideration of alternative explanations." 
[National Academy of Sciences, National Science Education 
Standards, 1996 Chapter 2, p.23.]



Reflective inquiry

We define reflection as the ability to monitor
and evaluate past and ongoing actions in 
order to help plan next steps.

Reflective inquiry can be seen as a set of 
practices that help the inquirer adopt a critical 
orientation, such as planning, monitoring and 
evaluating one’s inquiry-related actions (Kyza 
& Edelson, 2003; Loh et al., 1998) 



Scaffolding reflective inquiry

Changing the nature of the task (Kyza, 2004, Loh, 2003).
Structured online workspace so that students can organize 
and easily access their work process (Loh et al., 1997).
Guides and reminders about important investigation steps, in 
the form of articulation prompts (Quintana et al., 2004).

Doing the inquiry
Data boxes for storing information 
Easy access to stored and interpreted 
data
Automating routine tasks to help 
students focus on the conceptual 
aspects of inquiry

Reflecting on the inquiry
Data capture camera to support 
data evaluation
Articulation prompts to support 
planning, monitoring, evaluating
Annotations to allow free 
expression of ideas

Examples of scaffolds that can facilitate reflective inquiry:



The STOCHASMOS platform
Overall goal to scaffold students’ data-rich, self-regulated learning 
in science:

Reasoning with data.
Augment opportunities for reflection through articulation.
Grounding articulation and reflection in the data.
Supporting formative and summative assessment by 
making students’ work visible and traceable.

Provide reflective inquiry scaffolding for students by:
Making thinking visible.
Helping focus and organize investigations.
Supporting the explanation building process.
Providing tools for communicating explanations.
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The research program
Goals

Examine the role of software-based reflective 
inquiry scaffolding in supporting student 
inquiry
What is the role of the reflective inquiry 
scaffolding in the creation of evidence-based 
explanations?

What is the interaction of perceived ability 
and reflective scaffolding?



Brief literature review

Students are reported to have difficulties with 
both the more general aspects of what 
constitutes an explanation in science and 
the domain-specific aspects of 
understanding ecological concepts. e.g.

Do not provide evidence in support of their 
explanations (Sandoval, 2003).
Students have difficulties in reasoning about 
causality and noticing indirect relationships 
(Abrams & Southerland, 2001). 



Scaffolding students’ explanation 
building

In prior research, we qualitatively examined the 
discourse and actions of students of higher, 
medium, and lower academic ability as they worked 
with the Progress Portfolio (Kyza, 2004).
The scaffolding in the tool supported students’
reflective inquiry conversations about their data.
Most of the lower ability group’s reflective inquiry 
conversations took place in the context of working 
with the group.
This led to a hypothesis that such tools may be 
necessary for lower ability students.



Design-based methodology
PARTICIPANTS
Pilot enactment

Three 6th grade classrooms (n=75), same science teacher, half of the dyads 
with WorkSpace, half of the dyads with PowerPoint.

Second enactment
• Lessons learned from pilot enactment led to the “Detective investigation” for 

introducing terminology, concepts, inquiry routines, and use of the system.
Two 6th grade classrooms (n=26, 27), same science teacher, one class with 
WorkSpace, one with PowerPoint.
Using the Raven’s standard progressive matrices and a test measuring 
students’ conceptual understanding of the ecosystem:

A two-step cluster analysis showed that students could be grouped in 
two clusters: those of low learning potential (M=1.43) and those of high 
learning potential (M=4.33).
Chi-square and t-test analyses showed that the two classes were 

equivalent.



Research Methodology
ACTIVITIES

• Students worked in dyads of high, low, and mixed ability.
• Investigation: “The death of the Flamingos at the Larnaca Salt Lake”.
• Developed using scientific data in collaboration with the Cyprus Fisheries 

Department. 
• Lessons lasted for about 6 weeks and included an initial brainstorming activity, 

mid-investigation peer-reviews, and final class- and school-wide presentations.

DATA COLLECTION
Pre and post tests examining students’
conceptual understanding and inquiry 
skills.
Videotaped three groups’ interactions 
with the software, teachers, and peers.
Logbook of the students’ use of the 
STOCHASMOS system.
Each group’s computer-generated 
artifacts.

ANALYSIS

Analysis of students’ final 
explanations.
Statistical analyses of pre and post 

tests.
Case studies of different ability 

groups as they work with the 
reflective WorkSpace or with 
PowerPoint.



Research Methodology
ACTIVITIES

• Students worked in dyads of high, low, and mixed ability.
• Investigation: “The death of the Flamingos at the Larnaca Salt Lake”.
• Developed using scientific data in collaboration with the Cyprus Fisheries 

Department. 
• Lessons lasted for about 6 weeks and included an initial brainstorming activity, 

mid-investigation peer-reviews, and final class- and school-wide presentations.

DATA COLLECTION
Pre and post tests on inquiry content 
and skills.
Videotaping of three groups’
interactions with the software, 
teachers, and peers.
Logbook of the students’ use of the 
STOCHASMOS system.
Each group’s computer-generated 
artifacts in the workspace and in 
PowerPoint.

ANALYSIS

Analysis of students’ final 
explanations.
Statistical analyses of pre and post 

tests.
Case studies of different ability 

groups as they work with the 
reflective Work Space or with 
PowerPoint.



Expert criterion map of the salt lake ecosystem







Examples of the students’ explanations

Group 1, WorkSpace Group 2, PowerPoint



-Modified 
Toulmin’s 
argumentation 
scheme

-Based on the 
expert criterion 
map

Claim

Reasoning

Supporting evidence

Refuted explanations

Reasoning for rejecting alternative explanations 

Supporting evidence

Explanations
coding scheme



Results
An analysis of the students’ pre-post 
measurements indicated a statistically 
significant difference for the workspace class, 
t(26)=-4.492, p<.001, and for the PowerPoint 
class t(25)=-3.455, p<.005.
Cohen’s d was 0.75, indicating a medium to 
large effect size of the intervention.
Mean total explanation score was higher for 
the WorkSpace class, M=11.2, vs. M=8.23 for 
the PowerPoint class.



What components did they address?

6 (46%)1 (25%)2 (40%)3 (75%)10 (77%)2 (67%)4 (80%)4 (80%)Cited evidence

6 (46%)1 (25%)2 (40%)3 (75%)12 (92%)3 (100%)4 (80%)5 (100%)Provided a 
reason for the 
refuting 

9 (69%)3 (75%)3 (60%)3 (75%)12 (92%)3 (100%)4 (80%)5 (100%)Listed refuted 
explanations

Alternative 
explanations

8 (62%)0 (0%)4 (80%)4 (100%)11 (85%)2 (67%)5 (100%)4 (80%)Cited evidence

13 (100%)4 (100%)5 (100%)4 (100%)13 (100%)3 (100%)5 (100%)5 (100%)Reasoning

13 (100%)4 (100%)5 (100%)4 (100%)13 (100%)3 (100%)5 (100%)5 (100%)Claim

Main 
explanation

1345413355Number 
of groups

TotalLL HL HH TotalLL HL HH Ability

PowerpointWorkspace



Results
To examine the effect of the type of reflective 
scaffolding and ability grouping we used the Kruskal
Wallis test.
The analysis showed no difference between the 
three ability groupings in the workspace class, x2

(2)=2.382, p>.05.
The analysis showed differences between the 
groups in the PowerPoint class, x2(2)=6.109, p<.05.

Subsequent Mann Whitney U tests showed a significant 
difference between the groups in the HH and LL groupings 
(U=.00, p<.05), the HL and LL groupings (U=1, p<.05) but 
not between the HH and HL groupings (U=4, p>.05).



Results
WorkSpace

Findings indicate that there was no statistically significant 
difference between HH, HL, and LL groups.  This 
suggests that the different scaffolding may have helped 
the lower ability students bridge the gap between them 
and students of higher academic ability.

PowerPoint
Findings indicate that the HH and HL groups 
outperformed the homogenous LL groups, but that there 
were no statistically significant differences between the 
homogenous high and mixed high-low ability groups. 
There were still differences between lower and higher 
ability groups.



Thank you.
Comments?

c.p.constantinou@ucy.ac.cy

For more information, please visit:
http://www.stochasmos.org
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