
Welcome to webinar 3:

“Refocusing labs: from cookbook to open inquiry”

We often talk about preparing students for “real research”, yet many lab assignments feel more like recipes than 
investigations. What if students could take charge of their own experiments – from the first question to the final conclusion?

We encourage you to turn on your camera to help 
create a more personal and interactive atmosphere.

This webinar will not be recorded to help create an open, interactive 
atmosphere where everyone feels comfortable to share ideas and 

ask questions. Instead, we’ll share a recap afterwards
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Use the chat to post 
your questions and 

share your ideas

After the webinar, we’ll share a recap containing slides, 
lessons learned, and additional information and resources

We encourage you to turn on your 
camera to help create a more 

personal and interactive atmosphere.
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Defini t ions

“open inquiry” in science lab education

authentic research/inquiry:

students engage in knowledge 
creation processes             

(from “start” to “finish”)

open:

students have agency in all 
phases of the research process



Defini t ions

“open inquiry” in science lab education

authentic research/inquiry:

students engage in knowledge 
creation processes             

(from “start” to “finish”)

open:

students have agency in all 
phases of the research process

Inquiry/Enquiry = Research !

● though “Research” implies adding to 
the body of scientific knowledge…

● while “Inquiry” has a more accessible 
and even playful connotation



Research 
question

Research 
methods

Conclusion

1. Confirmation Given Given Given

2. Structured inquiry Given Given Open

3. Guided inquiry Given Open Open

4. Open inquiry Open Open Open

Defini t ions

An inquiry’s openness is determined by how much of its components are given or specified by the instructor.

J.J. Schwab, “Inquiry, the Science Teacher, and the Educator”, The School Review, Vol. 68, No. 2, p. 176 (1960). 

authentic research/inquiry:

students engage in knowledge 
creation processes             

(from “start” to “finish”)

open:

students have agency in all 
phases of the research process

Levels of openness



Defini t ions

According to these definitions: 

What inquiry openness level do your lab courses reach?

Research 
question

Research 
methods

Conclusion

1. Confirmation Given Given Given

2. Structured inquiry Given Given Open

3. Guided inquiry Given Open Open

4. Open inquiry Open Open Open

Levels of openness
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S3OIL motivat ions for  Open Inquiry

Q:  What should labs seek to teach?

- Empirical research skills!
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Empirical (physics) research skills,   
as defined by the American 

Association of Physics Teacher’s 
special report on lab education, 2014

re
s
e
a
rc

h
 p

ro
c
e
s
s
e
s

- Nature of science
- What am I doing?

- Self-efficacy
- Can I do it?

- Critical thinking
- How to do it successfully?

- Creativity
- How to do it even better?



Q:  What should labs seek to teach?

A:  Higher-order & 
      integrative skills
      for research
      practices

S3OIL motivat ions for  Open Inquiry

Q:  How? 

A? constructive alignment 

suggests open inquiry:  

engaging students in empirical 
science processes & decision-
making in authentic† contexts 

†authentic from student perspective



YES NO

Q:  Is open inquiry in labs effective in practice?

 (i.e. Can students handle full cycles of scientific agency?)

While educational psychologists fought, lab teachers experimented! 

empirical results suggest:  
● more agency addresses more (and higher-order) learning objectives, 
● but open inquiry requires scaffolding & guidance

Cindy E. Hmelo-Silver

S3OIL motivat ions for  Open Inquiry



N=36,538 N=10,387

S3OIL motivat ions for  Open Inquiry

 

 

empirical results suggest:  
● more agency addresses more (and higher-order) learning objectives, 
● but open inquiry requires scaffolding & guidance

Overly-structured* lab courses harm 
students’ understandings of the nature of 
science and their self-efficacy for empirical 
science… *see their definitions of “open-ended” & “guided”
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Labs aiming to teach scientific skills 
outperformed labs aimed at concepts due 
to their greater student agency (decision-
making, communication).

(Walsh, Lewandowski, Holmes; 2022)
DOI: 10.1103/PhysRevPhysEducRes.18.010128

(Wilcox, Lewandowski; 2016)
DOI: 10.1103/PhysRevPhysEducRes.12.020132

in
c
re

a
s
e
s
! 
☺

d
e
c
re

a
s
e
s
! 


* *



S3OIL motivat ions for  Open Inquiry

 

 

empirical results suggest:  
● more agency addresses more (and higher-order) learning objectives, 
● but open inquiry requires scaffolding & guidance

Contradictio in terminis?

teacher guidance is needed to support student agency

diminishing levels of guidance 
(content/skills and procedural) 
leads to integrative, authentic, 
whole-task experiences based 
on real-life tasks.

What guidance do you find necessary for open-ended labs?



Q:  Is open inquiry in labs effective in practice?

 (i.e.  Can students handle full cycles of scientific agency?)

A:  Yes! Our own findings agree:

• labs can support effective student open inquiry
• if: prior “first-order scaffolding” 

➢of domain-specific content & skills
• if: simultaneous “second-order scaffolding”

➢of self-directed learning skills
➢aka process-focused guidance 

S3OIL motivat ions for  Open Inquiry

terms used in the 4C/ID model:
https://www.4cid.org 

https://www.4cid.org/
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Wieman, The Physics Teacher 53, p349 (2015), Holmes & Wieman, Phys. Rev. Phys. Educ. Res. 12, 020103 (2016).

open:

students have agency in all 
phases of the research process

What is the process of doing empirical scientific research?

Chal lenges for  Open Inquiry in Labs
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open:
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Wieman, The Physics Teacher 53, p349 (2015), Holmes & Wieman, Phys. Rev. Phys. Educ. Res. 12, 020103 (2016).

What is the process of guiding empirical scientific research?

• prior “first-order scaffolding” 
➢ of domain-specific content & skills

What do students need to know 
before working on higher-order 
and integrative skills in labs?

• simultaneous “second-order scaffolding”
➢ of self-directed learning skills
➢ aka process-focused guidance 

How to guide the inquiry process    
while preserving student agency?

Chal lenges for  Open Inquiry in Labs
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Morten Strømme

Martijs Jonker

Paul Logman

Paul ’s ,  Mart i j s ’  & Morten’s  open inquiry courses:

second year physics lab:  
wave phenomena and oscillations

third year life sciences dry lab:
genomics & (big) data analyses

applied science design lab: 
bio-mimicry & robotics (30 ECTS)

 S3OIL team examples 

 S3OIL team examples

 S3OIL team examples



Eva,  Noor,  and Jul ia ’s  s tudent  experiences

Courses and their developers were part of the S3OIL project:

Dr. Simone Mesman    Dr. Forrest Bradbury

Molecular Neurobiology Lab        &        Maker Lab 

●Upper-level undergraduate lab courses

●6 ECTS (168 total hours of student work)



Noor & Eva:   “Molecular Neurobiology  Lab”

●University of Amsterdam, BSc Psychobiology

●Teams of ~10, organized as a research group with TA as “PI”

●Fixed: subject + methods (cell-line)  |  Open: questions + planning

1: guided inquiry 2&3: open inquiry
4: exam, report, 

presentation, 
attitude



Noor & Eva:   “Molecular Neurobiology  Lab”

Difficulties/Advantages

● As a student:

● “Pressure cooker”

● Experiments take time and fail

● Working in a team

● As a TA:

● Balance 



Jul ia :   “Maker Lab”

● for Amsterdam University College’s natural & exact science majors

●students choose sensors controlled by self-programmed Arduinos, 
and leverage available online resources of the “Maker Community”

● teams of 2-3, take home a “toolbox” of supplies:

Heart rate Galvanic skin resistance

Electromyography



Jul ia :   “Maker Lab”

●Rough schedule of the 14-week course:

1st open inquiries 2nd open inquiriesskills training

“scaffolding”
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Jul ia :   “Maker Lab”

From following instructions to solving problems

● Defining your own research question

● Becoming your own supervisor

● Difficulties of a ”simple” experiment

● Mistakes as the biggest lessons



Jul ia :   “Maker Lab”

Additional remarks from the TA perspective

● TA = bridge between a teacher and student

● Supporting group collaboration

● Guidance not instructions



Eva,  Noor,  and Jul ia ’s  s tudent  experiences

Molecular Neurobiology Lab:         &             Maker Lab: 

 Questions about courses and student/TA experiences?

Heart rate Galvanic skin resistance

Electromyography
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Break-out  quest ions & discussions

Breakout room first option:  molecular life sciences (with Eva and Noor)

Breakout room second option: “Maker” labs (with Julia)

Main room (stay here):  open inquiry labs in other contexts (with Forrest)

Discuss:  What opportunities and challenges 

do you see for making lab inquiries fully open?  

(in your program’s specific context)

Questions for speakers?
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Our f indings

Centrality of Open Inquiry

our courses are centered around enabling it,

and targeting the related higher-order learning outcomes

Contexts different, but our challenges similar:

1.giving students time and agency for full open inquiry

2.prior “first-order scaffolding” 
➢ of domain-specific content & skills

3.simultaneous “second-order scaffolding”
➢ of self-directed learning skills
➢ aka process-focused guidance 



Our f indings

1. giving students time and agency

To experience full and authentic empirical research cycles, students must:

●   define the question they want to answer, 

●   design and carry out experiments to reach their goal, 

●   interpret and report results,

●   search for information, 

●   continually communicate ideas, needs & results with others; integrating feedback, 

●   iterate: test assumptions; refine questions; adapt models, measurements & analyses,

One open inquiry often takes as much time as 2-3 guided or 5-8 structured inquiries, 
as students need time to reflect & iterate and recognize & learn from failures.



Our f indings

2. prior “first-order scaffolding”

To enable agency and independence, students must already have: 

●   working knowledge of relevant scientific concepts/models 

●   experience with experimental, analysis, and communication methods (skills)

●   examples of feasible research questions & projects (“inspiration scaffolding”) 

All provided in pre-requisite courses and the lab course’s “teacher control” phase:



Our f indings

3. simultaneous “second-order scaffolding”:  (open inquiries involve structure & guidance!)

a. Teachers/technicians/TAs regularly available for student questions

b. Teachers/technicians/TAs plan discussions with students on higher-order questions

● support for lower-order questions is partially:

● pre-empted:  learning outcomes from previous assignments or courses

● outsourced:  e.g. Maker movement resources

● anticipated and asynchronized:  e.g. LabBuddy

c. Student decision-making is regularly prompted and feedback moments built-in:



Our f indings

3. simultaneous “second-order scaffolding”:  (open inquiries involve structure & guidance!)

c. Student decision-making is regularly prompted and feedback moments built-in:

● Go/NoGo moment:  student plans discussed in context of safety, ethics, feasibility, and scientific motivation, 

● Midway assignment:  critical assessment moment!, providing feedback on progress and plans, 

● Communication:  in authentic context:  students’ scientific questions, plans, and findings must be accessibly 

shared with and reviewed (and celebrated!) by a non-expert audience of their peers,

● Reflection and growth mindset:  extra time and support for learning from mistakes, whereby failures are 

recognized as expected occurrences and important learning opportunities,  

● Rubrics explicitly grade inquiry process:  published in advance, students prioritize reflection & iteration



Our f indings

When we succeed in doing these: 

Then our students can spend time on these:

● situating knowledge,

● integrating diverse skills, 

● critical thinking, 

● reconciling the scientific method with real-world complexities,

● practicing science communication in authentic contexts,

● building self-efficacy for empirical science.

1. giving students time and agency for fully open inquiries

2. prior “first-order scaffolding” 

3. simultaneous “second-order scaffolding”

☺ 



select 
English

open access course 
materials, including 

grading rubrics!

playbook for 
open inquiry

draft article on designing 
open inquiry labs

https://edusources.nl/materials/04566738-bd6f-49c6-a2d9-f64a3885394b 

S3OIL team’s open access  course materia ls

https://surfdrive.surf.nl/s/LPoysxEH87T99QY 

https://edusources.nl/materials/04566738-bd6f-49c6-a2d9-f64a3885394b
https://edusources.nl/materials/04566738-bd6f-49c6-a2d9-f64a3885394b
https://edusources.nl/materials/04566738-bd6f-49c6-a2d9-f64a3885394b
https://edusources.nl/materials/04566738-bd6f-49c6-a2d9-f64a3885394b
https://edusources.nl/materials/04566738-bd6f-49c6-a2d9-f64a3885394b
https://edusources.nl/materials/04566738-bd6f-49c6-a2d9-f64a3885394b
https://edusources.nl/materials/04566738-bd6f-49c6-a2d9-f64a3885394b
https://edusources.nl/materials/04566738-bd6f-49c6-a2d9-f64a3885394b
https://edusources.nl/materials/04566738-bd6f-49c6-a2d9-f64a3885394b
https://surfdrive.surf.nl/s/LPoysxEH87T99QY


Course design tool

https://surfdrive.surf.nl/s/LPoysxEH87T99QY 

Realization:

➢ local conditions define 
unique sets of course 
boundary conditions

➢new faculty users of open 
inquiry will be adapters 
and not adopters

https://surfdrive.surf.nl/s/LPoysxEH87T99QY
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Thanks!

●Amsterdam University College for support and flexibility

●other S3OIL team members:  Lesley, Paul, Simone, Morten & Martijs

●SURF’s Open Education grant program

●all the students and teaching assistants of our courses

●and especially Julia, Eva, and Noor for helping to present!

●and the Present-Day Practicals team, 

● especially Charita, Marjo & Janine for mentoring us in preparing this webinar!
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Next slides were not used, but were prepared to answer any 
questions about Paul’s, Martijs’, and Morten’s lab courses



S3OIL team examples

Paul Logman
logman@physics.leidenuniv.nl

Paul Logman gives “Physics Experiments 3”, 

a 2 ECTS module part of the second-year lab 

sequence, leveraging physics teaching lab 

equipment for students’ inquiries into 

oscillations or wave phenomena, sometimes 

even leading to scientific publication!



S3OIL team examples

Martijs Jonker
m.j.jonker@uva.nl

“dry lab” where students do research with existing (big) 

data sets, using statistical and mathematical analyses 

(e.g. PCA) of genomics and other -omics data.

https://computing.sas.upenn.edu/mms/classroom_lab 

Martijs Jonker gives the 

“Practicum Advanced 

Genomics II” (6 ECTS) for 

3rd year life sciences 

students

https://computing.sas.upenn.edu/mms/classroom_lab


S3OIL team examples

Morten Strømme
m.h.stromme@uva.nl

https://www.uva.nl/programmas/bachelors/science-technology-and-innovation/science-technology-and-innovation.html 

Morten Strømme:

• gives the “Biomimicry” design 

course (30 ECTS) in the 

Science, Technology & Design 

minor for multidisciplinary 3rd 

year natural science students

• Challenge-based learning 

where students even conceive 

and define their own 

challenges!!
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(*) Randy L. Bell, Lara Smetana, and Ian Binns, 2005, The Science Teacher, p. 30-33

levels(*) teacher provides student 

  question/goal method results   

 1. confirmatory + + + confirms a relation 

 2. structured + + -  executes a procedure 

 3. guided + -  -  develops a research method 

 4. open -  -  -  develops a research question 
 

levels teacher provides student 

  question/goal design concept prototype   

 1. reverse engineering + + + understands and evaluates 

 2. closed + + -  builds according to specs 

 3. open-ended + -  -  conceptualizes a design 

 4. open -  -  -  develops a design goal 
 Comparison courtesy of Bart van Esch (TU Eindhoven, Mechanical Engineering)
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https://www.uva.nl/programmas/bachelors/science-technology-and-innovation/science-technology-and-innovation.html
https://www.uva.nl/programmas/bachelors/science-technology-and-innovation/science-technology-and-innovation.html
https://www.uva.nl/programmas/bachelors/science-technology-and-innovation/science-technology-and-innovation.html
https://www.uva.nl/programmas/bachelors/science-technology-and-innovation/science-technology-and-innovation.html
https://www.uva.nl/programmas/bachelors/science-technology-and-innovation/science-technology-and-innovation.html
https://www.uva.nl/programmas/bachelors/science-technology-and-innovation/science-technology-and-innovation.html
https://www.uva.nl/programmas/bachelors/science-technology-and-innovation/science-technology-and-innovation.html
https://www.uva.nl/programmas/bachelors/science-technology-and-innovation/science-technology-and-innovation.html


Thank you for your participation!

Link to evaluation 

Present-day Practicals webinar series ‘25/’26

1. How do students truly learn in the lab?  Thu 06/11/’25

2. Extended reality in lab education   Thu 20/11/’25

3. Refocusing labs: from cookbook to open inquiry Tue 02/12/’25

4. Fostering sustainability in lab education  Tue 13/01/’26

5. Artificial intelligence in lab education   Thu 29/01/’26

6. TBA       Tue 17/02/’26

Enhancing lab education with LabBuddy   Thu 19/03/’26

Upcoming webinars

info@presentdaypracticals.nl



THANK 
YOU

for attending
this webinar
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