
Knowledge of curricula

● Link to cultural needs … 



https://www.openaccessgovernment.org/investigative-science-learning-environment/74964/



Investigative Science 
Learning Environment

(ISLE approach)



ISLE approach involves students’ 
development of their own ideas by

● Observing phenomena and looking for patterns,
● Developing explanations for these patterns,
● Using these explanations to make predictions about the outcomes of testing 

experiments,
● Deciding if the outcomes of the testing experiments are consistent with the 

predictions,
● Revising the explanations if necessary, 
● Encouraging students to represent physical processes in multiple ways.

(Etkina et all, 2007-2010-2019)



The combination of these features is 
applied to every conceptual unit in the ISLE 
learning system, thus helping them develop 
productive representations for qualitative 
reasoning and for problem solving.





Observational experiments: energy conversions - part 1

Goals: Explain a series of experiments using the knowledge of energy
Equipment: none

1. Watch the video [https://youtu.be/u3Y4npFvlO4] Answer the following
questions:

A. Construct a microscopic explanation for how the hot gas pushes out the stopper. 
Remember what you learned about molecules of gas, their motion,
and the pressure that they exert.

B. Choose the gas inside the test tube, the stopper, and Earth (not the flame) as the 
system, and use the concepts of work and energy to explain the experiment. If you 
need a new physical quantity or quantities for your explanation, define them 
qualitatively.

C. Draw an energy bar chart to explain the experiment using this new physical quantity. 
The system is the gas and the cork. The initial state is before we started warming up 
the gas and the final state is when the cork is flying out.

https://youtu.be/u3Y4npFvlO4


2. Watch the video of a cup of cold water in an aluminum container being placed in a container 
with warm water 
https://mediaplayer.pearsoncmg.com/assets/_frames.true/sci-phys-egv2e-alg-15-2-2
 
The video is taken with a thermal camera and allows you to see the change of
temperature of the water.

A. Describe what you observe (choose the initial state to be when the cup is outside the 
container and the final state when cup is inside and the temperature reaches some 
intermediate value).

B. Consider the water in the cup as the system and explain this observed process using 
your knowledge of molecules and their motion. Then use the generalized 
work–energy principle to explain what happened to the cold water. If you cannot 
explain this process with this principle, try to modify the principle (for example, 
introduce a new physical quantity) to account for your observations.

C. Repeat part b., only this time consider the water in the container as the system. 
D. Use your knowledge of molecules and their motion to explain the reasoning behind 

when two liquids of different temperatures mix together, the mixture will eventually 
reach some intermediate temperature (called the equilibrium temperature).

Observational experiment - part 2

https://mediaplayer.pearsoncmg.com/assets/_frames.true/sci-phys-egv2e-alg-15-2-2


Observational experiment - part 3

3. Watch the video of a cup of glycerin being stirred by a mixer used to whip cream

[https://mediaplayer.pearsoncmg.com/assets/_frames.true/sci-phys-egv2e-alg-15-3-1].

The video is taken with a thermal camera and allows you to follow the temperature of the

glycerin at the spot marked by cross hairs.

a. Describe what you observe.

b. Draw a bar chart to represent the process. Indicate any assumptions that you made.

https://mediaplayer.pearsoncmg.com/assets/_frames.true/sci-phys-egv2e-alg-15-3-1


The Three Components ISLE

The first component is a 
cycle of logical reasoning 
that repeats for every new 
topic that is learned. The 
reasoning logic is a 
marriage of inductive and 
hypothetico-deductive 
reasoning:

Inductive: Observational experiments 
provide students with interesting data 
(and patterns) that need to be 
explained. Students generate multiple 
explanations based on prior knowledge 
and analogical reasoning.

Hypothetico-deductive: If this explanation is 
correct, and I do such and such (perform a 
testing experiment), then so and so should 
happen (prediction based on explanation). 
But it did not happen, therefore my idea is 
not correct (judgment). Or and it did happen 
therefore my idea has not been disproved yet 
(judgment).



The Three Components ISLE

The second component of 
ISLE is an array of 
representational tools that 
students learn to use to 
travel around the ISLE cycle 
and solve real-world 
problems (applications).

pictures

graphs

impulse-momentum 
bar charts

force 
diagrams

motion 
diagrams

work-energy bar 
charts

electric circuit 
diagrams

ray diagrams



The Three Components ISLE

The third component of ISLE 
is the development of a set 
of scientific abilities or 
scientific habits of mind that 
allow students to travel 
around the ISLE cycle and 
solve real-world problems 
(applications) by thinking 
like a physicist. 

Students are able to identify assumptions they are 
making and how those assumptions affect a 
result. Notice that this ability applies in multiple 
contexts. Assumptions are made in designing a 
testing experiment and may affect the outcome of 
that experiment or the conclusions that are drawn 
from that experiment.

Assumptions are made when applying physics 
knowledge to solve a real-world problem (e.g., figure 
out how far a projectile will travel). The assumptions 
made will affect the result of the calculation when 
compared with the actual outcome (i.e., firing the 
projectile and seeing how far it actually went). The 
full set of scientific abilities and the multiple 
contexts in which they occur are codified in the 
scientific abilities rubrics.



Example of ISLE at work .. 

https://docs.google.com/docume
nt/d/1F7XA_jZz8bIhB4RxS6cWgD
Jn4DbUQknO/edit



Demonstrative 
experiment

   

A demonstrative experiment is an 
experiment that students watch 
when they are involved in the study 
of a phenomenon already 
explained. Thus, they do not make 
any measurements, nor they do not 
make predictions,  nor make 
comparative analysis between 
measurements and prediction. 
Students do no construct by their 
own any qualitative or quantitative 
relationship. 



Observational 
experiment

   

An observational experiment is an 
experiment that students perform 
when they are investigating a new 
phenomenon. Thus, they do not 
make predictions or have 
expectations about its outcome. 
Students need to collect data, 
analyze them and find a pattern in 
the data. They then need to explain 
the reasons for the pattern (if 
applicable), and/or construct a 
qualitative or quantitative 
relationship. 



Esperimenti di osservazione: cosa sono?

Esperimenti nei quali gli studenti investigano un fenomeno nuovo. 
Gli studenti non effettuano previsioni circa i risultati dell’esperimento, ma 
osservano e descrivono: raccolgono dati, li analizzano e trovano delle relazioni 
ricorrenti (“patterns”) in essi. 
Essi sono portati a elaborare una spiegazione per le relazioni trovate e/o a 
costruire una relazione qualitativa o quantitativa.



Esperimenti di osservazione: perché usarli?

Gli studenti:
● riceveranno esperienze concrete come parte del ciclo di apprendimento
● imparano ad interpretare i dati senza sapere se sono giusti o sbagliati 

(open-mind)
● imparano a effettuare scelte su come rappresentare i dati e su quali 

relazioni cercare
● procedono in situazioni dove non c’è una risposta giusta o sbagliata, 

imparando modi produttivi per investigare fenomeni complessi (cognizione 
epistemica)

● imparano a trattare la complessità di dati reali



Esperimenti di osservazione: come e dove 
usarli?

● a lezione: per sviluppare idee su un argomento nuovo. L’esperimento può 
essere svolto dal docente e gli studenti dovranno raccogliere ed elaborare i 
dati, decidere quali variabili sono importanti e trovare patterns. I dati o la 
loro analisi possono essere già forniti da terzi: in questo caso gli studenti 
dovranno solo trovare un pattern e fornire una spiegazione a riguardo;

● in laboratorio: dove gli studenti raccolgono ed elaborano i dati, trovano 
pattern e costruiscono spiegazioni o relazioni matematiche per descriverli;

● come compito per casa: si forniscono i dati agli studenti che dovranno 
analizzare e trovare patterns da soli.



a. What patterns did you notice in 
the placement of the dots?

b. How can you use the distances 
between the dots to describe the 
motion of the bowling ball?

https://mediaplayer.pearsoncmg.com/assets/_frames.true/secs-experiment-video-1


Testing 
experiment

   

   

In a testing experiment, students use an explanation or 
relationship to make a prediction of the outcome of the 
experiment. They also decide what additional 
assumptions they are making. Then they perform the 
experiment, and record the outcome. Based on the 
(dis)agreement of the prediction and the experimental 
outcome, and taking into account theoretical 
assumptions and experimental uncertainties, students 
have to make a judgment about the explanation or 
relationship that they are testing.

Students learn that when their prediction agrees with 
the experimental outcome, it only means that the 
explanation/relationship cannot be rejected. On the 
other hand, if their prediction does not agree with the 
experimental outcome, they have to either reject the 
explanation/relationship they tested, or reconsider the 
additional assumptions they made. Thus, the emphasis 
is on trying to disprove an idea 



Esperimenti di test: cosa sono?
Esperimenti nei quali gli studenti usano una spiegazione o una relazione per 
effettuare previsioni circa il risultato di un esperimento.
Gli studenti eseguono l’esperimento e registrano il risultato.  Basandosi 
sull’accordo (o meno) della previsione con i risultati sperimentali, e tenendo 
conto delle assunzioni teoriche, dei modelli usati e delle incertezze 
sperimentali, essi devono effettuare giudizi circa la spiegazione o le relazioni 
che stanno testando. 
Essi dunque imparano che se la loro previsione è d’accordo con l’esperimento, 
la spiegazione o la relazione pensata non può essere rifiutata, mentre se non c’
è accordo essi devono rigettare la spiegazione o riconsiderare le loro 
assunzioni. 



Esperimenti di test: perché usarli?

Gli studenti:
● imparano il ragionamento ipotetico-deduttivo (logica del “se”, “e”, ”ma” 

“allora”...) 
● imparano a basare la loro conoscenza sull’evidenza e non sull’autorità
● imparano la differenza tra assunzione, previsione, spiegazione
● imparano che la discordanza tra previsioni e esperimento può essere 

dovuto a svariati fattori: assunzioni incomplete, spiegazioni errate, o 
tecniche sperimentali inadeguate

● imparano a scegliere quando rigettare una spiegazione per un fenomeno



Esperimenti di test: come e dove usarli?

● a lezione: il docente descrive l’apparato sperimentale e gli studenti 
effettuano previsioni dell’esperimento a seguito di una spiegazione 
precedentemente elaborata. Il docente (o un terzo) esegue l’esperimento e 
gli studenti decidono l’accordo o meno delle previsioni con i risultati 
dell’esperimento

● in laboratorio: gli studenti eseguono in prima persona l’esperimento dopo 
aver effettuato delle previsioni, e giudicano in seguito l’accordo o meno 
con i risultati dell’esperimento. L’esperimento può anche essere ideato 
dagli studenti in prima persona, a seconda del materiale a disposizione.



FIND A PATTERN

https://mediaplayer.pearsoncmg.com/assets/_frames.true/secs-egv2e-forces-exerted-on-an-object-moving-in-a-circle-at-constant-speed
https://mediaplayer.pearsoncmg.com/assets/_frames.true/secs-egv2e-forces-exerted-on-an-object-moving-in-a-circle-at-constant-speed


https://mediaplayer.pearsoncmg.com/assets/_frames.true/secs-egv2e-does-the-sum-of-the-forces-exerted-on-an-object-moving-at-constant-speed-in-a-circle-point-toward-the-center-of-the-circle-


Application 
experiment

   

   

An application experiment typically 
involves solving a practical problem 
or determining an unknown quantity 
by performing experiments. 
Students need to solve these 
experimental problems using at 
least two different methods and 
then compare the results. Often 
they need to perform additional 
experiments or make informed 
estimates to determine some 
physical quantities. 



Esperimenti di applicazione: cosa sono?

Esperimenti che includono il risolvere un problema pratico o determinare una 
quantità sconosciuta mediante un esperimento.
Agli studenti può venire chiesto di usare più metodi sperimentali per 
determinare una stessa quantità e confrontare i risultati. 



Esperimenti di applicazione: perché usarli?

Gli studenti:
● imparano ad affrontare problemi realistici
● imparano ad affrontare un problema da più punti di vista, usando più idee e 

confrontandole
● imparano a scegliere quali assunzioni effettuare per risolvere un problema 

e cosa tralasciare
● imparano ad applicare la fisica nella vita di tutti i giorni usando 

strumentazioni semplici
● imparano a confrontare risultati di diversi esperimenti



Esperimenti di applicazione: come e dove 
usarli?

● in laboratorio: agli studenti è richiesto di calcolare una quantità fisica 
effettuando un esperimento con degli strumenti a loro disposizione

● come problema-video: gli studenti possono raccogliere dati guardando un 
video di un esperimento e risolvere il problema richiesto (si può fare anche 
in classe o come compito per casa)



https://mediaplayer.pearsoncmg.com/assets/_frames.true/sci-phys-egv2e-alg-7-7-3


https://mediaplayer.pearsoncmg.com/assets/_frames.true/sci-phys-egv2e-alg-7-7-3


Video problems 
as Application 

experiment

   

   

   

A video problem is a subset of the 
category “application experiment”. 
From each video one can determine 
a physical quantity such as the 
coefficient of friction between two 
surfaces, the height of a table, etc. . 
. by two independent methods. The 
results determined from each 
method should agree with each 
other. 



https://drive.google.com/file/d/1YOW
DDJujMnD_BY5gw60eDNtxqjeiPXjN/vi
ew?usp=sharing

Example 1:
First law of thermodynamics

https://drive.google.com/file/d/1YOWDDJujMnD_BY5gw60eDNtxqjeiPXjN/view?usp=sharing
https://drive.google.com/file/d/1YOWDDJujMnD_BY5gw60eDNtxqjeiPXjN/view?usp=sharing
https://drive.google.com/file/d/1YOWDDJujMnD_BY5gw60eDNtxqjeiPXjN/view?usp=sharing


Example of Observation Experiment

https://mediaplayer.pearsoncmg.com/assets/_f
rames.true/sci-phys-egv2e-alg-15-7-2

In the experiment, two identical metal objects 
(made of brass) are taken from the same hot water 
bath and placed on two identically-shaped (same 
height, length, and width) plates. The plates are 
made of wood and aluminum (colored with the 
same black paint to reduce the reflective properties 
of aluminum) and have been sitting on the table for 
a long time. 

a. Describe what you observe.

b. Devise one or more explanations for your 
observation.

https://mediaplayer.pearsoncmg.com/assets/_frames.true/sci-phys-egv2e-alg-15-7-2
https://mediaplayer.pearsoncmg.com/assets/_frames.true/sci-phys-egv2e-alg-15-7-2


Example of Testing Experiment

a. Use the explanations you made in 
Observational Experiment to predict what 
you will observe.

b.  View the video 
[https://mediaplayer.pearsoncmg.com/ass
ets/_frames.true/sci-phys-egv2e-alg-15-7-
3] and compare the outcome to your 
predictions. Do you need to revise your 
explanation?

https://mediaplayer.pearsoncmg.com/assets/_frames.true/sci-phys-egv2e-alg-15-7-3
https://mediaplayer.pearsoncmg.com/assets/_frames.true/sci-phys-egv2e-alg-15-7-3
https://mediaplayer.pearsoncmg.com/assets/_frames.true/sci-phys-egv2e-alg-15-7-3


Example of Application Experiment
https://mediaplayer.pearsoncmg.com/assets/_frames.true/sci-phys-egv2e-alg-15-5-7

https://youtu.be/hLcYCzMgSzc



Example of Video- Application Experiment

[https://mediaplayer.pearsoncmg.com/assets/_frames.true/sci-phys-egv2e-alg-15-5-7]. 

The video is taken with a thermal camera and allows you to follow the temperature of the 
glycerin at the location of the cross hairs. 

a. Use the data provided in the video to estimate how much energy provided by the mixer 
went into warming up the glycerin. 

b. Could this experiment be used to test the equivalence of work and heating as a means for 
energy transfer? Justify your answer.

https://mediaplayer.pearsoncmg.com/assets/_frames.true/sci-phys-egv2e-alg-15-5-7


Rubrics for assessment

The Rutgers Physics and Astronomy Education (PAER) group has developed rubrics 
for assessment of scientific abilities. The rubrics contain descriptors for individual 
scientific sub-abilities. One can use the descriptors to assign either a numerical 
score or a descriptive score for a portion of student writing related to a certain 
sub-ability. The relationship between the scores is shown in the table below. We 
prefer to give students rubric description with a descriptive score as numerical 
scores were found to have a negative effect on student learning.  A score of 0 
describes a write-up in which the sub-ability is ‘Missing’, 1 stands for a write-up 
where the sub-ability is ‘Not adequate’, 2 describes a write-up with the sub-ability 
that ‘Needs some improvement’ and 3 describes a write-up in which is ‘Adequate’.



Scientific abilities for formative assessment

The term “scientific abilities” describes some of the most important 

procedures, processes, and methods that scientists use when 

constructing knowledge and when solving experimental problems. 

These are not AUTOMATIC SKILLS, but are instead PROCESSES that 

students need to use REFLECTIVELY and CRITICALLY.



1. an ability to represent knowledge in multiple ways;

2. an ability to design experiments to investigate new 
phenomena, test hypotheses and solve experimental 
problems;

3. an ability to collect and analyze experimental data;

4. an ability to devise and test relationships and 
explanations;

5. an ability to evaluate reasoning and experimental design;

6. an ability to communicate.



Rubrics for assessment - 
example from ISLE approach (Etkina, 2006)

An assessment rubric is one of the ways to help students see the learning and performance 
goals, self-assess their work, and modify it to achieve the goals three guiding principles as 
defined by Sadler:

1) Where are you trying to go? (Identify and communicate the learning and performance goals.)
2) Where are you now? (Assess, or help the student to self-assess, current levels of understanding.)
3) How can you get there? (Help the student with strategies and skills to reach the goal.) 

The rubrics contain descriptions of different levels of performance, including the target level. A 
student or a group of students can use the rubric to help self-assess her or their own work. An 
instructor can use the rubric to evaluate students’ responses and to provide feedback. 



❖ Ability to represent information in multiple ways

❖ Ability to design and conduct an observational experiment

❖ Ability to design & conduct an experiment to test an 
idea/hypothesis/explanation or mathematical relation

❖ Ability to design & conduct an application experiment

❖ Ability to communicate scientific ideas

❖ Ability to collect and analyze experimental data

❖ Ability to evaluate models, equations, solutions, and 
claims

https://drive.google.com/file/d/1j3-LV6wTyT4X3nm6zZRtpgsvGDoNl8c2/view?usp=sharing
https://drive.google.com/file/d/1kloSeuTaJg65-8rl4LA3s-SPH_1mGyLG/view?usp=sharing
https://drive.google.com/file/d/1k9T5LaleHkl5d33bwl-rtbLXUSDSntB3/view?usp=sharing
https://drive.google.com/file/d/1k9T5LaleHkl5d33bwl-rtbLXUSDSntB3/view?usp=sharing
https://drive.google.com/file/d/1FK2Dh9PdaL3_XkKCV2fwz40quYouazeg/view?usp=sharing
https://drive.google.com/file/d/1mK4YusgdRBvjQGSe9pX-mixvwsjg9PS6/view?usp=sharing
https://drive.google.com/file/d/1rntue3fFhpqGotxy-PD4JvepHIToaJXe/view?usp=sharing
https://drive.google.com/file/d/1fAPqSxSBMuN50FBZn-QVLfL2q6xnWN8D/view?usp=sharing
https://drive.google.com/file/d/1fAPqSxSBMuN50FBZn-QVLfL2q6xnWN8D/view?usp=sharing


Ability to represent information in multiple ways

https://drive.google.com/file/d/0By53x8SYAF1lUlAwSU1tQS1ZaGc/edit?usp=sharing




Ability to design and conduct an observational 
experiment

https://drive.google.com/file/d/0By53x8SYAF1lR1plbFV1TEE2UDA/edit?usp=sharing
https://drive.google.com/file/d/0By53x8SYAF1lR1plbFV1TEE2UDA/edit?usp=sharing


Formative 
assessment

Formative assessment refers to tools that 
identify misconceptions, struggles, and 
learning gaps along the way and assess how 
to close those gaps. It includes effective tools 
for helping to shape learning, and can even 
bolster students’ abilities to take ownership 
of their learning when they understand that 
the goal is to improve learning, not apply final 
marks… formative assessment occurs 
throughout a class or course, and seeks to 
improve student achievement of learning 
objectives through approaches that can 
support specific student needs (Trumbull and 
Lash, 2013)

Summative assessments evaluate student 
learning, knowledge, proficiency, or 
success at the conclusion of an 
instructional period, like a unit, course, or 
program. Summative assessments are 
almost always formally graded and often 
heavily weighted (though they do not need 
to be). Summative assessment can be 
used to great effect in conjunction and 
alignment with formative assessment, and 
instructors can consider a variety of ways 
to combine these approaches.

Summative 
assessment



Examples of Formative and Summative Assessments







PROBLEM 
SOLVING
MODEL

(Foshay, 1998) 



  Types of quantitative reasoning activities. 



   

Problem solving strategy. 


