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CONTEXT

RESEARCH QUESTION 1:

What level of competence 
in Systems Thinking do 
middle school students 

(11-14 years) have? 

(a) What are and how do 
these skills and abilities 

evolve from the first class 
up to the third grade?

RESEARCH QUESTION 2:

How to introduce Systems 
Didactics in the Middle 

School?

(a) What elements 
facilitate this learning?

STATISTICAL SURVEY INTERVENTION STUDY

Test STAI administration: 
Lower Secondary School, 

Province of Trient

Intervention in three 
classes: 2 grade.

Systems Thinking Tools

Rasch analysis
ANOVA

Frequencies analysis

Narration
Skills table

Systemic analysis

Systems Thinking categories 
and skills



Systems Thinking Assessment (STA)

PhD thesis, validated, Rasch analysis, think aloud interview.
Cyprus Greek
Age, kind of item
Students experience supposed to be similar to italian/european student regarding the items

29 cross items
4 category:

Definition of the system
Interactions in the system

Flows in the system
Balance in the system

Abilities in the categories

[3] Κωνσταντινίδη, Κυριακή Χ. (2015)





Systems Thinking Assessment Italia (STAI)

Systems Thinking Assessment (STA) [3] -> Systems Thinking Assessment Italia (STAI)

27 cross items
4 category:

Definition of the system
Interactions in the system

Flows in the system
Dynamics* in the system

* Translation not as asked from 
literature



Sampling

Province of Trento
Lower Secondary School
Asked for availability to all the schools of Trentino

Fall 2020 – Spring 2021

Grade Participants

1 509

2 251

3 306

All 1066

Grade Age Male * Female * Numerosity

1 11-12 123 117 240

2 12-13 118 114 232

3 13-14 123 114 237

All 11-14 364 345 709

* Based on residents in Province of Trient on 1st January 2021 (GeoIstat)

Table: number of test collected in 9 schools

Table: selected sample



Analysis

Rasch analysis
Anova of the abilities of the students
Anova of the difficulty of the items

Response frequency analysis



Rasch analysis: STAI test reliability

[2] Boone W. J. (2020)
[4] Testa I. et al (2020).

* Software Jamovi, SnowIRT module

R > 0,7

• 0,7 < MNSQ (Infit, Outfit) < 1,3 
[predicibility, variability]

• Item and Person

Person Reliability 0,734
Item Reliability 0,754

How well the model fits the actual value?
Students' answers show more or less 
randomness than expected?



Rasch analysis

* Jamovi, snowIRT module

Item measure -> Difficulty of the item/test
Person measure -> Ability of the student/sample

Suitable, a little easy



Anova of the abilities of the students

The null hypothesis for the calculation of variance predicts that all group averages are equal (1 = 2 = 3), 
i.e. that there is no variability between the first, second and third classes.
The alternative hypothesis is that at least one mean is different.
The aim is therefore to test whether the variability within (within the class group) depends only on chance 
(individual differences) and whether the variability between (between class groups) is the result of a 
different ability of the three groups G1, G2 and G3 or of the treatment.

Groups Numerosity

All 709

G1 First grade 240

G2 Second grade 232

G3 Third grade 237

[1] Barbaranelli C. (2010).



Anova of the abilities of the students

*SPSS

Interval – Independence – Normality – Homogeneity
p-value > 0,05

-1<s<+1

-2<se<+2

-7<k<+7



• p<.05, ** p<.01, *** p<.001

*SPSS, Matlab

𝐹 =
𝑆𝑏𝑒𝑡𝑤𝑒𝑒𝑛
2

𝑆𝑤𝑖𝑡ℎ𝑖𝑛
2 = 16,7 (p-value <0,001)

Significative differences between at least two groups



Anova of the abilities of the students: results

Students have ST competence (regarding this test)
Personal experience

Slight improvement from the first class to the third class
Not depending from school

Proposal of activities to all grades



Anova of the difficulty of the items

The null hypothesis for the calculation of variance predicts that all averages are equal (1 = 2 = 3 = 4), i.e. that 
there is no variability between them.
The alternative hypothesis is that at least one mean is different. The aim is therefore to test whether there is 
variability within, i.e. whether questions of different difficulty can be identified within the category.
The variability between can provide information regarding the difficulty of the categories (which categories are more 
difficult and which are easier).

Aspects Numerosity (!)

All 27

Definition of the system 8

Interactions in the system 8

Flow in the system 6

Dynamics in the system 5



Anova of the difficulty of the items

*SPSS

Interval – Independence – Normality – Homogeneity

-1<s<+1

-2<se<+2

-7<k<+7

p-value > 0,05



Low significance

*SPSS, Matlab

* p<.05, ** p<.01, *** p<.001

𝐹 =
𝑆𝑏𝑒𝑡𝑤𝑒𝑒𝑛
2

𝑆𝑤𝑖𝑡ℎ𝑖𝑛
2 = 2,104 (p-value=0,127)



Anova of the difficulty of the items: results

Differences due to the within variance
Test not able to discriminate categories

Need to re-do the analysis



Response frequency analysis

NOTIONS in SYSTEMS THINIKING
Elements in a system
Emerging elements

Time frame
Boundary

Space frame
Mechanism and system

Interactions
Polarity
Intensity

Non-linearity
Future prediction

In flow
Out flow

Flow intensity
Reinforcing loop
Balancing loop

* LaTex
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