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The Data Case Study

| RQ 3 + 4 
Which mechanisms support stu-
dents’ understanding of data 
concepts and practices and en-
able them to design simple ML 
systems? 

What are examples of theoret-
ically sound teaching arrange-
ments that can be used by sec-
ondary school teachers in real 
school practice? 

In order to incorporate the 
teaching of data concepts and 
practices into AI education, we 
recognize two key needs.

First, to support teachers, we 
need to provide them with test-
ed, proven teaching approaches 
for real school settings. 

Second, in order to create these 
teaching materials, we need to 
understand the mechanisms 
that effectively support learning 
data concepts and practices in 
real school settings.

| CHALLENGES
Subject-specific challenges 
Students have little to no pri-
or competence in CS and data 
analysis areas.

Generating and maintaining 
motivation and engagement is 
challenging when teaching data 
literacy and data science topics 
to school students. 

Domain-specific  
challenges 
To assess the plausi-
bility of a dataset or to 
interpret the results in 
context, domain knowl-
edge is required. 

The necessary overemphasis 
on the operation of Orange3 in 
the first cycle caused more im-
portant skills to be neglected, 
such as reflection on the pro-
cess and the transition to the 
abstract level.

"This idea that I have to incor-
porate knowledge from previ-
ous tasks into the new task is 
difficult for me as a student” 
(T1W3)

"WELL, ONCE AGAIN, 
I HAD THE IMPRES-
SION THAT EVER-
YONE WAS ACTUAL-
LY WORKING AND 
PARTICIPATING'' 
(T3W2INT2).
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| RQ 1+2
What challenges should be con-
sidered to fruitfully implement 
the data case study in CS les-
sons on the topic of AI?

How can the data case study be 
adapted to address the iden-
tified challenges and meet the 
objectives of CS education on 
the topic of AI?

ARCHITECTURE

Design challenges
Searching for a dataset and 
preparing it is a time-consum-
ing task. We confirm this for 
secondary level education.
 
Educational goals
Meaningful communication 
among students is a central 
educational means and goal. 
Hence, the data case study as a 
teaching and learning method 
must offer appropriate oppor-
tunities.
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| HOW TO
Each data case starts with an 
empty workspace in Orange3 
and guides students step by 
step through data practices in 
context. 

Various partner and 
group activities are inte-
grated into the work on 
data cases (e.g., jigsaw 
teaching technique).

| HOW TO
Students are given a complete 
data flow and instructed to 
trace selected data practices 
and concepts in prepared sce-
narios and evaluate them ac-
cording to criteria.

STEPS: (1) describe and interpret 
the results of the data flow and 
compare them with intuition,  
(2) examine intermediate steps 
and reflect on their significance 
in the data flow, and (3) identify 
phases in the data flow.

| CHALLENGES
(1) Some students had difficul-
ty understanding the data flow 
concept. “One group did not 
understand how the connection 
[...] between the widgets works, 
that the data flows from one 
widget to the next” (T2W5)

(2) Students lacked debugging 
strategies: "For example, they 
also had problems with doing 
this data discovery [...]. They 
lack debugging strategies" 
(T2W5)

| HOW TO
Students start 
with several 
puzzle pieces 

(widgets, tables, and templates 
for configuring the widgets) for 
a given context and work back-
wards to determine the under-
lying data flow and reconstruct 
widget configurations. During 
the reconstruction process, they 
intuitively discover elements 
that are essential for debugging 
data flows (e.g. amount of data 
entering and leaving a widget).

| CHALLENGES
Students report per-
ceiving the process 
as difficult.

We observed 
students 
stuggling. 
Did they 
learn 
more? 

Emptpy 
workspace

Results
Step-by-step 
instruction
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| CHALLENGES

T2

T3

T1

(3) Still relevant: 
Data cases offer 
few opportuni-
ties for discussion: “Where I 
really need to say something 
to someone else, where I really 
(...) get into a real conversation” 
(T1W3)

The overemphasis on concepts 
with many pen&paper activi-
ties significantly impacted the 
motivation.
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Quality of motivation to learn after T1, T2, T3.

Learning through
communication
Cooperation and

communication improve
understanding of the data
concepts and practices,

enabling students to design.
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Students independently

perform data analysis and
design data flows using data

practices to solve trend
analysis, regression, and

classification tasks.

Conceptual understanding
regression,

classification, data lifecycle, 
data flow, line plot, scatter
plot, data exploration, data

quality, outlier, feature, target
feature, training and testing
data, model, performance

metrics such as accuracy, r2
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Students execute prepared data
flows, observe, interpret the results

and modify the data flows.
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Group work

Students reconstruct the data
processing steps in a data flow in a

dialogical manner.

Students produce a poster with the
results of the investigation.

Students produce a report
interpreting the findings from the data

flow and describing its phases.
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Outcomes

 Students were able to create 
a data flow for a given context 

by correctly ordering the 
given widgets and artic-
ulating the results. Rou-
phly half of the students 
created complex data 
flows.

 Students were able to 
adequately use practic-

In all three cycles, we observed 
that the students were dedicat-
ed to work on the data cases. 
According to the teachers, the 
students showed endurance 
and engagement.

es related to data understand-
ing and preparation. The use 
of practices related to ML al-
gorithms was error-prone. The 
data flows were much less com-
plex as in T1.

 A third of the students were 
able to create their own data 
flows without guidance. Most 
students created simple data 
flows. Those who could not 
create a functioning data flow 
could still allocate elements 
from the data flow to the actual 
data flow, and some could ar-
ticulate errors. Compared to T1 
and T2, we observed more dif-
ficulties and misconceptions 
about data concepts and prac-
tices.

Development of students' average motivation in T3.

Grade for the course given by students after T1, T2, T3 
where 1 is "very good" and 6 is "fail".
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