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- What Research Says About
& Problem Posing Based Learning
(P-PBL)

Jinfa Cai
University of Delaware

jcai@udel.edu

: Supporting Teachers to Teach

& Mathematics Through Problem Posing:

An Early-Stage Longitudinal Study (in
Middle Grades)
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Outline
. Why Problem Posing?

. What does teaching mathematics through problem
posing look like?

. What is problem posing, anyway?
. What is a problem-posing task?

. How should teachers handle students’ posed problems
in classroom instruction?

. What is the effect of P-PBL on teachers and students?
. What is the next?
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For the linear Function y = 6x + 5, list two ordered
pairs.

~ “The lesson did not go all that well. While most of
the students were able to plot points, many had no
idea why the "order" in ordered-pair matters. They

" had never seen quadrants, and many did not

understand how to answer the question regarding the
signs of the ordered pairs in the quadrants and no
- student realized that there is a zero involved if the

. ~ point is on an axis. The idea of producing ordered
. pairs for a function was beyond the grasp of all but a

: j,;‘_-; few of the students. MUCH WORK TO DQO!”

Given the linear function, y = 6x + 5, what
could this represent a real-life scenario?

_~ Pose an easy mathematical problem and a

challenging mathematical problem which
can be solved based on your real-life

~ ~ scenario.




Y=6x+5
$6 per hour
$5 bonus




Gym, $5
What we have to
pay as a gym

member

$6 per visit

X: how many
times you go

Y: total you pay

Proportion of Mathematical Problems
for Each Task (Silber & Cai 2021)

Task 1 Task 2 Task 3 Task 4

High
Performing
(Grades A&B)
(n = 57)
Average
Performing
(Grade C)

(n = 36)

Low Performing
(Grades D&F) 69% 95% 100% 95%
(n=42)

89% 100% 98% 96%

100% 97% 100% 100%



Proportion of Responses That Invoked
Mathematical Ideas for the Graph Task

NIElRAR ) Ve Covariation ' as the slope
intercept
High
Performing 43% 64% 14%
P Average
g Performing 33% 50% 0%
Low Performing 26% 63% 16%

v

Students’ Reactions

» [ think [problem posing] gives a new perspective. It makes
you think about it in a different way, makes you more
familiar with the mathematics principles behind the
questions.

.~ You’'re looking at the entirety of the information given,
whereas if you’re given a question, you’re only going to
give it a quick glance for what’s relevant to what it’s asking.
You might not understand the big picture of how the
problem works. Whereas if we [pose problems], you’re sort
of seeing the entirety of it.

Silber & Cai, 2024




Why Problem Posing?

~» Theoretically, P-PBL 1s sound based on
£ both constructivist and sociocultural
perspectives on learning, and

© « It can increase students’ access (or
opportunity) to mathematical
sensemaking and learning.

» Low floor high ceiling

Outline
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2. What does teaching mathematics through problem
posing look like?

3. What is problem posing, anyway?
4. What is a problem-posing task?

5. How should teachers handle students’ posed problems
in classroom instruction?

6. What is the effect of P-PBL on teachers and students?

7. What is the next?



',-eaching Mathematics Through Problem Posing

Instructional Tasks Instructional Tasks
as set up : . asimplemented in

by teachers the classroom

Classroom Discourse

Students’
Learning
Teachers’ Planning, Learning Goals for
Beliefs, and - Students, Math Tasks
Knowledge in curricular materials

With the following numbers and
symbol, please pose one easy
problem and one challenging
problem involving percentages.

-

40 50 %



* This task is used to review the unit of percent
* Students pose problems individually
* Students present their posed problems

 Teacher writes down students’ posed problems on the
board in different categories (Park & Leinhardt, 1995)
 Teacher and students solve selected problems

Outline
1. Why Problem Posing?

2. What does teaching mathematics through problem
posing look like?

3. What is problem posing, anyway?
4. What is a problem-posing task?

5. How should teachers handle students’ posed problems
in classroom instruction?

6. What is the effect of P-PBL on teachers and students?
7. What is the next?




By problem posing in mathematics
education, we refer to several related types
of activities that entail or support teachers
and students formulating (or reformulating)
and expressing a problem or task based on a
particular context (which we refer to as the

(_ problem context or problem situation).
" (Silver, 1994)

Favorite Season

5 1. How many students are
2 represented in the graph?
24
2 2. How many fewer students
20
i chose summer than fall and
16 spring combined?
14
12
10
8
6
4
2
Fall Winter Spring Summer




Favorite Season

Fall Winter Spring

Summer

Favorite Season

28
26
24
22
20
18
16
14
12
10

(CI -

Winter Spring Summer

Pose one easy math problem
and one challenging math
problem that can be solved
using this information.

“How do the experiences compare?

Pose one easy math problem and
one challenging math problem
that can be solved using this
information.

1. How many students are
represented in the graph?

2. How many fewer students
chose summer than fall and
spring combined?




Problem-Posing Tasks

» Situations

* Prompts
Words/text
CC) Real-life context Picture/figure/graph
=
©
) Table
S=
w
Mathematical
E expression
Q
'8 Picture/figure/graph
— Purely mathematical
al context
Table

Pattern




Problem-posing Prompts

Prompt A: Pose three different mathematical

ite Si . .
ravorite Season problems that can be solved using this

28

2 : information.
i | Prompt B: Pose one easy mathematical
b problem, one moderately difficult
2 ? mathematical problem, and one difficult
10 |
s mathematical problem that can be solved
: using this information.
Pl Winer  Spring  Summer Prompt C: Pose three mathematical problems

ﬂ to challenge your teachers to solve.

Outline
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. What is problem posing, anyway?
. What is a problem-posing task?

. How should teachers handle students’ posed problems
in classroom instruction?
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. What is the next?



P-PBL Instructional Model

Step 1: Teacher presents the situation

Step 2: Teacher presents the problem-posing prompt

P-PBL Instructional Model

Step 1: Teacher presents the situation

Step 2: Teacher presents the problem-posing prompt

Real life
Mathematics

Other

Quantity
Difficulty

Other

Independent

Small Group

Analyze
Select
Sequence

Solve

Real life
Mathematics

Other

Quantity
Difficulty

Other

Independent

Small Group

Analyze
Select
Sequence

Solve



& Selected Literature
B 1) English (1998)

- 2) Leung & Silver (1997)

£ 3) Silber & Cai (2017)

P 4) Silber & Cai (2021)

_ 5) Zhang et al. (2022)

6) Cai et al. 2023

E j"‘-.-7) Journal of Mathematical Behavior special issue in
- 2024

Situations
 With or without numerical information
Results:

The teachers performed better on tasks that
.. Included specific numerical information than
™ on tasks without specific numerical

£ information.




Further research — Task variables

a) How can systematic variation of PP situations and prompts
inform our understanding of the relationship between PP

processes and products as well as relationship between PP
and PS?

b) How do student-related variables (e.g., knowledge, affect,
experiences) interact with task-related PP variables?

¢) How do problem-posing tasks (with variations) influence
students’ beliefs about mathematics?

d) How do problem-posing tasks (with variation) influence
students’ sense-making and motivation about mathematics?

Real life

Step 1: Teacher presents the situation Mathematics

Other

Quantity
Step 2: Teacher presents the problem-posing prompt Difficulty

Other

Independent

Small Group

Analyze
Select

Sequence

Solve



Models of the problem-posing
process

“[...] there is not yet a general
problem-posing analogue to well-
established general frameworks for
problem solving such as Polya’s
(1957) four steps”

(Cai et al., 2015, p. 14).

Problem-Posing Processes

* Processes through products (e.g., Silver&Cai,
1996)

» Reviewed models
» Cruz (2006)
» Pelczer & Gamboa (2009)
» Koichu & Kontorovich (2013)
» Zhang et al. (2022)
» Baumanns & Rott (2021, 2022)

« Cai & Rott (2024)




A General Problem-Posing Process Model

What is the situation?
What is the given information in the situation?
What is the poser asked to do?
How many problems are they asked to pose?
' What do | notice?

What do | wonder?
Is A related to B?
Is the relationship true? ‘

Can | optimize posed problems?
Are my problems solvable?
Are my problems “good”?
Are my problems difficult?

Making the posed problems visible
What do | want to find out?

J

~ Step 1: Teacher presents the situation

Cai & Rott, 2024

Real life
Mathematics

Other

Quantity

Step 2: Teacher presents the problem-posing prompt Difficulty

Other

Independent

Small Group

Analyze
Select
Sequence

Solve



About 75%

ggg;ftfj!grt‘sh | Math Questim;ls Statement%

Semanti
Analysis
Based on
Marshall's
Scheme

Linguistic
Syntactic
Analaysis

(Silver&Cai, 1996)
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Meta-Analysis

Ran, H., Cai, J., Hwang, S., Han, J., Ma, Y., & Muirhead, F. (in
press). Effects of engaging in problem-posing interventions on
learners’ cognitive mathematics outcomes: a comprehensive meta-
analysis. Journal for Research in Mathematics Education.

Outcomes Hedges’ g
Overall effect 0.53
Problem posing 0.84
Problem solving 0.52
Mathematics achievement 0.25
Affective outcome 0.67

Measuring Changes

Teachers’ beliefs
Teachers’ lessons (improvement science)

Their students’ growth in cognitive
and affective measures
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Teachers’ Perceived Advantages and
= Challenges

For teachers For students
Cognitive Cognitive
. Affective Affective
* - Social Social

B Teachers’ Perceived Advantages and
e Challenges

rlinity o learn about Cogniti




- Teachers’ Perceived Advantages and
= Challenges - ~

Time manozement (3)
Affective ﬂ:"ld'l
challenges
10 teuchers S
Oipportunity 1o kesrn aboat Cognitive Difficulty incorporating
shadents” understanding (2) advantages o mﬂm problenv-posing nctivities (1)
teachers challenges
- teachers
e _,'_
- Qﬂ_ﬂw» T Challenges Students’ m.nmsmc.h-llj 2
i hers.
- s rpeL F - s & feach
engugement and infemaction advantages Lo Chll Studems’ wording challenges (1)
@ Lo stnd beamning o i
= Advantages 1o o shudents
 Opportusiy s think more 2) Cagaiive Ak Sudons! reading chalienges (2)
J sdvantages to
DFF"'W"'Y‘H ik shudents Students posed problens not
mathematically, criticatly, snd Affoct X Imvolving encugh mahematcs]
& b illen thinking( |}
independently {1} chullenges Nm‘“”" al
SR T Affective Sicial o sudents:
L s muerest 18 b 8
o “; - r"““‘"" u""‘w : il Siudents” unfumiliarity with P-PBL (1)
: : Fear of being wrong Students” being
Studonts’ sccountability and i answer-focised {2)
"% responsibility in mathematics {1}
Ly
R Studepts” Low students' paricipation Stadents’ not

pemsoaality (2) 123 ‘exhibiting mativasion
ar interest in problem
posing (2)

Mathematical Understanding and Problem Solving

| was impressed ... how they were engaged and what level of
questions they came up with but after they were more focused
on the content of the concepts of circles.

[My students ask] more types of questions that involve a
deeper level such as why and how. Questions that make them
think or solve it before they can come to a conclusion or
answer. | love how my students want to challenge themselves
as well as others to come up with harder problems and not
easy types of questions.

| incorporated problem posing into my cool downs ... by having
my students think about mistakes that others could make on an
= exponent number line and create a new problem that might

= help students understand their misconceptions.




Student Engagement

| noticed myself offering problem posing almost on a daily
basis. This year | see students taking more responsibility in
their own learning, and some have even told me that this year
they have felt more comfortable in their math skills than in the
past

They especially like it when we use [problem posing] as an
entrance activity and their problems/questions are extremely
similar to ones that were in the textbook. This has really
helped them connect to the material and engage more with the
lesson.

| noticed that shy students or students that have the mindset

: that “math is hard” were able to participate and show off their
- talents to me with enthusiasm, knowing that they may see their

*~ problem on an assignment.

Teacher Changes

* Feel much more
comfortable with
problem posing in
classroom

* More lessons
involving problem
posing

« Using more problem-
posing tasks



Problem-Posing Performance

5. Growth in performance on problem-posing tasks
- Doorbell task: Each student poses three problems

Sally is having a party.

The first time the doorbell rings, 1 guest enters.

The second time the doorbell rings, 3 guests enter.

The third time the doorbell rings, 5 guests enter.

The fourth time the doorbell rings, 7 guests enter.
This pattern continues in the same way. On the next ring a group
enters that has 2 more guests than the group that entered on the
previous ring.

Problem-Posing Performance

Compared scores of each student’s best
posed problem in the fall and their best
posed problem in the spring

For the Doorbell task (n = 282), the
students’ best posed problems in the
spring tended to be scored more highly

than their best posed problems in the fall
(p =.002)




Outline
. Why Problem Posing?

. What does teaching mathematics through problem
posing look like?

. What is problem posing, anyway?
. What is a problem-posing task?

. How should teachers handle students’ posed problems
in classroom instruction?

. What is the effect of P-PBL on teachers and students?

. What is the next?

Investigating longitudinally how teachers learn to teach
mathematics through Problem Posing and its impact on on
classroom instruction and students’ learning.

Increase

Knowledge
Improve
Teacher . Chang_e | Students’
Learning Instruction .
- Learning

Change

Beliefs




begdh o

&= AI-enhanced problem posing,
- analysis of student posed
& problems, and P-PBL

e _ ’A grant proposal under review by NSF

Thank you so much!

Jinfa Cai



2025 Annual Meeting of the Taiwan Society of Mathematics E(iucq'rion
and the 17th Conference on Technology and Mathematics Education

Studying and Understanding Teaching
Quality in Mathematics: Advancements
Made and Challenges Faced

Charalambos Y. Charalambous

ak A

B Ak . N

S 4% | University of Cyprus
Department of Education

National Taichung University of Education, May 18, 2025
Innovation and Refined Teaching in Mathematics Education

Warm-Up Activity
[ e —

How would you evaluate teaching quality in this
lesson segment? Why?

0 8™ grade mathematics lesson

01 Focuses on calculating with
exponents

0 First lesson in a sequence of 12
lessons on this topic

1 Lesson is 50 min in duration

1 36 students enrolled in the class
Source: TIMSS 1999 video study



Warm-Up Activity

s ]
Questions to consider:

0 Do we all focus on the same teaching
aspect(s)?

On which teaching aspects should we
focus¢ Does it matter?

Even when focusing on the same
aspect, do our evaluations converge?

How do we know that we'’re
producing valid and reliable
estimates of teaching quality?

Overview of the Presentation

A
o0 Teaching quality: Starting from the basics
® Why focusing so much on teaching quality?
® The construct of teaching quality
® The role of classroom observations in capturing teaching
quality
o Advancements made and challenges faced
m Conceptualization
m Operationalization
® Measurement

o Collaboration as a means of moving forward



Why Focusing so Much on Teaching

Quality?
o

O Teachers are a key lever for student learning (Nilsen & Gustafsson,
2016; Nye et al., 2004; Rowan et al., 2002)

0 Teacher effects have been found to explain a higher
percentage of variance in student achievement compared to

school-level and system-level effects (kyriakides et al., 2020; Stronge, 2013;
Reynolds et al., 2016)

0 What matters most is teaching itself (what teachers do in the

classroom with their students) rather than teacher attributes
(Hattie, 2009, 2023)

Capturing Teaching Quality
EN

“Quality in teaching is unusually
difficult. Were anyone serious i @m
about this issue, they would soon qu;tote
realize that quality is an :
ineffable concept. [...] Defining
quality always requires value
judgements about which

disagreements abound.”
(Berliner, 2005, p. 206)




Different Approaches to Capture and
Examine Teaching Quality

Classroom observations Student ratings Teacher self-evaluations Peer evaluations

Principal’s Teacher portfolios  Parents’ evaluations Value added models

evaluations

On Classroom Observations

Classroom observations often considered the gold standard for
capturing teaching quality (Douglas, 2009; Rowan & Correnti, 2009)

The field of classroom observation instruments clocks almost a
cen’rury of life (cf. Charalambous et al.,, 2021; Martin, 1977)

Classroom observations often carry a considerable weight in

teacher appraisal and improvement systems worldwide (ct.
Martinez et al., 2016)



Looking Back and Looking Forward

Challenges and
Open Issues

Advancements
made

Conceptualization
Operationalization
Measurement

Indicative Questions

I
1 Conceptualization
O How is teaching quality conceptualized?
0 What teaching aspects are/can be observed?
O How are the different teaching aspects observed organized /chunked?

0 Operationalization
O What is the focus of observation?
O What is being captured when coding?

0 Measurement
o Are lessons parsed? If so, how?
o What scales are being used?
o At which level are the scores assigned?
O What procedures are followed for rater recruitment, training, and
certification? Are there any checks for rater drift2
o Issues of validity and reliability in general



Looking Back at the
Advancements of the Field

Conceptualization
N

1 Moving from an a-theoretical field to the development of

several frameworks (cf. Kyriakides et al., 2020; Scheerens, 2016)

Opporlunifies provided Sludents’ uae of Esming opportunilies Outlomes
Cognitive actvation Depth of p l
Achisvament
Classreom
manapamant
Malivation
Student support Meed satisfaction

(Klieme et al., 2009)
(Schoenfeld, 2014)

Emotional Classroom Instructional
Support Organization Suppart

S @ 0 @ @ (Creemers & Kyriakides, 2008)

(Pianta & Hamre,

2009)




Conceptualization

A
0 Adding subject-specificity into the picture

- Work on educational effectiveness research has for years
focused on identifying subject-generic dimensions of
teaching quality

- Underlying assumption: effectiveness “travels” across content
areas/subjects

Conceptualization
I

* Research findings challenge this strong assumption!

Consistency in using high-quality explicit instruction in
Mathematics and English Language Arts

11%
Aa 7,8,9,10, 11 12 13
4,14, 15 5 2,3,17,18
1,16 6 89%
Clustered consistently: 39% ; 3 ;
W consistent inconsistent

Clustered inconsistently: 61%

Charalambous et al. (2019) Cohen (2018)



Conceptualization
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Conceptualization
e

- In general, attention to the role of the subject/content stressed
even in the 1980s

- In educational effectiveness research discussion about the role

of the content from the early 2000s (cf. differential effectiveness, see
Campbell et al., 2003)

- But only more recently educational effectiveness researchers
are attending to the role of the content more systematically

- Growing readlization that content really matters!




Reflecting on Work Done on Conceptualization,
Operationalization, and Measurement

ZDM Vol. 50(3) Special Issue
o 11research groups representing 12

frameworks

0 Groups analyzed the same three 4™-

grade lessons using their own

observational lenses

o Groups also provided information about

issues of conceptualization,

operationalization, and measurement

Conceptualization

ﬁ'!""' / 7

(Charalambous & Praetorius, 2018;
Praetorius & Charalambous, 201 8)

(e
e —————————————————————

Generic frameworks
e Developed and used to
study teaching quality
across different subject
matters

e Attend to general
demands of teaching

Generic practices:

O
O
O

Classroom management
Time management
Feedback providing (timely,
relevant)

Orientation

Structuring

Hybrid
frameworks

Subject-specific frameworks

¢ Developed and used to study

teaching quality in a single
subject matter (e.g.,
Mathematics)

Informed by subject-specific
demands of teaching within a
particular discipline

Subject-specific practices (in math):

~ Precision and accuracy in
mathematical language

~ Linking different representations

~ Generalizing and pattern noticing

~ Contextualizing and
decontextualizing



Conceptualization

e
R S ————————————————

Generic frameworks Hybrid Subject-specific frameworks
e Developed and used to frameworkis ® Developed and used to study
study teaching quality teaching quality in a single
across different subject subject matter (e.g.,
matters Mathematics)
¢ Attend to general e Informed by subject-specific
demands of teaching demands of teaching within a
particular discipline
o1 CLASS
-1 DMEE
o ISTOF
o TBD
D LN ]
[ ] [ ]
Conceptualization

o4 |
1 Observational Foci can be Clustered into Seven Broad
Categories:
® Classroom and time management
m Content Selection and Presentation
m Cognitive Activation
® Practicing
® Formative Assessment
m Socio-emotional support
m Cutting-across aspects



Teaching practives that ereate opportunities for Students” use of these Content-generic Mathemtics- Hybrid frameworks

student learning opportunitics (L) * Trameworks specific
o
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Conceptualization

01 Differences in conceptualizing the same teaching aspect
m For cognitive activation:

® Generic frameworks included indicators attending to engaging
students in generating hypotheses, examining and analyzing data,
and generating explanations

® Math-specific frameworks provided more mathematics-sensitive
manifestations of such behaviors, including posing mathematically
motivating questions, offering examples and counter-examples,
identifying patterns, and engaging students in mathematical
reasoning



Conceptualization

01 Differences in conceptualizing the same teaching aspect can

lead to differences in what is observed and how it is evaluated
o Using “quality of feedback” as an example:
m “ISTOF: students’ responses were corrected promptly and
appropriately”
m TEDS-Instruct: teacher “was very fast in correcting student errors

without using mistakes or ideas as a learning opportunity”

m TBD: the teacher “rarely provided constructive feedback”

m CLASS: feedback was supportive for some students but not for
others

A common lexicon of teaching is highly needed

Operationalization

2 [ ——
o Operationalization:
m the process of turning abstract concepts or ideas into observable
and measurable phenomena (https://dovetail.com/research/operationalization)




Number of

Framework Elements e
Types Key Observed Subjects
X g |55 | § | & |88 3 E
= O 3} G
- 5 Hd | BE& | B g & g <
2 E | & N I 7
e o on
CLASS 4 12 X ® 3]
Content- | PMEE 8 40 ® * P x
generic | [STQF 7 21 X %
TBD 3 21 * ® X (<)
IQA 2 8 b4 x
Content-
— MQI 4 20 X b ()
M-Scan 9 22 ® x
TEDS-Instr. 5 27 x ®
TRU b Variable % ® x
Hybrid UTOP 4 27 ® x
MECORS & 8 57 X X 9
QoT 9 26 X %

Operationalization

To some extent, field seems like the Biblical Tower of Babel:
different names used to denote similar terms: domains, dimensions,

components, indicators, items, codes, etc.

variation in the number of “dimensions/sub-dimensions” used

more emphasis placed on what the teacher does and less

emphasis on whether and how students use the opportunities

crafted for them to learn

— More consistency needed in the lexicon we use to denote

and capture the structure of teaching quality

Focusing more on how students make use of the

opportunities crafted for their learning




Measurement

2 [ ———————
o Notable differences across frameworks:
m Lesson parsing (time-wise or event-wise) vs. coding holistically
® Scales used (4-point up to 7-point)
m Assigning scores at different levels (Level-1 vs. Level-2 vs. Level-
3)
m Using multiple raters vs. using single raters
® Quality assurance procedures used at various degrees
m Reconciling scores vs. taking average scores
m Different approaches used to examine validity and reliability

- Need more consistency in the designs used and the rationales
informing certain design decisions
— More systematic and comprehensive work needed

Challenges and Open Issues:
Looking Forward




Reflecting on Conceptualization,
Operationalization, and Measurement Challenges

Anna-Katharina Praetorius
Charalambos Y. Charalambous Editors

Theorizing

Teaching

Current Status and Open Issues

@ Springer

Studies in
Educational
Evaluation

Merits and Limitations of
Researching Teaching
Quality More
Synergistically (2020-
2023)

Conceptualization

SCHOO!
EFFECTIVENESS
and SCHOOL
IMPROVEMENT
An e atera |

Non-Convincing Effects
in Research on Teaching
Quality: Reasons and
Possible Solutions (2025)

A plethora of classroom observation protocols currently being

available (Bell et al., 2019; Bostic et al., 2021; Charalambous & Praetorius, 201 8;

Dobbelaer, 2019)

Fragmentation and local production of frameworks and protocols
(Klette & Blikstad-Balas, 2018)

Only in mathematics education: 27 different observation protocols
used in studies published in between 2000-2015 (Bostic et al,., 2021)

Not clear which theories of teaching are guiding the production
of these frameworks, let alone whether we have theories of
’reaching and what these really are (Praetorius & Charalambous, 2023)



Conceptualization
=N

1 Could this proliferation of frameworks
/protocols be potentially harmful?

0 If these frameworks and protocols come from
different perceptions of teaching quality, this
proliferation may suggest that “the field does not
yet share a common vision of what counts as
‘quality’ mathematics instruction or what qualities
should be emphasized when measuring instructional
quality in mathematics” (Litke et al., 2021)

0 Rapid production of frameworks and instruments

could inhibit scientific development and progress
(Charalambous & Praetorius, 2022)

Conceptualization
=n

* Can more synthesized models help bring

some order?
= Working within each category to compare -

frameworks/models ‘I".Studies b

Educational
Evaluation

st e

= Comparing what is learned from using the
frameworks/models within each category to using a

more synthesized model
* MAIN-TEACH model (Charalambous & Praetorius, 2020)




Conceptualization

Why is this work necessary?

The mathematics-specific ' :
frameworks/protocols do not ,I,A
CAUTION
V

(LY

capture important aspects of
instructional quality that are not

mathematics-specific (Litke et al.,, 2021)

Conceptualization

Why is this work necessary?

networking strategies
A,

-

_ Y degree of integration
igroring other unifyin
making [ comparing ] [ coordinating ] integrating glﬂhallg
understandable [ locally

contrasting ] [ combining ]
understanding synthesizing
others

(Bikner-Ahsbahs &
Prediger, 2010)

¥l N (35
) = .
¥ 4 b 4




Conceptualization

The MAIN-TEACH model (A multi-layered integrated model on
teaching quality): An example of a synthesized framework

f-responsip;,
\0"5"‘ re ns"b’my‘”@

%

Teaching goals
sassaooud Buiwea|

[ENPIAPU| SIUSPMS
sasn
S3UoIN0
pale@s-eos

*Subject matter: interaction of leaming objectives,
and (subject-specific)

(Praetorius et al., 2023)
https://zenodo.org/records/8280389

Conceptualization

] I ——
Synthesized frameworks vs. Single Frameworks

Affordances

(Charalambous & Praetorius, 2022; Lindorff et al., 2020; Litke et al., 2021; Panayiotou et al., 2021)



Conceptualization
2

Reflecting on Construct Decomposition:

— e s -

v Decomposing teaching into broad dimensions and

SCHOOL . e
pocchint o DR discrete elements within those
and SC . . .
:JP,:((,::);,JF[\“ v Helpful to take us beyond looking at isolated behaviors,
el of Bt but may occlude complexity of teaching and its quality
Polcy and Practioe
v Alternatively: considering how different
dimensions of teaching interact or work in
i ' synergy (Hiebert & Stigler, 2023)
v Example for cognitive activation and
(Charalambous et al, differentiation /adaptation (Charalambous, Agathangelou,
2025)
et al.,, 2023)

Operationalization
I

° More systematic research that examines the impact that
different operationalization decisions have for the
outcomes obtained is needed:

* number of elements included in an instrument and their
organization

* observational foci when trying to capture teaching quality
(e.g., frequency, quality, stage)

* attention foci (teacher and/or the students) and the need to
capture how students make use of the opportunities provided
to them



Measurement
Ta |

= Empirical evidence highly needed for the impact that different
measurement decisions have on the quality of the data obtained
* Lesson parsing and lesson duration observed

* Unit of measurement (from lesson segments to sequences of lessons)
* Teachers’ perspectives could also be informative (Ligozat & Almqvist, 2017)

* Rater training (could disagreements be informative?)

* Estimation of teaching-quality scores
* Individual scores? Reconciled scores? Average scores?
* Mean performance? Maximum performance?

Additional Issues and Challenges
I

° How can observations work complementarily to other approaches
of studying teaching quality?
= Adding issues of equity into the equation:
* Whom are we observing and how? Is teaching supporting different
groups of students? How?
= Using classroom observations from a more formative perspective
* Providing teachers a space to learn and grow




So, Where Are we Now?
I

The field seems to
be a mess! Indeed,
it is difficult to
study teaching
quality validly,
reliably, and
efficiently through
teacher
observations.

There are
significant
challenges and
open issues—but
that is important
for continuing our

research work!

Looking the Glass as Half Full

0 Within challenge lies opportunity

0 In Greek, the term “npokAnon”
(“proklisi”, challenge) differs only a
letter from the term “npookAnon”
(“prosklisi”, invitation to act)

O In Chinese, the term “challenge” is
composed of two symbols denoting
“danger” and “opportunity”

Je AL




Collaboration as a Means of
Addressing Challenges and Open
Issues in the Field

Why Is Collaboration So Much Needed?
I

0 Helps in comparing findings across studies and for more cumulative work
(Grossman & McDonald, 2008; Praetorius & Charalambous, 2018)
o A field cannot move forward if the research produced is not cumulative resulting in
“a multitude of studies that cannot support inferences about the generalizability of
findings nor sustain the long-term theory building that drives scientific progress”
(National Research Council, 2005, p. 36)

0 Necessary to build knowledge relevant for practice and research Klette &
Blikstad-Balas, 2018)




Working More Collaboratively on Classroom

Observations: Some First Steps/Challenges
I

Establishing common goals and agendas

m
1 Resolving differences in terminology and structure

1 Addressing operationalization and measurement challenges
m

Dealing with insufficient transparency and the need for
sharing information

0 Attending to issues of limited funding
(Charalambous et al., 2021)

Thank you for your attention!

Contact information:

Charalambos Y. Charalambous
University of Cyprus

cycharal@ucy.ac.cy
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This presentation

* Curriculum imperatives for technology use
* Communication through, with and of technology
* Pedagogical opportunities with technology

* Principles for mathematics teacher professional development

* Examples presented focus on use of a Computer Algebra System



Curriculum and
assessment imperatives for
technology use

Curriculum

* In Victoria, Australia statements about
technology have been explicitly included in
curriculum documents for decades (e.g.,
Victorian Curriculum and Assessment
Authority, 2022; n.d.)

» One Year 8 algebra curriculum statement

“experiment with linear functions and relations using
digital tools, making and testing conjectures and
generalising emerging patterns (VC2M8AQ5)”
(Victorian Curriculum and Assessment Authority, n.d.)

6.67 v
£1(x)=3- x+2 £3(x)=3- x-6
}/ x
e £2(x)=3- x-4 ’




Assessment

THIAINIVERSTTY G
MELBOURNE

In Victoria, Year 12 mathematics students expected to have a technology with

lﬁ./jln computer algebra capability in an exam for each year 12 subject; there are also
o= technology-free exams (Victorian Curriculum and Assessment Authority, 2022)

or is ‘technology free’ there are Teaching

g Where assessment ‘expects technology’,  Nature of assessment
implications Learning

Alignment of curriculum, pedagogy and assessment (Leigh-Lancaster & Stacey, 2022) .

International interest in implementation of technology
in mathematics education

* B.Pepin, Guedet, G., Choppin, J. (Eds.) (2024). Handbook of Digital Resources in Mathematics Education,
Springer International Handbooks of Education. Springer. https://doi.org/10.1007/978-3-031-45667-1

« Ball, L., Drijvers, P, Ladel, S., Siller, H.-S., Tabach, M., & Vale, C. (Eds.). (2018). Uses of technology in
primary and secondary mathematics education: Tools, topics and trends. Springer.
https://doi.org/10.1007/978-3-319-76575-4



Communication through,
with and of technology —
Opportunities and issues
for teaching and learning

technologies

Development of mathematical knowledge

* General-purpose technologies

Can be used across a range of lessons e.g.,
dynamic geometry, computer algebra system

e Specific-purpose technologies

Might scaffold learning of one procedure or
development of one concept e.g., applet

(Drijvers, Barzel, Mashchietto & Trouche, 2006)

General-purpose and specific-purpose

Learning of syntax
and ease of use of
technology

Time investment to
learn to work with
the technology



Communication through technology

* E.g., Social networks to support students to work on problems collaboratively
(Ball & Barzel, 2018)

& g
-

i Communication with technology

Communication that results in Define glx)=3- x2+a Done 13\'42 Y |
technology producing a display solve(glx)=4,x) -J& 6 |\ /'
X=—o" or x=—
(e.g., syntax entry) 3 3 | |
at+3 5 \ |H
(Ball & Barzel, 2018) \
2a 4 | ./
VLI
2b 2:h -y
vVl =
solve(b- x+d=3x] . -{a-3) ] ﬂ (x) _g (x)
b 1 x
snlchr2=3,x) =3 orx=3 [10 1 i
3 b+2- clb=5 2-c+15

-13.42




Technology display prompts
communication

(Ball & Barzel, 2018)

Treatment of variables may be technology specific (Pierce, et al., 2011)

R 1.2 [!EI *Doc

ca

ca

mn
m-n
mn+mn

mn+m-n

expand((wl)z) x2+2-x+l i
expand((x+2)2) x2 +4 x+4
expand((r+3)2) x2+6- x+9
expand((} X+ 1)2) 4 x2 44+ x+1
expand((}x+2)2)| 4 x2+8 x+4

rap [l] X

ca

2:c

mn

m-n

2-mn

me n+mn

Communication of technology |in setting up a multiple

A

11

Variable naming was an issue

screen investigation

Inability to have b and B as
different variables.

‘a’ defined as ‘2’ on page 1.1

No implicit multiplication between letters

One letter vs two letter variables

12
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Pedagogical

opportunities

“Pedagogical map for mathematics analysis software”

“Subject
(Re-assessed goals and methods
Pedagog-l Cal Classroom
opportunities (Improved display, personal authority)
Tasks

(Improved speed, access, accuracy)”

Functional oppo rtunities support the pedagogical opportunities

Associated and changes

14
(Pierce & Stacey, 2010, p. 6)



Task level opportunities

Improved speed, access and accuracy:

Learn pen and paper skills (Pierce & Stacey, 2010)

* Functional use of technology to carry

out routine procedures

* E.g. Simplify expressions (line 3
which gives x=2)

* Compensate for weak pen-and-paper
skills
* e.g.Line 5 where both sides of
the equation are multiplied by 12

RAD AUTO REAL

16



Subject level opportunities

Rebalance emphasis on skills, concepts,
applications (Pierce & Stacey, 2010, p. 6)

Using a CAS to factorise and then

discuss reasoning for a pen-and-

paper approach - 52
factor(6) 4t
factor(2- x—4) 2 (=2
factorlx2-4) (x=2)- (x+2)
factor( x2-9) (2:x-3): (2-x43)




Classroom level opportunities

Classroom level opportunities
Didactic contract can change

* Technology can be an additional ‘expert’ in the classroom

GoObel, Barzel & Ball (2017) report a study where three groups of students used
different types of visualisation of functions supported by technology. The
students were involved in discovery learning, so the teacher was a facilitator,
rather than directing each lesson. Technology was found to support students’
understanding of the role of parameters in functions.

21
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Four Year 9 groups — control, ”function plotter”, ”drag mode”,

Technology assisted guided discovery

2% ¢

sliders”

Explore and explain role of parameters in f{x)=a(x-b)*+c and produce a

summary sheet to summarise learning

Findings

Supported learning of concept of parameter, particularly through
“dynamic” and “sliders” (a=0 case noted)

Supported exploration, with some students choosing own examples

Supported hypothesis testing

i technology

Study of 12 senior secondary mathematics
students’ beliefs about technology use in
mathematics

Studied a mathematics subject (included
calculus and algebra) where use of technology
was expected

Technology used was a Computer Algebra
System (CAS)

Research instrument — Questionnaire with one
section related to beliefs, administered April
and November

Items based on literature review (further
information in the article)

(Gobel, Barzel, & Ball, 2017)

9 Stability of students’ beliefs about use of

Selected student beliefs about CAS related to
* Usefulness

* Speed compared to pen-and-paper (p&p)

* Ease of use

*  Whether using CAS is ‘proper mathematics’
* Correctness of answers

* Choice of CAS or p&p

(Cameron, Ball & Steinle, 2023)

22
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Students’ beliefs

‘Very stable’ beliefs ‘Inconclusive’ beliefs
* CAS is useful for solving problems quickly * Most algebra problems can be solved faster with
(held, n=10) CAS than P&P

* ltiseasier to solve problems with CAS than P&P

P&P needs to be used before CAS

(held, n=10) * Itis hard to learn how to solve problems with CAS

* Mathematics is not being done properly if CAS is
There is a need to choose between CAS or P&P used
before solving a problem
(held, n=2; not held, n=8)
24
(Cameron, Ball & Steinle, 2023)

Principles for

mathematics teacher

professional
development




CERICS: Principles for professional development for
teaching mathematics with technology

% Creativity Promote teachers’ creativity in the design of lessons and /or assessments that balance technology,
pen-and-paper and mental strategies

%k Explicit PCK Make pedagogical content knowledge for teaching mathematics with technology explicit
k Reflection Plan focused reflection by teachers on the role and impact of technology

Investigate Include discussions of classroom scenarios and/or student work samples to highlight affordances
student and constraints of technology
thinking

sk (6] [F] T 1i1iM Plan for interaction and exchange between teacher participants to share pedagogical approaches
and experiences of teaching with technology

Self-efficacy Reduce teachers’ anxiety about using technology and promote their risk taking in use of
technology

(Ball & Barzel, 2024, p. 36)

CRreativiTy Promote teachers’ creativity in the design of

lessons and /or assessments that balance technology,
pen-and-paper and mental strategies

" ¥ o
MELBOURNE

Teachers Opportunities for students’ learning

* Decide on the balance between Students experience targeted examples that
technology, pen-and-paper and mental highlight the efficacy of technology, p&p or
strategies mental strategies

* |dentify general principles for teaching

from examples Strategies for using technology, p&p and

* Create specific examples from general mental strategies are included in classroom
principles discussion

(Ball & Barzel, 2024, p. 36)



CREATIVITY: Teachers create a task from curriculum
WELBOURNE document description (Ball & Barzel, 2024, p. 36)

-

i i i i i i Define f(x) =x2 +m- x+n| Rine
A practical or theoretical situation in which a : -
solve[f(o)=0 andj{-2)=k,1m,n J'_}

curve passing through points on the plane is (5ed)
modelled by the graph of a polynomial function
of low degree. This could involve exploring

what information can be used to determine the
equation of a linear, quadratic or cubic function,

x2+m- x+n|m= _(k_é)

. . Define g(x}=x2—w <
and what graphs can be found to fit particular 2
sets of information. Key features of families of ractor{gli)) x- (20- x+41)
graphs that fit a particular set of information 20
could also be explored. For example, a family L

5.02 Ay

of quaderatic functions with a leading coefficient
equal to 1, whose graph contain the points with _
coordinates (0,0) and (=2, k). By J|f11t=eb)

systematically varying k, the effect of k on the B2 S ‘ o
behaviour of the graph of the quadratic function
could be explored.”

(VCAA, 2022, p.46) N
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Explicit PCK: Make pedagogical content knowledge for
teaching mathematics with technology explicit

29
(Ball & Barzel, 2024, p. 36)



Reflection: Plan focused reflection by

teachers on the role and impact of
technology

displays

Technology

/
\

Pedagogical issues
(Limitations of
technology,

Include technology tasks that result in lesson “hiccups” (Clark- Syntsf ctical
Wilson & Noss, 2015) requirements, expect

unexpected displays,
pedagogical
reflection)

Applicable for students who are learning

mathematics with technology 2
(Ball & Barzel, 2024, p. 36)

Collaboration: Plan for interaction
and exchange between teacher
participants to share pedagogical
approaches and experiences of
teaching with technology

Task design and sharing can
support teacher learning
(Ratnayake, et al., 2020)

Collaboration also
important for students
who are learning
mathematics with
technology

31
(Ball & Barzel, 2024, p. 36)



Conclusion - Foster links between research and
practice

Harness the potential of technology to improve outcomes for students

* Build mathematical knowledge, critical users of technology and positive disposition towards technology
as a viable option in mathematics

Building teacher expertise in making pedagogical use of technology
* Teachers aware of implications of research and active participants in research
* Develop teachers’ expertise in being discerning users of technology
* Teacher willing to take a facilitator role to support exploration with technology
* Further research on both general-purpose and specific-purpose technologies in a range of contexts

* Important consideration is to recognize underlying principles related to technology use in specific
classroom implementations

* Consideration of technology in one context can add to the broader knowledge of technology use in
teaching and learning of mathematics

32
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