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Abstract

Formative Assessment (FA) is a promising teaching practice for supporting students’ learning at school. However, imple-
menting FA into teaching (mathematics) is challenging, effects of implementation of FA vary between empirical studies.
Therefore, recent studies additionally consider instructional quality of teaching when analyzing effects of FA on students’
learning. The current exploratory study builds on this idea and highlights the added value of considering both generic and
subject-specific instructional quality (GIQ and SSIQ) when analyzing effects of FA: Based on a re-analyzation of data
from the research project Co’CA, 856 students from 39 mathematics classes of German middle schools took part in an
intervention control-study aiming at implementing FA into mathematics education at school. On the student level, students’
mathematics achievement is assessed by standardized tests before and after the intervention. During the intervention, on
the class level GIQ and SSIQ are assessed by low- and high-inference ratings of 72 video-taped lessons. GIQ is based on
the model of Three Basic Dimensions, SSIQ is based on the normative idea that mathematics teaching should offer oppor-
tunities for a deep understanding of subject matter and for building up competencies. Multi-level regression analyses high-
light different (interaction) effects of GIQ and SIQ on students’ performances. It becomes obvious: Considering GIQ and
SIQ can have an added value for the better understanding of implementing FA into teaching (in mathematics education).

Keywords Formative assessment - Mathematics education - Instructional quality - Generic perspective - Subject-specific
perspective - Students’ achievement

1 Introduction

In his famous work, Hattie (2008) analyses the effects of
“what actually works in schools to improve learning”. He
highlights that one of the most powerful impact factors of
successful teaching is FA. Therefore, within recent years
researchers investigated how to implement FA into teach-
ing (of mathematics) best and how to support teachers in
doing so successfully (Bostrom & Palm, 2023; Johnson et
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al., 2019; Schiitze et al., 2017). A key result of these efforts
is that understanding effects of FA at school implies not
only analyzing the quality of implementation of this spe-
cific teaching practice itself but considering “global factors
of high quality teaching and quality components of specific
teaching practices” (Decristan et al., 2015, p. 1153) simulta-
neously. This is in line with theoretical and empirical work
about the impact of learning processes in classroom (Good
et al., 2009; Patrick et al., 2012; Seidel & Shavelson, 2007)
as well as about the characteristics and influences of teach-
ers’ competences (Blomeke et al., 2015; Kunter et al., 2013)
on students’ development: It is the (generic and subject-
specific) instructional quality being an important mediator
between teachers’ expertise and learning outcomes (Muijs
et al., 2014; Roehring et al., 2012). Based on this, some
very first studies have analyzed (interaction) effects of GIQ
and FA on students’ learning simultaneously (Decristan et
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al., 2015; Pinger et al., 2018), but studies considering both
GIQ and SSIQ when investigating the quality of implemen-
tation of FA are not known to the authors. Starting from
this desideratum the present exploratory study analyses the
added value of considering (interaction) effects of GIQ and
SSIQ on students’ learning when implementing FA. There-
fore, the paper is structured as follows: Within the theoreti-
cal part, central considerations about FA (Sect. 2) as well as
about (FA in the context of) instructional quality (both GIQ
and SSIQ) are outlined (Sect. 3). Within the empirical part,
research question and hypotheses are given (Sect. 4) and
methods (Sect. 5) as well as results (Sect. 6) are described.
Finally, implications and limitations (Sect. 7) are discussed
by pointing out the added value of considering GIQ and
SSIQ in empirical educational research.

2 Formative assessment (in mathematics
education)

Black and Wiliam (1998, p. 7) define FA as “all those activi-
ties undertaken by teachers, and/or by their students which
provide information to be used as feedback to modify the
teaching and learning activities” (see also Black & Wil-
iam, 2009). “All those activities” subsume different kinds
of assessment (like teacher-directed assessment, peer-
assessment or self-assessment) ranging on a scale from a
informal, unplanned on-the-fly assessment to a formal,
planned embedded assessment (Shavelson et al., 2008). In
line with these ideas, Andrade (2010, p. 344) stresses that
main purposes of FA are “(1) providing information about
students’ learning to teachers and administrators in order
to guide them in designing instruction; and (2) providing
feedback to students about their progress in order to help
them determine how to close any gaps between their per-
formance and the targeted learning goals”. Consequently,
feedback is considered being a central element of FA, which
is proven being a powerful tool for supporting learning if it
addresses the questions “Where am I going?”, “How am 1|
going?”, and “Where to next?” (Hattie & Timperley, 2007).
In their prominent works, Bennett (2011) and Hattie (2008)
highlight that implementing FA into teaching can have
significant effects on students’ learning. That’s why FA is
described being the “next best hope” (Cizek, 2010, p. 2) or
a “powerful tool” (Wylie et al., 2012, p. 121) in educational
research and policy.

Based on this research, recently several studies have ana-
lyzed ways of implementing FA into mathematics education
and of supporting mathematics teachers in doing so. Dalby
and Swan (2019) underpin that using iPads can support
teachers’ implementation of FA in mathematics education,
but that harking back to technology can cause uncertain
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roles of teachers, students and technology in classrooms.
Rakoczy et al. (2019) point out that effects of FA on achieve-
ment and interest are not direct but indirect ones and that
students’ support by FA in mathematics education depends
on students’ perceived usefulness. In the study of Bostrom
and Palm (2023), mathematics teachers took part in a pro-
fessional development program (PDP) on FA and imple-
mented FA into mathematics teaching afterwards. Effects on
students’ learning cannot be found, the authors explain this
finding by a big variance of quality of implementation of FA
into teaching. On the contrary, Andersson and Palm (2017)
find effects of a teacher PDP on FA on students’ achieve-
ment in a control trial (d=0.66), but particular effects on
students’ specific mathematical processes do not exist. And
Schiitze et al. (2017) demonstrate that teachers’ taking part
in PDP can have indirect effects on teachers’ feedback gen-
eration, but not on instructional practice in mathematics
education.

Those results stress that implementing FA into teaching
(of mathematics) is challenging both teachers and students
and that teacher PDPs are necessary but not sufficient. This
is also reported by reviews on implementation of FA high-
lighting the complex mechanisms of FA in classroom: Yan
et al. (2021) review 52 studies exploring teachers’ role in
FA and point out that both contextual and personal factors
influence teachers’ intention and implementation regarding
FA. Heitink et al. (2016) review 25 studies on implement-
ing assessment for learning and derive a complex model
of prerequisites of teachers, students and assessment all
influencing each other. And Kingston and Nash (2011, p.
33) highlight in their often cited meta-analysis “that there is
wide variation in the type and impact of formative assess-
ment. Moderator analysis showed content areca had the
greatest impact on mean effects with mathematics”.

In summary, although FA is “next best hope” in the begin-
ning 2010, research results about ways of implementing FA
and ways of supporting teachers in doing so are struggling
and empirical effects are partly inconsistent.

3 Instructional quality of teaching (in
mathematics education)

Starting from these inconsistent results and based on the
idea that considering (instructional) quality of teaching is
crucial when thinking about how to improve students’ learn-
ing (Muijs et al., 2014; Roehring et al., 2012), some very
first studies consider instructional quality of teaching for
better understanding effects of the implementation of FA
into teaching. Decristan et al. (2015) analyze the interplay
of curriculum-embedded FA (categorized as a “specific
teaching practice” by the authors) on the one hand and GIQ
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(categorized as a “global factor”) on the other hand. They
report (interaction) effects of GIQ and FA on students’ sci-
ence learning. These findings are partly confirmed by Pinger
et al. (2018) for mathematics education, reporting interac-
tion effects of some aspects of GIQ (cognitive activation,
classroom management) and the implementation of FA as
well. By these results, both studies highlight that consider-
ing instructional quality of teaching can have an added value
for better understanding effects of FA on students’ learning.
However, studies analyzing the added value of (interaction)
effects of both GIQ and SSIQ as well as of the implementa-
tion of FA on students’ (mathematics) achievement simulta-
neously are not known to the authors.

The current exploratory study harks back to this desider-
atum and analyzes the added value of considering both GIQ
and SSIQ for understanding effects of the implementation of
FA into teaching. GIQ and SSIQ are based on already exist-
ing (and prominent) work on instructional quality of teach-
ing (in mathematics education) — both frameworks will be
presented briefly for preparing empirical work (for further
frameworks see e.g. Learning Mathematics for Teaching
Project, 2011; Pianta & Hamre, 2009; Schoenfeld, 2013):
(1) In line with previous work of Decristan et al. (2015) and
Pinger et al. (2018) on GIQ and FA, GIQ refers to the model
of “Three Basic Dimensions” (TBD; for current discussions
see Praetorius et al., 2020; Praetorius & Charalambous,
2018). It is a model of GIQ being prominent (not only) in
German speaking countries, being published first based on
empirical findings in the context of TIMSS (Klieme et al.,
2001) and being discussed in the international context theo-
retically based on a Swiss-German video study on teach-
ing of Pythagoras’ theorem (Klieme et al., 2009; Lipowsky
et al., 2009). The model comprises three basic dimensions
of GIQ (Praetorius & Charalambous, 2018, pp. 409—410):
Classroom management, that is “identifying and strengthen-
ing desirable student behaviors, and preventing undesirable
ones”; cognitive activation, saying that “teachers should
explore and build on students’ prior knowledge” and that
“challenging problems and questions [...] should be used
to stimulate cognitive conflicts, engage students in higher-
level thinking processes, and support metacognition™; and
student support, which “primarily deals with the shared per-
ception of the quality of social interactions”. The later one is
sometimes theoretically and empirically separated into cog-
nitive support on the one hand and motivational support on
the other hand (Kleickmann et al., 2020). Although studies
on GIQ in mathematics education prove effects of (several)
dimensions of this model on students’ mathematics learn-
ing (Decristan et al., 2015; Kunter et al., 2013; Pinger et
al., 2018), empirical results about the impact on students’
achievement in general are inconsistent — and in many cases
no effects can be reported (Praetorius & Charalambous,

2018). (2) Since the model of TBD can be discussed criti-
cally concerning the lack of subject-specifics (Praetorius &
Charalambous, 2018; Schlesinger & Jentsch, 2016), based
on a systematic literature survey Schlesinger et al. (2018)
expand this model by two subject-specific dimensions for
mathematics education. First added dimension is subject-
related quality, e.g. comprising the mathematical depths of
a lesson (“the teacher provides generalizations, mathemati-
cal connections and possibilities to structure the mathemati-
cal content”) and the support of mathematical competencies
(“the teacher provides the opportunity to deal with math-
ematical processes such as problem-solving, modelling or
reasoning and proof™). Second added dimension is teaching-
related quality, e.g. comprising the use of multiple represen-
tations and the use of mathematical examples in classroom.
Both quantitative and qualitative analyses point out that this
framework offers additional possibilities for understanding
mathematics education as well as “the opportunity to pres-
ent a more extensive and complete picture of instructional
quality” (Schlesinger et al., 2018, p. 487). However, signifi-
cant empirical evidence is still missing.

Despite this theoretical conceptualization and empiri-
cal verification of GIQ and SSIQ (not only of those two
frameworks presented here), it must be stated (indepen-
dently of the idea of understanding the implementation of
FA): Effects of GIQ are inconsistent as well (Praetorius et
al., 2020) and the role of SSIQ for understanding effective
teaching remains complex (Charalambous & Praetorius,
2018). This is the more problematic, since subject-specific
perspectives on instructional quality of teaching are claimed
offering additional insights into mathematical learning
processes at school (Brunner, 2018; Lindmeier & Heinze,
2020). It is imperative that further work on the added value
of considering both GIQ and SSIQ when analyzing specific
teaching practices (not only but also in the context of imple-
mentation of FA) is needed for a better understanding of
effective teaching.

4 Research question and hypotheses

Based on those considerations — that is: (1) FA is a promising
specific teaching practice (in mathematics education) (Ben-
nett, 2011; Hattie, 2008), but effects of implementation are
inconsistent (Kingston & Nash, 2011); (2) considering GIQ
and SSIQ can have added values for understanding these
inconsistent effects of implementation of FA into (mathe-
matics) teaching (Decristan et al., 2015; Pinger et al., 2018),
but effects of GIQ and SSIQ itself are inconsistent/complex
as well (Charalambous & Praetorius, 2018; Praetorius et al.,
2020); (3) SSIQ should be considered explicitly in further
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empirical research (Brunner, 2018) —, the present explor-
atory study addresses the following research question:

Research Question (RQ). Does considering (interaction)
effects of GIQ and/or SSIQ of teaching mathematics have
an added value for understanding students’ learning when
implementing FA into mathematics education instead of
solely looking at the implementation of FA itself?

Hypotheses can only be formulated unambiguously to
a limited extent: On the one hand, Decristan et al. (2015)
report (interaction) effects of dimensions of GIQ (and FA)
on students’ achievement, on the other hand, Pinger et al.
(2018) cannot confirm these findings completely. Addition-
ally, on the one hand empirical studies highlight the impor-
tance of considering SSIQ of teaching mathematics at least
from a theoretical perspective (Charalambous & Praetorius,
2018), on the other hand, empirical evidence is rare (Lind-
meier & Heinze, 2020). And empirical studies analyzing the
effect of implementation of FA and SSIQ on students’ learn-
ing simultaneously are not known to the authors.

5 Method

The current exploratory study re-analyzed data of the
research project Conditions and Consequences of Classroom
Assessment' (Co’CA), which was funded by the German
Research Foundation (GRF) within the priority program
Competence Models for Assessing Individual Learning Out-
comes and Evaluating Processes. The project lasted for six
years (2007—2013) and was conducted by the German Insti-
tute for International Educational Research and the Univer-
sities of Kassel and Lueneburg. Study work finished in 2018
by the publication of Pinger et al. (2018) about an interven-
tion study in mathematics education (lasting from October
2010 to March 2011), reporting interaction effects of GIQ
(assessed by students’ perception) and the implementation
of FA on students’ mathematics achievement. SSIQ is not
considered in this or any former publication.

The study presented here reports on this intervention study
as well, re-analyzing the effect of GIQ and SSIQ on stu-
dents’ achievement when implementing FA into every-day
teaching of mathematics (focusing on the topic of Pythago-
ras’ theorem and the competence of mathematical modelling
exemplarily; see below). This is done by using newly cre-
ated data both on GIQ and SSIQ being based on analyzing
videotaped lessons for the first time. Students’ achievements
were assessed before and after the intervention. Reported

! The project was supported by grants from the German Research
Foundation (KL 1057/10—3, BL 275/16 —3, LE 2619/1-3); principal
researchers: E. Klieme, K. Rakoczy (both Frankfurt), W. Blum (Kas-
sel), D. Leiss (Lueneburg).
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information on participants, design, measures, and data
analyses only refer to this special intervention.’

5.1 Participants

39 mathematics teachers/classes from 25 German middle
schools (grade 9; so called “Realschule”) in Hessian par-
ticipated in the intervention study. All participating schools,
teachers and students (as well as their parents) had been
informed about the purpose of the study as well as the col-
lection and use of data before starting the study. Written per-
mission for videotaping classroom lessons twice during the
intervention (videotaped situation 1 and 2; see below) was
asked for additionally. All participants (teachers as well as
students) took part in the study voluntarily, no compensa-
tion was paid.

Participating teachers/classes were assigned either to a
control group (CG) or an experimental group (EG) by ran-
dom. While there are videos from all 39 participating classes
for the first videotaped situation, there are only 33 videos
for the second videotaped situation (caused by illnesses or
unexpected disruptions to the daily routine at school).

Students’ outcomes at the end of the intervention are cen-
tral for analyses given below. In total, 856 students partici-
pated in the achievement-test at the end of the intervention.
353 of those were female, 405 were male, 98 did not make
any indication. Before starting the intervention, those stu-
dents were in average 14.59 years old.

Additional information on descriptive data concerning
intervention groups is given in Table 1.

5.2 Design

The intervention covered 13 consecutive lessons (each
lasting for 45 min), introducing into Pythagoras’ theorem
(lessons 1 to 5) and focusing on mathematical modelling in
lessons 6 to 13 exemplarily. Pythagoras’ theorem had not
been taught in participating classes before. All participating
teachers from CG and EG were told to implement a unit
structure of teaching consisting of four phases (see Fig. 1):
(Phase 1) Introduction of Pythagoras’ theorem including
at least one proof and some technical tasks for training,
focusing primarily on building up a general understanding

2 The authors would like to thank the principal researchers of the
Co®CA project for allowing them to analyze the videotaped lessons
and to link them to the performance data of the students in the context
of this article.

3 Both the focus on mathematical content and mathematical compe-
tence are chosen for practical reasons: Pythagoras’ theorem as well
as mathematical modelling are mandatory in mathematics education
in Germany, additionally extensive preparatory work of principal
researchers concerning Pythagoras’ theorem (Klieme et al., 2009) and
mathematical modelling (Blum, 2011) exists.
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Table 1 Descriptive data concerning intervention groups
Videos Students
Neep Ny NDvig N@)vig Nsug Asud Gsud
CG+EG 25 39 39 33 856 14.59 (0.67) 353/405/98
CG 11 15 15 14 331 14.57 (0.63) 137/155/39
EG 14 24 24 19 525 14.60 (0.69) 216/250/59

N, Number of participating schools

Nt Number of participating teachers/classes

N(X)y;q: Number of classes with videotaped lessons at videotaped situation X=1 or X =2

Ngiua: Number of participating students in the achievement-test at the end of the intervention

Agq Aggregated students’ age at 30.09.2010 (before starting intervention); standard deviation in brackets

Gg,uq: Number of students giving an indication of gender (female/male/no indication)

(G:) ,
B

VTS 1

(N 3
O

VTS 2

SLLLL LI

teacher

retest
trainings P

Pythagoras‘ theorem

introduction, proof,
technical tasks

assignments of :
Q diagnostic tools Ul ot o
- (only in EG)

of central elements of Pythagoras’ theorem (in line with
Drollinger-Vetter, 2011). (Phase 2) Students had to work
on embedded word problems (MaaB3, 2010) for making
them to use Pythagoras’ theorem in simple real world situ-
ations. (Phase 3) More realistic (but not necessarily authen-
tic) mathematical modelling problems covering the whole
modelling cycle (Blum & Leiss, 2007; Kaiser, 2020) were
implemented into mathematics teaching for supporting stu-
dents in building up modelling competencies when deal-
ing with Pythagoras’ theorem. (Phase 4) Additional lessons
were used for consolidating former learning processes and
for offering the opportunity to reflect ones’ own competen-
cies. A concrete schedule, some possible proofs as well as
mandatory and voluntary tasks had been given to the teach-
ers before starting intervention. A sample proof and some
sample tasks are given in Fig. 2.

All teachers from CG and EG had to participate in a first
teacher training before starting the intervention (for details

embedded word realistic modelling
problems problems

(G-)l ,
OR@: Ssituations (vTs)
A

Fig. 1 Design of the intervention study (adapted from Pinger et al., 2016)

consoli-
dation

see Besser et al., 2015). The teachers were informed about
content and processes of the study, teaching material was
discussed, and the predesigned teaching unit was recapi-
talized. Additionally, those teachers from EG had to join
a second teacher training before starting the intervention.
Based on ideas about FA (Black & Wiliam, 2009; Hattie &
Timperley, 2007), those teachers were trained implementing
a diagnostic tool assessing students’ performances regularly
(at the end of lesson 5, 8 and 11) and giving task-related,
process-oriented, individual written feedback to each stu-
dent at the beginning of the next lesson (beginning of les-
sons 6, 9 and 12). This diagnostic tool (see Fig. 3 for an
example) consisted of one or two tasks students had to work
on and some feedback about personal strengths (processes
that had been mastered), weaknesses (processes that need
further improvements) as well as hints/strategies on how to
continue (for more details see Pinger et al., 2016).
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Mandatorily: Teachers were asked to use the following two sketches PHASE 1

to proof Pythagoras' theorem in classroom. (lessons 1 to 5)
introduction
proof
technical tasks

Voluntarily: Teachers were able to use the following sketches for
making students’ identifying rectangle triangles, naming triangular sides
and formulating Pythagoras’ theorem.

Voluntarily: Teachers were able to administer the following embedded PHASE 2
word problem to their students. (lessons 6 to 8)
embedded
word problems
The tree was snapped off
during a storm. How long is
the broken crown of the tree?
Mandatorily: Teachers were asked to administer the following realistic PHASE 3
modelling problem to their students. (lessons 9 to 11)
realistic
- S The 30.7 m high "Roter Sand" lighthouse modelling problems

was built in the Bay of Bremen directly on
the coast in 1884. Its purpose was to wamn
ships by its beacon that they were
approaching the coast. How far away from
the coast was a ship when it saw the
lighthouse for the first time?

Fig.2 Sample proof and sample tasks (technical tasks, embedded word problem, realistic modelling problem)
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I
I
Task 1 ! Your Personal Feedback
I
Volker has been given a kite. The kite has a length of 1 m and a :
width of 50 cm. He flies the kite together with his friend | You are already quite good at
Susanne. Both are placed 80 m from one another. The rope of | dealing with the following topics:
the kite has a length of 100 m. Susanne is placed directly below |
the kite. I
I i
What is the height of the kite at this moment? | You e &b‘@\ k’ %(Q/\C'
! given oLda who @ ga'dy
- i : 1
5ke\td‘ o o :
( f“{‘ 7 // Z /Aﬁ"-; :
- g 7/‘ [ 1
o | |
P ) I
L (¢ !
AN e LI L & :
R T W % |
! You can still improve at dealing -
: with the following topics if ngtasnc;rr:] h;)(\)/:l/gou
| concentrating on my hints: PIOYe:
I
I s
- \/ou e piodleps - Plagys Fhele dgud
[ \Ql e \(thm
| e ooy, lOCh Sdes 3t e
| %W)u% RHRCASIa CatFeloS i 882
o : s e h‘ﬁpomsﬁ
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’ — H - edse LR oA -l Nielide on
| ananswec atbe edl  decysgle ﬂepo‘{‘
! O& 3 '1‘5,‘52 yout Qcllations !
. ;
I
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I
I
I

Fig. 3 Example of the diagnostic tool at the end of lesson 8; embedded word problem on the left, teachers’ feedback on the right (see also Pinger

etal., 2016)

Assessments of students’ mathematics achievement took
place immediately before and after the teaching unit. GIQ
and SSIQ is based on videotapes recording lesson 1 and 2
(videotaped situation 1; dealing with an introduction and a
proof of Pythagoras’ theorem) as well as lesson 9 and 10
(videotaped situation 2; dealing with mathematical model-
ling problems). Those lessons were held as double lessons.

5.3 Measures

Achievement (A1 and A2; student level). Students’ achieve-
ment was assessed by a pretest before starting the interven-
tion (achievement 1; A1) and by a posttest at the end of the
intervention (achievement 2; A2). Since students worked on
Pythagoras’ theorem in the intervention for the first time, the
pretest asked for students’ prior knowledge and consisted
of 19 items dealing with mathematical content being nec-
essary for handling Pythagoras’ theorem (e.g.: using vari-
ables and simplifying terms, extracting the square root of

numbers, identifying a right angle and right-angled triangles
and different sides of a triangle). The posttest consisted of
17 items and assessed students’ capability to use Pythag-
oras’ theorem successfully when working on tasks focus-
ing on technical problems, embedded word problems and
realistic modelling problems. Both tests lasted for 45 min.
Items were administered as a paper-pencil-test, item formats
were single choice response or open response (sample items
are given in Fig. 4). All items were coded dichotomously
(0O=incorrect; 1 =correct) by three trained raters, interrater-
reliability was very good (about 10% of students’ answers
were double-coded by all raters; two-way mixed (absolute)
intraclass correlation (/CC(3,3)) was calculated both for
pretest and posttest; see Table 2). Students’ test-scores were
one-dimensional Rasch-scaled. Since all items had been
analyzed previously in a scaling study (N=1570, Harks et
al., 2014), item-parameters were fixed on those study results
for scaling. Weighted likelihood estimators were used as stu-
dents’achievement scores for pretest (A1) and posttest (A2).
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Sample items 1 and 2 (prior knowledge): Students must simplify a
term and extract a square root.

Determine the value Calculate the
for x (x > 0): following length;
271 = 46 + x2 \/(Zlcm)z—(Scm)z

Sample item 3 (prior knowledge): Students must identify rectangular
triangles in an inner-mathematical context.

H G  Given is the cube on the left. Tick all triangles
within this cube that are right-angled:

A ABC
A BEG
A AFG
A AFC
A HEB

oooono

Sample item 4 (technical problem): Students must work on a
technical problem by using Pythagoras’ theorem.

£ Calculate the missing side length x in the
on the left (drawing not to scale).

|
i
|
|
I
|
X

Sample item 5 (realistic modelling problem): Students must work on
a realistic modelling problem by using Pythagoras’ theorem.

Every year in Bad Dinkelsdorf on 1 May, the traditional dance
takes place around the so-called maypole, an approx. 8 m high
tree trunk. The dancers hold ribbons in their hands that are
attached to the top of the maypole. With these 15 m long ribbons
of the dance a beautiful pattern is created on the trunk (in the
photo such a pattern can already be seen at the top of the
maypole).

At what distance from the maypole do
the dancers stand at the beginning of §
the dance (the ribbons are taut)? j
Describe your solution. i

Fig. 4 Sample items of pretest and posttest
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(17 items)
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Table 2 Overview of measures

Measures Instr. # Items ICC

Student/Class Level
Al: Achievement 1 Pretest 19 99
A2: Achievement 2 Posttest 17 .99

Class Level
FA: Implementation of Formative Assessment (CG or EG) -—-- 1 ---
GIQ la: Generic Instructional Quality la — Classroom Management VTS 1 7 .80
GIQ 1b: Generic Instructional Quality 1b — Cognitive Activation VTS 1 8 77
GIQ Ic: Generic Instructional Quality 1c¢ — Cognitive Support VTS 1 9 .76
GIQ 2a: Generic Instructional Quality 2a — Classroom Management VTS 2 7 78
GIQ 2b: Generic Instructional Quality 2b — Cognitive Activation VTS 2 8 57
GIQ 2c: Generic Instructional Quality 2¢ — Student Support VTS 2 9 17
SSIQ I: Subject-Specific Instructional Quality 1 — Pythagoras’ Theorem VTS 1 12 .89
SSIQ 2: Subject-Specific Instructional Quality 2 — Mathematical Modelling VTS 2 10 .68

ICC: For interpretation of ICC see Cicchetti (1994)
VTS: Videotaped Situation

EAP/PV-Reliability was 0.66 for the pretest and 0.74 for the
posttest. /CC(1) indicating the proportion of total variance
which can be attributed to between-differences is 0.15 for
pretest and 0.09 for posttest.

Implementation of FA (FA; class level). For controlling
for potential differences due to the group allocation, the
implementation of FA is assessed by a dummy-coded vari-
able, either indicating that students/classes are assigned to
CG (FA=0) or to EG (FA=1).

Generic instructional quality (GIQ la-c and GIQ 2a-c;
class level). Based on the model of Three Basic Dimensions
(Praetorius et al., 2020), all videos from the videotaped situ-
ations 1 and 2 were analyzed regarding GIQ by using high-
inference ratings for describing classroom management,
cognitive activation and cognitive support: The rating scale
for classroom management (GIQ la and GIQ 2a) consisted
of seven items, e.g. asking for classroom disruptions, the
teacher’s monitoring and clarity of rules. The rating scale
for cognitive activation (GIQ 1b and GIQ 2b) consisted of
eight items, e.g. asking for the insistence on reasons and
explanations, the support for cognitive autonomy and the
implementation of challenging problems. Student support
(GIC 1c and GIQ 2c) was assessed by cognitive support
(and not motivational support; see above), since empirical
evidence indicates effects of cognitive support (and not of
motivational support) on students’ achievement (Kleick-
mann et al., 2020). The rating scale consisted of nine items,
e.g. asking for the clarity of goals, the coherence of teaching
and the supportive use of feedback. All scales had already
been used in previous studies (Lotz et al., 2013) and have
only been adapted for study use slightly.

Three trained raters (university pre-service teacher stu-
dents; trainings lasted for several days using sample video
material) analyzed the generic quality of teaching (/CC(3,3)
is good to very good, see Table 2), the rating of the items

ranged from 1 (appearing nearly never) to 4 (appearing
extremely often), the mean score of all items was the scale
score. The mean scores of all three raters were used as
scores for GIQ of classroom management, cognitive activa-
tion, and student support — separated for videotaped situa-
tion 1 (GIQ la-c) and videotaped situation 2 (GIQ 2a-c).
Subject-specific instructional quality (SSIQ 1 and SSIQ 2;
class level). Based on the work of Schlesinger et al. (2018),
GIQ is extended by elements of SSIQ by assessing math-
ematical depth and support of mathematical competence as
part of subject-related quality. In lesson 1 and 2 (videotaped
situation 1), students were introduced to Pythagoras’ theo-
rem by working on a proof and some technical tasks. It was
analyzed, whether “the teacher provided generalizations,
mathematical connections and possibilities to structure the
mathematical content” by an appropriate thematization of
so called “elements of understanding of Pythagoras’ theo-
rem” (SSIQ 1). The scale was adapted from Drollinger-Vet-
ter and Lipowsky (2006) and Drollinger-Vetter (2011) and
consisted of twelve items, e.g. asking for the thematization
of different types of triangular sides in rectangular triangles
as well as the thematization and combination of algebraic
and/or geometric formulations of Pythagoras’ theorem. In
lesson 9 and 10 (videotaped situation 2), students worked
on realistic modelling problems which can be solved by
using Pythagoras’ theorem in real world contexts. It was
analyzed, whether “the teacher provided the opportunity to
deal with mathematical processes” (SSIQ 2) by demanding
students to conduct central steps of mathematical modelling
(Kaiser, 2020). The scale covered those processes of math-
ematical modelling which are being described by a well-
established modelling cycle (Blum & Leiss, 2007), which
are justified by a activity-theoretical analysis of math-
ematical modelling (B6hm, 2013), and which are already
being used by many empirical case studies to analyze the
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quality of implementation of mathematical modelling into
teaching (for an overview see Vorholter et al., 2019). The
scale consisted of ten items, e.g. asking for the appropriate
implementation of having to understand given information,
of having to make assumptions, of having to work on the
modelling problem mathematically as well as of having to
interpret and to validate mathematical results.

Items of both scales were scored dichotomously (0=no
thematization in classroom; 1 =appropriate thematization in
classroom) by three trained raters (/CC(3,3) is good to very
good, see Table 2). For scoring 1, the content covered by an
item had to be thematized substantially for mor than just a
few seconds (as beeing standard in many subject-specific
frameworks, see e.g. Learning Mathematics for Teaching
Project, 2011). Scale-score was the sum of item-scores,
normed on a range from zero to one (for an easier interpreta-
tion; scores indicate the percentage of thematized content).
For describing SSIQ, the mean score of all three raters was
used.

An overview of measures is given in Table 2, additional
information on instruments assessing GIQ and SSIQ is
given in an electronic supplement (ESO1). Since measures
of achievement are used both on the student and the class
level within analyses (see below), those measures are listed
as “student/class level”.

5.4 Data analysis

Data analyses for the preparation of descriptive data were
conducted by using SPSS 27. For doing so, student data (41
and A2) was aggregated on a class level, while class level
data was used as given in Table 2.

Data analyses focusing on the research question were
conducted by using Mplus 7 (Muthén & Muthén, 2012).
Achievement 1 (47) and Achievement 2 (42) were z-stan-
dardized on the student level (level 1; within), variables
assessing instructional quality (GIQ and SSIQ) were z-stan-
dardized on the class level (level 2, between). The imple-
mentation of FA (F4) was implemented as dummy (0=CG;
1=EG) on the class level. Multilevel regression analyses
were conducted, several models were compared: In all mod-
els, students’ achievement in the posttest (42) was depen-
dent variable, students’ achievement in the pretest (4/; both
on student and class level) and the implementation of FA
(F4; on class level) were independent variables. In selected
models, instructional quality of teaching (GIQ and SSIQ) as
well as interactions of FA and instructional quality (FA *GIQ
and F4 *SS1Q) were additional independent variables.

Caused by relatively few cases on the class level, missing
data was dealt with by listwise exclusion of cases.

@ Springer

6 Results

Descriptive statistics including sample size, mean scores,
standard deviations, and correlations are given in the elec-
tronical supplement (ES02). It can be summarized: Firstly,
the implementation of FA (FA), that is belonging to CG or
EG, is not correlated with any measure of instructional qual-
ity. Instructional quality is neither systematically better nor
worse if teachers/classes are advised to FA. Secondly, sub-
dimensions of GIQ correlate significantly among each other
(0.34 <r<.76) on a medium level. Additionally, GIQ of vid-
eotaped situation 1 (GIQ Ia-c) does not correlate with SSIQ
of videotaped situation 1 (SSIQ 1), but GIQ of videotaped
situation 2 (GIC 2a-c) correlates with SSIQ of videotaped
situation 2 (SS/Q 2) significantly.

Regarding the research question, selected standardized
model results are given in Table 3 and 4 (only models with
interaction effects are reported here; all models are given in
an electronic supplement (ES03)). Firstly, across different
models it can be stated that it is mainly students’ achieve-
ment in the pretest (41) predicting students’ achievement in
the posttest, whereas effects of implementation of FA (FA)
cannot be found. Secondly, effects of GIQ (5 =0.78) as well
as interaction effects (f=-0.71) reducing the main effect can
be found for classroom management in videotaped situa-
tion 1 (GIQ Ia; model 10), but not in videotaped situation 2
(GIQ 2a; model 13). Thirdly, some effects of SSIQ are given
(model 08, 09, 16 and 17). SSIQ I (Pythagoras’ theorem in
videotaped situation 1) is predicting students’ achievement
in the posttest positively (f=0.28;, model 08), the effect
even becomes bigger when considering the interaction effect
of F4 and SSIQ 1 (f=1.06;, model 16). Interaction effect in
this model is negative, that is high quality of SS/Q reduces
the influence of F4 on students’ achievement. Additionally,
and on the contrary, SS/Q 2 (mathematical modelling in vid-
eotaped situation 2) is predicting students’ achievement in
the posttest negatively (5=-0.41 and =-0.60, model 09 and
model 17).

7 Discussion

The present exploratory study aims at analyzing the added
value of considering (interaction) effects of GIQ and SSIQ
on students’ mathematics achievement when implementing
FA into mathematics teaching. Results reveal some impor-
tant findings: Firstly, there are no direct effects of imple-
mentation of FA on students’ learning. It can be stated once
again (see also Pinger et al., 2018) that changing classroom
teaching (by implementing FA) does not have to imply
improving classroom teaching immediately. Although
teachers of the current study were trained to implement
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FA explicitly, effective implementation of FA is challeng-
ing. This is in line with research on teachers’ professional
development, pointing out that changing teaching practices
successfully needs supporting teachers in doing so over a
long period of time (Darling-Hammond et al., 2017). Sec-
ondly, these interpretations are additionally underpinned
by (interaction) effects of GIQ la (concretely: classroom
management), which are given immediately after starting
to implement FA into teaching mathematics (model 10) but
are disappearing a few lessons later (model 13), although
correlations of GIQ la and GIQ 1b are at least medium
ones (r=.67). Positive effects of classroom management
(#=0.78), which had also been found by Lipowsky et al.
(2009), are counterbalanced by negative interaction effects
with F4 (f=-0.71), so classroom management has nearly
a zero effect size in EG (f=0.78-0.71=0.07). Or in other
words: Implementing FA is extremely complex (Kingston
& Nash, 2011; Yan et al., 2021), teachers’ routines seem to
break down. Thirdly, referring to negative effects of SSIQ
on students’ learning (models 09 and 17), it is imperative to
understand that changing teachers’ way of teaching math-
ematics on a content level by implementing a specific teach-
ing practices (here: FA) also might cause negative effects on
students’ learning, at least in the short term (which is in line
with theory about teachers’ expertise and about deliberate
practice, see e.g. Berliner, 1995; Ericsson et al., 1993). In
this special case, teachers had to implement mathematical
modelling into teaching mathematics — it is well known, that
this is challenging for teachers (Blum, 2015).

All those findings stress the added value of considering
GIQ and SSIQ when analyzing the impact of implementa-
tion of FA on learning, However, implications for research
must be discussed carefully in the context of the operational-
ization of GIQ and SSIQ and its interplay with FA: Accord-
ing to Decristan et al. (2015), in the present study GIQ and
SSIQ are operationalized being “global factors of instruc-
tional quality”, while FA is operationalized being a “specific
teaching practice” (see also Good et al., 2009). However,
GIQ/SSIQ on the one hand and FA on the other hand are
not necessarily disjoint constructs, on the contrary “forma-
tive assessment may be closely related to global factors”
(Decristan et al., 2015, p. 1138). This is obvious for GIQ
immediately (e. g.: “exploring and building on students’
prior knowledge” is a key concept of FA as well), but also
relevant for conceptualizations of SSIQ: For example the
subject specific framework “TRU Math” (Schoenfeld, 2013,
2014) comprises the “use of assessment” (“building on stu-
dents’ ideas”) being an inherent component of high quality
of teaching mathematics. Future studies should focus this
interplay of (subject specific) instructional quality of teach-
ing (mathematics) and specific teaching practices for further
improving understanding effective teaching.

Some design-based and methodological /imitations must
be addressed when interpreting the results: (a) Design. As
has already been mentioned, the teacher training for imple-
menting FA into teaching Pythagoras’ theorem only lasted
for several hours. This is caused by careful and conscious
considerations about supporting teachers to implement
central elements of teaching on the one hand and about not
making teachers to overtime while taking part in the study
on the other hand. However, effective teacher PDPs should
at best last for several weeks/months, not for several hours
(Darling-Hammond et al., 2017). (b) Measures 1. GIQ and
SSIQ are assessed by using instruments having been slightly
adapted from prior empirical studies (Drollinger-Vetter &
Lipowsky, 2006 (SSIQ 1); Lotz et al., 2013 (GIQ)) or hav-
ing been newly developed based on theoretical consider-
ations and empirical work of many case studies (Vorholter
et al., 2019 (SSIQ 2). For GIQ, this decision is based on
the empirically-based idea of assessing students’ support by
cognitive support and not by motivational support (Kleick-
mann et al., 2020). For SSIQ, this has been done because
the framework offered by Schlesinger et al. (2018) is con-
ceptualized for on-the-fly assessment of nine different sub-
dimensions of SSIQ, not allowing deeper analyses of single
subject-specific sub-dimensions (here: mathematical depth
of the lesson; support of mathematical competencies) of
quality of instruction. Since implementation of “elements
of understanding concerning Pythagoras’ theorem” and the
implementation of “mathematical modelling” is focused,
those conceptualizations are used. (¢) Measures II. Assess-
ments of GIQ and SSIQ are based on videotaped classroom
observations of external (trained) observers. Although those
ratings are usually much more objective than those from
students or teachers, open questions of validity (of scor-
ing, generalization, extrapolation and implication) must be
thought about consciously (Bell et al., 2012; Praetorius et
al., 2014). However, in general validity of those external
observations is high (for a brief discussion see Schlesinger
& Jentsch, 2016). (d) Measures III. SSIQ is assessed by
low-inference ratings. While low-inference ratings are gen-
erally more reliable than high-inference ratings, those rat-
ings are quite often used to describe the quantity/frequency
of events, not its quality. However, in this special case SSIQ
is operationalized by analyzing whether “the teacher pro-
vides a specific opportunity to learn”, which is in line with
theory (see above) and which is also done by prominent
studies describing mathematics instructional quality (Learn-
ing Mathematics for Teaching Project, 2011; National Cen-
ter for Education Statistics, 2003). (e) Data analyses. Since
data analyses are based on measures of instructional qual-
ity on the class level, the sample size consists of only 39
or 33 classes on level 2 respectively. This is unproblematic
for interpreting both regression coefficients and variance
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components, but standard errors might be estimated too
small in some cases (Maas & Hox, 2005). Furthermore,
since participating classes are distributed equally between
CG and EG (concerning age, gender), only prior knowl-
edge is used as independent variable on the student level,
results must be interpreted with this limitation. (g) Topical-
ity of the study. Data being used is based on an intervention
study from 2010/2011. Analyses possibly do not describe
the “current state of teaching in German mathematics class-
room”— which is of course not intended by this study. But
based on design, measures, and analyses, reported results
support understanding the complexity of implementing FA
into teaching mathematics by considering both GIQ and
SSIQ.
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