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Despite an increasing number of available frameworks for (future) teachers’ digital
competences, it often remains unspecified what teachers should know and be able to
do. Hence, deciding on the focus of courses is still challenging. We initiated a Delphi
process with stakeholders from research, school administration and practice in a local
educational context to identify digital competences central for STEM teachers. This
report covers the first stage of the process, where competence expectations synthesized
from different frameworks were subjected to relevance evaluations. The results
indicate a high degree of consensus among the experts, and experts from various fields
of expertise differ only in a few aspects. We discuss how the process may inform others
challenged to decide on questions related to (future) teacher education.

INTRODUCTION

Across the world, national policy actions stress the importance of preparing (future)
teachers for working in a digital world. Hence, digital competences are seen as an
essential aspect of the professional competence of teachers that enable teachers to use
digital technologies in and for teaching. For instance, they should be able to integrate
digital technologies effectively into teaching processes and use them for lesson
preparation or communication with parents.

Several international (and also national) frameworks conceptualize digital
competences or describe their range, for instance, the TPACK model (Koehler &
Mishra, 2009) and the DigCompEdu (Redecker, 2017). However, existing frameworks
for digital competences for teachers are hardly suited to decide what should be first and
foremost targeted in courses fostering digital competence for (future) teachers of
specific subjects. So, in many educational contexts, educators need to know what might
be considered relevant by others holding responsibilities in the same context. This
contribution addresses the problem for STEM teachers for (upper) secondary level in
a first step by investigating whether it is possible to elicit a consensus of different
stakeholders from research, school administration, and practice within an educational
context regarding what might be relevant digital competences for all teachers.

THEORETICAL BACKGROUND

Digital competences of teachers can be described as a set of knowledge, skills, and
attitudes related to the use of digital technology in education (Ferrari, 2012), and,
accordingly, frameworks describe them in different ways. For example, the TPACK
framework by Koehler and Mishra (2009) portrays teachers' professional knowledge
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Explaining meanings is an important discourse practice for developing conceptual un-
derstanding of basic mathematical concepts such as multiplication. The study investi-
gates how n = 102 teachers explained the meaning of multiplication, and how they
reacted to a student’s explanation. The analysis of teachers’ written explanations re-
veals affordances and constraints: While the largest group of teachers referred only to
symbolic repeated addition, more mathematics teachers than out-of-field teachers al-
luded to the key multiplicative structure of unitizing in their explanation, but both
groups rarely articulated the unit structure explicitly. When reacting to a student’s
explanation with incomplete dot arrays, similar tendencies occur: Even when graph-
ically referring to unit structures, only very few teachers offered an explicit language
of unitizing. The findings show the need for professional development to enable all
teachers to unpack the meaning of multiplication beyond repeated addition and to ex-
plicitly address meaning-related language for unitizing.

INTRODUCTION: INVESTIGATING TEACHERS’ EXPLANATION

For developing conceptual understanding, the discourse practice of explaining mean-
ings is crucial. It is usually conducted by teachers in instructional explanations or in
interaction with students’ explanations when teachers react to students’ emerging ex-
planations and leverage them (Leinhardt, 2001). However, instructional and co-con-
structed explanations can only enhance students’ conceptual understanding under two
empirically specified conditions: (a) it must focus the crucial structure underlying the
concept in view (Wittwer & Renkl, 2008), (b) many students can only engage in ex-
plaining meanings focusing on structures when targeted language support is provided
(Planas, 2021; Post & Prediger, 2022). Fulfilling these conditions requires considerable
topic-specific (pedagogical) content knowledge (Leinhardt, 2001), so the concern
arises that they might be particularly demanding for teachers without mathematics
teaching certificates (called out-of-field teachers) who are increasingly employed in
German schools. We compare out-of-field teachers’ explanations with those of math-
ematics teachers. For this, we use a topic-specific approach for the topic of meanings
of multiplication for natural numbers, with the following research question:

How do mathematics teachers and out-of-field teachers explain the meaning of multi-
plication, and how do they react to a student’s incomplete explanation?
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THEORETICAL BACKGROUND
State of research on conceptual requirements: Meanings of multiplication

Many students have been shown to struggle with the meaning of multiplication, as it is
more abstract than addition and subtraction, with different roles of both factors (Clarke
& Kamii, 1996). The key meaning of multiplication is counting in units, i.e., 3 X 5 is
to be interpreted as three units of fives (GOtze & Baiker, 2021). For other countries, it
was shown that many teachers still translate multiplication to repeated addition (3 x 5
means 5+5+5), converting between two symbolic representations (Askew, 2019); in
spite of empirical evidence that interventions with repeated addition are less effective
than those focusing more explicitly on unit structures (summarized by Clarke & Kamii,
1996). Jumps on number lines and dot arrays as graphical representations support stu-
dents’ meaning-making processes (Barmby & Milinkovic, 2011). Rather than only
translating symbolic to graphical representations, connecting entails to explain how the
structure of one representation is reflected in the other one (Post & Prediger, 2022); for
multiplication, the unit structure is to be made explicit (Gotze & Baiker, 2021).

State of research on linguistic requirements: Engaging in explaining meanings
with language support of meaning-related phrases

In general, students’ processes of meaning-making have been shown to be best pro-
moted when they are engaged in discourse practices of explaining meanings (Mos-
chkovich, 2015). Not only teachers’ instructional explanation offers or constraints
learning opportunities (Lachner & Niickles, 2016), but also the interactively con-
structed explanations in which teachers react to and leverage students’ emergent ideas
(Leinhardt, 2001). However, not all students can immediately contribute to these dis-
course practices (Moschkovich, 2015), so teachers are requested to provide language
support, with phrases that can be used not only to articulate procedures, but also the
mathematical structures underlying the meaning of a concept; these phrases are termed
meaning-related phrases (Post & Prediger, 2022). Case studies found teachers’ strug-
gle with identifying and promoting meaning-related phrases (ibid.; Planas, 2021).

Substantiating these considerations for the topic of meaning-making for multiplication,
it is not enough to say, e.g., “the dot array matches 3 x 5 because here is 3 and here is
5”. Instead, the unit structure needs to be articulated, e.g., by “the dot array consists of
three fives” or “three rows of five each”. GOtze & Baiker (2021) showed that teaching
with language offers of such meaning-related phrases results in significantly higher
learning gains than with the same tasks and graphical representations, but without
meaning-related phrases articulated. When studying the ways teachers explain multi-
plication, it is therefore crucial to also assess this linguistic requirement, the explicit-
ness in which they articulate the unit structure by such kind of meaning-related phrases.
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State of research on teaching requirements: Teachers’ explanation of meaning
and potential challenges for out-of-field teachers

Teachers’ explanations of meanings have been studied for various mathematical con-
cepts, e.g., optimization problems (Lachner & Nickles, 2016), or multiplication of
fractions (Shure et al., 2022). Both studies reveal that many teachers tend to prioritize
reports of procedures before explanations of meanings, and Lachner & Niickles (2016)
identified that teachers with lower content knowledge have a higher risk for this prior-
itization. Shure et al. (2022) show that prospective teachers rarely meet the linguistic
requirements of offering meaning-related phrases in the case of fractions. With respect
to multiplication with natural numbers, Barmby & Milinkovich (2011) showed that
teachers have heterogeneous abilities to choose adequate representations meeting the
conceptual requirements, but their first insights focus only on conceptual requirements,
but not on linguistic requirements, similar to the teachers observed by Askew (2019).
For all topics, little is known about how teachers’ instructional explanations are asso-
ciated with their reaction to students’ incomplete explanations, although this is the first
step for interactively establishing collective explanations.

Given the repeated findings that (pedagogical) content knowledge can heavily influ-
ence teachers’ explanations (Leinhardt, 2001; Lachner & Nuckles, 2016), a particular
group of teachers raises our interest which is currently growing due to mathematics
teacher shortage: About 20-30% of the teachers who teach mathematics in German
middle schools hold no mathematics teaching certificate. Several international studies
indicate that students learn less from out-of-field teachers (Hobbs & Tdrner, 2019), but
so far, the mechanisms are not understood in detail. In the context of explaining mean-
ings for multiplication, we hypothesize that out-of-field teachers might provide expla-
nations that meet less the conceptual and linguistic requirements than mathematics
teachers. By testing this hypothesis, we intend to contribute to explaining the mecha-
nisms underlying the findings on out-of-field teachers’ lower effectiveness.

METHODS
Methods of data gathering

Sample. The sample consisted of German teachers (n = 102) in the beginning of their
first session of a volunteer professional development (PD) online course on teaching
conceptual understanding of basic concepts. 65 reported to hold a mathematics teach-
ing certificate, 29 to be out-of-field teacher, 8 did not disclose their certificate. The
teachers had 0-36 years of experience in mathematics teaching (median of 4 years).

Data collection and participant consent. A LimeSurvey was conducted in the first
15 minutes of the PD course. For the participants, it was framed as an activity to first
think individually about key questions of the PD that were later discussed in small
groups. The research purpose was explained, and participants’ consent was collected.
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Items on explaining and reacting to student explanation. This paper focuses on two
open items on meaning-making for multiplication (Figure 1): Item 1 asks the teachers
to give an own explanation, it is slightly scaffolded by an uncommented image (of six
dice of four dots each) which only few teachers used in their explanation. Item 2 cap-
tures the first step of interactively establishing explanations, asking the teacher to react
to a student’s explanation in an incomplete dot array that clearly hints to a well-known
superficial idea of translating representations without reference to the unit structure.

el Item 2: React to a student’s explanation eoo000®

Item 1: Explain yourself .

How would you explaintoa | ** - - Torben has drawn this figure for explaining the meaning

fifth grader what multiplication means?  of 3 x 5. How would you continue working with him?

Figure 1. Two items for teachers in view of this study

Methods of data analysis

The teachers’ written responses were analyzed for both items in a deductive-inductive
code formation process (Mayring, 2015). In Step 1, we started with codes known from
the literature on conceptual and linguistic requirements and teachers’ typical forms of
explanation for multiplication. In Step 2, these deductively given codes were then re-
fined and extended inductively to capture the relevant phenomena in the data. For sav-
Ing space, the resulting coding schemes with anchoring examples will be presented
together with the frequencies in Tables 1/2 in the next section. In Step 3, all 102 written
answers were rated by two coders who reached an interrater reliability of Cohens =
.83. In Step 4, the frequencies of different explanations and reactions were determined
for the whole sample and compared between the subsamples of mathematics teachers
and out-of-field teachers. The hypothesis that out-of-field teachers meet less of the
conceptual and linguistic requirements than mathematics teachers was tested by
Fisher’s exact tests in place of ¥ tests (due to small sample sizes) on the 5 % level, as
well as the associations identified in contingency data of Item 1 and 2.

RESULTS

Teachers’ own explanations of the meaning of multiplication
and differences between mathematics and out-of-field teachers

Table 1 presents all codes developed to capture the teachers’ written explanations for
Item 1 (from Figure 1) and anchoring examples. The third column lists the frequencies
of codes for explanations in the whole sample of all 102 teachers. It reveals that 20%
of the teachers gave no explanation or none that met conceptual and linguistic require-
ments. 65% gave an explanation that is conceptually acceptable, but not yet articulated
in a concise and explicit language (the linguistic requirement), among them 31% who
mentioned only repeated addition. 15% of the teachers provided explanations that met
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conceptual and linguistic requirements, with 13% using a condensed phrase that has
been identified as preferable in earlier classroom research (Gotze & Baiker, 2021).

Table 1. Frequency of codes for teachers’ explanations (Item 1)

Percent of explanations of ...

Code Anchoring examples all out-of-field mathematics

teachers teachers teachers
(n=102) (n=29) (n=65)

Not meeting conceptual and linguistic requirements 20(20%) 10 ((35%) 5(8%)

Missings [No answer given] 11 4 3

No reference “Multiplication means times.” 9 6 2

to meaning

Meeting conceptual but not linguistic requirements 66 (65%) 15 (52%) 49 (75%)

Only repeated  “6 x 4 is 4+4+4+4+4+4” 32 6 26

addition “Addition done several times.”

Only “Duplication of numbers.” 5 2 2

duplication

Unitizing, par-  “You count how many [packages] and how 29 7 21

tially articulated many [in each] of them.” or “4 each”

Meeting conceptual and linguistic requirements 16 (15%) 4 (14%) 11 (17%)

Unitizing, articu- “Six dice. And four dots on each them.” or 3 1 2

lated in 2 phrases “6 packages, in the package there are four.”

Unitizing in “Three groups of four each.” 13 3 9

one phrase “Three of the fours.”

The last two columns compare frequencies for mathematics and out-of-field teachers.
Out-of-field teachers gave much more often no explanation or none that fulfills the
requirements than the mathematics teachers (35% vs. 8%). Significantly less often they
provided a conceptually acceptable answer, yet without explicitly articulating the unit-
izing structures (52% vs. 75%), with repeated addition occurring half as much (20%
vs. 40%). The 2x3 Fisher exact test confirms that as hypothesized, out-of-field teachers
met the conceptual requirements with highly significantly lower frequency (p < .01),
while no substantial differences were found for linguistic requirements (14% vs. 17%).

Teachers’ reactions to a student’s explanation and
differences between mathematics and out-of-field teachers

Table 2 documents the codes developed to capture the teachers’ written reaction to
Torben’s wrong explanations for Item 2 in Figure 1, with anchoring examples. Only
two reactions falsely evaluated Torben’s answer as correct. 15 teachers reported to first
ask back (which can indeed be important). So, the total of 31% of reactions not ful-
filling conceptual and linguistic requirements contains these 15% asking back which
might meet the requirements in the next steps. 59% of the teachers suggested to react
by pointing the student to the meaning of multiplication in dot arrays (36% of them
without unitizing, only focusing repeated addition or the total of 15 dots), and without
providing any language support for articulating the unit structure. Only 10% articulated

PME 46 — 2023 4-63



Prediger & Wischgoll

the unit structures explicitly and thereby fulfilled the conceptual and linguistic require-
ments in their reaction (even less than in the own explanation in Item 1).

Table 2. Frequency of codes for teachers’ reaction to Torben’s explanations (ltem 2)

Percent of explanations of ...

Code Anchoring examples all out-of-field mathematics
teachers teachers teachers
(n=102) (n=29) (n=65)

Not meeting conceptual and linguistic requirements 32(31%) 13 (45%) 13 (20%)
Missing [No answer given] 15 8 2
Falsely evaluated “Correct” 2 0 1

as correct

Asking back “I need to ask back what he thinks 15 5 10
without further plan  about it.”

Meeting conceptual but not linguistic requirements 60 (59%) 12 (41%) 46 (71%)
Repeated “Make him see the repeated addi- 3 1 2
addition tion of rows.”

Complete dot array ~ ““You have to draw all dots because 33 5 27
without unitizing we want to see 15.”

Unitizing, incom- “I want him to see the 3 complete 24 6 17
pletely articulated rows.”

Meeting conceptual and linguistic requirements 10(10%) 4 (14%) 6(9%)
Unitizing explicitly ~ “I ask for showing me 3 fives.” or 10 4 6
articulated “Three rows of fives.”

Again, significant differences can be found between mathematics and out-of-field
teachers in these reactions: The 2x3 Fisher exact test confirms the hypothesis that out-
of-field teachers met significantly less the conceptual requirements than mathematics
teachers (p <.05), whereas the linguistic requirements were even met minimally better.

Associations between own explanation and reaction to student explanation

Figure 2 visualizes the contingency data how teachers’ own explanations (in Item 1)
and their reactions to students’ explanations (in Item 2) are associated. The bars docu-
ment the rating of teachers’ own explanation in Item 1: 15 explanations in the upper
bar met both, conceptual and linguistic requirements, 53 in the medium bar met con-
ceptual but not linguistic requirements, and 9 in the lowest bar meet none of the re-
quirements (missings and codes “asking back” were excluded, so the total is 77).

Figure 2. Associations of teachers’ own explanation to reactions to explanations

Own explanation meets
CR and LR
Own explanation meets
CR but not LR
Own explanation meets
not CR not LR

11 4
4 44 5

3 5 1

Reaction meets not CR not LR Reaction meets CR but not LR M Reaction meets CR and LR

The colors in the bars indicate the connection to the teachers’ suggested reactions in
Item 2, with a strong dominance of yellow, i.e., meeting conceptual but not linguistic
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requirements: Out of 9 teachers whose explanation in Item 1 met no requirements, 33%
(3 of 9) suggested reactions not meeting the conceptual and linguistic requirements in
Item 2. This percentage is higher than 4 of 53 for those with medium explanations and
0 with top explanations. In contrast, 26% (44 of 15) of those with top explanations also
met both requirements in their reaction in Item 2. The 3x3 Fisher exact test shows that
these associations between own explanations and reactions are significant (p <.05).

DISCUSSION

Whereas other studies have analyzed teachers’ explanations in real classroom situa-
tions (Leinhardt, 2001; Planas, 2021; for multiplication Askew, 2019), with all com-
plexities and pressure to instantaneous reaction, this study investigated explanations
and reactions written in an action-relieved situation in the beginning of a PD session.
Table 1 reveals that 80% of the teachers offered explanations that largely met concep-
tual requirements, including 31% repeated addition, which was evaluated as possibly
bearing an adequate conceptual structure (equal groups being united), but not a suitable
language to articulate the unit structures explicitly, as they are either only formal or
focusing on joining, but not on generating new units. In contrast, only 15% of all teach-
ers’ explanations also met linguistic requirements by explicitly articulating the unit
structures. The percentages are even lower in Table 2 for teachers’ reactions to a false
student explanation (69% meeting conceptual requirements, 10% for linguistic require-
ments). The contingency data in Figure 2 reveals that teachers who gave full explana-
tions of the meaning of multiplication (that adequately address and explicitly articulate
the multiplicative structure) were more likely to react to students’ incomplete ideas in
conceptually adequate ways, but not all of them provided good language support for
students to articulate the multiplicative unit structure explicitly.

The hypothesis that out-of-field teachers meet the conceptual requirements signifi-
cantly less frequently has been confirmed (and resonates with often documented con-
ceptual restrictions in out-of-field teaching, Hobbs & Torner, 2019). But the hypothesis
was rejected for linguistic requirements: Regarding explicit language support, mathe-
matics and out-of-field teachers show similarly low frequencies.

These findings must be interpreted with caution, given the methodological limitations
of the study (only two items and a relatively small sample size for group comparisons).

But already now, the findings show a strong need for professional development on
conceptual and linguistic requirements for more helpful explanations, in particular en-
abling teachers to give explicit language support by meaning-related phrases (Planas,
2021; GOtze & Baiker, 2021; Post & Prediger, 2022). During the PME conference, we
hope to be able to present also pre-post data of the evaluation study of the PD and se
changes of teachers’ explanations through the PD.

Acknowledgement. This study is a first step of the MuM video PD study (BMBF grant
No. 01JD2001A to S. Prediger by the National Ministry of Education and Research).
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