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ABSTRACT
There is a current research interest into high-leverage teaching
practices which are geared towards making concepts explicit to learners.
Explanations are a common practice in science education for sharing and
constructing meaning with students. However, current studies insufficiently
articulate a framework for understanding pre-service teachers’ explanations;
neither do they assess the practical criteria for development. This article
documents various criteria for pre-service science teachers’ explanations
as related to the cognitive science literature and their assessment in the
context of an instrument designed for teacher education. A rubric was
constructed which organized structural and supportive elements into three
levels. A validation process is described, and its application in teacher
education programs to detect possible patterns and changes in pre-service
science teachers’ explanations. The results show the explanation strengths of
pre-service teachers working with examples, graphs and images. However,
difficulties were found in using and improving analogies, metaphors, and
models, and also approaching mis-conceptions as a learning opportunity.
Theoretical and practical issues are discussed from a cognitive perspective.
We conclude that the signaling implications of using rubrics sensitive to
progress-monitoring during teacher education for high-leverage teaching
practices give opportunities to simulate and rehearse practices that are highly
conducive to learning.
© 2018 IJCRSEE. All rights reserved.

1. INTRODUCTION
Researchers and teacher educators seek
to evaluate what educational practices are
highly conducive to learning. Within which,
high-leverage practices have been specifically
identified (Ball and Forzani, 2011) as teaching
practices with an impact on student learning,
which are learned and implemented by beginner teachers (O’Flaherty and Beal, 2018).
There is also increased interest in assuring
teacher capacity development during teacher
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education (Koteva-Mojsovska and Nikodinovska, 2015; O’Flaherty and Beal, 2018).
Nonetheless, current studies insufficiently articulate a cognitive framework for understanding teachers’ explanations as a means of making scientific concepts explicit. Considering
that explaining is crucial for children’s discovery and connecting daily life phenomena with
underlying principles (Legare, Gelman and
Wellman, 2010), this is problematic. Teacher
explanations also form a high-leverage teaching practice (Windschitl, Thompson, Braaten
and Stroupe, 2012).
Explanations are communicative actions
intended to make sense of a phenomenon, divulge its meaning and make it understandable
or apprehensible for learners (Thagard, 1992;
Norris, Guilbert, Smith, Hakimelahi, and Phillips, 2005). It can also be understood as the
act of answering a ‘why?’ question about phenomena (Norris et al., 2005). Explanations in
teaching intend to share knowledge and un-
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derstanding with other people who have the
intention of learning (Treagust and Harrison,
1999).
A common point for the development
of high-leverage practices such as explanations is the relevance of practical experience
for enacting teaching (Koteva-Mojsovska and
Nikodinovska, 2015). However, simulations
of teaching provide a systematic approach to
teaching actions without the cognitive and
emotional load of real classroom settings.
Thus, simulations of explanations for a future
classroom can be beneficial in teacher education. This particular field is being explored
with respect to defining what characterizes explanation for the classroom and showing it is
a learnable capacity (Charalambous, Hill and
Ball, 2011). However, no studies have been
conducted which formatively evaluate explanations from a cognitive perspective within
science teacher education.
Consequently, there is little knowledge
available for student science teachers to build
explanatory capacity before they start real
teaching work. Sevian and Gonsalves (2008)
constructed a rubric to assess how science
students communicated their research findings to diverse audiences. Although this was
an advance, they did not address constructing
explanations for teaching and learning, which
differs in context from and purpose from explanation / communication of science between
professionals or scientists.

1.1. Explanations for teaching
science and scientific explanation
The act of explaining has captured the
attention of educators, scientists and philosophers, especially regarding what defines a
scientific explanation (Geelan, 2013). Diverse
meanings have been given to the term explanation (Rodrigues and Pereira, 2018). Thus, it
is relevant to differentiate scientific explanations from teacher explanations.
On the one hand, scientific explanations
are the main product of scientific activity (Rodrigues and Pereira, 2018), usually in the form
of an evidence-driven explaining statement.
The purpose of such a statement is to comprehend a phenomenon and share this understanding to the scientific communities. Hence,
correct scientific vocabulary is relevant (Treagust and Harrison, 1999).
On the other hand, teacher explanations for teaching science combine axioms,
concepts with metaphors and analogies con36

necting them to compose a coherent entity
(Geelan, 2013). The purpose is to enhance
understanding and lead students to construct
meaning. Teacher explanations are not opposite to inquiry-based learning and other constructivist approaches, because they may not
be closed and they are not limited to lecturing
on a topic (Geelan, 2012).
Certainly, explanations for the classroom can be collaboratively shaped; created
from parts of students’ ideas and teachers’
counterparts through iteration (Dawes, 2004).
Consequently, explanations for teaching science differ from scientific explanations in
their rigor, details and purposes (Treagust
and Harrison, 1999). Furthermore, the transformation of the scientific explanation into a
thoughtfully produced teaching form intended
to promote learning is the main feature of a
teacher explanation (Ogborn, Kress and Martins, 1996).
The synergy of learners’ and teachers’
ideas in generating explanations in the classroom can be achieved by teachers connecting
and contrasting learners’ prior ideas with the
explanation. Moreover, by students questioning teachers’ explanations and critically analyzing the sources of explanations, they negotiate the meaning of a shared explanation and
thereby enrich them.

1.2. Styles in science teachers
explanations
Explanations in teaching science have
been considered as a way of explicating
knowledge to a non-expert audience (Treagust
and Harrison, 1999), but in teaching this is not
the only function. Explanations for the classroom transform the expert knowledge into a
different but connected type of knowledge, intelligible and more accessible for school learners (Ogborn et al., 1996). This is Pedagogical
Content Knowledge (PCK); the amalgam of
pedagogical and content knowledge oriented
to teaching (Shulman, 1986) and meaningmaking in the classrooms, for instance through
explanations.
Depending on the teacher-student interaction, there are varying styles of explanations. First, the teacher can describe the learners’ emergent ideas, connecting them with
scientific models – this is known as the ‘thinking together’ style. Second, the teacher can
turn the explanation into a tale or narrative
that blends the learners’ point of view with
the concepts (Norris et al., 2005). Third, the
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teacher can ask learners to communicate their
ideas as the teacher would, which asks for redescription or re-interpretation of students’
ideas in other scientific terms, progressively
using more precise language (Ogborn et al.,
1996). Thus, teacher explanation should not
merely be an exposition by the teacher to an
audience, but a dialogue that contrasts scientific ideas with student ideas. Indeed, learners
can propose their ideas to the class in a form
of an explanation (Dawes, 2004). From Feynman’s work (1994) it is clear that expert explainers use their imaginary to make sense of
non-observable, abstract or more difficult concepts. However, for novice learners, this task
is not easy.
Ogborn et al. (1996) indicated that explanation for teaching in the science classroom might include four tasks; marking the
point between what the learners know and
what they will know through the explanation,
constructing the entities -it means, the gestaltof the explanation, transforming learners’ prior knowledge and illustrating the phenomena
that can be explained. Nonetheless, there is a
gap in assessing the elements that teachers use
to make scientific concepts explicit to novice
learners and then taking this knowledge into
teacher education.
Therefore, the question arises: what
are the elements of pre-service teachers’ construction of explanations for the classroom?
From previous works in cognitive science and
science education, it is plausible to interpret
some criteria for the design of an assessment
instrument with formative purposes. These
follow in the next section.

1.3. Teacher explanations elements
The elements described below are in the
rubric constructed in the present study. Our
objective is to use the rubric to identify and
assess the components for making explanatory concepts explicit in science teacher education. Each element is given a rationale for
its inclusion. The first elements refer to the
structure of the explanation, and the last are
supports for representing the concepts or ideas
and their connections in explanations.

1.3.1. Structure of the explanation
for teaching science
Clarity of the elements of an explanation
implies that the features, patterns and struc-

ture of the content are illustrative and focused
(Sevian and Gonsalves, 2008). If the ideas are
difficult to understand, the explainer might
slow the word flow (Mohan, 2013). This facilitates using an understandable language for the
learners, and concepts being presented in an
appropriate vocabulary for the learners. Thus,
when making a new concept explicit, it is useful first to describe the phenomenon, its characteristics and then explain the causes based
on relevant scientific terminology (Wenham,
2005). Additionally, avoiding tautology in the
explanation favors its clarity (Geelan, 2012).
Coherence and cohesion. Explanations
do not only establish patterns or observable
relationships. Explaining implies combining
relationships which count as evidence for the
causal reasons of a phenomenon (Windschitl,
Thompson, Braaten and Stroupe, 2012). On
one hand, coherence is about how the bits of
the explanation are linked together to make
sense (Mayer and Jackson, 2005). For instance, through cause and consequence one
can make links between the parts of the explanation, exclusion or inclusion clauses, similarity, belonging, etc. On the other hand, cohesion
implies connective links between the parts of
the explanation that internally relates clauses
and sentences (Rodrigues, 2010). Indeed,
causal ties might define causality relationships
between phenomena and the underlying principles (Sevian and Gonsalves, 2008).
Sequence. The organization of the elements of an explanation is crucial for effective
science teaching (Mayer and Jackson, 2005).
Explanations should have an organizer principle (Sevian and Gonsalves, 2008), which is
usually called a sequence. Every part of the
explanation should be deducible from the precursor conditions (Wu and Shah, 2004). This
sequence should reduce the cognitive load for
the pupils (Cook, 2006). Avoiding unneeded
or disconnected details is required because an
excess of information can damage qualitative
understanding in explanations (Mayer and
Jackson, 2005).
Accuracy. This refers to precision in the
use of terms regarding current models of scientific concepts, theories or principles (Sevian
and Gonsalves, 2008). Scientific accuracy is
essential in making content explicit through
explanations; however, simplifications are
needed at times for building knowledge which
is accessible to learners (Danielson, 2013).
Completeness. Sufficiency or completeness decides whether the globalization of
the explanation contributes to understanding
(Roth and Welzel, 2001). Are the components
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of explanations sufficient or insufficient to understand what the explainer wanted to explain?
Explanations for the classroom have a teaching objective, thus, the explanation should
cover thoroughly the concept(s) intended to
be taught (Danielson, 2013).
Connection with learners’ knowledge.
This refers to building up the explanations
upon students’ prior knowledge and conceptrelated experiences or ideas required to connect the explanation with the learners (Ogborn
et al., 1996; Treagust and Harrison, 1999;
Sevian and Gonsalves, 2008). Consequently,
eliciting these before presenting new ideas
is crucial (Marzano, Pickering and Pollock,
2001). In cognitive terms, when new knowledge is intentionally connected with what
learners already know, information retention
increases (Cook, 2006). Thus, explanations
should integrate or challenge students’ prior
ideas about the phenomena (Smith, 2000).

1.3.2. Explanation representational
supports
Analogies, metaphors, simulations and
models. Analogies and metaphors help make
meaning of abstract or complex content (Aubusson, Harrison and Ritchie, 2006; Danielsson, Löfgren and Pettersson, 2018). Likewise,
models and simulations stimulate inferences
and conceptual insights because of the establishment of relationships between variables.
They also advance the conceptual understanding of scientific phenomena that are particularly abstract or complex (Podolefsky and
Finkelstein, 2007). Simulations convert static
concepts into dynamic visualizations (Baglama et al., 2017), bringing concepts to “life”
(Danielson, 2013). All of these elements facilitate mental imagery of the concepts leading
towards understanding the explanation (Geelan, 2013; Sevian and Gonsalves, 2008).
Examples, experiments, graphs or images. Relevant imagery helps students to clarify
conceptual properties or characteristics which
are usually difficult to imagine in phenomena
or to recall from the learners’ daily life experience (Buckley, 2000; Ogborn et al., 1996).
Graphs are used to show variations in information (Kozma, 2003), as well as to represent
dynamics and associations in processes (Cook,
2006). These representations can help students
develop insights into scientific understanding and detect gaps in their comprehension
(Windschitl, Thompson, and Braaten, 2008).
When explaining with images, it is relevant to
38

point out the specific aspect of the concept being illustrated (Sevian and Gonsalves, 2008).
Likewise, in experiments it is valuable to
call learners’ attention to the reasons the experiment processes worked or not in a defined
way. Regarding knowledge structure, experts
connect the explanations with the underlying
principles to help learners to create mental
models (Snyder, 2000).
Gestures and voice inflections. Such
cues serve as emphasis variation in explanations (Mohan, 2013). Body gestures help students’ comprehension processes when connecting to the discourse of the explanation
(Geelan, 2013). On the contrary, gestures
might be useless or distractive if they are not
representing an aspect of the concept (Sevian
and Gonsalves, 2008). Hand and body gestures are part of non-verbal language useful
to communicate conceptual properties (Roth
and Welzel, 2001). Voice changes or speech
pace variation might add relevance to certain
parts of the explanation and help learners to
discriminate between the relevant and the irrelevant in an explanation (Sevian and Gonsalves, 2008).
Promoting learning from misconceptions. Misconceptions are understood in this
article as misunderstandings of specific information (Martin, Sexton and Gerlovich, 2009).
Teachers need to prevent learners from constructing common misconceptions, by inquiring, exploring and contrasting. Misconceptions are considered excellent tools to start
making thinking processes visible for students; thus, misconceptions are approached as
learning opportunities (Carrascosa, 2006).

1.4. The current study
This study explores and assesses the
above elements in pre-service teachers’ explanations with a rubric constructed for formative assessment during teacher education.
The rubric was developed as part of a broader
research into how pre-service teachers might
improve in their ability to make scientific concepts explicit for learners. The rubric embodies the assumption that there are elements of
explanations, which are high-leverage; these
are also more difficult to use and improve by
pre-service teachers.
This paper argues that the development
of a rubric, which decomposes the practice of
explaining concepts into several assessable
elements, informed by cognitive science and
science education, is a contribution for pre-
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service teachers’ formative assessment, whilst
also providing pre-classroom opportunities to
rehearse and improve competencies for making concepts explicit for teaching science in
classrooms. This should better prepare preservice teachers to engage in high-leverage
practices, which are known to promote learners’ cognitive skills and engagement (Larkin,
2017).
The research questions were: 1. What
are the elements of pre-service teachers’ explanations in a simulated context? 2. Can the
elements be grouped in general constructs? 3.
How can the elements be organized and improved?

pants with formative peer assessment. At the
end of the workshop, they performed a second
microteaching episode. The micro-teaching
episodes lasted from 7 to 20 minutes and were
recorded for further analysis. Only 20 participants completed both episodes and at least 6
of the 10 sessions, and these constituted the
final sample.

2.2. Development and application of
the assessment instrument

Nineteen initial aspects of explanations
were proposed, sourced from the literature in
science education and cognitive science. There
were specific elements for science education,
but some of the others could also be applied to
2. MATERIALS AND METHODS other subjects. Elements which were too wide
were discarded to maintain the focus on explanations. Then the 17 aspects remaining were
2.1. Research design
decomposed into three levels of completion.
The study was of a pre-post design based Each level contained observable features that
on quantitative measurements, but also ex- could be addressed during teaching based on
ploratory in the sense that qualitative analy- explanations. These were adjusted by science
ses were undertaken. Thirty-eight pre-service teacher experts’ judgment, grouping some eleteachers signed a consent to participate. The ments because of the role played in an explaparticipants were undergraduate student sci- nation. For instance, the examples, graphs, imence teachers in the last year of their program ages and experiments were organized together
from three universities; they had small prior as constituents which illustrated or clarified
teaching experience of only a few weeks; the aspects/properties of the concept being exaverage age was 25 years and they belonged to plained. Table 1 details the process.
low or lower-medium socio-economic status in
Table 1. Criteria from literature review
the country, which is very similar to the backand
process
ground origins of in-service teachers. Around
40% identified themselves as male and 60% as
female, which was also close to the distribution of the in-service science teachers working
force (38.6% and 61.4% respectively). They
lived in an urban zone of the Chilean capital,
Santiago.
The sampling in this study was purposive, looking for typical cases in which each
university represented a unit of analysis. Additionally, the pre-service teachers invited to
participate agreed to join the research project
voluntarily. The process attempted to select
information-rich data in accordance with Patton (2001).
The pre-service teachers joined a
10-session peer assessment workshop, which
occupied between one and two hours extra
work per week. This workshop was undertaken before they started their practicum. They
were asked to explain a scientific concept to a
simulated classroom composed of their classmates in a microteaching episode. They then
were set to discuss in groups of 4-5 particiwww.ijcrsee.com
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The same process worked with criteria
7 and 8, 12 and 13, 14 and 15. The criteria
1, 2, and 17 were removed because it would
not be possible to observe them in a teaching episode. The experts suggested including
the criteria of completeness and sufficiency,
which implied that the components of the explanation should be enough to understand the
targeted concept. Thus, a ten-criterion version
rubric was obtained, and we called it REC
(Rubric for formative assessment of Explanations of scientific Concepts).
REC was tested in a pilot study with
17 science lessons videotaped in different
real teaching contexts by beginning teachers. This led to 60 explanations in total as a
lesson contained more than one explanation.
The coding system was double-blinded, interrater reliability was calculated and Pearson’s
correlations were used for analysis. The internal consistency (reliability) of the rubric was
α = 0.60 (n=10), to which every element had
contributed. In line with the literature review,
reorganization of the elements based on their
correlations was done instead of deletion. After this pilot test, REC was further validated
by expert panel revision. Instrument developers at The National Teacher Assessment System for public education in Chile collaborated.
They suggested some language modification
and re-ordering of some performance levels.
This last version (see Appendix) was applied
to forty of the pre-service teachers’ microteaching episodes recorded.
In order to assure reliability, 100 % of
the videos were blind double-coded. Inter-rater
agreement was 80.35 %. The rubric was found
to be reliable for this group (α = .77, n=10)
and all the elements contributed to its internal consistency. No element, if deleted, would
have substantially increased the reliability.
Around half of the correlations between the
elements (E) were statistically significant (p<.
05), and all elements were statistically significantly correlated with the total (T) score (Table 2, presented in the next page). Each level
of assessment was used at least once, which
supports their applicability and pertinence to
assess pre-service teacher explanations.

40

rubric

Table 2. Correlation matrix of the final

3. RESULTS
The participants’ initial microteaching
episodes showed a varied outline, featuring
high and low scores in the criteria. There were
a few participants with obtained high scores,
however, the general pattern observed was
based on medium levels of performance when
marked against the rubric. Most of the elements that pre-service teachers showed - at the
moment of making concepts explicit through
explanations - were half achieved.
The minimum score obtained in a microteaching explanation episode was 5 out of
20, the maximum 17, and the standard deviation was 3.38.
The rubric elements that were the most
developed in this group were the sequence of
the explanation (SQ3) and using an example,
graph or image in the explanation (SQ8). On
the contrary, difficulties were found in using analogies, metaphors or models, and approaching misconceptions as learning opportunities for making concepts explicit to the
learners. The other criteria were considered to
be at a medium level.
After the workshop, the participants’
final microteaching episodes presented a wider
spectrum in the elements for making concepts
explicit through explanations. The minimum
score in the whole group was 6 out of 20, the
maximum was 19, with a standard deviation
of 3.38.
The whole groups’ pre and post scores
are shown in Figure 1. There were score criteria (SQ) with a marked improvement after
the workshop in some (i.e. SQ1, SQ6), almost no advance in others (i.e. SQ3, SQ5) or
a decrease in a criterion (SQ8).
If we compare the means of the pre and
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post scores, the pre-service teachers’ explanations were rated higher after the workshop
than at the beginning (mean pre-test=10.1, SD
=3.38; mean post-test=14.65; SD =3.38). The
difference was 4.55 points. The effect size was
high (d=1.34) (Cohen’s delta).

were also the lowest criteria once the workshop ended. This suggests those elements need
more support to be performed in a high level
by pre-service teachers. Perhaps explanation
based on metaphors, analogies or models require more refined content knowledge, which
was not the focus of this workshop. They
might also require extra time and dedicated
interventions based on the intersection of pedagogical and content knowledge to reach the
level expected by the rubric.

4. DISCUSSION

Figure 1. Comparison of scores pre and
post work-shop using the rubric REC
One-way ANOVA identified significant
differences between the scores obtained at the
pre and post measurements (F=16.54, df=39,
p<.001), as shown in Table 3. Thus, there
were changes in participant teachers’ ways of
explaining after peer assessment based on the
rubric, which suggest an advance in this crucial teaching practice.
Table 3. ANOVA one-way pre and post
workshop

Looking at case-to-case instances, only
two pre-service teachers had difficulties with
improving their initial score. Otherwise, the
participants with low initial scores showed
the greatest improvements at the end of the
workshop. This suggests that formative peer
assessment based on the rubric was especially
appropriate for participants with greater difficulties in making scientific concepts explicit
through explanations.
Regarding the general pattern, the majority of elements had a better score after the
peer assessment workshop. Nonetheless, the
weakest criteria at the beginning (SQ7, SQ10)

The rubric presented in this paper was
useful in identifying strengths and areas for
further development in pre-service teachers
explanations. Making scientific concepts explicit through metaphors, analogies or models is relevant for teaching from a cognitive
perspective, because they require higher-order
thinking skills and flexibility of thinking (Ogborn et al., 1996). Moreover, they enhance
students’ representation and mental model
construction (Aubusson, Harrison and Ritchie,
2006; Danielsson, Löfgren and Pettersson,
2018). However, they need a focused strategy
to be improved in teacher education. Teachers’
content knowledge has a role in their instructional representations (Danielsson, Löfgren
and Pettersson, 2018). Perhaps a well-integrated, precise and intellectually challenging
understanding of science would favor cognitively oriented teaching practice through explanations. Pedagogical experience is relevant
for designing student-centered teaching practices (Koteva-Mojsovska and Nikodinovska,
2015), including simulated teaching practices
as in our study.
In this paper, the easiest elements of the
pattern in which pre-service teachers made
scientific concepts explicit through explanations were clarity (SQ1) and connection with
students’ prior knowledge and experience
(SQ6). After the workshop the rubric detected
clearer explanations, which were connected
with students’ prior understandings and constructed from a synergy of teachers’ and students’ ideas - which is a prominent principle
in a constructivist approach for science education (Geelan, 2012).
Otherwise, the rubric detected one element of explanation without improvement after peer assessment; using examples, graphic
representations and images. These were the
strongest elements at the beginning of the
workshop. However, the participants reported
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that after peer discussion about the characteristics of cognitively challenging examples, a
few of them were more confident to use other
resources such as analogies in the final microteaching episode, which might explain the
decrease.
In summary, the development and application of the rubric allowed the diagnosis
and improvement of participants’ explanations
in terms of explanatory clarity, coherence and
cohesion of parts, sequence and sufficiency regarding the pedagogical aim, connection with
students’ prior ideas or experiences, and use
of non-verbal language for representation and
emphases.
Regarding the limitations of this research, as the participant selection was not
randomized but voluntary based on a workshop invitation, statistical analysis such as factor analysis of the rubric were not used. Additionally, a comparison group was not available
and the participants could abandon the workshop at anytime for ethical reasons. Thus, only
data from participants with a minimum of 6
out to 10 sessions attended was considered for
the results, so the initial sample size was reduced. For further research, better incentives
for participants to remain during the workshops will be crucial.
The numerical comparison obtained
through the rubric was based solely on an element’s absence, presence and a quality aspect
when performed. Hence, each element could
have a score of 0, 1 or 2. Thus, only for comparative purposes can we establish a general
pattern designed to give feedback to pre-service teachers to enable improving the weak elements. This is a limitation of other potential
uses of the rubric such as promotion of teachers or other high-stake consequences.
Otherwise, considering explaining as
a central competence for science teaching
(Geelan, 2012), the present study contributes
evidence for developing high-leverage practice before science teachers face the multiple
challenges of real school settings. The study
presented here highlights the relevance of preparing new teachers with varied strategies for
making concepts explicit in the classroom.
The rubric constructed for formative assessment is a tool for teacher education.
Moreover, the present study opens a
discussion surrounding Pedagogical Content
Knowledge (PCK) development in pre-service
teachers. Making scientific concepts explicit
through teaching requires PCK and practical
experience. Shulman’s postulates (1986) have
remarked that PCK, as the amalgam between
42

content, pedagogical and context knowledge,
needs teaching practice and synergy to be
crafted. The present research resonates with
this, but expands the argument. Pedagogical
Content Knowledge for making scientific concepts explicit for teaching can be developed
during initial teacher education, if targeted
practices are decomposed and rehearsed in
protected formative context. Teaching practice
in simulated settings might be introduced as a
resource in the early stages of teacher education, which opens new research questions.
The present research also contributes to
help fill the gap in the literature concerning
the construction of explanations by science
pre-service teachers - particularly regarding
the elements for making scientific concepts
explicit. Although the literature review suggested some features of effective explanations, such as adequacy to the audience (Norris et al., 2005; Sevian and Gonsalves, 2008)
and the giving of examples (Buckley, 2000;
Ogborn et al., 1996), no prior reference was
found on how to transform those elements into
assessment criteria for formative purposes in
teacher education.
This paper also provides an organized
and conceptually valid rubric to formatively
assess pre-service science teacher explanations. The rubric was designed for diagnosing
and intervening in teacher education, but also
as a progress monitoring instrument, which is
a novel contribution to the field of research in
education and the practice of teaching.

5. CONCLUSIONS
Regarding the research question about
the elements of pre-service teachers’ explanations in a simulated context, this study has
documented some diverse criteria of science
teachers’ explanations present in the cognitive science literature and described their
assessment within the frame of the development of a rubric for teacher education. The
findings showed the explanation strengths of
pre-service teachers in explaining based on
examples, graphs and images. However, difficulties were found in using and improving
analogies, metaphors, and models, and approaching misconceptions as learning opportunities, which have to be addressed.
The rubric REC grouped structural and
supportive elements in three levels of performance, based on conceptual features and the
function they have on sharing and constructing meaning in the explanation. This organi-
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zation answers the second research question;
Can the elements be grouped in general constructs? (see REC in Appendix).
The third question of this study referred
to the extent to which the elements of explanations can be organized and improved. The instrument has detected patterns and changes in
simulating a high-leverage teaching practice;
making scientific concepts explicit through
explanations. This sensitive detection allows
monitoring of constraints and advances during
teacher education. There were statistically significant changes in participant teachers’ ways
of explaining after peer assessment, which
suggest an advance in this crucial teaching
practice. A large effect size was found (notwithstanding the small sample).
Thus, from this work, we recommend
that teacher educators give opportunities to
simulate, rehearse and assess teaching practices conducive to learning with a formative
purpose, such as explaining for the classroom.
It is important to highlight that explanations for the classroom are different from scientific explanations. It is not enough to know
explanations from science to explain successfully in the classroom. One of the critical aspects of teacher education is helping
pre-service teachers to develop knowledge
integrated with skills for teaching. Simulating
explanations for the science classroom synergizes content knowledge and pedagogical
content knowledge in one practice that has a
strong influence on learning. Therefore, it is
necessary that teacher education provides the
learning scenarios for this to happen. We have
described in this work the decomposition of
practice for helping pre-service teachers to
build skills and confidence, through formative
peer assessment facilitated by the rubric REC,
which we suggest especially for their weaknesses.
We know that school contexts present
several challenges - many times the complex
and simultaneous demands of real classrooms
are shocking for new teachers. Hence, we recommend gradually introducing pre-service
teachers to real settings of practice to allow
them to orchestrate the bits and pieces needed
for teaching diverse groups of students with
different conditions and needs.
Simulation of relevant teaching practices, as in our study with explanations, together
with a climate of constructive assessment and
a detailed analysis of teaching practices can
not only improve the preparedness to teach,
but also help to build a culture of formative
peer assessment with instruments such as

REC that diagnoses, facilitates and monitors
changes in high-leverage teaching practices.
Besides, this study echoes with the increased relevance of student-centered teaching approaches, not only in schools but also in
teacher preparation programs.
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APPENDIX
Rubric for formative assessment of Explanations of scientific Concepts (REC). Adapted
from Cabello, (2013)
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