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1. Summary

This descripiton will provide ideas and inspiration on how to formatively assess the
'modeling competence' using the peer-assessment method. There will be a description
of what students and what the teacher are expected to do (their task) and how stu-
dents’ learning working process could be formatively assessed.

The “Peer-assessment” method certainly could be used in many fields of competence.
Here the focus lies on the modeling competence in a paradigmatic example in Science.

Subiject

Modeling competence generally integrateable in all science
subjects, in mathematics and technology education.
Paradigmatic example in Physics unit: moon phases, 5 les-

sons of 40 minutes over 2 weeks.

School level

Modeling competence integrateable in lower and secondary
education level

Paradigmatic example in lower secondary school level

Assessed compe-
tences in the para-

digmatic example

In modeling

“Model construction (Stratford, Krajcik, & Soloway, 1998);
model use (NRC, 2012); comparison between models
(Penner, Giles, Lehrer, & Schauble, 1997); model revision
(Schwarz & White, 2005) and model validation have been
identified as the practices in which students can be usefully
engaged during modelling”

(taken from ASSIST-ME report D4.7)

Data collection

about student learn-

ing

Students’ artifacts: constructed model about the phenome-

non of the moon phases

Feedback method

Reciprocal peer-assessment, written comments

Combination with
summative assess-

ment

Description, guidelines and paradigmatic example for form-
ative assessment, assessment criteria also usable for

summative assessment.

Table 1. Main characteristics of assessment method "Peer-assessment on students’

model about the phenomenon of the moon phases".
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2. Modeling competence

Modeling is the process of constructing and using scientific models (Hestenes, 1987)
and it is considered an integral part of science (NRC, 2012). Efforts to design model-
ling-based learning (MBL) instruction have relied on a theoretical framework about the
modelling competence, which analyses its constituent components into two broad cat-
egories, namely modelling practices and meta-knowledge (figure 1). Underlying this
framework is the idea that student modelling competence can emerge as a result of
active participation in specific modelling practices and can be reinforced by meta-
knowledge about models and modelling (2009). Model construction (Stratford, Krajcik,
& Soloway, 1998); model use (NRC, 2012); comparison between models (Penner,
Giles, Lehrer, & Schauble, 1997); model revision (Schwarz & White, 2005) and model
validation have been identified as the practices in which students can be usefully en-
gaged during modelling. Meta-knowledge, on the other hand, is analysed into the met-
acognitive knowledge about the modelling process; this refers to student ability to ex-
plicitly describe and reflect on the actual process of modelling, but also on the
knowledge about the nature and the purpose of models (Schwarz & White, 2005). In
other words, this framework posits what scientists do during modelling and at the same
time what we want students to do, so as to be modelling competent.

MODELING COMPETENCE

/\

Modeling practices Meta-knowledge

Metacognitive knowledge Meta-modeling

about the modeling process knowledge

——
Evaluate

Nature of Role of
models models

construct

and revise

Figure 1: Modelling Competence Framework (Papaevripidou, Nicolaou, & Constan-
tinou, 2014).

(Taken from ASSIST-ME report D4.7, p. 43)
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3. Description of the assessment method with guide-
lines how to use it

A novelty approach in formative assessment context is the active involvement of stu-
dents when assessing a peer’s work, known as peer assessment. When students get
engaged in peer-assessment activities, they produce peer-feedback, which could po-
tentially assist peer assesses but also peer assessors in their learning process. There-
fore, in this chapter, the use of peer-feedback as a means of formative assessment will
be described. Peer assessment is conceptualized as an educational arrangement
where students judge peers’ performance by providing grades, and/or offering written
or oral feedback (Topping, 1998). The method of peer-assessment presented here was
inspired by the strategy "activating students as instructional resources for one another"
(Leahy et al., 2005). Peer-assessment is seen as particularly powerful since "students
may accept criticisms of their work from one another that they would not take seriously
if the remarks were offered by a teacher. Peer work is also valuable because the inter-
change will be in language that students themselves naturally use [...]" (Black et al.,
2004, p. 14). Finally, the same authors find evidence that "when students do not un-
derstand an explanation, they are likely to interrupt a fellow student when they would
not interrupt a teacher." (Black et al., 2004, p. 14).

Peer-assessment can be one-way or two-way (reciprocal). In one-way peer-
assessment, students undertake either the role of the assessor or the assessee. On
the other hand, in reciprocal (or two-way) peer-assessment, students undertake both
the role of the assessor and the assessee, by assessing each other’'s work. The ra-
tionale lying behind reciprocal peer-assessment is that all students are given the oppor-
tunity to experience both the role of the assessor and the assessee and benefit from
both practices. In order to implement reciprocal peer-assessment pairs of individual
students or pairs of students’ groups need to be formed. Then the pairs of students
and/or groups share their work/ learning outcomes from the learning process. Initially in
the peer-assessor role, the students are asked to assess their peers’ work and to pro-
duce peer feedback. The peer feedback could either be of quantitative (e.g. grades)
and/ or qualitative nature (e.g. oral or written comments which could include sugges-
tions and recommendations for future action). The aim of the qualitative peer feedback
is to assist peers in identifying the strengths and weakness or their work and in addition
to provide suggestions for improving their learning process (Topping, 2003). Perform-
ing the peer-assessor role requires students to have and practice their assessment
skills, namely: defining criteria, judging the performance of a peer, and providing feed-
back (Sluijsmans, 2002). Students could be supported through the provision of scaf-
folds while performing each one of these assessment skills.

Caveat! If students are novices in peer-assessing and have no prior experience on how
to define assessing criteria or what has to be measured in the learning process
and thus compose assessment criteria, they could alternatively be provided with

those criteria from the teacher, in order to better execute their task. In that case, usual-

ly criteria are provided to peer assessors in the form of a rubric (see, for instance,

Hafner & Hafner, 2003; Kocakulah, 2010). If the students have already acquired some
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expertise on peer-assessment, then they could define by themselves which elements
of the task determine how success of the performance is measured (Topping, 2003)
and therefore compose their own assessment criteria in regard to this. As far as the
skill of judging the performance of a peer is concerned, students are responsible to
critically analyze and judge a peer's performance, by applying the assessment criteria
that have been given by the teacher (Topping, Smith, Swanson, & Elliot, 2000), or the
assessment criteria that have been defined by themselves. With regard to the skill of
providing feedback, peer assessors need to communicate their judgments to peer as-
sessees and provide constructive feedback about their learning process. After having
completed their task as peer-assessors, students change roles and become the as-
sessees. Students receive the peer-feedback initially created by their peers. In the
peer-assessee role, students are called to critically review the peer feedback received
and decide on the actions to be taken. The skills required for enacting this role are dif-
ferent in nature from those of the peer-assessor. Peer-feedback might include flaws,
since peer assessors are most probably novices in giving feedback. Therefore peer
assessees need to filter the peer feedback and then decide whether there is a need to
adopt peers’ suggestions and recommendations and therefore whether there is a need
to revise their work and/or making considerations in their future work.

In reciprocal peer-assessment students could potentially benefit from

experiencing both roles. Firstly in the peer-assessor role, the students

practice and develop the aforementioned assessment skills (Hanra-

han & Isaacs, 2001; Lin, Liu, & Yuan, 2001; Topping, 1998). Second,

when writing feedback, students have more opportunities to engage in

important cognitive activities, such as critical thinking (e.g., deciding what constitutes a

good or poor piece of work), reflection etc. Third, students’ informational resources

expand by viewing and reviewing peers’ work since they are given the opportunity to

see examples of other students’ work. This could potentially lead to experiencing im-

plicitly self-assessment too, by comparing their own work and that of their peers’,
hence reflecting on their own learning achievements.

A number of benefits for learning could also be associated with the peer-assessee role
(Tsivitanidou, Zacharia, & Hovardas, 2011; Hanrahan & Isaacs, 2001; Harlen, 2007;
Lin et al., 2001; Lindsay & Clarke, 2001; Topping, 2003). Firstly students get the oppor-
tunity to receive additional feedback, compared to a more traditional setting where
feedback usually comes from the teacher. Secondly, peer feedback might be more
comprehensible to students since they share a common language/ coding. Thirdly,
feedback derives from peers who have experienced the same learning process and
possibly who have faced the same difficulties while performing the tasks of the learning
sequence. As a result, the peer feedback could detect in a more direct way possible
ways to overcome those difficulties and in a comprehensible language. Finally students
while enacting the peer assessee role engage in important cognitive activities, such as
critical thinking (e.g. while filtering peer feedback and deciding what constitutes a good
or not peer feedback).
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In this peer-assessment method, the students should exchange the models they have
constructed based on data given by the teacher or a simulator or after having noted
their own observations. The peer-assessment method endorsed in this example is re-
ciprocal peer-assessment. This means that students both assess their peers’ model
and are being assessed by other peers. The students should try to evaluate their peers’
model in regard to: (1) its functionality, whether the model explains the phenomenon of
moon phases (2) its predictability, whether predictions could be done based on the
model, (3) any other aspects that the students might consider as important to be med
in a scientific model. After the completion of the model’s evaluation, each peer-groups
receives its feedback (could be more than one, please see below for more details) and
is allowed to filter it and make revisions if there is such a necessity.

Finally, even though the assessment method chosen for this paradigmatic example is
peer-assessment, it incorporates features of the feedback method marking (grading
and written comments), since the peer-feedback described in this example is supposed
to be delivered via written comment from a peer to a peer. As described in more details
later on, the written peer feedback could emerge from an unsupported peer-
assessment method or a supported one. In the first case, the students are free to give
written feedback in any form/ way that they wish to. In the second case, the students
are given a rubric (see subchapter Assessment criteria for students’ artifacts) in which
the peer assessors are required to assign a score as well as to give a qualitative com-
ment supporting the assigned scoring.

“Rubrics articulate the expectations for an assignment or a learning goal by listing the
relevant criteria the teacher looks for, or what counts that students should show to
demonstrate various levels of performance.” The peers in that case “indicate the stu-
dent's scoring by placing a cross in the correct level of performance”. “Written com-
ments should identify what has been done well and what still needs improvement, and
give guidance on how to make that improvement (Black et al., 2003). The same au-
thors explain that simple 'good’, 'well done’, etc. is not sufficient since these general
evaluations do not say what has been achieved nor what should be the next steps to

be taken” (taken from ASSIST-ME report D4.7, pp 21).
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4. Paradigmatic example: Physics, lower Secondary
level

In this chapter, the use of a method for formatively peer-assessing students' modeling
competence will be illustrated by an example. The assessment method used in this
paradigmatic example is reciprocal peer-assessment. In reciprocal peer-assessment
students enact both the roles of the assessor and the assessee (for more details see
above the description of reciprocal peer-assessment). The purpose of students’ artifact,
that is a constructed model, should meet the criteria of representing, interpreting and
predicting the phenomenon. In this paradigmatic example students should develop
their modeling practices and in particular: model construction, use, comparison and
evaluation. The two first components of the modeling practices (construction and use)
should be accomplished within the home group work; the comparison and evaluation
components should be practiced during the peer-assessment procedure, since their
model about moon phases should be reviewed be peers; the revision component
should take place within the initial home groups.

Students will initially work in their home groups (or pairs). Following the teaching mate-
rial and collecting data they will be requested to construct their own model in order to
explain the phenomenon. The example of using the method of peer-assessment is pre-
sented for a unit where the students are asked to construct their own model regarding
the phenomenon of moon phases which will gradually lead them to the development of
their model which will explain the aforementioned phenomenon and will be able to be
used for future predictions. In this paradigmatic example the teaching material is de-
rived from Physics by Inquiry (McDermott, & P.E.G., U. Wash., 1996). For the purposes
of this example, the sub-chapter “Astronomy by Sight- Section 5” is used. The teaching
approach embraced is guided inquiry; this means that the instructions provided in this
curriculum guides students to gradually construct their own model. At the beginning of
the teaching sequence, the students are asked to collect by themselves recordings of
the moon phases in a piece of paper, thereby creating a “Moon Observation Summary
Chart”. For the purposes of this example, the data collection could be part of the teach-
ing sequence; that is to say, students could be engaged in the procedure of collecting
that data for a month. Due to the long period of time (one month) that is required for the
data collection purposes, another option could be that the teacher provides students
with data (data collected by students in previous years, or data that the teacher has
already collected for a whole period of a month). Even in the latter case, a good idea
could be to engage students in the data collection process (e.g. for two or three days)
just to give them the opportunity to get familiar with the process and understand the
provided data.

As the next step, the students are asked to carefully examine the data, try to identify
patterns in the behavior of the moon and if possible group the data based on those
patterns. This work should be done in the class within students’ home groups and no
lecture is taking place during the courses. On the contrary students follow the teaching
material which is comprised by guidance questions and tasks and they (the students)
are guided to reason through available data and carefully prepared worksheets. The
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teaching material incorporates “check points” with the teacher (or trained facilitators)
whose duty is to assist the students finding their own path to understanding the under
study phenomenon by guiding them with carefully chosen questions. In this specific
paradigmatic example, the peer-assessment method is incorporated in the first “check
point” where students are given the opportunity to exchange feedback between the
various home groups (for more details see sub-chapter “Astronomy by Sight, Section 5.
Phases of the moon, in Physics by Inquiry: McDermott, & P.E.G., U. Wash., 1996, p.
353).

In brief, the teaching material until the first check point, guides students through guided
guestions to: (1) carefully examine the provided data during the course of a single day/
the entire period of observations, and observe whether the appearance of the moon
varies and how, (2) try to identify patterns in the way that the shape of the moon
changes, (3) put in the right order several sketches of the moon’s appearance which
are given, and label each phase based on a convection that is described in a given text
(e.g. waxing gibbous moon, waning crescent moon etc.), (4) answer to a series of
guestions given, in regard to the sun position in the sky in various moon phases, sup-
porting their answers with examples from the observations, (5) identify whether the
angle between the sun and the moon is always the same when the moon has a particu-
lar phase, (6) try to illustrate the phenomenon using a light bulb and after having dark-
en the room, along with a reasoning explaining the phenomenon so far, (6) discuss the
following statement: “The phases of the moon are caused by the shadow of the earth”.

In other words students are provided with guided questions and texts, which will allow
them to gradually construct their own scientific model in their home groups. Their final
models (at the end of the whole unit) should be adequate to represent, interpret and
make predictions about the moon phase’s phenomenon (for more details see Physics
by Inquiry by McDermott, & P.E.G., U. Wash., 1996, p. 349).

In this example, after having completed all the aforementioned tasks, students are
asked to construct their first model about the moon’s monthly motion and shape, which
could be a written description or a drawing or even an illustration using a light bulb; in
any case the relative objects, variables, quantities, processes and relations should be
presented along with the “story” behind the model (its interpretive power).Therefore
their task is to develop an external representation of this physical phenomenon which
should be accompanied with an underlying mechanism which will rule the model. In this
particular example the external representation should include the moon, the earth and
the sun and the underlying mechanism of the moon phases’ phenomenon should refer
to the changing angles (relative positions) of the earth, the moon and the sun, as the
moon orbits the earth. The completion of a draft model by each group would determine
the accomplishment of phase 1 in this peer-assessment method (see figure 2).
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Figure 2. Reciprocal peer-assessment method

Once a draft model is completed, students of each group are asked to exchange their
model with those of another group. In particular, one group of students gives its model
to another group of students and vice versa. An alternative option would be to have the
assesses demonstrating the model (e.g. in the case they use their own bodies to model
the phenomenon, where the head represents the earth, a light bulb the sun and a peer
holding a ball the moon) to the peer assessors, supplementing the demonstration with
a written and/or oral rationale (see for example Figure 3).

Figure 3: Demonstrating the model of the moon phases phenomenon (Halkia, 2006)

The pairs of group assessors- assessees could be predefined by the teacher or ran-
domly. In this type or peer-assessment each group’s model is assessing the model of
another peer-group and is being assessed by the same peer-group. The assessment
method could be supported or unsupported. In the first case, scaffolds could be given
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to students in order to implement the peer-assessment procedure (e.g. assessment
criteria in the form of a rubric; see sub-chapter below); in the second case no scaffolds
could be given to peer-assessors. In the latter case the students are free to assess
their peer’'s model following their own rationale and giving emphasis on what they by
themselves consider as important to be assessed. The decision on what type of peer-
assessment to use (supported/ unsupported) could rest on the teacher. If the teacher
feels that his/ hers students are novices in peer-assessing, then supported peer-
assessment could be employed using the assessment criteria given in the next sub-
chapter. The peer-assessment should be implemented individually. Therefore, if each
group is comprised of two students, two feedback texts or filled in rubrics should
emerge from each peer-assessor group. Consequently, each peer-assessee group
should receive two different feedback texts or filled in rubrics from the corresponding
assessor- group. This is phase 2 of this peer-assessment method (see figure 1).

After the peer-assessment completion, students within their home groups should re-
ceive the peer-feedback and collaboratively decide on the actions to be taken after a
short discussion within the group. That is to say the students will have time to review
peer-feedback and make revisions on their models if they consider it as significant to
do in order to improve their models. Even if the peer-feedback’s content might not be
useful for a peer-assessee group, revisions in their models could be also emerge if the
peer-assesses have noticed a better structured of the peer-model that they had as-
sessed as peer-assessors. In either way students could benefit from this procedure.
This is phase 3 of this peer-assessment method (see figure 1). At the end of the les-
son, the teacher should lead a whole-class discussion where students could present
their initial and revised models. During this discussion the students could explain how
they experienced the peer-assessment method, what they liked about it and what not
and if this assessment method assisted them in revising their models.
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5. Assessment criteria for students’ artifacts

The following paragraph gives an overview of assessment criteria that could be used
while peer-assessing a peer’'s model. The assessment criteria provided in the rubric
concern: the representational power of the model (inclusion of objects, variable quanti-
ties, processes, relations) (see criteria 1.1- 1.4), its interpretive power (the sto-
ry/mechanism behind it) (see criteria 2-3) and its predictive power (see criteria 4-8). In
regard to the criteria 1.1- 1.4, the necessary components that must be mentioned are:
earth, sun, moon (objects), moon position in regard to earth and sun (variables), motion
of the moon around the earth and around itself (processes), the sunlight hits the moon
and the light that hits the moon reflects to the earth (interactions) etc.

Content-related criteria:

Table 1. Example of a rubric with pre-defined assessment criteria

1: dissatisfied, 4: satisfied

Explain your reasoning

Assessment criteria

Comments

1. The model includes all nec-
essary components:

1.1 Objects

(earth, sun, moon)

1.2 Variables

(moon position in regard to
earth and sun)

1.3 Processes

(motion of the moon around the
earth and around itself)

1.4. Interactions

(the sunlight hits the moon and
the light that hits the moon re-
flects to the earth)
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2. The model is ruled by an
underlying mechanism which
interprets the phenomenon.

State here which
mechanism:

is the

3. The underlying mechanism
that rules the model is scientifi-
cally correct.

4. Using the model we can de-
fine the sun’s position, when
there is a full moon.

5. Using the model we can de-
fine the sun’s position, when
the moon is in the first quarter
phase.

6. Using the model we can de-
fine the sun’s position, when
the moon is in the third quarter
phase.

7. Using the model provided by
our peers, we are in the posi-
tion to order the following moon
phases as they would appear
during the course of a month.

OJD114
OJ1O] D]

8. The model can be used for
prediction purposes. This
means that the model could be
used to predict how the moon
shall appear in a specific day of
the month.

9. Criteria added by students.
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