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Strand 11 bus
STRAND 11: INTRODUCTION

EVALUATION AND ASSESSMENT OF STUDENT LEARNING AND
DEVELOPMENT

Strand 11 focused on a wide range of issues related to the evaluation and assessment of student
learning and development, both on an individual and classroom level and on a national and
international level.

The use of assessment instruments (like tests, questionnaires etc.), as tools for exploring and
answering other research questions of interest, is not part of the strand mission. In Strand 11
the focus is primarily on the instrument itself, the emphasis is on the development,
implementation, validation and use of assessment instruments — and on the consequences of
the use of the instruments. These can include standardized tests, achievement tests, high stakes
tests, and instruments for measuring attitudes, interests, beliefs, self-efficacy, science process
skills and competences, conceptual understandings, and so on. They may be developed with a
view to making assessment more ‘authentic’ in some sense, to facilitate formative use of
assessment, or to improve summative assessment of student learning.

Jens Dolin

(greatly mourning the loss of Per Morten Kind who participated in the strand work even
heavily marked by his illness)
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USE OF CASE STUDY TO DEVELOP AND EXEMPLIFY OF A
MODEL OF TEACHER ASSESSMENT

Sarah Earle
Bath Spa University, England

The Teacher Assessment in Primary Science (TAPS) project is based at Bath Spa University
and funded by the Primary Science Teaching Trust. Using a Design-Based Research (DBR)
approach it has worked collaboratively with schools to operationalize a model of teacher
assessment put forward by the Nuffield Foundation (2012) whereby formative classroom
assessment information is summarized for summative purposes (Davies, Earle, McMahon,
Howe & Collier, 2017). This paper presents a case study of one of the TAPS project schools
utilizing data from school visits and TAPS development days, collected between June 2013 and
June 2015. The case study addresses research questions around the nature of formative and
summative assessment, and the relationship between the two within the school. In discussion
of the case, the aim is to explore the enactment of a ‘formative to summative’ approach to
assessment in primary science, as proposed by the Nuffield Foundation (2012) and TAPS
(Davies et al. 2016). Key features of practice drawn from the case include the use of: pupil
self and peer assessment; explicit criteria; and whole school moderation meetings. Questions
are raised for the DBR approach regarding benefits of the partnership for the school, since
little change in primary science practice was seen during the case study period; whilst the
school has supported development of the TAPS pyramid model, for example, with the inclusion
of a ‘shared understanding’ criterion in response to practice seen in schools.

Keywords: formative assessment, design-based research, primary school

INTRODUCTION

Assessment is fundamental to the practice of education, yet it is not neutral, it is value-laden;
assessment processes determine what is valuable to learn and what success will look like, it:
“creates and shapes what is measured” (Stobart, 2008: 1). Since assessment shapes the
curriculum as experienced by children; it is essential for such assessment practices to be well
understood by teachers. The functions and effect of assessment have received much attention,
with some arguing (Black & Wiliam, 1998) that assessment should have an impact on learning
otherwise there is little point in conducting the assessment in the first place. Research into
formative assessment champions the use of assessment to support learners with their next steps
(Gardner, Harlen, Hayward, Stobart & Montgomery, 2010); whilst summative assessment
became viewed in a negative light because of suggestions that it was the cause of curriculum
narrowing and teaching to the test (Harlen, 2013). However, education systems require both
purposes to be fulfilled, with assessment information used to support learning and to summarise
achievements. Such a clash between a positive view of formative assessment and a negative
view of summative assessment may be counter-productive, leading teachers to run separate,
and consequently unmanageable, assessment systems (Earle, 2014).

A closer relationship between formative and summative assessment is seen by some as crucial
to effective teacher assessment (Harlen, 2013; Hodgson & Pyle, 2010; Nuffield Foundation,
2012; Wiliam & Black, 1996). An expert group convened by the Nuffield Foundation (2012)
proposed that assessment information gathered for the purposes of formative assessment during
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the course of typical classroom activities could also be used to serve summative purposes by
informing summaries of pupil performance when reporting for different purposes. Their
pyramid-shaped model of teacher assessment, in which information flows from the classroom
base to the reporting tip, was developed in response to growing concerns for the negative
impact of external summative testing, skewing the taught curriculum to that which was easily
tested (Gardner et al., 2010). Whilst the Nuffield model was welcomed by the primary science
community, it contained little detail of how to implement its proposals.

The Teacher Assessment in Primary Science (TAPS) project, based at Bath Spa University and
funded by the Primary Science Teaching Trust (PSTT), set out to operationalize the Nuffield
proposals using a Design-Based Research (DBR) approach to work collaboratively with project
schools to translate research into practice (Anderson & Shattuck, 2012). During iterative cycles
the TAPS school self-evaluation model was developed, containing criteria and examples to
support schools to develop their assessment processes (Earle, McMahon, Howe, Collier &
Davies, 2016). This paper presents a case study of one of the TAPS project schools, with the
aims of testing and exemplifying the model of ‘formative to summative’ assessment.

METHODS

The case was selected as a “critical” or ‘instrumental’ case (Stake, 2006), to provide a test case
for the ‘formative to summative’ model, since School A was an award-winning PSTT school
who asserted that they used formative classroom assessments to make summative judgements,.
In this paper, the following research questions are addressed:

RQ1. What are the characteristics of formative teacher assessment in science in School A?
RQ2. What are the characteristics of summative teacher assessment in science in School A?
RQ3. What is the relationship between formative and summative assessment in School A?

The data for School A was collected, with ethical agreement from school and participants,
between June 2013 and June 2015 and consisted of: non-participant lesson observations (N=3)
and interviews (N=3) from six school visits; school documentation including policies, lesson
plans and assessment records; and activities from six TAPS development days. On many
occasions the school was represented by the science subject leader, the class teacher
responsible for leading the development of science across the school, thus much of the data
was from her perspective. In order to triangulate the reported practice, classroom observations
and documentation from across the school were included in the data. Particular attention was
paid to the research questions in order that the analysis should remain focused on the
relationship between formative and summative assessment, whilst placing this within the rich
context of the school. Qualitative data analysis was supported by ATLAS.ti software, with
codes developed deductively from the research questions and the TAPS pyramid (Earle et al.,
2016), and inductively from the data itself. ‘Higher order codes’, those which were both
frequently represented in the data-set and pertinent to the research questions (Bryman, 2016),
have been selected as examples for discussion in this brief paper.
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RESULTS

Formative teacher assessment

Formative assessment at School A was built into lesson planning, for example in the form of
key questions for teachers to ask their pupils. Classroom discussion was a prominent feature
in all three of the observed lessons (see Table 1), with each teacher used strategies like talk
partners to increase participation and wait time. For example, in the Year 6 lesson, pair talk
dominated with the teacher ‘listening in’ to discussions to support her formative assessment,
then asking probing questions to stimulate further discussion. In the Year 5 lesson, it was noted
that the teacher was ‘withholding judgement’ (Table 1, row 4) during the class discussion. The
teacher questioning focused on explanations and use of vocabulary, but the teacher did not say
‘that’s right’ and move on. This could support a more dialogic (Alexander, 2008) approach to
discussion, moving beyond the mere ‘call and response’ of interactive-authoritative dialogue
(Mortimer & Scott, 2003). By withholding summative judgement of pupils’ answers, the
children were prompted to explain further and the teacher received richer formative assessment
information, from a greater number of children.

Table 1. Lesson observation field notes organised using TAPS pyramid Teacher layer criteria.

Lesson

Date

Teachers involve
students in
discussing
learning goals and
standards

Teachers gather
evidence of their
students’ learning
through
guestioning/
discussion

Teachers gather
evidence of their
students’ learning
through
observation

Teachers gather
evidence of their
students’ learning

Y4 Keys lesson

Creating post-it keys to
categorise animals

March 2014

Raised hands to show if
find keys tricky.

Mini-plenary to look at
others’ work —what do
you notice?

Discussed kind of Qs in
branching database.

Open Qs for talk
partners: What hab in
sch? What is it like? —
asked for more detail

Groups building post-it
keys — spotted clearest
and pointed children in
that direction

Post-it branching
database

Assessment notes on
plans for children that

Y5 Earth in space
lesson

Using balls to model
orbit of Earth

January 2014

Importance of using
science vocab

4 or 5 ‘star’scientists

Qs emphasising expl -
probed explanations
and meaning/use of
vocab - Withhold
judgement so ch have
to expl for selves

Observe groups
modelling Earth
orbiting

Look at group’s
explanation and
modelling.

1388

Y6 Inheritance
lesson

Exploring inherited
characteristics in dogs
and own families

January 2014

(did not observe start
of lesson)

Probed children’s
meaning of
inheritance vocab

‘No hands up’
strategy

Pairs recording ideas
on whiteboards while
teacher circulates

Whiteboards to note
family characteristics.
Written explanation of
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through study of
products

Teachers use
assessment to
advance students’
learning by
adapting the pace,
challenge and
content of

activities

Teachers use
assessment to
advance students’
learning by giving
feedback

Teachers use
assessment to
advance students’
learning by
providing time for
students to reflect
on and assess
their own work

stand out — above or
below

Previous lesson found
branching keys difficult
so doing in mixed
ability groups

Pupils identify how to
improve their key e.g.
missing Y/N

Go around groups to
check on clarity of Qs

Evaluating Qs

Pairs walk around and
look at other’s work —
what notice?

Return to own keys and
improve

Draw and write
explanation.

Physically modelling
Earth’s orbit in a
circle since virtual
experiment looks like
oval. Did not move
onto day and night
since challenged
enough by orbit whilst
spinning.

Asking if can use
better science words

4th child in group to
listen and watch — are
they explaining using
sci vocab, watch
groups and give
feedback, decide if 4
or 5 ‘star’ scientists
and write in margin

what learnt and
examples

Provides word to help
explain e.g.
characteristics,
structure for
recording: Mum, Dad,
me.

Say more than ‘face’
for characteristics

(did not observe end
of lesson)

Pupil self and peer assessment was supported by explicit success criteria, with stages of
scientific inquiry displayed on the wall and referred to in lessons. For example, the subject
leader’s Year 5 lesson (January 2014) began with a whole class carpet discussion about the
Earth and sun. In the main part of the lesson the pupils worked in pairs or threes to physically
model the orbit of the Earth around the sun using different sized balls. As the children moved
the ‘Earth ball’ they gave a commentary on what was happening, which was then peer-assessed
for clarity and accuracy, with the groups giving advice to each other for how to improve their
explanations. The teacher emphasized the accurate use of scientific vocabulary, pointing to the
success criteria on the wall, leading the pupils to listen out for the word ‘orbit’ or ‘axis’ in the
explanations. The use of explicit success criteria, a key feature of formative assessment
(Wiliam, 2011), supported both teacher and pupil assessment in the observed lessons.

Pupil recording included ‘floor books’ for younger children in the school (a large-format,
‘home-made’ book), where an adult scribed their responses verbatim, whilst older children
made focused recordings in their science books. The subject leader stated that:

“Marking is used to feed judgements back to children. Children are given the
opportunity to respond to marking at the beginning of sessions”

(Subject leader interview, November 2013).

Evidence of both teacher marking and pupil responses was seen in children’s science books.
Some of the teacher marking included numerical scores, which Butler (1988) had found
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cancelled out the positive effect of feedback via comment-only marking. Black and Harrison
(2010) also argue that the score signifies that the process is complete; the judgement has already
been made. They recommend that comment-only marking is used, with any scores recorded
for the teacher tracking only.

Summative teacher assessment
When asked how she made a summative judgement, the Year 6 teacher replied:

“It’s best fit, look at child’s work over term, teacher judgement about where work fits
and give sublevel. Sometimes do end of term something which can be part of
information, but does not ‘give’ you a level, it informs. There is no set model”

(Year 6 teacher interview, January 2014).

The ‘best fit’ teacher assessment is described as drawing on a range of information which may
include a ‘child’s work’ in normal lessons or an end of term task or question. The Y6 teacher
emphasised that the ‘end of term something’ does not ‘give you a level’. This is perhaps
highlighting the difference between end of Key Stage assessment procedures for different
subjects, for example, when the pupils sit a reading test and the score would be converted, by
a pre-defined formula, into a level: the test would ‘give’ the level. In contrast, for a teacher
assessment in science, there is no calculation or pre-defined formula, ‘no set model’, to provide
a ‘best fit’ judgement.

For ‘best fit” summative assessment, the teacher aims to find the closest match between pupil
outcomes and National Curriculum criteria. Such an assessment could enhance validity by
reducing the construct under-representation inherent in testing (Gardner et al., 2010) and
enhance reliability since teacher assessment can utilise more evidence than is available through
external assessment instruments (Mansell, James & the Assessment Reform Group, 2009).
However, the lack of transparent processes for collating a term’s work into a summative
judgement, both opens teacher assessment up to criticisms of bias, especially if the judgements
form part of the school’s accountability measures (Green & Oates, 2009), together with making
it very difficult to explain the processes to others in the community. It also requires a large
amount of knowledge of the subject on the part of the teacher, the teacher being entirely
responsible for judging whether the pupil’s answers are consistent with the teacher’s ‘model’
or expectation of how the pupil can demonstrate understanding (Black & Wiliam, 1998).
Connelly, Klenowski and Wyatt-Smith (2012) note that teacher judgements do more than
match evidence to criteria, they draw on multiple sources of knowledge, of pupils and previous
experience. Without guidance and exemplification, an inexperienced teacher may struggle to
make a ‘best fit’ teacher assessment because they lack a clear expectation of what it would look
like for pupils to demonstrate understanding in a topic, and there is a lack of transparent
processes for combining such assessments into a ‘best fit’ judgement.

In addition to concerns regarding the amount of subject-specific knowledge needed to make
‘best fit’ judgements, another criticism of such an approach is the way that a ‘best fit’ model
produces an overall judgement which could mask gaps in understanding. This was one of the
reasons behind the removal of levels in the English National Curriculum, changing to an ‘age-
related expectations’ model whereby pupils would need to meet all criteria (Department for
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Education, 2013). The language of summative assessment at School A followed the statutory
change from ‘levels’ at the beginning of the case study period, to ‘meeting expectations’ by the
end of the case study period, but the process for making the summative assessment judgements
appeared to continue to be one of ‘best fit’. The school’s progression grids which were used as
criterion scales, were also used throughout the case study period, with only minor alterations
to remove the levelling vocabulary for scientific inquiry. Thus it appeared that school
processes were resistant to change during the case study period.

The relationship between formative and summative assessment

The science subject leader at School A defined the key purpose of assessment as formative, as
Assessment for Learning (AfL):

“The purpose of assessment is to develop learning, to identify where children are, and
to plan next steps. Assessment should involve children (AfL) and include some success
criteria. It should also involve listening and questioning. ”

(Subject leader interview, November 2013)

She goes on to state that this formative classroom assessment is utilized when making
summative judgements:

“The summative judgement arises from formative assessment... a whole school decision
was made that summative would be informed by formative leading to a best fit model. ”

(Subject leader interview, November 2013)

The use of such a ‘formative to summative” model was the reason for choosing this school as
a case study, to explore such practice in action, but as noted above, it appears that the notion
of ‘best fit’ summative judgements require a lot of knowledge on the part of the teacher.
Underlying the ‘formative to summative’ model represented by Nuffield (2012) and TAPS
(Earle etal., 2016) and enacted in School A, is a shared understanding of progression in science,
with explicit criteria or curricular expectations which are, for example, recorded in planning
and shared in lessons.

In order to build such a shared understanding of progression and criterion-referenced
assessment, a key feature of practice at School A was the allocation of staff development time
to science. During regular whole school staff meetings the subject leader introduced new
strategies for formative assessment and led the staff in moderation discussions to support
summative judgements. As Deputy Head, she would also support staff with planning and
teaching using the school’s planning and criteria structures.

Harlen (2007) argues that whilst teacher assessment is often perceived as having low reliability,
with effective moderation procedures, the reliability of teacher assessment can be as high as it
needs to be, in the ‘trade off” between reliability and validity (Wiliam 2003). School A appear
to be using moderation staff meeting discussions to serve multiple purposes, more than a
checking of judgements, it was also a means of staff development (Green & Oates, 2009),
supporting both teacher ‘assessment literacy’ and teacher understanding of progression in
science.

1391



Strand 11 bus
DISCUSSION AND CONCLUSIONS

Active pupil involvement in assessment during lessons became the base layer of the TAPS
pyramid model (Earle et al., 2016), with many of the examples being provided by School A,
including those for self and peer assessment. The school’s structures, for example, their
progression grids for scientific inquiry, provided explicit criteria for both pupils and teachers
to use in their judgements, which together with the moderation discussions, appeared to build
a shared understanding of progression in science across the school. This shared understanding
was found to be a key feature in other PSTT award-winning schools (Earle, 2015) and became
a central addition to the TAPS pyramid model at the monitoring layer (Davies et al., 2017).

The explicit criteria within the school planning structures were used to support both formative
and summative assessment, providing success criteria within the lesson and criteria for
summative judgements. It is perhaps these common criteria which provide a bridge between
formative and summative assessment, providing opportunities for the same classroom activities
to be used to inform both formative next steps and summaries of learning.

The case study of School A supported the development of the TAPS pyramid model, both in
the addition of new criteria and the provision of exemplification materials. Nevertheless, many
of its structures were based on a previous version of the English National Curriculum, when
summative assessments used a system of levelling. Unlike other TAPS project schools, little
change was seen in assessment practices, perhaps suggesting a one-sidedness in the DBR
collaboration. Perhaps School A and its subject leader viewed their role as a provider of
examples, rather than as a co-researcher, since they felt that they had already found a way to
use formative assessment to inform summative judgements. The lack of change over time in
School A is impossible to reduce to the influence of one factor, but recognition of the potential
effect of stagnation from over-exemplification is useful to be aware of for future iterations of
DBR.

The aim of the TAPS pyramid model is to present assessment principles, supported by a range
of exemplification from different contexts, to enable the user to self-evaluate their individual
context. This case study of assessment practice at School A has provided some examples for
the use of formative assessment in primary science, and the way this information can be
summarized to provide a summative judgement.

However, questions have been raised about the school’s use of ‘best fit’ and it is not assumed
that this is the only way to implement a ‘formative to summative’ model of teacher assessment.
Additional research is needed to explore practice in other schools and contexts to further test,
develop and exemplify the model of teacher assessment, an ongoing focus for the next phases
of the TAPS project.
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COMPLEXITY OF PRACTICAL WORK IN SCIENCE
CURRICULA AND NATIONAL EXAMS: ANALYSIS OF
RECONTEXTUALISING PROCESSES

Silvia Ferreira and Ana M. Morais
UIDEF, Instituto de Educacéo, Universidade de Lisboa, Portugal

The study is focused on the level of complexity of practical work in science curricula and
national external assessment with regard to the secondary school discipline of Biology and
Geology in Portugal. This level of complexity is appreciated through the conceptual demand
of practical work as given by the complexity of scientific knowledge and cognitive skills and
the relation between theory and practice. The recontextualising processes that may have
occurred in the exams were analysed by studying the relation between curriculum and exams.
The study makes use of theories and concepts of the areas of psychology and sociology,
particularly Bernstein’s theory of pedagogic discourse. The results show that the level of
conceptual demand of practical work varies according to the specific curricular text under
analysis, i.e. Biology or Geology. Practical work as assessed in the exams recontextualises the
curriculum in the direction of lowering its level of conceptual demand. In methodological
terms, the article explores assumptions used in the analysis and presents innovative
instruments.

Keywords: practical work; science process skills; conceptual demand

INTRODUCTION

The role of practical work in offering students the opportunity to experience the process of
scientific investigation is one of the arguments for practical work in science education
(Hofstein & Kind, 2012; Lunetta et al., 2007; Osborne, 2015). Students are expected to both
learn scientific knowledge and mobilize science process skills whenever they are doing
investigative practical activities. The nature and complexity of practical work in science
curricula and national exams and the recontextualising processes that may have occurred
between them should be analysed and discussed because these are aspects that broadly guide
textbook authors and teachers’ practices.

In science education, as well in other areas of knowledge, it is essential that there are no
discontinuities between curriculum, pedagogical practice and assessment (e.g. Britton &
Schneider, 2007; Duschl, Schweingruber & Shouse, 2007). For that reason these different texts
and contexts “should be conceived of, designed, and implemented as a coordinated system"
(Duschl et al., 2007, p. 347). In the specific case of external assessment, evidence from several
studies indicates that national exams limit the teaching and learning process and also the
classroom assessment tools (Hamilton, 2003). If exams and curriculum are inconsistent,
teachers tend to focus on what is assessed in the exams rather than on what is presented in the
curriculum and in this way the content that is not tested tends to be ignored in pedagogical
practice (Britton & Schneider, 2007). The external assessment can push “teaching and learning
in undesirable directions that are counterproductive to the goals of scientific literacy” (p. 1009).
However specific types of assessment have the potential to promote particular forms of
effective teaching.
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The study is focused on the analysis of both the Portuguese curriculum and the national exams
for secondary school biannual discipline of Biology and Geology (ages 16™-17%). In Portugal
likewise many Latin countries, Biology and Geology, although epistemologically distinct, have
traditionally been part of the same discipline (often but not always called Natural Sciences).
Theoretically, the study is multidisciplinary, making use of theories and concepts of the areas

of psychology and sociology, particularly Bernstein’s theory of pedagogic discourse (1990,
2000).

Bernstein develops a theory about the production and reproduction of pedagogic discourse, in
which he considers the complex set of relations between various fields and contexts of what he
calls pedagogic device. Throughout this process, recontextualisations at the various levels of
the pedagogic device can take place and for that reason the pedagogic discourse is not the
mechanical result of the dominant principles of society, which constitute the general regulative
discourse (GRD). As a result of the official recontextualisation of the GRD, namely at the level
of the Ministry of Education and its agencies, the official pedagogic discourse (OPD) is
produced. This discourse is expressed, for example, in curricula and in national exams.

Bernstein’s model also evidences that the official recontextualisation field is influenced by the
fields of economy and symbolic control and defines the what and the how of the pedagogic
discourse. The what refers to the knowledge and skills that are the object of the teaching and
learning process and the how is related to the way in which the teaching and learning process
occurs.

In particular the relation between curricula and national exams was analysed in this study to
explore recontextualisation processes that may have occurred between the message conveyed
in these official documents, with regard to different dimensions of the what and the how of
pedagogic discourse related to practical work. The study addresses the following research
problem: What are the messages transmitted by the official pedagogic discourse (OPD)
expressed in both the curriculum and the national exams of Biology and Geology of secondary
school, with regard to their level of complexity of practical work, and what is the extent to
which recontextualising processes do occur?

Varying with authors, practical work can have different meanings. Hodson (1993) considers
practical work as a broad concept which includes any activity that requires students to be active.
Millar, Maréchal e Tiberghien (1999) limit the definition presented by Hodson (1993) to
consider that practical work is ‘all those kinds of learning activities in science which involve
students at some point handling or observing real objects or materials (or direct representations
of these, in a simulation or video-recording)’ (p. 36). In the same line, Lunetta, Hofstein and
Clough (2007) give the following definition of practical work: ‘learning experiences in which
students interact with materials or with secondary sources of data to observe and understand
the natural world’ (p. 394).

The meaning of practical work in the present study is made more precise in that considers that
it must mobilize science processes skills. These skills were considered as ways of thinking
more directly involved in scientific research, such as observing, formulating problems and
hypotheses, controlling variables and predicting (Duschl, Schweingruber and Shouse, 2007).
Thus, practical work is defined as: all teaching and learning activities in the sciences in which
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the student is actively involved and that allow the mobilization of science processes skills and

scientific knowledge and that may be materialized by paper and pencil activities or observing
and/or manipulating materials.

The level of complexity of practical work can be appreciated by its level of conceptual demand.
In the context of the research that has been carried out by the ESSA Group (Sociological
Studies in the Classroom, Institute of Education, University of Lisbon) within Bernstein’s
theory, the concept of conceptual demand is defined as the level of complexity of science
education as given by the complexity of scientific knowledge and the strength of
intradisciplinary relations between distinct knowledge and also by the complexity of cognitive
skills (Morais & Neves, 2016).

METHOD

The analysis of the Biology and Geology secondary school curriculum was focused on two
official documents which contain directions for the teacher: 10th Biology and Geology syllabus
and 11th Biology and Geology syllabus (in force since 2002 and 2003, respectively). Although
part of the same discipline and of the same curriculum, Biology and Geology come in the
curriculum as two distinct subjects, with strong boundaries between them. The analysis of the
national exams involved 26 exams, from 2006 to 2011.

The whole curriculum was segmented into units of analysis but the units of analysis with a
specific reference to practical work (requiring the mobilization of science process skills) were
the only ones considered in this study. For the same reason, the analysis of national exams
considered only the questions which focused on practical work, i.e., questions that mobilised
science process skills. Each question was taken as a unit of analysis.

The level of conceptual demand was determined through the analysis of specific dimensions
of the what and of the how of the OPD (Figure 1). The first corresponds to the level of
complexity of scientific knowledge and cognitive skills and the second to the strength of
intradisciplinary relations between theory and practice. The discontinuities between the
curriculum and the national exams were studied through the recontextualising processes that
may have occurred between the messages of these official documents.

Three instruments were constructed in order to characterise the message underlying each one
of the units of analysis, and consequently the OPD transmitted by both the science curriculum
and the national exams, with regard to the conceptual demand of practical work. The
construction of the instruments followed a mixed methodology (Creswell & Clark, 2011;
Morais & Neves, 2010; Teddlie & Tashakkori, 2009), using qualitative and quantitative
approaches. The text that follows contains a brief description of the instruments constructed
and how they were used, and gives also some examples to show how analyses were made.
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Figure 1. Diagram of dimensions, related to the what and the how of practical work, analysed in the
secondary school Biology and Geology curriculum and national exams.

The instrument for analysing the complexity of scientific knowledge was based on the
distinction between facts, generalized facts, simple concepts, complex concepts and unifying
themes/theories, following several authors (e.g. Brandwein et al., 1980; Cantu & Herron, 1978;
Duschl et al., 2007; Pella & Voelker, 1968). For instance, simple concepts have a low level of
abstraction, defining attributes and examples that are observable (Cantu & Herron, 1978).
Complex concepts correspond to abstract concepts proposed by Cantu and Herron (1978) and
“are those that do not have perceptible instances or have relevant or defining attributes that are
not perceptible” (p.135). Table 1 presents an excerpt of this instrument and examples of units
of analysis which illustrate different degrees of complexity.

Table 1. Excerpt of the instrument to characterise the complexity of scientific knowledge.

Degree 1 Degree 2 Degree 3 Degree 4
Scientific knowledge of  Scientific knowledge of  Scientific knowledge of  Scientific knowledge of
low level of complexity, level of complexity level of complexity very high level of

as facts, is referred. greater than degree 1, as  greater than degree 2,as  complexity, as unifying
simple concepts, is complex concepts, is themes and theories, is
referred. referred. referred.

Units of analysis:

Degree 1: [1] Search for information on the internet, in newspapers and magazines about the consequences of
such situations [anthropic occupation of floodplains and coastal zones, and construction in slope
zones] for populations. (11th Geology syllabus).

Degree 2: [2] [...] 6. When exposed to the sun, the surface of the coat of C. dromedarius can reach temperatures
above 70 °C, while at the skin level the body temperature does not exceed 40 °C. Explain, from the
data provided, how the research carried out allowed to relate the adaptation to high temperatures to
the levels of transpiration presented by C. dromedarius. [...] (National Exam of 2009, 1st phase)

Degree 3: [3] [...] 6. Genetic studies in Coccomyxa suggest that as soon as the endosymbiotic relation with
Ginkgo biloba was established the algae was transmitted from generation to generation. Explain how
the results of those studies may relate the transmission of the endosymbiotic relation from generation
to generation to the way how such relation was initiated. [...] (National Exam of 2009, 2nd phase).

Degree 4: [4] Collect, organize and interpret data of a different nature related to evolutionism and to arguments
that support it by opposition to fixism. (11th Biology syllabus).

Adapted from Ferreira & Morais (2013, 2014)
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Excerpt [1] emphasises facts related to the consequences for populations of the anthropic
occupation of floodplains and coastal zones and construction in slope zones, and for that reason
it was classified with the degree 1. In excerpt [2], the national exam question and respective
recommended correction involve simple concepts related to thermoregulation. In the question
presented in excerpt [3] and in the given respective correction are involved complex concepts
related to the genetic transmission of an endosymbiotic relation between a plant and a green
algae. If the question appealed to a relation to the model of endosymbiosis, the degree of
complexity would increase to degree 4. The excerpt [4] focuses knowledge of a very high
degree of complexity related to the theory of evolution.

A second instrument, for analysing the complexity of cognitive skills, was based on the
taxonomy created by Marzano and Kendall (2007, 2008) with four levels for the cognitive
system: retrieval, comprehension, analysis and knowledge utilization. Retrieval, the first level
of the cognitive system, involves the activation and transfer of knowledge from permanent
memory to working memory. “The process of comprehension within the cognitive system is
responsible for translating knowledge into a form appropriate for storage in permanent
memory” (2007, p.40). The third level, analysis, involves the production of new information
that the individual can elaborate on the basis of the knowledge s/he has comprehended. The
fourth and more complex level of the cognitive system implies the knowledge utilization in
concrete situations. Table 2 presents an excerpt of this instrument.

Table 2. Excerpt of the instrument to characterise the complexity of cognitive skills.

Degree 1 Degree 2 Degree 3 Degree 4
Cognitive skills of low Cognitive skills of level ~ Cognitive skills of level Cognitive skills of very
level of complexity, of complexity greater of complexity greater high level of complexity,
involving cognitive than degree 1, involving  than degree 2, involving involving cognitive
processes of retrieval, cognitive processes of cognitive processes of processes of knowledge
are mentioned. comprehension, are analysis, are mentioned. utilization, are
mentioned. mentioned.

Units of analysis:
Degree 1: No units of analysis were found.

Degree 2: [5] [...] 3.2. Select the alternative that completes the following statement correctly. For the results of
Biichner’s experiment prove that the occurrence of fermentation is in some way related to the
intervention of living beings (or their derivatives), it would be necessary to introduce in the
procedure a device containing ...

(A) ... yeast in a sugar solution.

(B) ... yeast extract in a sugar solution.

(C) ... only a sugar solution.

(D) ... exclusively yeasts. (National Exam of 2007, 2nd phase)

Degree 3: [6] Classify rocks based on genetic and textural criteria. (11th Geology syllabus)

Degree 4: [7] [...] 6. Some authors consider Giardia as a missing link in the evolution between prokaryotic cells
and eukaryotic cells, while others authors argue that it has evolved from more complex eukaryotic
cells by the loss of certain organelles.

Present a possible path of investigation that would allow one of the hypotheses mentioned to be
proved and the other to be rejected. [...] (National Exam of 2006, 1st phase)

Adapted from Ferreira & Morais (2013, 2014)

In excerpt [5] the national exam question implies the mobilization of science process skills
related to the identification of the control group characteristics, which is associated with the
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process of comprehension. The syllabus aim presented in excerpt [6] involves the mental
process of classification, associated with the cognitive process of analysis. The excerpt [7]
focuses the planning of investigative laboratory activities, which is related to the cognitive
process of knowledge utilization.

The analysis of the relation between theory and practice was characterized through Bernstein’s
concept of classification (1990, 2000), to indicate the strength of boundaries between various
types of knowledge. This instrument contained a four degree scale of classification (C -, C’,
C*, C™). The weakest classification (C°) corresponds to an integration of theory and practice
where both have equal status and the strongest classification (C**) corresponds to an insulation
between theory and practice. The empirical descriptors for each degree translate the relation
between declarative knowledge (theory) and procedural knowledge (practice) (Roberts, Gott
& Glaesser, 2010). Table 3 presents an excerpt of this instrument, followed by examples of
units of analysis which illustrate different levels of classification.

Table 3. Excerpt of the instrument to characterise the relation between theory (declarative knowledge) and
practice (procedural knowledge).

ct ct c C-
The focus is either on Declarative knowledge The relation between The relation between
declarative knowledge and procedural declarative and declarative and
only or on procedural knowledge are focused,  procedural knowledge is  procedural knowledge is
knowledge only. but not the relation focused, giving higher focused, giving equal
between them. status to declarative status to both types of
knowledge. knowledge.

Units of analysis:

C*™:[8][...] 3. Select the alternative that fills the spaces in the following sentence, in order to get a correct
statement. The study Il allows to conclude, through the quantification of the seeds produced, that the
space selected plants with dispersion capacity.
(A) urban (...) greater
(B) country (...) greater
(C) urban (...) minor
(D) country (...) minor (National Exam of 2008, 1st phase)
C*: No units of analysis were found.
C: [9] The cell: The laboratory observation of uni and multicellular living beings, collected in the field, will

enable the understanding of the cell as a structural and functional unit of living beings and facilitate the
approach to its basic constituents. (10th Biology syllabus)

C ~: [10] Create models and simulate laboratory situations of landslide, trying to identify the factors that
contribute to their occurrence. The teacher should draw attention to the analogies between the model
and the geological process, stressing, however, the variables involved and the different scales of time
and space in which phenomena occur. (10th Geology syllabus)

Adapted from Ferreira & Morais (2013, 2014)

The national exam question presented in excerpt [8] focuses on procedural knowledge only,
associated with the knowledge of the scientific process of interpretation of simple experimental
data, explored in the introductory text of this question. The excerpts [9] and [10] involve a
relation between declarative and procedural knowledge, but in the former the higher status is
given to declarative knowledge about the cell, and in the latter both types of knowledge have
equal status.
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In order to clarify how the same unit of analysis was classified in the study in terms of the
dimensions related to the what and the how of pedagogic discourse, an illustrative example of
the analysis that was made is presented:
[11] Setting experimental devices with simple aerobic facultative living beings (e.g. Saccharomyces
cerevisae) in nutritive media (e.g. “bread dough”, grape juice, aqueous solution of glucose...) with different

degrees of aerobiosis. Identification with the students of the variables to be controlled and the indicators of
the process under study (e.g. presence/ absence of ethanol). (10th Biology syllabus)

Excerpt [11] presents a methodological guideline of the 10th Biology syllabus. With regard to
the what of the OPD, this unit is focused on a laboratory activity, which appeals to simple
concepts, related to glucose degradation in the presence and in the absence of oxygen (degree
2), and to cognitive skills involving the cognitive process of analysis, since it implicates the
control of variables (degree 3). With regard to the how of the OPD, this unit of analysis involves
a relation between declarative and procedural scientific knowledge, where equal status is given
to these two types of knowledge (C ).

RESULTS

Figure 2 gives a synthesis of results of the conceptual demand of practical work of both science
curriculum and national exams for the three dimensions studied. These results refer to the
Biology and Geology curriculum specific guidelines only and to the national exams from 2006
to 2011.

100% - [ . . — l
60% - m4/C--

3/ C-
m2/C+
m1/C++

40% -

20% -

0% - |
B10 Bl1l1 G10 G11 NEx B10 Bl1l1 G10 G11 NEx B10 Bl11 G10 G11 NEx
Scientific knowledge Cognitive skills Relation theory-practice

Figure 2. Conceptual demand of practical work in Portuguese Biology and Geology curriculum and
external assessment at secondary school (B10 10th Biology syllabus, B11 11th Biology syllabus, G10 10th
Geology syllabus, G11 11th Geology syllabus, NEx National Exams).

When Biology and Geology curricular subjects are compared, Biology shows more complex
concepts and unifying themes (degrees 3 and 4) than Geology. The higher knowledge
complexity in Biology practical work is especially given by the focus on cell theory and on
evolution theory. In the case of Geology there are no units classified with degree 4 and there
are units classified with degree 1. Simple concepts prevail in exams (degree 2). Degrees 1 and
4 (facts and unifying themes/theories, respectively) are absent in exams questions about
practical work.

1400



Strand 11 21
When the focus is the complexity of cognitive skills, it is Geology that places greater emphasis
on complex cognitive skills of a high level (cognitive process of knowledge utilization — degree
4) when compared with Biology. The highest complexity of cognitive skills in Geology
practical work is particularly related to the formulation of hypotheses, decision making,
construction of models and research, organization and processing of information. Exams
questions that mobilised science process skills were focused on the cognitive process of
comprehension (degree 2).

With regard to the relation between theory and practice, most units were classified with C™ in
Biology which correspond to the units that reflect a relation between the two types of
knowledge with a focus on declarative knowledge. The data of Figure 2 also shows that C™ -
prevails in Geology syllabus which means that most units suggest a relation between
declarative and procedural scientific knowledge, equal status being given to these two types of
knowledge. In the exams half of the questions were classified with C*™*. This classification
refers to the second part of the respective instrument descriptor (Table 3), that is these questions
only present procedural knowledge.

DISCUSSION AND CONCLUSIONS

The present study intended to appreciate the recontextualising processes that may have
occurred between the messages expressed in the curriculum and the national exams of the
Biology and Geology discipline in relation to the complexity of practical work. The results
show the occurrence of discontinuities between the messages of the curriculum and the external
assessment. Although the analysis is focused on the Portuguese educational system, the
findings and methodologies of this study may be extended to other studies and may give a
contribution to raising the level of conceptual demand of practical work in science education.

Through the analysis of the complexity of scientific knowledge and cognitive skills and the
relation between theory and practice, it was possible to appreciate the level of conceptual
demand of practical work expressed in the Official Pedagogic Discourse. When the discipline
is taken as a whole (Biology and Geology together), the results evidence a considerable level
of conceptual demand of practical work. However the separate analysis of the two subjects
shows that Biology has a generally higher level of conceptual demand when compared with
Geology. Practical work assessment in the national exams has a low level of conceptual
demand, showing recontextualisation processes in the direction of lowering the level of the
curriculum.

Within the curriculum have also occurred recontextualisation processes between the messages
of practical work in Biology and Geology, considered as two separate components of the same
discipline. One possible explanation for these discontinuities is related to the Ministry of
Education selection of two different teams of authors to construct the curriculum of each one
of the curricular areas. Each team of authors seemed to value different dimensions of the what
and the how of pedagogic discourse. Some of these differences may also be related to the fact
that Biology and Geology, although in Portugal are part of the same discipline, are
epistemologically distinct curricular areas. In the case of the external assessment, the level of
conceptual demand of practical work is lower than the level of the curriculum, namely in the
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case of the Biology syllabuses (the area most valued in the exams questions about practical
work).

With regard to the complexity of scientific knowledge, the external assessment of practical
work mainly values simple concepts. There is therefore a discontinuity between assessment
and the curriculum practical work messages, where the Biology syllabuses give more emphasis
to complex scientific knowledge (complex concepts and unifying themes/ theories). If science
education is to reflect the structure of scientific knowledge then it should lead to the
understanding of concepts and big ideas, although that understanding requires a balance
between knowledge of distinct levels of complexity (Morais & Neves, 2016). Bybee and
Scotter (2007) also present this aspect as a principle for the development of an effective science
curriculum.

When the focus is the complexity of cognitive skills, the external assessment gives greater
emphasis to simple skills, especially those involving the cognitive processes of comprehension.
Similarly to scientific knowledge, in this case there is also a discontinuity in relation to the
message of the Biology syllabuses in which complex skills prevail, particularly those
associated with the cognitive process of analysis. The situation that better represents an
efficient scientific learning, when practical work is implemented, is a situation where there is
a balance between complex and simple cognitive skills. In this way, only when students
develop simple skills, such as the memorization of certain facts and concepts, can they develop
complex skills, such as applying these concepts to new situations (Geake, 2009).

In the case of the relation between theory and practice, there is also a devaluing of this relation
when passing from the Biology and Geology curriculum to the national exams. For example
while in the Biology syllabuses there is a relation between theory and practice, in the external
assessment half of the practical work questions only focused procedural knowledge without
relating it to declarative knowledge. The results of external assessment reinforces the results of
other studies (e.g., Abrahams & Millar, 2008) that point out to the existence of a separation
between theory and practice when teachers implement practical activities, particularly
laboratory work.

In this study it was considered that the desirable situation with respect to the relation between
theory and practice is a situation in which relations between declarative and procedural
knowledge predominate, with more status being given to declarative knowledge in the relation.
This is the situation that best represents an efficient scientific learning that is learning that is
supported by the understanding and applying of science processes knowledge. The Biology
syllabuses are closer to that situation.

The results of this study show that the external assessment presents a low level of conceptual
demand, evidencing recontextualisation processes that reduce the level of the Biology and
Geology curriculum. These are results of particular concern because external assessment tends
globally to influence the curriculum in practice and specifically to condition textbook authors
and teachers’ practices. All knowledge and skills that are not the subject of external assessment
tends to be ignored in pedagogic practice (e.g., Britton & Schneider, 2007).

1402



Strand 11

The study highlights a major issue of educational systems that are not horizontally coherent i.e.
systems where assessment is not aligned with the curriculum. As Wilson and Bertenthal (2006)
refer, “to serve its function well, assessment must be tightly linked to curriculum and
instruction so that all three elements are directed toward the same goals” (p. 4).
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The aim of this study was to investigate how reciprocal peer assessment in modeling-based
learning can serve as a learning activity for secondary school learners in a physics course.
The participants were twenty-two upper secondary school students from a Gymnasium in
Switzerland. They were asked to model additive and subtractive color mixing in groups of two,
after having completed hands-on experiments in the laboratory. Then, they submitted their
models and anonymously assessed the model of another peer group. The students were given
a 4-point rating scale with pre-specified assessment criteria, while enacting the peer-assessor
role. After implementation of the peer assessment, students, as peer assessees, were allowed to
revise their models. They were also asked to complete a short questionnaire, reflecting on their
revisions. Data were collected by: (i) peer-feedback reports, (ii) Students’ initial and revised
models, (iii) post-instructional interviews with students, and (iv) students’ responses to open-
ended questions. The data were analyzed qualitatively and then quantitatively. The results
revealed that, after enactment of the peer assessment, students’ revisions of their models
reflected a higher level of attainment toward their model-construction practices and a better
conceptual understanding of additive and subtractive color mixing. The findings of this study
suggest that reciprocal peer assessment, in which students experience both the role of assessor
and assesse, facilitates students’ learning in science.

Keywords: reciprocal peer assessment; modeling competence, physics instruction.

INTRODUCTION

Recent developments in the field of assessment stress the importance of formative approaches,
in which assessment is realized as part of the learning process to support the improvement of
learning outcomes (Bell & Cowie, 2001). Formative assessment has also received emphasis as
a mechanism for scaffolding learning in science. Peer assessment, when employed formatively,
can improve students’ learning accomplishment and their overall performance (e.g., specific
skills and practices) in various domains including in Science Education (Grob, 2017,
Tsivitanidou & Constantinou, 2016; Tsivitanidou, Zacharias, & Hovardas, 2011; Chen, Wie,
Wu & Uden, 2009). Reflection processes can be enhanced in the context of reciprocal peer
assessment, in which students can benefit from the enactment of the role of both the assessor
and the assessee (Tsivitanidou et al., 2011). Learning gains can emerge when students receive
feedback from their peers, but also when they provide feedback to their peers, because they
might be introduced to alternative examples and approaches and can also attain significant
cognitive progression (Hwang, Hung & Chen, 2014). This renders peer assessment not only an
innovative assessment method (Cestone, Levine & Lane, 2008), but also a learning activity
(Orsmond, Merry & Reiling, 1996), in the sense of co-construction of knowledge, that is,
constructing new knowledge by the exchange of pre-conceptions, questions, and hypotheses
(Labudde, 2000). Despite those benefits, few studies have focused on peer assessment in
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modeling-based learning (Chang & Chang, 2013). As a result, there is a need to further examine
what students are able to do in modeling-based learning, especially in terms of whether the
experience of peer assessment could be useful for them and their peers with respect to the
enhancement of their learning.

THEORETICAL FRAMEWORK

Reciprocal peer assessment and peer feedback

Peer assessment can be characterized as one-way or two-way / reciprocal / mutual, depending
on the particular roles that students enact while implementing it (Hovardas, Tsivitanidou, &
Zacharia, 2014). This study focuses on reciprocal peer assessment, that is the type of formative
assessment in which students are given the opportunity to assess each other’s work, thus
enacting both roles of the assessor and the assessee. While enacting the peer-assessor role,
students are required to assess peer work and to provide peer feedback for guiding their peers
in improving their work (Topping, 2003). In the peer-assessee role, students receive peer
feedback and they can further use it for revising their artefacts and ultimately enhance their
future learning accomplishments (Tsivitanidou & Constantinou, 2016).

Research findings have shown that, when learners are engaged in both roles of the assessor and
the assessee, in the context of reciprocal peer assessment, certain assessment skills are required
(Gielen & de Wever, 2015). When enacting the peer-assessor role, students need to be able to
assess their peers’ work with particular assessment criteria (Sluijmans, 2002), judge the
performance of a peer, and eventually provide peer feedback. Apart from assessment skills
(Sluijsmans 2002), peer assessment also requires a shared understanding of the learning
objectives and content knowledge among students in order to review, clarify, and correct peers’
work (Ballantyne, Hughes & Mylonas, 2002). In the role of the peer assessee, students
traditionally need to review in a critical manner the peer feedback and decide on whether and
how to further utilize it for improving their own work (Hovardas et al., 2014, p. 135). In both
cases, reciprocal peer assessment engages students in cognitive activities such as summarizing,
explaining, providing feedback and identifying mistakes and gaps, which are dissimilar from
the expected performance (Van Lehn, Chi, Baggett, & Murray, 1995).

The provision of peer feedback is also intended to involve students in learning by providing to
and receiving from their peers’ opinions, ideas, and suggestions for improvement (Hovardas et
al., 2014; Black & William, 1998; Kim, 2005). In the context of peer assessment, students
receive feedback from peers who share a similar language level/code as their own, which may
result in the feedback being more comprehensible (student-speak) compared to a feedback
received from the teacher (teacher-speak) or an expert (science-speak). The peers, as assessors,
have also had to perform the same task themselves, so might have a good sense of where
potential problems/difficulties in executing the task could lie. Their language could speak more
directly to the actual features of task performance (than that of an assessor standing outside).
In fact, previous studies have revealed that peer feedback might bare more learning benefits to
students than expert feedback (Frost & Turner, 2005; Yang, Badger &Yu, 2006).

Although feedback has proven to be advantageous for both learning and performance (e.g.,
Nelson & Schunn, 2008), it appears that not all types of feedback automatically result in
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performance improvement (Kluger & DeNisi, 1996). For example, it has been shown that peer
feedback comments including explanatory statements and justification are associated with the
effectiveness in enhancing the performance of assessees (Narciss & Huth, 2006). Apart from
that, there are certain conditions under which feedback can lead to learning benefits for
students. According to Nicol and Macfarlane-Dick (2006) external feedback might be provided
to a student by the teacher, by a peer or by other means (e.g. a placement supervisor, a
computer). This additional information might augment, concur or conflict with the student’s
interpretation of the task and the path of learning (Nicol & Macfarlane-Dick, 2006). However,
to produce an effect on internal processes or external outcomes the student must actively
engage with these external inputs. In effect, any kind of external feedback (provided either by
peers or the teacher) has to be interpreted, constructed and internalized by the student if they
were to have a significant influence on subsequent learning. Apart from the effect that feedback
may entail in students’ learning, previous studies, have also revealed that providing feedback
may be more beneficial for the assessor's future performance than that of assessees who simply
receive feedback (Cho & Cho, 2011; Hwang et al., 2014; Kim, 2009; Nicol, Thomson &
Breslin, 2014), since giving feedback is related mainly to critical thinking whereas receiving
feedback is related mainly to addressing subject content that needs clarification or other
improvement (Hwang et al., 2014; Nicol, et al., 2014). For these reasons, researchers argue that
further research on the impact of peer feedback on students' learning and performance is needed
(e.g., Tsivitanidou & Constantinou, 2016; Evans, 2013; Hattie & Timperley, 2007).

The modeling competence in science learning

Research focusing on the modeling competence contributed significantly to the overall growth
and development of research in science education (Gilbert & Justi, 2016) and that is because
scientific models and modeling play an important role in the teaching and learning of science
(Acher, Arca, & Sanmarti, 2007; Hodson, 1993) by introducing learners to scientific ways of
reasoning and by linking the worlds of observations and theory (Schwarz, et al., 2009). The
modeling competence can be fostered in the context of modeling-based learning (Nicolaou
2010; Papaevripidou 2012), which refers to “learning through construction and refinement of
scientific models by students” (Nicolaou, & Constantinou, 2014, p. 55). Papaevripidou,
Nicolaou, and Constantinou (2014) proposed the Modeling Competence Framework (MCF)
which suggests the breakdown of modeling competence into two categories: modeling
practices and meta-knowledge about modeling and models (Papaevripidou et al., 2014,
Nicolaou & Constantinou, 2014). It emerged from a synthesis of the research literature on
learning and teaching science through modeling (Papaevripidou et al., 2014). Within this
framework, it is suggested that learners’ modeling competence emerges as a result of their
participation within specific modeling practices, and is shaped by meta-knowledge about
models and modeling (Schwarz et al., 2009). In this study, we focused on students’ modeling
practices of model construction and evaluation, because these are essential processes that lead
to successful and complete acquisition of the modeling competence (Chang & Chang, 2013;
NRC, 2007; NRC, 2012). In addition, in the context of modeling-based learning, a few studies
(e.g., Chang & Chang, 2013; Pluta, Chinn, & Duncan, 2011; Tsivitanidou, Constantinou,
Labudde, Ronnebeck, & Ropohl, 2017) have provided evidence specific to the educational
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value of teaching-learning activities that involve the evaluation of models by students
themselves. The evaluation of models as a process involves engaging students in discussing
the quality of models for further improvement and revision (Chang, Quintana, & Krajcik, 2010;
Schwarz & Gwekwerere, 2006; Schwarz & White, 2005; Schwarz et al., 2009). Considering
that previous research in this direction is scarce (Tsivitanidou, et al., 2017) there is a need to
further investigate what students can do when assessing peers’ models and how peer
assessment, in modeling-based learning, can foster students’ model-construction practices, as
well as their conceptual understanding of scientific phenomena (Chang & Chang 2013; Pluta
etal., 2011).

Objectives of this study

In this study, we aimed to examine whether reciprocal peer assessment, when employed
formatively, can facilitate students’ learning in science. In particular, we sought to examine
how the enactment of the peer-assessor and peer-assessee roles is associated with students’
improvements on their own constructed models, after enacting reciprocal peer assessment. In
this study, we focused on students’ modeling practices of model construction and evaluation
(Schwarz & White, 2005). The research question that we sought to address was: Is there any
evidence suggesting that the enactment of reciprocal peer assessment is related to secondary
school students’ learning benefits in modeling-based learning in the context of Light and
Color?

METHODOLOGY

Participants

The sample consisted by N = 22 upper-secondary school students coming from a Gymnasium,
in Northwestern Switzerland. Overall, there were almost equal numbers of girls and boys (12
girls and 10 boys). Students worked in randomized pairs in most activities and the pairs
remained unchanged throughout the intervention. There were eleven groups of two students
(home groups). The home groups were coded with numbers (1 to 11), and within each group,
the students were also coded (as Student A and Student B). As confirmed from the post-
instructional interviews with eleven participants, most of them (n = 8) had experienced oral
and / or written peer assessment in the past in different subjects.

Teaching material

The sequence was grounded in collaborative modeling-based learning, during which students
were asked to work in their groups and collaboratively construct their model. The students
worked through the learning material on the topic of light and color in the context of their
physics course. The curriculum material required the students to work, in groups of twos (home
groups), with a list of hands-on experiments on additive and subtractive color mixing. Those
activities lasted four meetings of 45 minutes each (week 1 and 2). In the meeting that followed
(week 3), and after having completed the experiments, students in each group were instructed
to draw inferences relying on their observations and the gathered data. Their inferences were
explicitly expected to lead to a scientific model which can be used to represent, interpret, and
predict the additive and subtractive color mixing of light. For doing so, students were provided
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with a sheet of paper, color pencils, and a list of specifications that they were asked to consider
when developing their model. Finally, in the last meeting (week 4), the students implemented
the peer-assessment activity (models exchange, peer review, revision of models). Overall, it
took the student groups six meetings (lessons) of 45 minutes to complete this sequence, in a
total period of four weeks.

Peer-Assessment Procedure

As soon as the students had finalized their models in their home groups, they exchanged their
models with other groups, that is, two groups reciprocally assessed their models (e.g. home
group 3 exchanged its model with the model of home group 4). The pairs of groups involved
in the exchanges were randomly assigned by the teacher. Peer assessors used a 4-point Likert
rating scale with eight pre-specified assessment criteria for accomplishing the assessment task.
The assessment criteria were addressing the Representational Power (PP), Interpretive Power
(IP) and Predictive Power (PP) of the model and thus they were in line with the list of
specifications that was given to the students prior to the model-construction phase. Assessors
rated their peers’ models on all criteria in accordance with the 4-point Likert scale. Along with
the ratings, assessors were instructed to provide assessee groups with written feedback (for
each criterion separately), in which they were to explain the reasoning behind their ratings, and
provide judgments and suggestions for revisions. On average, it took each peer assessor 15
minutes to complete the assessment (SD = 2.0). Once the students had completed the
assessment of their fellow students’ models on an individual basis, they provided the feedback
that they had produced to the corresponding assessee group. Therefore, each home group
received two sets of peer feedback from another peer group. During the revision phase, students
in their home groups collaboratively reviewed the two peer-feedback sets received from the
corresponding assessor group. Students were free to decide on whether to make any revisions
to their model. By the end of the revision phase, students responded, in collaboration with their
group mate in their home groups, to two open-ended questions which were given to them for
reflection purposes (Question A: “Did you use your peer’s feedback to revise your model?
Explain your reasoning.” Question B: “Did you revise your model after enacting peer
assessment? Explain your reasoning.”). By the end of this intervention, eleven students (each
from a different home group) were interviewed individually about their experience with the
peer-assessment method. Each interview lasted approximately 15 to 20 minutes. Students were
first asked about any previous experience in peer assessment; then they were asked whether
they found peer assessment, as experienced in this study, useful assuming the role of the peer
assessor and peer assessee respectively. Interview and post-instructional questionnaire data
were used for triangulation purposes.

Data sources

At the beginning of the intervention, a consent form was signed by the students’ parents for
allowing us to use the collected data anonymously for research purposes. The following data
were collected: (1) students’ initial models; (i) peer-feedback reports; (iii) students’ revised
models; (iv) post-instructional interviews with eleven students, and (v) home-groups’
responses to the two open-ended questions at the end of the intervention.
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Data analysis

We used a mixed-methods approach that involved both qualitative and quantitative analyses of
the data. In particular, the data were first analyzed qualitatively and then also quantitatively
with the use of the SPSS™ software, except for the interviews and students’ responses to the
two open-ended questions which were only qualitatively analyzed. We examined each
student’s learning progression as reflected in the quality of their initial and revised models,
with respect to the intended learning objectives. In case of revisions applied by students, we
further examined possible parameters which might have let the students proceed with the
revisions in their models. Inter-rater reliability data were also collected [Krippendorff’s Alpha
coefficient > 0.79 for the coding of peer-feedback data and initial and revised models; Cohen’s
Kappa > 0.80 for qualitative (categorical) items].

RESULTS

The data analysis revealed that ten, out of eleven home groups, revised their models, after the
enactment of peer assessment. All revisions applied by assessees were found to improve the
quality of their initial models; in other words, no case was identified in which assessees
proceeded to revisions that undermined the quality of their initial model. This implies that
students, as assessees, were able to filter invalid comments included in the peer feedback
received.

We first analyzed students’ initial models (before the enactment of peer assessment). The data
analysis revealed different levels of increasing sophistication displayed by the students for each
component, which align to some of the levels suggested by Papaevripidou et al. (2014). Table
1 shows six levels of increasing sophistication that illuminate the degree of development of the
learners’ model construction practices, along with the coded student groups assigned to each
level. We further analyzed the students’ models with respect to the extent to which they drew
on the relevant specifications in a valid manner while constructing their models (see table 2).

We then analyzed students’ revised models (after the enactment of peer assessment). The
revised models of most of the student groups indicated that the students switched to a higher
level of attainment in terms of all relevant aspects of their models, including the validity of
those aspects (see Tables 1 and 2).

The revised models of most of the student groups indicated that those students switched to a
higher level of attainment in terms of all relevant specifications of their models
(Representational Power: PP; Interpretational Power: IP; and Predictive Power: PP), including
the validity of those aspects. A Wilcoxon rank test showed statistical significant differences
between the quality of initial and revised models with respect to the degree to which students
had thoroughly addressed the three specifications (RP, IP, and PP) in their models (Z=-3.270;
p <.01). Likewise, statistical significant differences were found between the validity of initial
and revised models with respect to the RP (Z=-2.0; p <.05) and PP (Z=-3.376; p <.01).
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Table 1. Allocation of students’ models into different levels of model construction practice following
Papaevripidou et al. (2014)

Levels of Level description Home groups whose models
model are assigned to each level
construction
practice
Representation of  Interpretation Predictive Initial Revised
the phenomenon of how the power models models
phenomenon
operates
Level 1 Superficial® Absent Absent 11 11
Level 2 Moderate? Absent Absent 9 -
Level 3 Moderate Mechanistic* Absent 1,2,5 5
Level 4 Moderate Mechanistic and Absent - -
causal®
Level 5 Comprehensive® Mechanistic and Limited 3,4,6,7,8, 1,2,6,89
causal 10
Level 6 Comprehensive Mechanistic and Strong - 3,4,7,10
causal

1 Superficial representation: e.g., most of the components of the phenomenon are missing

2 Moderate representation: e.g., only few components of the phenomenon are represented

3 Comprehensive representation: e.g., all components of the phenomenon are represented

4 Mechanistic interpretation: the model explains how the phenomenon functions

5 Causal interpretation: the model explains why the phenomenon functions in the way it does

Table 2. Degree of validity for each specification in relation to the levels of model construction practice that
emerged from the analysis of students’ models

Levels of Validity Home groups whose
model models are assigned to
construction each level
practice
Representation  Interpretation of  Predictive power Initial Revised
of the how the of the model
phenomenon phenomenon
operates
Level 1/2 Invalid - - - -
Mostly invalid - - 11 11
Valid - - 9 -
Levels 3/4 Mostly valid Mostly valid - 5 -
Valid Mostly valid - - -
Valid Valid - 1,2 -
Levels 5/6 Non-valid Non-valid Non-valid - -
Mostly valid Non-valid Non-valid - -
Mostly valid Mostly valid Non-valid - -
Mostly valid Mostly valid Mostly valid 3,4,7,8 3,4,57,8
Valid Mostly valid Mostly valid - -
Valid Valid Valid 6, 10 1,2,6,9,
10

The type of peer-feedback comments received by assessees was found to be related with the
quality of the initial models of the assessees. In particular, negative comments (i.e., references
in the peer-feedback comments to what the assessees had not yet achieved) (Kendall’s Ty = —
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0.373, p <.05) and also justified negative comments (Kendall’s Tp = —0.348, p < .05) were
related with the quality of assessees’ initial models. The data analysis revealed that all revisions
(in terms of the student group’s attainment of the modeling competence) identified in the
revised models of three groups (Groups 3, 8 and 10) were suggested in the peer feedback
received, whereas in the revised models of seven groups (Groups 1, 2, 4, 5, 6, 7, and 9) only
some revisions were suggested in the peer feedback received. In other words, we identified
revisions in the models of seven groups, which were not suggested in the peer feedback
comments received from peer assessors. For example, students from Group 1 added an
explanation (i.e., “if green and red coincide, yellow is formed’) in their revised model which
was not included in the peer-feedback comments offered by their peer-assessors (students from
Group 2). When examining the initial model of Group 2 (peer-assessors), we detected a
sentence resembling the revision of assessee Group 1 (i.e., “We have 3 sources of light: blue,
red and green. If they coincide, one of the colors shown on the figure is formed”). This is an
indication that students from Group 1 might have borrowed this idea while they were assessing
the model of Group 2. Triangulation—with data from the post-instructional reflective
questionnaire and the interviews with the students—revealed that students proceeded to
revising their models, not merely due to the reception of peer feedback comments, but also due
to the enactment of the peer assessor role (e.g., engagement to self-reflection processes;
exposure to alternative examples while assessing peers’ models).

DISCUSSION

This study focused on examining how reciprocal peer assessment in modeling-based learning
can serve as a learning tool for learners in a secondary school physics course, in the context of
light and color. The findings of this study show that reciprocal peer-assessment—experienced
by the students in the roles of assessor and assesse—enhanced their learning in the selected
topic, as inferred by the quality of their revised models. It is vital to consider that between the
model construction and the model revision phase, no instruction or any other kind of
intervention took place; therefore, any possible improvements identified in students’ revised
models arose due to the enactment of peer assessment and in particular either due to the
experience that students gained while acting as peer assessors or due to the exploitation of peer
feedback received in the peer-assessee role or both.

Students, as assessees, acted on most or all suggestions provided by their peers for revising
their models. Students in this study were not reluctant to accept their peers as legitimate
assessors, contradicting findings from previous studies (e.g. Tsivitanidou, et al., 2011; Van
Gennip, Segers, & Tillema, 2010). They used the peer feedback received from their peer
assessors for revising their models and those revisions improved the quality of their models in
terms of their RP, IP and PP, as well as in terms of the scientific accuracy of their models. They
were able to wisely use the peer feedback received, by filtering peer-feedback comments and
finally proceeding with revisions that improved the quality of their initial model with respect
to the intended specifications. Students did not proceed with revisions which could potentially
undermine the quality of their model. Hence, we have indications of the participants’ skills to
interpret feedback in a meaningful way and to use to wisely for improving their models. In fact,
the analysis revealed that even in cases of receiving invalid feedback comments assessees were
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able to filter such invalid comments, as already suggested in previous studies (Hovardas et al.,
2014). However, not all revisions detected in assessees’ revised models, were explicitly or
implicitly suggested in the peer-feedback comments received. We searched for evidence about
the possible reasons which might have led assessees to applying those revisions in their models.

The data analysis indicated that assessees revised their models also due to the opportunity
which they were offered to act as assessors. In particular, the findings of this study suggest that
when students enact the peer-assessor role, they are exposed to alternative examples (i.e., their
peers’ artefacts) (Tsivitanidou & Constantinou, 2016) which might inspire students to further
revise their own artifacts. Also, while enacting the peer-assessor role, the students reconsider
the learning objectives that should have been addressed and therefore better appreciate what is
required to achieve a particular standard (Brindley & Scoffield, 1998). Moreover, the findings
of this study suggest that when students enact the peer-assessor role, they are also engaged in
self-reflection processes. Peer assessment, as a process itself, requires self-reflection and in-
depth thinking (Cheng, Liang, & Tsai, 2015) and this process bares learning benefits for
students. Indeed, students in this study claimed in the post-instructional interviews that while
assessing their peers’ models, they were engaged in self-reflection processes. They also
reported that the opportunity which was given to them to compare—at least implicitly—their
own model with that of another peer group while assessing, made them realize what they had
interpreted wrongly or not on the basis of their experimental results. This comparison strategy
applied by assessors in this study resembles the comparative judgment approach which has
been reported as a method that assessors may endorse when offering peer feedback, even if not
instructed to do so (Tsivitanidou & Constantinou, 2016).

In this vein, receiving peer feedback while also providing peer feedback was beneficial for
students’ learning progress. Previous studies in science education have shown that students can
benefit from the enactment of peer assessment in terms of their learning (e.qg., Prins, Sluijsmans,
Kirschner & Strijbos, 2005; Tsai, Lin & Yuan, 2002). The findings of this study suggest that
those benefits can also arise in modeling-based learning. We can argue that reciprocal peer
assessment can serve as a learning method, confirming findings of previous studies in other
contexts and teaching approaches (Orsmond et al., 1996), since students in this study benefited
from the reciprocal peer-assessment method, not merely because of receiving peer feedback,
but also because they were given the opportunity to act as assessors. The fact that reciprocal
peer assessment in modeling-based learning can facilitate students’ learning in science, needs
to be considered, first, by policy makers and second, by educators, for integrating peer
assessment and modeling-based learning in the curriculum and in the everyday teaching
practice, respectively.

ACKNOWLEDGEMENTS

This study was conducted in the context of the research project ASSIST-ME, which is funded
by the European Union’s Seventh Framework Programme for Research and Development (grant
agreement no: 321428).

1413



Strand 11

REFERENCES

Acher, A., Arca, M., & Sanmarti, N. (2007). Modeling as a teaching learning process for understanding
materials: A case study in primary education. Science Education, 91(3), 398-418.

Ballantyne, R., Hughes, K., & Mylonas, A. (2002). Developing procedures for implementing peer
assessment in large classes using an action research process. Assessment & Evaluation in Higher
Education, 27, 427-441.

Black, P., & William, D. (1998). Assessment and classroom learning. Assessment in Education:
Principles, Policy, and Practice, 5, 7-74.

Brindley, C., & Scoffield, S. (1998). Peer assessment in undergraduate programmes. Teaching in
Higher Education, 3(1), 79-89.

Cestone, C. M., Levine, R. E., & Lane, D. R. (2008). Peer assessment and evaluation in team-based
learning. New Directions for Teaching and Learning, 116, 69-78.

Chang, H. Y., & Chang, H. C. (2013). Scaffolding students’ online critiquing of expert-and peer-
generated molecular models of chemical reactions. International Journal of Science
Education, 35(12), 2028-2056

Chang, H.-Y., Quintana, C., & Krajcik, J.S. (2010). The impact of designing and evaluating molecular
animations on how well middle school students understand the particulate nature of matter.
Science Education, 94(1), 73-94.

Chen, N.-S., Wie, C.-W., Wu, K.-T., & Uden, L. (2009). Effects of high level prompts and peer
assessment on online learners’ reflection levels. Computers and Education, 52, 283-291.

Cheng, K. H., Liang, J. C., & Tsai, C. C. (2015). Examining the role of feedback messages in
undergraduate students’ writing performance during an online peer assessment activity. The
Internet and Higher Education, 25, 78-84.

Evans, C. (2013). Making sense of assessment feedback in higher education. Review of Educational
Research, 83, 70-120.

Frost, J., & Turner T. (Eds.). (2005). Learning to teach science in the secondary school: A companion
to school experience (Second Edition), London: Routledge Falmer.

Gielen, M., & De Wever, B. (2015). Scripting the role of assessor and assessee in peer assessment in a
wiki environment: Impact on peer feedback quality and product improvement. Computers &
Education, 88, 370-386.

Gilbert, J. K., & Justi, R. (2016). Modelling-based teaching in science education. Springer International
Publishing AG Switzerland, ISSN 2213-2260

Grob, R. (2017). Towards the implementation of formal formative assessment in inquiry-based science
education in Switzerland (PhD Thesis). University of Basel, Switzerland.

Hattie, J., & Timperley, H. (2007). The power of feedback. Review of Educational Research, 77, 81—
112.

Hodson, D. (1993). Re-thinking old ways: Towards a more critical approach to practical work in school
science. Studies in Science Education, 22(1), 85-142.

Hovardas, T., Tsivitanidou, O. E., & Zacharia, Z. C. (2014). Peer versus expert feedback: An
investigation of the quality of peer feedback among secondary school students. Computers &
Education, 71, 133-152.

Kim, M. (2005). The effects of the assessor and assessee’s roles on preservice teachers’ metacognitive
awareness, performance, and attitude in a technology-related design task. (Unpublished doctoral
dissertation). Florida State University, Tallahassee, USA.

Kluger, A. N., & DeNisi, A. (1996). The effects of feedback interventions on performance: a historical
review, a meta-analysis, and a preliminary feedback intervention theory. Psychological Bulletin,
119, 254-284.

Labudde, P. (2000): Konstruktivismus im Physikunterricht der Sekundarstufe 1l (Constructivism in
physics instruction at the upper secondary level). Bern, Switzerland: Haupt.

Narciss, S., & Huth, K. (2006). Fostering achievement and motivation with bug-related tutoring
feedback in a computer—based training for written subtraction. Learning and Instruction, 16, 310—
322.

National Research Council (2007). Taking science to school: Learning and teaching science in grades
K-8. Washington, DC: National Academy.

1414



Strand 11

National Research Council (2012). A framework for K—12 science education: Practices, crosscutting
concepts, and core ideas. Committee on a Conceptual Framework for New K-12 Science
Education Standards. Board on Science Education, Division of Behavioral and Social Sciences
and Education. Washington, DC: TheNational Academies Press.

Nelson, M. M., & Schunn, C. D. (2008). The nature of feedback: how different types of peer feedback
affect writing performance. Instructional Science, 37, 375-401.

Nicol, D. J., & Macfarlane-Dick, D. (2006). Formative assessment and self-regulated learning: A model
and seven principles of good feedback practice. Studies in higher education, 31(2), 199-218.

Nicolaou, C. T., & Constantinou, C. P. (2014). Assessment of the modeling competence: A systematic
review and synthesis of empirical research. Educational Research Review, 13, 52-73.

Orsmond, P., Merry, S., & Reiling, K. (1996). The importance of Marking Criteria in the Use of Peer-
Assessment. Assessment and Evaluation in Higher Education. 21(3), 239-250.

Papaevripidou, M., Nicolaou, C. T., & Constantinou, C. P. (2014). On Defining and Assessing
Learners’ Modelling Competence in science Teaching and Learning. In Annual Meeting of
American Educational Research Association (AERA), Philadelphia, Pennsylvania, USA.

Pluta, W.J., Chinn, C.A., & Duncan, R.G. (2011). Learners’ epistemic criteria for good scientific
models. Journal of Research in Science Teaching, 48(5), 486-511.

Prins, F. J., Sluijsmans, D. M. A., Kirschner, P. A., & Strijbos, J.-W. (2005). Formative peer assessment

in a CSCL environment: A case study. Assessment & Evaluation in Higher Education, 30, 417—
444,

Schwarz, C. V., & Gwekwerere, Y. N. (2006). Using a guided inquiry and modeling instructional
framework (EIMA) to support K-8 science teaching. Science Education, 91(1), 158-186.
Schwarz, C.V., Reiser, B.J., Davis, E.A., Kenyon, L., Acher, A., Fortus, D., . . . Krajcik, J. (2009).
Developing a learning progression for scientific modeling: Making scientific modeling accessible

and meaningful for learners. Journal of Research in Science Teaching, 46(6), 632—654.

Schwarz, C.V., & White, B.Y. (2005). Metamodeling knowledge: Developing students’ understanding
of scientific modeling. Cognition and Instruction, 23(2), 165-205.

Sluijsmans, D. M. A. (2002). Student involvement in assessment, the training of peer assessment skills.
Groningen, The Netherlands: Interuniversity Centre for Educational Research.

Topping, K. J. (2003). Self and peer assessment in school and university reliability, validity and utility.
In M. Segers, F. Dochy, & E. Cascaller (Eds.), Optimising new modes of assessment: In search
of qualities and standards (pp. 55-87). Dordrecht, The Netherlands: Kluwer Academic
Publishers.

Tsai, C.-C., Lin, S. S. J., & Yuan, S.-M. (2002). Developing science activities through a network peer

assessment system. Computers & Education, 38(1-3), 241-252.

Tsivitanidou, O., & Constantinou, C. (2016). A study of students' heuristics and strategy
patterns in web-based reciprocal peer assessment for science learning. The Internet and
Higher Education. 12, 12-22. Tsivitanidou, O. E., Constantinou, C. P., Labudde, P., Rénnebeck,
S., & Ropohl, M. (2017). Reciprocal peer assessment as a learning tool for secondary school
students in modeling-based learning. European Journal of Psychology of Education, 1-23.

Tsivitanidou, O. E., & Zacharias, C. Z., & Hovardas, T. (2011). Investigating secondary school
students’ unmediated peer assessment skills, Learning and Instruction, 21 (4), 506-519.

Van Gennip, N. A. E., Segers, M. S. R., & Tillema, H. H. (2010). Peerassessment as a collaborative
learning activity: the role of interpersonalvariables and conceptions. Learning and Instruction,
20(4), 280-290.

Van Lehn, K. A., Chi, M. T., Baggett,W., & Murray, R. C. (1995). Progress report: Towards a theory
of learning during tutoring. Pittsburgh, PA: Learning Research and Development Center,
University of Pittsburg.

Yang, M., Badger, R., & Yu, Z. (2006). A comparative study of peer and teacher feedback in a Chinese
EFL writing class. Journal of Second Language Writing, 15, 179-200.

1415



Strand 11 Dub

A TEACHER PERSPECTIVE ON BENEFITS AND
CHALLENGES OF PEER-ASSESSMENT

Regula Grob!?, Monika Holmeier! and Peter Labudde!
Center for Science and Technology Education, University of Applied Sciences and Arts
Northwestern Switzerland, Basel, Switzerland
2University of Teacher Education, Fribourg, Switzerland

Formative assessment has been suggested as a means to support student learning in inquiry-
based science education. However, teachers need support in implementing formative
assessment practices, such as peer-assessment, in their daily teaching. As a prerequisite for
shaping suitable means of support, primary and upper secondary teachers’ perspectives on
benefits and challenges of peer-assessment in inquiry learning have been explored. Data was
collected from 7 primary and 10 upper secondary school teachers from Switzerland who
implemented peer-assessment in their science classes. The data included teaching plans,
evaluation forms, individual interviews, and group interviews. Inductive coding of the data
revealed that the teachers perceived challenges of peer-assessment at the level of teaching
practice but also at the level of educational policy. These results suggest that different
measures of support such as professional development programmes, but also concrete
examples and tools as well as guidelines from educational policy are needed. Considering the
benefits of peer-assessment, the teachers from both school levels did not only believe that peer-
assessment enhances student learning but also anticipated social and motivational effects. This
result implies that formative assessment theories should be more closely connected to learning
theories in which student motivation has been identified as a main contributor to learning.

Keywords: formative assessment, peer-assessment, inquiry-based science education

INTRODUCTION

Problem statement

Inquiry and other competence-oriented approaches have become important parts of science
education in the recent decades. One issue, however, has been how to support students in their
inquiry learning and how to assess respective student competences (e.g. Harlen, 2013). A
possible answer to this is the promotion of formative assessment at an international (e.g.
OECD, 2005; 2013), but also at a national level (e.g. in the curriculum for the compulsory
school levels for the case of Switzerland, D-EDK, 2014). But as a number of studies show, the
use of formative assessment in teaching practice varies greatly between teachers (Black, 1993;
Bell & Cowie, 2001; Heritage, 2010; Herman, Osmundson & Silver, 2010; Stiggins, Griswold
& Wikelund, 1989). The quality of formative assessment rests to a high degree on the strategies
teachers use to elicit evidence of student learning and on the use of this evidence to shape
subsequent instruction and learning (Bell & Cowie, 2001; Ruiz-Primo, Furtak, Ayala, Yin, &
Shavelson, 2010). Subsequently, the need of help for the teachers is stated: “Simply embedding
assessments in curriculum does not guarantee improved learning and teaching. Teachers need
tremendous support using assessment in their teaching practice” (Yin, et al., 2008, p. 356). The
focus of this study will therefore be on science teacher perspectives on peer-assessment, a
formative assessment method relatively well-described in the literature (e.g. Topping, 2003),
in the context of inquiry learning.
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Literature review

Formative assessment has the purpose of assisting learning and for that reason is also called
‘assessment for learning’. It involves processes of “seeking and interpreting evidence for use
by learners and their teachers to decide where the learners are in their learning and where they
need to go and how best to get there” (Assessment Reform Group ARG, 2002, p. 2). The
following four characteristic features for an operationalisation of ‘formative assessment’ were
found: (1) Clarity in expectations (e.g. Black, Harrison, Lee, Marshall & Wiliam, 2004); (2)
Diagnosis of student level with respect to expectations (Ruiz-Primo et al., 2010); (3) Presence
of feedback (Furtak & Ruiz-Primo, 2008) (4) Opportunity to use this feedback (e.g. Andrade,
2010).

For the context of inquiry-based science education, a number of concrete methods of formative
assessment have been suggested (e.g. Barron & Darling-Hammond, 2008). The focus of this
study will be on peer-assessment which is defined as a process in which students assess their
peers’ work and provide feedback on it (e.g. Topping, 2003). Peer-assessment follows the idea
of "activating students as instructional resources for one another” (Leahy, Lyon, Thompson &
Wiliam, 2005, p. 21): Students take both the role of the assessor and the assessee by assessing
each other’s work. The aim of peer-assessment is to assist peers in identifying the strengths
and weakness of their work and to provide suggestions for improving it (Dochy, Segers &
Sluijsmans, 1999; Topping, 2003).

A number of advantages and challenges that are associated with peer-assessment have been
identified in the literature. The advantages of peer- assessment are, firstly, that feedback from
peers who had the same difficulties in the learning progress might suggest direct ways to
overcome those difficulties, and formulate them in a language that is naturally used by the
students (Black et al., 2004). Secondly, students who assess their peers’ work engage in
cognitively demanding activities, such as critical thinking (Hanrahan & Isaacs, 2001; Harlen,
2007; Lin, Liu & Yuan, 2001; Lindsay & Clarke, 2001; Topping, 2003; Tsivitanidou, Zacharia
& Hovardas, 2011). Thirdly, students get the opportunity to see examples of other students’
work. This can potentially lead to self-assessment: By comparing their own work to that of
their peers, students can be prompted to reflect on their own learning achievements (Hanrahan
& lIsaacs, 2001; Lin et al., 2001; Topping, 1998; 2010). Fourthly, peer-assessment may be eas-
ier to accept since it is perceived less authoritative than feedback from adults and therefore
open to negotiation (Cole, 1991; Topping, 2010). Fifthly, feedback from peers can be more
immediate, timely, and individualized than feedback from the teacher (Topping, 2010) simply
because there are many more students than teachers in a classroom. Lastly, providing feedback
to peers develops the social, communicative, meta-cognitive and other personal and
professional skills on the way (Topping, 2010).

Beside the aforementioned advantages, a number of challenges of peer-assessment have also
been identified in the literature: When doing peer-assessment, students need to judge the
performance of a peer. This needs a certain degree of knowledge in the field that is assessed
(Topping, Smith, Swanson & Elliot, 2000). Furthermore, students need to communicate the
judgments to their peers and need to provide constructive feedback about their learning process
for which communication skills are necessary (Black, Harrison, Lee, Marshall & Wiliam
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2003). Thirdly, the recipients need to critically review the feedback and decide on the actions
to be taken: Since peer-feedback might include flaws, the recipients need to filter it and then
decide whether there is a need to adopt the peers’ suggestions and to revise their work
(Sluijsmans, 2002). Fourthly, peer-assessment costs lesson time for organization, training and
monitoring, particularly in the beginning, if it should be provided at a good level of quality
(Topping, 2010). Lastly, social processes influence and contaminate the validity and reliability
of assessment provided by peers (Topping, 2010).

Statement of intentions

Following the problem statement, the exploration of the teacher perspective on formative
assessment methods such as peer-assessment is considered relevant for a successful
implementation of respective approaches. Teachers’ perceptions of the benefits and challenges
of peer-assessment will therefore be investigated and the implications for supportive measures
for the implementation of peer-assessment in inquiry-based science education will be
discussed. Furthermore, a widening of the conceptual framework for formative assessment is
suggested based on the results.

METHODS

For this study, a 3-semester cooperation with 20 science teachers in Switzerland (9 primary, 11
upper secondary) was established. In every semester, the teachers incorporated a formative
assessment method from a pre-defined list (including peer-assessment) in one of their normal
inquiry units. The methods were used to assess one or several student competences from
another pre-defined list (including, for example, investigation competence, argumentation
competence, and modelling competence). The cooperation also included regular meetings with
all the teachers, and a teacher manual on the assessment methods which also included
illustrative examples.

Data collection

The teachers provided their teaching plans and -materials (student worksheet etc.) from their
trials and filled out an evaluation form in which they reflected upon the benefits and challenges
of the assessment method. No more than ten days after the trials, individual interviews were
held with a sub-group of the teachers (consisting of n=8 teachers from both school levels) in
order to speak about the trials and about general issues related to assessment in more detail.

Data analysis

Based on the teaching plans and the teaching materials, it was decided whether the trials
included a formative assessment activity. This was evaluated with the four characterizing
features of formative assessment as introduced in the literature review. Afterwards, it was
decided whether the formative assessment activity was peer-assessment. The respective
criterion was whether the students diagnosed and provided feedback on their peers’ work. This
resulted in 7 primary and 10 upper secondary school cases.

For the analysis of the benefits and the challenges of peer-assessment, the evaluation forms
(n=17 evaluation forms) and the transcripts from the individual interviews (n=8 interviews)
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were inductively coded. This led to a coding frame with 8 categories for the challenges and 5

categories for the benefits which will be presented in the results part. 18% of the data was
double-coded (k =0.89).

RESULTS

Looking at the challenges, the teachers mentioned difficulties related to the planning of peer-
assessment activities (challenge 1). Furthermore, the teachers expressed their doubts about the
quality of the diagnosis done by peers (challenge 2), about the quality of the feedback provided
by peers (challenge 3), and their uncertainty about their own role (challenge 4). The teachers
also anticipated that some of the students might not consider the feedback received from peers
to revise their work (challenge 5) or that assessing peers could be boring for students (challenge
6). Another aspect was the role of peer-assessment within the assessment framework, for
example the relation between peer-assessment and grading from the teacher (challenge 7).
Peer-assessment was also considered rather time-intensive and dependent on a good training
of the students (challenge 8).

Considering the benefits, the teachers mentioned that the feedback is provided in a language
that is naturally used by the students and it is accepted because the assessor is a peer (benefit
1). Furthermore, the responsibility for the learning in a peer-assessment setting lies with the
students, resulting in a lower workload for the teachers and a higher capacity for individual
support (benefit 2). The teachers anticipated learning effects in inquiry-specific but also in
transversal competences (benefit 3) as well as effects on the classroom climate and the
students’ motivation (benefit 4). Lastly, the low preparation time for the teacher (benefit 5) was
mentioned.

One of the emerging results from the benefits of peer-assessment as mentioned by the teachers
is that the teachers from both school levels did not only perceive learning effects (see benefit
3) from peer-assessment but also social and motivational effects (see benefit 4; illustrative
quotes: “Peer-assessment enhances the relation between the students”; “Peer-assessment is a
way to take students serious and to give value to what they say. This motivates them in their
work™). This aspect will be discussed in more detail in the next section of the paper.

DISCUSSION AND CONCLUSIONS

Comparison of the results to the literature

Comparing the benefits and challenges of peer-assessment as mentioned by the teachers in the
study to the results found in the literature, a number of aspects are similar. The specific
language characteristics of feedback formulated by peers and the responsibility for learning
have been previously reported in Black et al. (2004). No references on the resulting capacities
of the teachers were found in the research literature, however. The effects of peer-assessment
on the students’ transversal competences (Topping, 2010) and on self-regulated learning
(Hanrahan & lIsaacs, 2001; Lin et al., 2001; Topping, 1998; Topping, 2010) have also been
previously mentioned but not the effects on the classroom climate and on the students’
motivation as anticipated by the teachers in this study. The preparation time was not covered
in the literature either.
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Considering the challenges, the planning issues as brought up by the teachers in this study are
not mentioned in the literature. The quality of the diagnosis (Topping et al., 2000; Topping,
2010) and the quality of the feedback (Black et al., 2003) have been previously discussed. The
uncertainty about the own role that resulted, according to the teachers in this study, from the
questionable quality of the diagnosis and the feedback, was not found in the literature. The
lesson time and the training needed were recognized by Topping (2010), too. None of the
teachers in the study spoke about the difficulties in what feedback to use for revision as reported
in Sluijsmans (2002).

Overall, the benefits of peer-assessment perceived by the teachers in this study are similar to
what is mentioned in the research literature. These effects appear to be independent of the
school level and the country-specific context. The social and motivational benefits from peer-
assessment have not been found in the literature, though. This will be discussed in more detail
in the paragraph ‘widening of the theoretical concept needed’ below.

The challenges of peer-assessment in the literature were not specifically focussed on the
perspective of the teachers nor on organisational issues, resulting in a smaller congruence
between the results of this study and the research literature. However, it becomes apparent that
the challenges of peer-assessment cannot be neglected.

Support needed

The challenges of peer-assessment appear to need support at different levels to be overcome:
Professional development as well as concrete teaching resources could help teachers to enhance
their own assessment literacy (see challenges 1, 4) but also to let the students improve their
abilities in diagnosing, providing and using peer-feedback (see challenges 2, 3, 5, 6, 8). The
role of peer-assessment in the assessment framework (see challenge 7) was the only challenge
mentioned that is not situated at the level of teaching and learning practice. Rather, it refers to
a more strategic level, with teachers needing help in understanding the relation between
formative assessment methods and summative as well as evaluative methods. Guidelines from
educational policy representatives could help to clarify the relation between formative and
summative assessment.

Widening of theoretical concept needed

Regarding the benefits of peer-assessment, the teachers did not only perceive learning effects
but also social and motivational effects. This is not aligned with formative assessment theory
which focusses on the former by conveying the idea that formative assessment supports student
learning (Black & Wiliam, 1998; Natriello, 1987). Interdependencies between formative
assessment and student motivation (Black & Wiliam, 1998) and a relation between formative
assessment and student confidence (Smit, 2009) have been suggested, but literature on these
effects is generally scarce. The result suggests that the formative assessment theory should be
widened towards learning theories in which student motivation has been identified as a main
contributor to student learning.
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Retrospects and prospects

The aim of this study was to explore teachers’ perceptions on benefits and challenges of peer-
assessment in order to shape suitable means of support for teachers. The study was conducted
with a small number of participants and in an open setting where the teachers designed the
inquiry units themselves. It is therefore hard to decide on the specifity of the results (e.g. to
what extent the challenges refer to peer-assessment specifically rather than to formative
assessment methods in general). Nevertheless, the participating group of teachers included
different school levels, subjects, years of teaching experience and gender. Furthermore, the rich
data on the teachers’ trials and their reflections upon them provide a dense picture of the
teachers’ perspectives on peer-assessment in the context of inquiry.

The study results in two main outcomes: Firstly, it offers first ideas on how to support the
uptake of more peer-assessment in daily teaching practice. Secondly, it provides implications
on how to further develop formative assessment theories.
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DEVELOPMENT AND VALIDATION OF LEARNING
PROGRESSIONS ON CHEMICAL CONCEPTS

Kibra Nur Celik and Maik Walpuski
University of Duisburg-Essen, Essen, Germany

The development of scientific literacy is very important for lifelong learning and the
understanding of core concepts in science (AAAS, 2007). At the same time, a study conducted
in North Rhine-Westfalia in Germany as a national assessment (Pant et al., 2013) shows that
a lot of students perform only poorly in standardized assessment tests in chemistry and do not
even reach the necessary basic skills. These students often lose track in chemistry instruction
because of their early knowledge deficits and inability to catch up accordingly. To support
these low-achievers it is important to investigate how essential ideas and concepts are related
to each other and how they contribute to the logical (in large parts hierarchical) structure of
chemical knowledge. For the German context learning progressions for the chemical concepts
“Structure of Matter”, “Chemical Reaction” and “Energy” (c.f. MSW, 2011) for the first two
learning years in chemistry instruction have been developed, with several core ideas and their
specific requirements. The first aim of the presented project is to evaluate these learning
progressions empirically. In addition, it focuses on defining achievable minimal knowledge
levels that guide all students to gain scientific proficiency in the long run. On the basis of
performance tests specific to the assumed learning progressions it is possible to identify
interdependencies between the core ideas and evaluate the progressions’ validity. The pilot
study reported here primarily describes the test instrument, its test parameters and possible
methodological considerations for analyzing the main study data, which is not yet complete.

Keywords: learning progressions, competencies, chemical concepts

INTRODUCTION AND THEORETICAL FRAMEWORK

Problem and initial situation

Similar to other nations, Germany has introduced educational standards, which describe
competencies the students should have acquired by the end of a particular grade (KMK, 2005).
These educational standards are formulated as general standards addressing the average
performance level (Klieme et al., 2007). However, the 2012 1QB national assessment study
(Pant et al., 2013) revealed that German students, particularly in North Rhine-Westphalia,
perform lowly on these standardized assessment tests in chemistry. With regard to an US study
(Alonzo & Gotwals, 2012) it can be assumed that low test results may be related to unfocused
and disconnected science education. The reason for this could lie in the largely hierarchical
structure of chemistry knowledge. The hierarchical structure might put students, particularly
low-achieving ones, who lost track at some point during chemistry instruction, at a
disadvantage, where they are unable to catch up on the content. In order to support these
students it is necessary to investigate the relationship between essential ideas and concepts in
chemistry and their contribution to meaningful learning and knowledge structures. One
possible approach is to map the interdependencies as learning progressions and use them as a
guiding framework for structuring chemistry instruction within the first two learning years in
chemistry. Teachers might also use the learning progressions to identify difficulties
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understanding concepts and ideas on an individual basis and derive according supporting
measures.

Theoretical framework

This study uses the concept of learning progressions as a way of describing the structure of
chemical content knowledge. Learning progressions propose the development of essential core
ideas that support cross-linked knowledge and can be read as possible learning pathways to
develop professional competencies. They also postulate a particular sequence of abilities and
core concepts, which students have to acquire over time (e.g. Corcoran, Mosher, & Rogat,
2009; Duschl, Schweingruber, & Shouse, 2007; Duncan & Hmelo-Silver, 2009; Stevens,
Delgado, & Krajcik, 2009).

Learning progressions consist of several core ideas the students have to understand. Students
enter the progression with their prior knowledge and abilities (lower anchor). They proceed
through predetermined learning pathways successively to achieve the learning targets which
describe skills and knowledge for end of the progression (upper anchor) (Corcoran, Mosher, &
Rogat, 2009). The levels between the lower and upper anchor are defined by the learning
performances which set the level of understanding and competencies students would be able to
perform (Corcoran, Mosher, & Rogat, 2009; Duncan & Hmelo-Silver, 2009).

Other studies have already used learning progressions successfully. The American Association
for the Advancement of Science (AAAS, 2007), for instance, aspires in “Project 2061” the idea
of developing scientific literacy for all students and developed learning progressions for
various domains in science education, such as Physical Science and Earth Science. They used
strand maps to visualize the development of students’ understanding of core ideas at different
stages of progress and represent the link between core ideas and learning targets to diagnose
students’ conceptual abilities (AAAS, 2007). There have also been first attempts at developing
and validating a learning progression via strand maps for the concept of energy in physics in
the German context (Neumann, Viering, Boone, & Fischer, 2013). In addition, first
investigations of core ideas related to the basic concept “Structure of Matter” and “Chemical
Reaction” in chemistry have already been conducted, as well (Weber, Emden, & Sumfleth,
2016). However, rare attention has been paid to a learning progression for all three basic
concepts in chemistry and the interdependencies of their core ideas.

PROCEDURE AND DESIGN

Research questions
The following research questions are addressed by this study:

1. Can the developed Learning Progression be validated empirically?
2. Is there an interdependency between the chemical concepts? Are requirements from one
chemical concept necessary to achieve requirements from a different chemical concept?
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Study context and preliminary work

In a quasi-longitudinal study, students in the first two learning years in chemistry instruction
at comprehensive schools in North Rhine-Westphalia are tested. Prior to testing, a working
group consisting of science education researchers, school teachers and educational
administration stakeholders has developed a preliminary strand map and its core ideas as
anchors. On the basis of educational standards for chemical education (KMK, 2005), school
books and school curricula this team has identified 57 core ideas for the three chemical
concepts “Structure of Matter”, “Chemical Reaction” and “Energy” (c.f. MSW, 2011) for the
first two learning years in chemistry (Table 1). This is the equivalent of grades 8 and 9 at the
lower secondary level in Germany.

Table 1. Distribution of the developed 57 core ideas across the three chemical basic
concepts for the first two learning years in chemistry.

1% learning year 2"d |earning year

Structure of Matter 13 19
Chemical Reaction 6 7
Energy 7 5

Each core idea is framed by a description of what students are expected to know and be able to
do if they have fully understood the core idea. Additionally, boundaries were formulated
describing what students are not expected to know at this point. Usually these boundaries are
defined by content of another core idea or the complexity of the content idea for this level).
Typical misconceptions of students are also related to the core ideas and can be used as
distractors in the assessment test (Figure 1).

These chemical core ideas were then brought into a logical sequence and were connected via
stand maps (analogous to the project of AAAS (2007)) (Figure 2).

The strand map considers the hierarchical arrangement of the core ideas over the first two
learning years and differentiates between necessary and sufficient requirements for a
meaningful construction of knowledge. Requirements, which are assumed to be necessary for
the understanding of the hierarchically higher core idea are represented with red arrows and
the requirements, which are not assumed to be necessarily relevant for the hierarchically higher
core idea are represented with black arrows (Figure 2).
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Basic concept: Structure of Matter Learning year: (01 X2

Core idea: Protons and neutrons can be found in the atomic nucleus and constitute almost the
whole mass of an atom, while electrons are located in the electron shell and determine the size
of an atom (Rutherford).

Expectations: Students are expected to know that ...

= forces act between the elementary particles of an atom.

= the electrons build the atomic shell.

= the protons and neutrons build the atomic nucleus.

= the mass of an atom is almost completely determined by the atomic nucleus.
= the size of an atom is determined by the atomic shell.

= an atom predominantly is void.

= proton and neutron each have a mass of one u.

Boundaries: Students do not have to know (for this core idea) ...

= that the mass of proton and neutron are marginally different.
= which influence the electron has on the mass of an atom.

Typical misconceptions:

= The atomic shell contains air.
= The atomic shell is an actual shell.

Figure 1. Description of a core idea.

Structure of Matter 9.3
Protons and neutrons can be found in the atomic nucleus
and constitute almost the whole mass of an atom,
while electrons are located in the electron shell and
determine the size of an atom (Rutherford).

A

number of protons and neutrons.
A

Strucutre of Matter 9.2
Each element is defined by its

Atoms consist of elementary particles,

Structure of Matter 9.1
which are differently charged.

rborder between the first and second learning yearf *

|
L Strucutre of Matter 7.12 l

Compounds and elements
have different structures.

{ Structure of Matter 7.13 ] . A

Chemical Reaction 7.4
In chemical reactions the
number of atoms stay the same.

Atoms can not be destroyed or
created in chemical reactions.

L Ny - A
- | A
& |
5 - Structure of Matter 7.6 |
Chemical Reaction 7.2 &« | According to Dalton substances are
In chemical reactions atoms are rearranged. composed of atoms.
¢

Structure of Matter 7.11
Pure materials can be classified as compounds and
elements based on chemical reactions.

Figure 2. Exemplary part of the strand map for the chemical basic concepts “Structure of Matter” and
“Chemical Reaction” for the first two learning years.
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Test items and test design

In order to test the validity of this purposed strand map as well as to assess students’ abilities
it was necessary to develop suitable test items. The test items reflect each core idea and its
according expectations which the students are expected to know. For a sufficiently large item
pool at least five test items have been developed for each of the core ideas (Table 1).This
resulted in a total of 329 items in a multiple-choice single-select format. In the pilot study this
item pool was used to identify problematic items which should be removed for a final test
instrument. Due to the large number of items, a multi-matrix design was realized, where the
test items were distributed among 25 different test booklets. The test booklets were constructed
by considering the relations between the core ideas in the strand map (Table 2).

Table 2. Approach to construct a test booklet for the exemplary part of the strand map in Figure 2

Test . . Items for the directly connected core
Items for the main core idea .
booklet ideas
Structure of Matter 7.11, 7.12, 7.13;
1 Structure of Matter 7.6

Chemical Reaction 7.2, 7.4

Note: The core ideas Structure of Matter 7.13 and Chemical Reaction 7.2 are also represented as main core
ideas because all items of the directly connected core ideas are in this test booklet.

In consequence, not all the 25 test booklets contain the same amount of items because of the
differing number of relations in the strand map between core ideas. While constructing the test
booklets it was also necessary to pay attention to items giving the answer to succeeding ones.
In order to achieve a true multi-matrix design, each test booklet was anchored via overlapping
items of at least one core idea so that an overall analysis of all test items was ensured. The test
items were administered to 787 students from grades 8 to 10. In the German school system
these grades typically correspond to the first three learning years in chemistry. Grade 10 (third
learning year) students were tested additionally by intention to obtain data from students who
are expected to know all core ideas and to generate sufficient variance in the performance of
the students.

Methods

The basis for the following analyses are unidimensional Rasch models from item response
theory as it is expected that items are not equally difficult to solve. To make valid statements
about the quality and reliability of the test items, they were analyzed with regard to their test
parameters and model fit parameters. These items were also ordered with increasing item
difficulty on a Wright Map to get a first rough estimation of whether the whole item difficulty
spectrum is covered for all three basic concepts and items for hierarchically higher core ideas
(second learning year) are more difficult than lower ones (first learning year). All analyses
were conducted using ConQuest® software (Wu, Adams, & Wilson, 2007).
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Results of the pilot study

The following results refer to the pilot study data of N = 787 students (50.3 % female). Of this
sample, 33.7 % are from the first learning year, 53.1 % from the second learning year and 13.2
% from the third learning year. The students should work on items whose item solution they
know. So that all of the crude and wrong answered items were assessed as false. Besides, the
items would not be answered in the same number so that in an incomplete block design for the
core ideas each item reached 32 responses in average. The following table (Table 3) presents
the model fit parameters of all 329 multiple-choice single-select items. All, but are within the
weighted-Mean-Square threshold value between 0.80 and 1.20. In addition, the t-statistics for
all but three fall within the tolerable range of -1.98 <t < 1.98. The item reliability is excellent
so that the item difficulties are estimated accurately. The EAP/PV reliability is also satisfying
(0.828), which means the estimated person abilities are accurate, as well.

Table 3. Fit statistics of the 329 test items.

EAP/PV N Item .
Items Reliablity Item Reliablity Difficulty wWMNSQ t-statistics
329 0.828 0.913 -1.936-3.954  0.8-1.22 -34-33

Items with problematic fit measures were analyzed in more detail via distractor analyses. An
observation of the according item characteristic curves and their item discrimination values
revealed that they had anomalous curve patterns and therefore should be revised or removed
from the test instrument.

The item difficulty varies between M = 0.6169 (SD =0.0779) logits for the firstand M = 1.3096
(SD =0.0613) logits for the second learning year. A paired t-test reveals a significant difference
between them with a medium-sized effect (t(297.841) = -6.981, p <.001, d =0.77). Hence,
items for the second learning year are significantly more difficult than items for the first year.

In the strand map the core ideas are hierarchically arranged. Therefore, the item difficulties are
expected to be different for the first two learning years. As can be seen in the Wright Map
(Figure 3) the item difficulties and person abilities are normally distributed. However, the
difficulty of the items is above average for the students. The three basic concepts consist of
difficult items as well as easy items, but easy items for low-ability persons are missing. It is
assumed that the mismatch between person ability and item difficulty is due to fact that some
of the content has not been covered by the teacher or that the low-achieving students are left
behind at some point and are not able to follow anymore.
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X = 1.4 cases 208 Structure of Matter

213 298 312 . -
3 174 220 Chemical Reaction

71 19 Energy
178
127 197 310
190 226 286
150 154 209 225 227 249 270 305
114 128 155 185 186 208 268 285
2 X | 45 177 255 261 264
XX | 115 157 164 191 307 308 326 327
XXXXX | 61 78 79 103 180 184 189 228 233
XXXX | 74 95 122 125 147 152 153 158
XXX | 76 161 173 176 179 182 198 205
XXX | 57 60 73 75 80 129 171 194 207
XOXXXX | 19 39 56 63 101 104 105 116 118
XXXOOOKXXXXXX | 32 40 43 84 102 113 123 124 160
XXXXXXXX | 5 41 69 77 82 108 109 110 112
1 XXXXKXXXXXXX | 4 36 46 81 86 98 100 117 138 144
XOOOXXXX | 13 16 34 83 142 159 166 170 175
XXXXKXXXXXKKXXXXXXXXX | 28 136 165 183 188 199 200 221
XXXOKXXXXXXXXKXXXKXX |20 21 94 96 97 99 130 215 218
XXXOOXXXXXXXXXX | 7 14 26 37 65 70 93 119 132 137
XXXXKXXXXXXKXXXXXXKXXXXXXXXX |12 87 134 146 156 181 193 201
XXXKXXKXXXKXXKXOKKXXXXX | 48 62 89 135 163 229 230 238 283
XXXXKXKXXKXOKKXKOOKXXKONKXXX | 10 24 38 92 106 139 151 162 236
XXXXXXXXXXKXXXXKXXXXKXXXXKXXXXKXKKXK | 49 53 59 120 133 143 148 231 252
0 XXXXXXKXXXXKXXXXKXXOKOXX |8 9 18 22 27 44 47 72 126 131
XXXXXXXXXXXXXXXXXXXXXXXXXXXX |3 15 25 35 55 88 90 107 149 192
XXXXKXXKXXXKXXKXXXKXXKXXXKXXXXXX | 6 51 67 140 141 276 317
XHXXKXXKKXKKXXXKXKKXXKKXXKXXKKXXKXXXX | 1 11 50 66 68 85 280 324
XXXXXXXXXXKXXXXKXXXXKXXXKX |33 64 91 121 320
XXXXXXKXXXXXXXXXXXXXXXXXXX | 23 42 52
XXXXKXXXXXXKXXXXXXKXXXX |30 290
XXXXXXXXXXXXXXXXX |29 315
-1 XOOXXXX | 17 111 277|295
XXOKXXXXXXX | 279
XXXXOXOXKXXXXX | 2 54 145
XXXXKXXXXX |31 319
XXXXXXX
XXOXXXX | 58 322
XXX | 318
XXXXXX
XXX
-2 XXX | 314
XXX
XX
XX
X

X
X

person ability item difficulty

Figure 3. Wright Map for all test items of the pilot study.

The mean value for the items of the core ideas from Chemical Reaction is M = 1.0890 (SD =
0.1033), for the items of Energy M = 0.9732 (SD = 0.1485) and for the items of Structure of
Matter M = 0.9619 (SD = 0.0638) (Figure 4).

An ANOVA revealed that the item difficulties of items for the three basic concepts are not
significantly different from one another (F(2, 326) = 0.454, p = .636, %= .003). All of these
analyses show that the test items are suitable for our investigations and can be used in the main
study.
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Figure 4. Comparison of the items difficulties for the three basic concepts.

OUTLOOK FOR THE MAIN STUDY

In the main study the revised performance test will be administered at two points of
measurement (in the middle and at the end of a school year) to investigate the hypothetical
interdependencies between the core ideas. For each interdependency between two core ideas,
approximately 50 answers per item and point of measurement are needed.

The following example shall illustrate the methodological approach to verify or falsify the
interdependencies between core ideas (Figure 5): Core idea A is (hypothetically) the
requirement for understanding core idea B. The items for both core ideas (A and B) will be
administered to the same students. As a consequence, the dependency between the core ideas
A and B can be tested by analyzing solution probabilities. Ideally, all students who answer the
items for the core idea B correctly also answered the items for idea A correctly, so that the
dependency between the two core ideas is verified. In the other extreme case all B-solvers did
not answer the items for the core idea A correctly, in which case the dependency is disproven.
Certainly mixed cases are also possible, which have to be determined by a quantitative
threshold.

There is no standardized procedure to test learning progressions. Therefore statistical methods
with a different focus (time, person, items) like the cross-lagged panel analysis, the McNemar
test, the Guttman scale, and the Bayesian network will be used as possible methodical ways to
test the hypothetical assumptions made in the strand map.
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50 % correct answer |«

50 % false answer

assumption:
A is the requirement for B

from which

70 % correct answer —

A

30 % false answer

Figure 5. Example for the methodological approach.

The cross-lagged panel analysis enables to predict the performance during later points of
measurement on the basis of the first performance data at the first points of measurement
(Kenny, 1975; Doring & Bortz, 2016). The McNemar-test examines whether the item for core
idea B are more difficult to solve than items for core idea A at several measurement points and
allows to divide the students into the groups “solved the item” and “did not solve the item”
(Eid, Gollwitzer, & Schmitt, 2013; Field, 2014).The Guttman scale ranks test items as indicated
by their solution probability and shows which students are able to solve the items in the basis
of their ability. The students who solve the more difficult items also solve the easier items for
the same content (Déring & Bortz, 2016). The Bayesian networks investigate the overall
hierarchical structure of several interdependencies between the connected core ideas in the
strand map because it focuses on conditional probabilities to evaluate if one core idea is
conditional on the probability of the other core ideas (Mislevy & Gitomer, 1996 in West et al.,
2012).

The results of the main study can be used as evidence about the necessity of one chemical core
idea to understand the next one or whether knowledge in one idea is just beneficial for the
understanding of the others. Therefore, the results of the study should enable to diagnose
students’ deficits so that teachers can explicitly support particularly low-achieving students to
reprocess their deficits by working off the relevant chemical core ideas, which are based on
each other and are indispensable for the construction of systematic knowledge. Learning
progressions promise to build a better connecting point between standards, curriculum,
instruction and assessment to improve science education and to promote scientific literacy
(Alonzo & Gotwals, 2012; Duncan & Hmelo-Silver, 2009). So instruction can be better
coordinated and student learning can be supported target-oriented.
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INCLUSION IN CHEMISTRY EDUCATION
IN SECONDARY SCHOOL

Dagmar Michna and Insa Melle
TU Dortmund University, Chair of chemical education, Dortmund, Germany

The UN-Convention on the Rights of Persons with Disabilities (CRPD) from 2009 requires the
right of equal participation in schools for students with and without special educational needs
(CRPD, 2006). In accordance with this convention, the school law act of North Rhine-
Westphalia was amended in 2013 (NRW, 2013). The demand for inclusion does not mean that
the curriculum has to be designed entirely unique, but that the students work on the same
content individually (Kullmann, Lutje-Klose & Textor, 2014). The implementation of inclusive
teaching is difficult, as there are very few and insufficient learning environments, especially in
the field of science. In order to find a more efficient method of implementing inclusive teaching,
we developed a concept that combines instructive as well as constructive elements, and the
Universal Design for Learning (UDL, CAST, 2011). The main idea is to involve all students in
the learning process by offering varied ways to access a certain content. The aim of this study
is to develop and evaluate an inclusive teaching unit in chemistry (Michna, Melle & Wember,
2016). On the one hand, it contains a lecture given by the teacher and on the other hand, the
learners use a self-evaluation sheet in order to identify their own learning abilities and their
aspired proficiency levels. Learners first asses themselves on a four-point Likert scale to
illustrate what they have already learned from the lecture. Afterwards, the students decide what
knowledge they want to achieve. Then, they work with material that is based on the UDL. The
study is carried out with two different groups of secondary education students (Grade 8, n =
172). Both groups deal with the same material in a 225-minute inclusive teaching unit. The
difference between the groups is their composition: The intervention group is an inclusive
learning group, while there are no students with disabilities in the control group.

Keywords: inclusion, universal design for learning, chemistry education

MOTIVATION

In June 1994 representatives of 92 governments and 25 international organizations formed the
World Conference on Special Needs Education, held in Salamanca, Spain (United Nations
Educational, Scientific and Cultural Organization, 1994). The conference established a new
framework, approving that ordinary schools should accommodate all students regardless of
their physical, intellectual, or social background. Germany ratified the Convention on the
Rights of Persons with Disabilities in 2009. But even today, there are still few and insufficient
learning environments, especially in the field of science. As a consequence, the goal of the
study presented in this paper is to develop and evaluate an inclusive learning unit in chemistry
for secondary schools. Therefore, this project combines instructive elements, constructive
learning phases, and the UDL.

THEORETICAL BACKGROUND
Instruction and construction

An example of instruction is the direct instruction (Engelmann, 1980), which is based on the
assumption that every student can do well, if he receives proper instructions. Direct instruction
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implies a teaching concept that serves to learn basic knowledge in which teaching is intended
teacher-centered (Grell, 1999; Gruehn, 2000, pp. 42; Hasselhorn & Gold, 2009, pp. 241;
Quittenbaum, 2016). Furthermore, an example of construction is the self-regulated learning
(Zimmerman & Martinez-Pons, 1988). This method includes the use of self-regulated learning
strategies, students’ responsiveness for self-oriented feedback, and the motivation to achieve
academic goals which are personally intended by the students. Evidence shows that self-
regulated learning can lead to greater success in learning (Pintrich & De Groot, 1990) and that
accurate instruction has positive effects on learning outcomes (Touvinen & Sweller, 1999;
Klahr & Nigam, 2004).

Universal Design for Learning

As a result of the heterogeneity in classes, the design of learning environments has to be
changed, as different aspects have to be taken into account regarding planning, implementation
and analysis of lessons. The Universal Design for Learning (UDL) is a framework for the
design of inclusive learning environments that has been proposed in the US as being an
evidence-based approach to make schools and learning accessible for all learners. The leading
idea is that successful learning for all may only be possible if all students have access to the
learning content. (Center for Applied Special Technology [CAST], 2011; Meyer, Rose, &
Gordon, 2014). In detail, the framework of UDL consists of instructional approaches that
provide students choices and alternatives concerning the materials, contexts, contents etc. A
successful learning environment supports and challenges students while minimizing barriers.
Minimizing barriers requires flexible teaching methods and materials. Accordingly, the UDL
framework consists of three overarching principles (CAST, 2011):

1. “Principle I: Provide Multiple Means of Representation (the “what” of learning)
2. Principle II: Provide Multiple Means of Action and Expression (the “how” of learning)
3. Principle I11: Provide Multiple Means of Engagement (the “why” of learning)”

To go more into detail, the principles are broken down into guidelines and checkpoints. The
UDL can be summarised in a table, where the guidelines, the three principles and the check-
points are given (Table 1). Guideline 2, for example, deals with options for language or
symbols. A picture or image that carries a specific meaning for some learners may carry a very
different meaning for other learners from different cultural backgrounds. As a result,
inequalities can arise when information is presented through a single form of representation.

By implementing the UDL it should be possible to reduce barriers in methods and materials,
and to provide access to information and learning, ideally for all students.
RESEARCH QUESTIONS

Based on the theoretical background, the question arises whether a learning environment,
which consists of instructive and constructive elements and which is designed by using the
UDL, leads to a comparable knowledge growth of all learners in inclusive and non-inclusive
classrooms.
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Thus, this study addressed the following research questions:
1. Isthe increase in knowledge of both groups comparable?
2. s the increase in knowledge of both groups comparable in the long term?

3. Is the teaching unit rated as equally well by both groups?

Table 1. Universal Design for Learning (CAST, 2011)

I Provide Multiple Means of Il Provide Multiple Means of 111 Provide Multiple Means of
Representation Action and Expression Engagement
Perception Physical action Recruiting interest

Language, expressions, and Sustaining effort and

Expression and communication

symbols persistence
Comprehension Executive functions Self-regulation
DESIGN

The procedure of the main study is based on the results of a pilot study. The following
illustrations only refer to the main study.

The learning unit deals with the topic “chemical reaction” which consists of five 45-minutes
lessons and is a new topic for all of the students. To answer the research questions, two
experimental groups were created. Both groups work with the same materials during the whole
time. The major difference between the groups is their composition: The intervention group 1
(WithinSEN) is an inclusive learning group, while there are no students with special needs in
the intervention group 2 (WithoutSEN). One week before the learning unit, chemistry
performance, intellectual performance and academic self-concept are assessed. Furthermore,
the student skill assessment is compiled by using a rating by the teacher (pre-test, 60 minutes).
The first lesson starts with a 10-minute lecture given by the teacher. After the lecture, the
students work with the self-evaluation sheets and the learning materials. These two lessons are
followed by an experiment-based lesson. At the beginning of the experimental phase, a short
safety briefing is conducted, as most students of the participating classes have no experience
in experimenting. Finally, the last two lessons contain the combination of a lecture given by
the teacher and also of self-regulated work again. One week after the learning unit, the
chemistry performance is measured again and the additionally, students’ feedback is assessed
(post-test, 45 minutes). Four weeks after the second measure-point the chemistry performance
is collected for the third time (follow-up-test, 30 minutes).
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METHODS AND MATERIAL

Lecture

The lectures are supported by power-point-presentations and provide first information about
the topic. Both lectures have a timeframe of approximatelyl0 minutes and are given by the
teacher at the beginning of the self-regulated workphases. Both lectures include three subtopics
on the topic of chemical reaction. In total, the first power-point-based lecture consists of 24
slides, which also contain explanations on the work with the self-evaluation sheets. In
comparison, the second lecture contains only 19 slides.

Each subtopic is discussed in a similar way within each lecture as each of them consists a start-
up slide illustrating the focused question, followed by the explanation of the content and ending
with a summary.

Self-evaluation-sheet

The self-evaluation-sheets are structured in a tabular format and are presented in a A3 format.
All in all, six statements about the students” abilities are listed, written in the first person
singular (“I can...”). Each statement covers one subtopic of the chemical reaction. The
subtopics “chemical reaction”, “difference between chemical and physical reaction” and
“chemical equation” are arranged together and the remaining subtopics “oxidation”,
“conservation of mass” and “chemical reaction with particles” are listed on the second self-
evaluation-sheet. In order to identify what the students have learnt, the students asses
themselves on a four-point Likert scale going from “I am very confident” to “I am not confident
at all”. After that they decide which proficiency levels they want to reach by using another
four-point Likert Scale. Both, the assessment of their distinct achievement and the setting of a
personal goal define the individual learning path, which the students pass independently. On
the self-evaluation sheets the students find direct links to exercises in different levels of
complexity and further informational texts. After completing an exercise, a feedback can be
obtained by using sample solutions. Once students have finished a task, they document what
material has been used.

Learning material

The learning material consists of informational texts, exercises and sample solutions which are
used by the students during the self-regulated working phase. Between the two self-regulated
working phases, the experimentation takes place. As additional guidance, the learners receive
experimental instructions.

Informational texts

For each of the six subtopics, the learners are provided with informational texts on one A4
page, so that three explanations can be read during each of the self-regulated phases (90
minutes). Because of the fact that the lessons are an introduction to the topic of chemical
reaction, it appeared reasonable to provide texts that summarized what previously was part of
the presented short lectures. With regard to the UDL, especially the principles of the first
guideline are implemented here since it focuses on the perceptual aspect of collecting
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information. On this basis, important information is emphasized and information-supporting
images are implemented. In addition to the visual perception, meaning independent reading,
the following corresponding auditory variant of information is offered to the students: The
learners have the option to read the informational texts by using a lecture-pen. The pen used in
this intervention is the AnyBook reader from Franklin Discover. Informational texts were
recorded by the researchers on the lecture pens prior to the lessons. Each class had five pens
available during the intervention. For the preparation of the informational texts, the texts were
laminated and customized according to the recordings on the memory sticks of the AnyBook
reader. Short passages were chosen so that the students could read individual passages of the
informational texts aloud. As the pen can recognise a specific code on stickers, these are put
next to the written equivalent of the recorded auditory information linked to this code and to
which the learners can listen to s with head phones. Of course, in addition to the laminated
explanations, informational texts in the usual paper format are provided. Thus, each learner is
able to decide for himself how he wants to access information.

Learning material

The six subtopics are represented by a three-stage differentiation. Thus, each subtopic includes
three worksheets with different tasks. The cognitive demands on task management increase
from simple to mediocre to challenging. Depending on the assessment and learning goal of the
learners, the individual learning path is determined. For fast learners, there is an additional task
at the end of a 90-minute lesson phase, which links content from three main areas. In total, nine
worksheets of different difficulty level are made available to the students in each self-regulated
learning phase, as well as a worksheet with linking tasks. In addition to the design aspects
already described in relation to the informational texts, the differentiation into levels of
complexity is another special factor of the UDL and is especially addressed within the third
guideline regarding the promotion of persistent learning as this can be supported by different
levels of challenge. It was particularly crucial in the chosen differentiation that there were three
different worksheets with different types of tasks, each of which focus a common theme. A
differentiation only in terms of the task seemed unsuitable for preventing the learners from
working only on the quite simple exercise sheets.

Sample Solution

Especially when working independently, the feedback aspect of an activity should be given as
much attention as possible which is why sample solutions are used to implement this element.
Within the framework of the teaching unit, a sample solution is thus available to the learners
for each worksheet which makes a total of nine sample solutions per 90-minute phase. Like all
other developed materials, the sample solutions are based on the principles of the UDL which
was especially taken into account in the design aspect. For example, the sample solutions also
include pictures. In addition, the solutions are highlighted in different colours in order to make
it easier for learners to see what the correct answer is. Furthermore, the use of sample solutions
promotes self-regulated learning which is also part of the UDL. The sample solutions differed
from the corresponding task sheets in their laminated form. The students are encouraged to use
a red fibre pen when checking their results. In this way, we can later analyse later to what
degree the students use the sample solution during the intervention.
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Experimental Sheet

Altogether, five experiments were available for the pupils, which could be worked on
independently by the learners with corresponding experimental instructions. This is because
the experimental phase should also follow the principles of self-directed learning in order to
satisfy the widest possible range of learners. At the beginning of the experimental phase, a
short safety briefing covering the use of gas burners for example, was given. Since the pupils
had little experience in experimenting, a special selection of experiments was required. In
addition to the oral safety instruction, a poster in A0 format was also placed in the classroom,
which presented all important safety-relevant aspects in text and pictorial form. As with the
other materials of unity, the principles and guidelines of the UDL were also used in designing
the experimental sheets to give as many learners as possible access to it. The presentation of
the required materials as well as the execution steps were supported by photographs of the
objects and actions. In addition, the students had the choice between recording their observation
as a drawing or writing it on the experimental instructions. Common technical terms such as
“execution” were supplemented by linguistically simplified descriptions such as “That's how
you do it”. As with the learning materials used in the self-regulated work phase, learners were
able to control and correct their results with the help of sample solutions, using a red fibre pen
again.

PARTICIPANTS

The participants in the main study were eighth-graders attending five secondary schools
(Gesamtschule) in Germany (N = 224). Due to sickness related absences, the sample was
reduced to n = 172 subjects (pre/post). Furthermore, data sets of 158 students could be used in
the pre/follow-up data analysis.

MEASURING INSTRUMENTS

e Intellectual performance test: This instrument measures students’ intellectual
performance by doing one scale of the CFT 20 (WeiR, 1998) before the lessons.

e Self-concept scale: The second instrument assesses students’ self-concept and is done
before the lessons. It is adapted from DISK (Rost et al., 2007).

e Chemistry performance test: For this instrument, we developed a multiple-choice test
consisting of 24 items with one correct answer out of five possible options. The test is
done once before and twice after the lesson. The Cronbach alpha measure of internal
consistency reliability for this test was .80.

e Feedback questionnaire: The fourth instrument was used after the lessons. It measures
students’ feelings towards the lessons. It contains 24 items. The five rating scale options
range from totally agree to totally disagree. The Cronbach alpha measure of internal
consistency reliability for this test was .89.

e Student skill assessment: The fifth instrument was used before the intervention. It
measures students’ skills using a rating by the teacher. It contains 16 items and a five-
point Likert scale from very good to not good at all. The Cronbach alpha measure of
internal consistency reliability for this sheet was .97.

1438



Strand 11 bus
RESULTS

We used data from the multiple-choice tests and the feedback questionnaire to find out whether
there were differences regarding the learning progress among the groups.

Learning outcome

Due to the limited extend of this article, only those participants who have taken part in all three
measurement periods of the study are taken into account below.

To determine possible differences, a residual analysis was done. Our results indicate significant
learning outcomes in both groups from pre to post (Pre-Post: WithoutSEN n = 87, p = <.001,
¢ =.84; WithinSEN n =71, p = <.001, ¢ = .84). The residual analysis shows no indication of
a difference between the groups (n = 158, p =.849, ¢ =.01). Considering the long-term-effect,
the learning outcomes also increased significantly from pre to follow-up (Pre-Follow-up:
WithoutSEN: n = 87, p = <.001, ¢ = .84; WithinSEN: n = 71, p = <.001, ¢ = .81. A group
comparison (pre-follow up) shows an almost significant difference in favour of the
WithoutSEN Group (n =158, p =.053, ¢ =.15). Since there has been no controlled intervention
between the time of the post-measurement and the time of the follow-up, it is not possible to
say which contents were dealt with after the intervention in the classroom.

Feedback

The students’ feedback on the inclusive learning unit was positive ((Five-point Likert scale
from 1 = totally agree to 5 = totally disagree) WithoutSEN M = 2.25; WithinSEN M = 2.14).
There is no statistical difference between the groups (n = 172; p =.253; 6 = 0.15).

DISCUSSION AND CONCLUSION

The present study examines the question of whether the increase in learning in inclusive classes
differs from that of non-inclusive classes. In a first step, a method containing both instructive
and constructive elements was developed. The instructive part is represented by teacher
presentations, while elements of the construction are covered by self-regulated learning. In
order to ensure the best possible access to the content of the unit, the Universal Design for
Learning was also implemented and especially taken into account when designing the learning
materials.

The initial results show that there is no significant difference between the inclusive learning
group (WithinSEN) and the non-inclusive learning group (WithoutSEN) groups in terms of
both immediate and sustained knowledge growth. In addition, it can also be noted that both
groups are equally positive about the teaching unit.

Since the intervention consists of three main elements, namely the instructive and constructive
elements as well as the UDL, it cannot exactly be explained why the learners of both groups
generate knowledge since the effect of the teacher's lecture or the self-evaluation sheet was not
tested separately. This is due to the fact that there should be too much testing within the unit.
Furthermore, it is also not clear in how far UDL lessons are more effective in comparison to
conventional lessons. Overall, it can be assumed that the intervention has led to an increase in
learning by combining the three central elements.
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The study presented here was conducted under research conditions. It remains an open question
to what extent the elements used can be transferred to teaching practices at schools. All in all,
it must be taken into account that designing learning material based on the UDL is time-
consuming. On the other hand, however, UDL lessons carry extra value for the students. Lastly,
having appropriate materials for inclusive teaching can contribute to reduce the overall burden
on teachers in schools.
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Pedagogical Content Knowledge (PCK), proposed by Shulman, has occupied the centre of
effort to capture teachers’ expertise. Since Shulman’s work, several models have been
developed, in order to better define the PCK. However, some of these derivations have
diminished the strengths of the construct, because they can disagree in important aspects. To
resolve this, a congress called PCK Summit was held, wherein the PCK Consensus Model was
developed. To analyse if PCK Summit influences PCK research, this paper focuses on
understating PCK Summit’s effect on PCK representations using a lexicometric exploratory,
descriptive, and comparative analysis. We employed Descending Hierarchical Classification
(DHC) and Factorial Analysis of Correspondence (FAC) of text segments, extracted from the
corpus composed of papers containing the acronym “PCK”, published before (o), during (e)
and after (B) the PCK Summit. Our results show that the papers published during and after
PCK Summit have a more mature view of the PCK than the o. papers, and are about quantitative
methods and curricula modifications to PCK development. Moreover, the representations
found in B papers have an intense relation with the PCK Summit’s work groups, and that the
topic-specificity of the PCK, has gained more attention in 8 works, appearing in two
discourses. Therefore, it is possible to conclude that the PCK Summit has influenced PCK
representation.

Keywords: descending hierarchical classification (DHC); factorial analysis of correspondence
(FAC); PCK summit

INTRODUCTION

The desire to capture teacher’s expertise is ancient, and there is no final agreement on the
qualities of a good teacher (Barnhart & van Es, 2015). However, since Shulman’s work
(Shulman, 1986), the Pedagogical Content Knowledge (PCK) has occupied the centre of such
effort, as it is said to comprehend the body of knowledge needed for teaching. From then on,
several models were developed trying to better define the PCK. This rich effusion of
propositions allowed a vast array of research covering different aspects and contexts. On the
other hand, it diminished the strengths of the construct, once researchers diverged on what is
exactly the PCK and its components, leading to the participants noticing an increased difficulty
in publishing PCK articles (Borowski et al., 2011).

To mitigate the existing disagreement on the used vocabulary and the nature of the PCK
(personal or canonical), ways to assess / measure it and its topic or domain specificity, a
“congress like event” (Helms & Stokes, 2013) was held in Colorado Springs in 2012, gathering
researchers from 13 research groups (Table 1) with the objective of exploring “the potential of
a consensus model of PCK to guide science education research [and the] identification of
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specific next steps [to] move the field forward” (Carlson, Stokes, Helms, Gess-Newsome, &
Gardner, 2015, p. 16).

Table 1. Researchers attending the Summit and their research group.

Gl G2 G3 G4 G5 G6 G7
K. R. Daehler, J. Gess -
J. 1. Heller, Newsome, A Berr
J. W. Little, J. R. R' Coo yér M. Rollnick, E. Banilower, J.van Driel,
K. Sheingold, Carlson,  Schneider 3 'Lou Fr)wa’n E. Mavhunga S. Smith I. Henze
M. Shinohara, A. ' g
N. Wong Gardner
G8 G9 G10 G11 G12 G13
H. Hill,
D. L. Ball,
L H. Bass, .
P. Friedrichsen, . K. Padilla, M. Blunk, > Kirschner, o ook
J. Lannin, V. Kind . A. Borowski,
. A. Garritz M. Thames, . J. K. Suh
A. Sickel . H. Fischer
J. Lewis,
G. Phelps,
L. Sleep

In preparation to the event, the organizers took some precautions in order to enrichen the
debate. The most important, according to the participants, was writing a conference paper
detailing their PCK research program (e.g. their definition of PCK, model used, assessment
tools, etc.) and also reading thoroughly theirs peer papers (Helms & Stokes, 2013).

Through the days of the event, forums (Table 2) were held allowing them to share their different
views in small groups to solve discrepancies, and then in large ones to share the conclusions.
At the final days participants were encouraged to form Work Groups (WG) according to the
emerging interests (BSCS, 2012) Table 3).

Table 2. Forums held in the first days the Summit (BSCS, 2012).

Forums Groups

1 Content Knowledge and PCK G2, G11, G12

2  Beliefs, Teaching Orientation, and PCK  G8, G9, G10

3 Nature of PCK G4, G6, G7

4 PCK_ _Models and  Assessment G5, G8 G12,
Implications

5 Assessment of PCK G4 G6, G13,

6 Research Findings on PCK G1, G2 G3,

Table 3. Work Groups (WG) held at the final days of the Summit (BSCS, 2012).

Work Group
WG1 Refining the PCK model
WG2 Developing PCK in teachers (over the trajectory
from pre-service to experts)
WG3 The research map for PCK
WG4 Connecting PCK to policy
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In the last day of the event, a model was developed and named Consensus Model of PCK, and
both Canonical and Personal PCK were defined. The former is the one that can be shared and
is substantiated by systematic research (Rollnick & Mavhunga, 2015), whereas the latter is “the
knowledge of, reasoning behind, and enactment of the teaching of particular topics in a
particular way with particular students for particular reasons for enhanced student outcomes”
(Garritz, 2015; Helms & Stokes, 2013).

Conversely, five years have passed, the participants seem to keep investigating in their specific
fields of interest, and above all, not using the Consensus Model of PCK.

In this work, we aim to evaluate whether the Summit has affected or not the participants
research, and if so, how those changes appear in their representation of the PCK in their latter
papers. To do so, an optimal way is performing a lexicometric analysis as it “enables extracting
the pattern of social representations of an object from corpora in natural language” (Lahlou,
1996, p. 279), and especially using Computer Assisted Qualitative Data Analysis (CAQDA) as
it enables mining information from large corpora (Costa, Reis, Sousa, Moreira, & Lamas,
2017). It is also vastly used in the educational research field, above all to understand the
interactions between students and teacher (e.g. Lewins & Silver, 2007; Mortimer & Scott,
2002; Sickel, Witzig, Vanmali, & Abell, 2013), nonetheless, is has a scarce usage in scientific
texts (Atanassova, Marc, & Mayr, 2015; Bertin & Atanassova, 2015).

The lexicometric analysis, first proposed by Lebart & Salem(1988), was formalized in a
software (Alceste®) by Reinert (Reinert, 1990), allowing an increase in the corpus size. In this
paper, an open code version of the software developed by Ratinauld was used (Lowen, Peres,
Crozeta, Bernardino, & Beck, 2015; Ratinaud & Marchand, 2012). The software divides the
corpus in text segments and compares the frequency of their words in each segment, and then
classifies the text segments with similar words together using a chi-squared (y?) test (Camargo,
2005). Those classes show the different types of discourse present in the text, as “meaning may
be studied through the way people use words in combination with other words” (Chartier &
Meuneier, 2011, p. 8; Garnier & Guérin-Pace, 2010; Lahlou, 1996; Sommer Harrits, 2011).

Therefore, this paper focused on understanding if, and how, the representations of PCK
changed after the Summit, and also to establish if the Summit can be inferred an INUS
condition (insufficient but non-redundant parts of a condition which is itself unnecessary but
sufficient for the occurrence of the effect)(Mackie, 1965).

METHODS

In order to understand the changes in representations of PCK, if any, in the production of the
participants before and after the PCK Summit, a lexicometric exploratory, descriptive, and
comparative analysis was performed.

First, the papers from 5 years before (a), the conference papers (¢), and 5 years after (B) the
Summit were collected from the data bases: Google Scholar, Research Gate, ERIC and
Directory of Open Access Journals (Harzing & van der Wal, 2008; Meho & Yang, 2007) and
used in full to form a corpus. Other restrictions were: being written in English, being peer-
reviewed, and having at least one author attending the Summit. They were normalized from
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idiom variances and terminology used, and then, for this analysis, a sub-corpus was created

with the text segments containing the acronym “PCK” originating the text segments za, ze and
73, respectively.

The analysis was performed in the software IRAMUTEQ®, and the text segments contained 40
words and 12 tokens text segments vs. 14 tokens, with a maximum of 10 classes (standard
parameter) (Gobbo & Same, 2016) and with lemmatization (Sarrica, Mingo, Mazzara, &
Leone, 2016). Utilizing that sub-corpus, a Descending Hierarchical Classification (DHC) was
developed and Factorial Analysis of Correspondence (FAC) was performed (Chartier &
Meuneier, 2011; Costa et al., 2017; Lahlou, 1996). The DHC analysis was made regarding the
10 words with higher chi? (4?) in the class, which enables the recognition of the typical features
tagging it by its synthase semantic content, in an hermeneutical analysis (Chartier & Meuneier,
2011; Lahlou, 1996, 2012); and also looking at the most significant text segments (containing
a higher sum () of ? from the its’ words).

To increase trustworthiness, all data was analysed by two independent researchers and the
methods and data were deposited in the Center for Open Science’s Open Science Framework
to assure transparency (Gastaldo & Castro, 2017).

RESULTS AND DISCUSSION

The analysis has shown that, the papers published before the Summit (o)) showed two different
representations about the PCK, the first (a - 1/2) was named PCK Model and focused on
understanding how the PCK is constructed. Almost all groups who were related to any specific
discourse fit into this class: they were groups 5, 8, 10, 13 (Figure 1). The words with a higher
x> were: component, model, knowledge, Magnusson, SMK, orientation, Shulman, belief,
include and category. As for the second discourse (a - 2/2), which was named Development of
PCK and CoRe, there is a marked presence of the CoRe instrument, both as a mean to assess
the PCK and develop it. Although it has more than half of the text segments from the papers
before the Summit, only one group contributed to it, group 4. The words with a higher x> were:
CoRe, student, development, participants, PaP-eRs, learn, preservice, practice, construct and
educator.

It is important to acknowledge that this was the group that developed this instrument, but,
despite it being vastly used throughout literature, its presence is such that it establishes a
distinct discourse.

The almost homogeneity of the discourses amongst those researchers can be justified by their
interest in understanding the nature of the PCK and its’ origins in the teacher formation. Many
papers discuss how the PCK is originated and what are its components (e.g. Berry, Loughran,
& van Driel, 2008; Garritz, 2010; Henze, van Driel, & Verloop, 2008; Nilsson & van Driel,
2011).

This homogeneity is broken in z¢, where it is possible to see five different discourses. They
show that researchers wandered in many directions trying to characterize the PCK, and it
reflected in the way that PCK is represented.
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Figure 1. PCK representations found in the three moments. The groups in each discourse are presented in
order by their contribution. Those within a double circle contributed tree times more than the following
and the ones with a single circle twice as much as the following group.

The first distinct discourse is ze — 1 which was named Quantitative analysis of PCK. It
inaugurates not the usage of quantitative methodologies to investigate the PCK, but a
quantitative discourse to represent the PCK, having as responsible for it groups 12 & 13. The
words with a higher y? were: CK, PK, dimension, physic, validity, professional knowledge,
distinct, test, correlation, and task

The second discourse found (e — 2) was related to the Relation between PCK and students,
being interested in teachers’ knowledge of students understanding of Subject Matter and their
way of thinking. In this discourse class, text segments from a wide number of groups can be
found, being G1 the only one who was statistically related to it. The words with a higher 2
were: student, learn, specific, SMK, concept, notion, relate, understand, content, and lead.

Discourse number 3 (ze-3) was named Teacher profession development research context as it
has a marked desire to understand the researches related context in which the teachers develop
their PCK. The groups and words more strongly associated to this discourse are: G4,5 & 7 and
preservice, investigate, in service, context, science, group, study, instance, validation, and
educational.

As for the fourth discourse found (ze — 4), the main idea behind its text segments was the
Teacher profession development programs. As it can be seen on Figure 1, ze — 4 and ze — 3 are
closely related, and both are dedicated to the representation of the environment of PCK
development. However, in this case, the representation is not focused on the researches but on
the development of programs itself. The main groups that produced this discourse were G3 &
G8 whose main words were program, design, support, professional development, research,
education preparation, year, educative, and course.

The last discourse (ze — 5) opposes the 3 predecessors (ze — 2, ne — 3 & we — 4) as, alongside
with ze-1, it does not represent the PCK development, but the PCK Models & components.
Nonetheless, it shares similarities with the same 3 as they are all related to theoretical aspects
of the construct, in contraposition to ze — 1 which representation, as already discussed, is
dedicated to methodological aspects. The groups and words with higher %> were: G8 & G13
and component, Borko, description, distinct, Mulhall, Berry, KISR (Knowledge of Instruction
Strategies and Representations), Krajcik, pentagon, and Grossman.
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Regarding the papers published after the Summit (z5), a wider matrix can be observed as six
different discourses were found (Figure 1).

The first discourse (zf8 — 1) follows the tendency of ze — 1 and is concerned with the
Quantitative theory of PCK. That being said, in this class, PCK representations are particularly
connected with specificities of the quantitative analysis and methodology, which can be seen
in the words with higher y?: Content Knowledge, Pedagogical Knowledge, dimension, physic,
validity, professional knowledge, distinct, test, correlation, and task. As for the most important
groups of this class, G12 and G2 can be pointed out.

The second discourse (zf8 — 2) was named Topic specific level of PCK & SMK transformation,
and a has a direct relationship with the Summit. It can be said that the topic specificity of PCK
is not a new idea. However, the Summit grants a validation that makes it possible for G5 to
create a body of text segments explicitly related to it, and by that means, allowing it to be
identified as a distinct discourse. Such analysis is strengthened by the excerpt

Like our models the version of the model emerging from the summit separates
teacher knowledge domains from a construct referred to as topic specific
professional knowledge which aligns to our TSPCK (Rollnick & Mavhunga, 2015)

Amongst others which even evoke Shulman as an argumentum ad antiquitatem (e.g.
Mavhunga, Ibrahim, Qhobela, & Rollnick, 2016; Mavhunga & Rollnick, 2013). The words
with high »? that were used in this analysis alongside with the text segments (not shown) were
Makinster, level, Veal, Shulman, transformation, equilibrium, specific, chemical, programe,
and context.

The third discourse (78 — 3) focuses on the Prospective curricular changes to increase the PCK
and corresponds to the still existing gaps within the PCK field and points to ways to amend
them. The groups that produced the text segments creating this PCK representation were G8 &
G10, and they used as main words: evolution, curriculum, rich, kind, program, science, SMK,
teacher, education, and understanding.

The topic specific level of PCK & PCK components were the subjects addressed by the forth
discourse (78 — 4). The PCK components theme returns in this discourse yet as a consolidated
feature of PCK, not in the exploratory version as before. Groups G8 & G9 are the ones with
significant relations to this discourse, and the main words are: component, topic, purpose,
orientation, Magnusson, specific, Friedrischen, Science Teaching Orientations, and compare.

In the same cluster as 78 — 1, zf8 — 5 represents PCK by means of quantitative measurements,
and as the former addresses epistemological aspects, the latter deals with more practical
characteristics. With group 7 as the characteristic one, the most relevant words were: item, test,
sample, score, biology, scale, objective, evaluation, open, and main.

The last discourse from zf5 (zp — 6 — CoRe use for portraying PCK) is the most diverse, apart
from the quantitative super-class (classes 1 & 5). As before with 7o — 2 & 7e — 4, this class is
highly associated with Loughran’s research, that continued producing a PCK representation
that relates to the CoRe instrument to assess and develop the PCK, at a point which this last
type of discourse is exclusively produced by his group 4 (as is in its’ origins in za — 2). The
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main words were: CoRe, associate, student, phase, practicum, process, interview, Hume,
source, and prompt.

Reckoning this data, is possible to affirm that the PCK representation matrix has a crescent
complexity and that, after the Summit, there are more different and vast topics related to PCK
representation, as Friedrichsen affirms: “questions have increased in number and [...] in
refinement” (2015, p. 159).

One of the changes observed was the rise of the quantitative representation after its first
appearance during the Summit, and even the groups that do not present a quantitative
representation use quantitative methodology.

On the other side of the scale, a decrease of papers regarding the PCK models is evident. As
the forums’ themes had the goal of solving issues intriguing the researchers until that time, one
could predict that those themes would disappear from the PCK representation, reaching a more
mature version. This predicable phenomenon, in truth, happened in zf particularly with the
themes motivating the forums 2 — Beliefs, Teaching Orientation, and PCK & 3 — Nature of
PCK, which do not relate to any z3 representation.

Finally, the representations of PCK gain a new feature in nf3. Those representations have a
strong relation with the work groups (WG) held in the Summit. There is a clear semantical
relation between WG1 — Refining the PCK model and representations z8 — 1 — Quantitative
theory of PCK & #f — 5 — Quantitative measurement of PCK, which expand the way to
represent the PCK particularly as they present themselves as new representations and thus in
more need to be expanded.

Close relations are also found between WG2 and 75 — 2 — Topic specific level of PCK & SMK
transformation, npp — 3 — Prospective curricular changes to increase the PCK, and zff — 4 —
Topic specific level of PCK & PCK components. Even more direct is the relation of the third
WG — Connecting PCK to policy and zf8 — 3- Prospective curricular changes to increase the
PCK.

CONCLUSION

Our results show that the PCK Summit had a noticeable impact in PCK representations on the
attending authors, even though they still do not use the Consensus Model, nor do they officially
employ the new PCK definition. The papers presented at such encounter have a more mature
view of PCK, and, after it, they showed the discussions made in it. The quantitative discourse
appears on ze and pervades zf, refining PCK representations and establishing a temporal
precedence.

The Work Groups held at the end of the Summit have a close semantic relation with the PCK
representations of the papers published after the Summit, indicating that, although the
Consensus Model is not being adopted as a heuristic tool, the cognitive work developed at such
event influenced the way the PCK is addressed.

By this effect, it is possible to affirm that the Summit constitutes an INUS condition, as it
contributed non redundantly to what those researchers produced after it.
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