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Summary

ASSIST-ME aims at developing assessment methods suitable for enhancing inquiry-
based learning in science, technology and mathematics (STM) education. The devel-
opment process will be based on an understanding of the concepts of competences
(both domain specific and transversal), inquiry-based education and formative versus
summative assessment. To help providing this understanding, WP2 in ASSIST-ME wiill
carry out a review of the existing research literature on inquiry-based education in STM
with a particular focus on the role that formative and summative assessment play for
successful learning in STM classes.

This report first summarizes the basic definitions of IBE, competences and formative
and summative assessment, respectively, that are building the foundation for the litera-
ture review. It then gives an overview of the intended strategy for the literature review
and summarizes preliminary results from the first two months of the project. The ap-
pendix contains a table with the present content of the literature database. An extended
version of this table (including abstracts) will be uploaded to the internal project website
and updated in regular intervals.
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Introduction

One mayor objective of ASSIST-ME is to develop a set of assessment methods suita-
ble for enhancing inquiry-based learning of STM related competences. Based on these
methods, strategies for formative and summative assessment of competences in STM
that are adaptable to various European educational systems will then be identified (Dol-
in, 2012). The research into formative and summative assessment of competences
relevant to inquiry-based STM education will be based on an understanding of the con-
cepts of competences (both domain specific and transversal), inquiry-based education
and formative versus summative assessment.

To help providing this understanding, WP2 in ASSIST-ME will carry out a review of the
existing research literature on inquiry-based education in STM with a particular focus
on the role that formative and summative assessment play for successful learning in
STM classes.

The objectives of WP2 in ASSIST-ME are to

» review what we know about formative and summative assessment of compe-
tences in STM and what methods can work to improve student outcomes, in-
cluding use of ICT tools,

» collect recent work that has been conducted in the partner countries on as-
sessment in STM,

» synthesize the outcomes of other EU-projects on IBE, e.g. Mind the Gap, S-
TEAM, ESTABLISH, Fibonacci, INQUIRE, PRIMAS, and SAILS,

« formulate an operational definition of IBE related to STM and give guidelines for
measuring the degree of IBE,

* provide recommendations for WP4 and WP5.

The literature review is supposed to answer the following research questions:

« What are specific and transversal competences and attitudes in IBE in STM?

« What formative and summative assessment methods are used in STM with re-
spect to IBE, how are they used and what is their role in STM teaching and
learning?

* What are key aspects of efforts to promote formative assessment?

* How do assessment methods influence the uptake of IBE in STM?

« Which protocols and instruments (including ICT tools) for summative and forma-
tive assessment of IBE in STM exist and how are they integrated into the class-
room?

One mayor challenge for this literature review is that the field of interest is not clearly
defined. With respect to science education, there is still disagreement among re-
searchers about what features define the instructional approach of inquiry-based teach-
ing (Furtak, Shavelson, & Shemwell, 2012; Hmelo-Silver, Duncan, & Chinn, 2007). In
the most recent meta-analysis of inquiry-based science teaching (IBST), Furtak and
colleagues (Furtak, Seidel, Iverson, & Briggs, 2012) analyzed earlier meta-analyses
with regard to their definitions of IBST. They found that the majority of meta-analyses
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relied upon expansive definitions of inquiry-based teaching. In some cases explicit def-
initions of some aspects of IBST were given (e.g. innovative, activity-based, process
oriented or discovery oriented), in others the meaning of the term remained less clear.
Moreover, the authors found that researchers and educators use a rich vocabulary to
describe inquiry-based approaches to teaching and learning like e.g. inquiry-based
teaching and learning, authentic inquiry, model-based inquiry, modeling and argumen-
tation, project-based science, hands-on science, and constructivist science. These ap-
proaches might include characteristics of IBE to a varying degree but they are not nec-
essarily synonyms of IBE. One example of a common misunderstanding with respect to
IBE especially in science education is that inquiry is equated with “hands-on” whereas
real inquiry not only requires “hands-on” but also “minds-on” as it is stated in the EU-
report Europe needs more scientists (European Commission, 2004).

A similar situation is described by Black & Williams in their meta-analysis of formative
assessment in the classroom (Black & Wiliam, 1998). They found a literature search by
keywords in the ERIC database inefficient for their purposes because of “a lack of
terms used in a uniform way”. As in the case of IBE, formative assessment may be
described under a variety of names like e.g. classroom evaluation, curriculum-based
assessment, feedback or formative evaluation (Black & Wiliam, 1998, p. 53)

With respect to the research questions, this has some consequences that have to be
kept in mind while designing the search strategies. Most of the research questions are
related to the term IBE. As can be seen above, one objective of WP2 is to formulate an
operational definition of IBE related to STM. This will be an outcome of the literature
review but in some respect it is also a prerequisite for doing it in the first place. It is thus
necessary to establish a “working definition” of IBE — and formative/summative as-
sessment and competences, respectively — to use as a starting point for the literature
research that will thus be refined during the process.

Working definitions of IBE in STM and forma-

tive/lsummative assessment

The working definitions of competences, IBE, and formative and summative assess-
ment, respectively are based on the definitions given in the ASSIST-ME application
(Dolin, 2012) and definitions used by other EU projects like S-TEAM, Fibonacci, or
PRIMAS.

Competences

Within ASSIST-ME, a competence is understood as a complex ability that is based on
a combination of skills, knowledge, characteristics, and traits. It contributes to perfor-
mances in particular domains but also in real-life situations and is thus closely related
to the concept of scientific literacy (OECD, 2006). ASSIST-ME explicitly dispenses with
the distinction between competence and competency as found e.g. in (OECD, 2002) to
reflect an integration of demand-orientation and a conceptualization of internal mental
structures (abilities, dispositions, and attitudes) into the concept (Dolin, 2012). Although
the lines of separation are not sharp and may vary from country to country, one gener-
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ally distinguishes domain specific competences, i.e. key competences that are specific
for a certain subject and transversal or cross-curricular competences that are needed
in different subjects and are thus important across domain boundaries. Examples of
domain-specific competences are e.g. to observe and describe natural phenomena
accurately and to plan, perform, evaluate and reflect on experiments (science); to con-
struct and produce technical tools and instruments e.g. to plan, manufacture, evaluate,
and optimize technical solutions (technology); to develop and test hypotheses about
functional relations that have been observed in the reality (from data) or in mathemati-
cal settings (mathematics). Examples for transversal competences are e.g. to process
and interpret data and results, to argue and communicate with peers and experts, and
to develop a sense of responsibility and become a responsible-minded citizen (Dolin,
2012).

Inquiry-based education in science, technology and mathematics
According to Anderson (Anderson, 2002) — whose definition forms the basis of the AS-
SIST-ME application — inquiry-based STM education includes students’ involvement in
guestioning, reasoning, searching for relevant documents, observing, conjecturing,
data gathering and interpreting, investigative practical work and collaborative discus-
sions, and working with problems from and applicable to real-life contexts. Whereas
these characteristics generally apply to all three subject areas — science, technology
and mathematics — the ASSIST-ME application explicitly acknowledges that various
meanings and forms of inquiry are possible in different disciplines and need to be ad-
dressed in the project. These different approaches to inquiry, however, need to be
aligned with a general definition of the construct that will be produced by the project.

Looking into the literature, IBE has mainly been investigated in the field of science edu-
cation. Performing a basic search in Web of Science for the period 1996 to 2012 using
the keywords “science/scientific” crossed with “teaching”, “learning”, “education” and
“instruction” and crossed with “inquiry” gave 2034 entries. Replacing “science/scientific”
by "mathematics” reduced the number of results to 218, by “technology” to 567 with
most of the entries in technology dealing with the use of technology in inquiry-based
(science) education and not with inquiry in technology education (search performed in
November 2012). We will thus start with characteristics and definitions of inquiry-based
science education in various FP7 projects and then explicitly discuss commonalities

and differences in technology and especially in mathematics education.

Inquiry-based science education

A lot of former and on-going EU projects in the field of IBE (e.g. Mind the Gap, S-
TEAM, and Fibonacci) have based their understanding of inquiry-based science educa-
tion on a definition from Linn, Davis and Bell (Linn et al., 2004): “[inquiry is] the inten-
tional process of diagnosing problems, critiquing experiments, and distinguishing alter-
natives, planning investigations, researching conjectures, searching for information,
constructing models, debating with peers and forming coherent arguments”. In IBSE,
students should be able to identify relevant evidence and use critical thinking and logi-
cal reasoning to reflect on its interpretation. They should develop the skills necessary
for inquiry and the understanding of science concepts through their own activity and
reasoning. This involves exploration and hands-on experiments (Fibonacci project).
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IBSE should foster critical and creative minds, it should encourage students to engage,
explore, explain, extend, and evaluate in real-life situations and in collaboration and
cooperation with their peers (PRIMAS project). It is thus based on a specific under-
standing of learning as deliberately involving linguistic processes like e.g. argumenta-
tion (Dolin, 2012) and requires students’ to take charge of their own learning for genu-
ine understanding (Harlen, 2009). With respect to teacher support and classroom cli-
mate, IBSE should lead to a shared sense of purpose and ownership in the classroom
where contributions and mistakes are valued as learning opportunities. Teachers
should be open-minded and dialogic; they should foster and value students’ reasoning
and scaffold learning by drawing upon students’ experience (PRIMAS project).

Inquiry-based technology education

A lot of the characteristics of IBSE can be transferred to technology education. Inquiry
in science and technology education is not sharply separated from each other particu-
larly in view of the increasing emphasis in science on reflective thinking, cooperative
learning, and the development of critical and creative thinking formerly ascribed to
technology (Adams & Hamm, 1998). In the NRC Framework for K-12 Science Educa-
tion, “asking questions” and “constructing explanations” in science is replaced by “de-
fining problems” and “designing solutions” in technology — the other characteristics of
IBSE apply in the same way for technology (National Research Council, 2012).

Inquiry-based mathematics education

Differences and similarities between inquiry-based science and mathematics education
have been investigated and discussed within the Fibonacci-project. In the Fibonacci
Background Resource Booklets Learning through Inquiry (Artigue, Dillon, Harlen, &
Léna, 2012) and Inquiry in Mathematics Education (Artigue & Baptist, 2012), the au-
thors state communalities and specificities of mathematical inquiry compared to scien-
tific inquiry:

“Like scientific inquiry, mathematical inquiry starts from a question or a problem, and
answers are sought through observation and exploration; mental, material or virtual
experiments are conducted; connections are made to questions offering interesting
similarities with the one in hand and already answered; known mathematical tech-
niques are brought into play and adapted when necessary. This inquiry process is led
by, or leads to, hypothetical answers — often called conjectures — that are subject to
validation.” (Artigue & Baptist, 2012, p. 4)

The main differences between mathematical and scientific inquiry are based on the
type of questions (or problems) they address and the processes they rely on for an-
swering or solving them. Whereas scientific inquiry is mostly motivated by questions
arising from the natural or human-built world, the questions in mathematical inquiry are
more diverse - including technical problems, human artifacts or art - and influence the
inquiry process. Some specificities of mathematical inquiry are the pragmatism and
non-linearity of the process, the dialectic interplay between proof and refutation, the
definitive nature of the results obtained and the principal aim for generalization (Artigue
& Baptist, 2012). As in scientific inquiry, students are seen as active participants in their
own learning process but also in a community of learners. They should work collabora-
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tively and engage in mathematical discussions by active listening, questioning, con-
structing and using arguments, communicating, and analyzing and evaluating the think-
ing of their peers (Hunter & Anthony, 2011). Specific to mathematics is that students
should be able to articulate or elaborate questions in order to make them accessible to
mathematical work (Artigue et al., 2012) and design procedures to find answers (Amer-
ican Association for the Advancement of Science, 1993). They should experiment with
mathematical objects (e.g. numbers, patterns, forms, etc.) and use modeling and
mathematizing (Artigue & Baptist, 2012). Since mathematical ideas are not directly
accessible to our physical senses, students need to construct representations. If they
find a solution to a specific problem, they are searching for generalizations (Hunter

& Anthony, 2011). They construct meaning through the use of logic, evidence, and re-
flection (American Association for the Advancement of Science, 1993). In addition to
the aspects mentioned for science and technology, inquiry mathematics puts special
emphasis on enhancing students’ problem-solving skills (Kwon, Park, & Park, 2006)
and mathematical thinking (American Association for the Advancement of Science,
2009).

Formative and Summative Assessment

Assessment is one of the most important drivers in education and a defining aspect of
any educational system. It can be regarded, however, from different perspectives as it
is stated in the European report Europe needs more scientists (European Commission,
2004, p. 137): “Assessment has to be seen from at least three perspectives: (a) the
traditional function is the evaluation of students’ achievement to put them on a certain
‘career track’ by giving marks and reports; (b) assessment should also be used as an
instrument for diagnosis to give students and teachers permanent feedback about
learning outcomes and difficulties, and therefore the need for support; and (c) in recent
years, international comparative and large-scale assessment studies have become
more popular as they should enable broader knowledge about the conditions and influ-
ences on students’ understanding and competence.” Assessment always involves the
collection, interpretation and use of data for some purpose. The purpose and often also
the way of data collection, however, may differ. In ASSIST-ME, we summarize these
different purposes under the expressions of summative and formative assessment.

Summative assessment has the purpose of summarizing and reporting learning at a
particular time and for that reason is also called “assessment of learning”. It involves
processes of summing up by reviewing learning over a period of time or checking-up by
testing learning at a particular time. Summative assessment has an undeniably strong
impact on teaching methods and content (Harlen, 2007). It is perceived to be highly
visible, especially if high stakes are connected to it that can easily undermine innova-
tive approaches to teaching (Looney, 2011). This is also emphasized in the above
mentioned European report: “Although the results [of large international assessments
like PISA and TIMSS] may be used to identify strengths and weaknesses in each coun-
try, there is a danger that these studies may trivialise the purpose of schooling by its
implicit definition of how educational 'quality' might be understood, defined and meas-
ured. It is likely that national school authorities put undue emphasis on these compara-
tive studies, and that curricula, teaching and assessment will be 'PISA-driven' in the

% www.assistme.ku.dk 26 February 2013 8



years to come (European Commission, 2004, p. ix). The dominance of external sum-
mative assessment leads to situations where testing remains distinct from learning in
the minds of most students and teachers (American Association for the Advancement
of Science, 1998) thus when teachers are required to undertake their own assess-
ments they tend to imitate external assessments and think only in terms of frequent
summative assessment (American Association for the Advancement of Science, 1998;
Black & Wiliam, 1998).

Formative assessment, in contrast, 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 learn-
ers are in their learning, where they need to go and how best to get there” (Assessment
Reform Group, 2002). Or, as Bell & Cowie put it: “Formative assessment is the pro-
cess used by teachers and students to recognize and respond to student learning in
order to enhance that learning, during the learning” (Bell & Cowie, 2001). The term
formative with respect to evaluation and assessment was first used by Scriven
(Scriven, 1967) and Bloom (Bloom, 1969) in the late 1960s. It is explicit in these early
uses that the term formative cannot be a property of an assessment (Wiliam, 2006). In
principle, the same test could be used for formative or summative purposes (Bloom,
1969). Assessments are formative, however, if, and only if, something is contingent on
their outcome and the information is actually used to alter what would have happened
in the absence of that information (Wiliam, 2006; Black & Wiliam, 1998). There are dif-
ferent instruments and techniques that are used for formative assessment like e.g.
portfolios, discourse, questioning, student observations, quizzes, interviews, etc.. In
their 1998 review on formative assessment, Black and Wiliam (Black & Wiliam, 1998)
could show that formative assessment methods and techniques produce significant
learning gains that are among the largest ever identified for educational interventions
(Looney, 2011). Despite the variety of methods, techniques, and instruments, however,
formative assessment possesses some common characteristics. Among these are that
it has to be an integral part of teaching and learning (Bell & Cowie, 2001). It has to be
frequent, actively engages students by peer- and self-assessment and provides feed-
back and guidance to learners on how to improve by focusing on the learning process
(Looney, 2011; Wilson & Sloane, 2000). Recent OECD publications stress the im-
portance of formative assessment and the integration of formative and summative as-
sessment, respectively (Looney, 2011; OECD, 2005). They also realize, however, that
many logistical barriers to making formative assessment a regular part of the teaching
practice exist, rooted in organizational issues such as large classes, extensive curricu-
lum requirements, or the difficulty of meeting diverse and challenging student needs,
but also in teachers’ often deeply held pedagogical beliefs of assessment as a tool for
teacher use and accountability rather than as a method to involve students in a con-
structivist assessment environment (Wilson & Sloane, 2000).

The ASSIST-ME project aims at developing formative assessment methods that (1) fit
into everyday classroom practice, (2) provide qualitatively oriented descriptions and
monitoring of competence-oriented, inquiry-based learning processes, and (3) can be
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combined with existing summative assessment requirements and methods used in
different educational systems (Dolin, 2012). Within ASSIST-ME, an assessment meth-
od is understood as a package of information, procedures and instructions aimed at
collecting and interpreting information about students’ competences within STM. Typi-
cally, an assessment package will include a hands-on activity, paper & pencil-activity,
peer-to-peer feedback or on-screen activity for students; assessment tools might in-
clude a process monitoring tool (e.g. portfolios), a performance assessment tool, a
computer-based system with built-in feedback, and a structured dialogue tool (e.g. as-
sessment conversations (Ruiz-Primo, 2011)).

Methods

To answer the research questions mentioned in the introduction, three different search
strategies will be used:

1. For the journals that are considered to be the most important in STM education
and assessment, the contents of all issues published during the last 10 years
will be scanned

2. Expert knowledge of relevant publications in the field will be used and the refer-
ence lists of these publications will be scanned and followed up

3. Searches by key-words in relevant databases (Psychinfo, ERIC, Web of Sci-
ence or Google Scholar) will be performed (including citation searches e.g. on
the review by Black and Wiliams (1998) on formative assessment)

Following discussions with experts in the specific domains and taking into account im-
pact factors, it is planned to include the following journals in the first strategy:

e Science Education: Journal of Research in Science Teaching, Science Educa-
tion, International Journal of Science Education

e Technology Education: Journal of Technology Education, Research in Science
& Technological Education

e Mathematics Education: Journal of Mathematics Education, Educational Stud-
ies in Mathematics, International Journal of Science and Mathematics Educa-
tion

e [CT-assisted Learning: International Journal of Computer-Supported Collabora-
tive Learning, Computer & Education, Interactive Learning Environments

o Assessment: Assessment in Education, Educational Assessment, Applied
Measurement in Education

If during the work progress it seems sensible or necessary, further journals in the spe-
cific science subject domains (i.e. in biology, chemistry, and physics education) or jour-
nals in the field of general education like e.g. Review of Educational Research or
Learning & Instruction might be included in the search.

The systematic search by key-words (strategy 3) faces some challenges that have al-
ready been mentioned in the introduction. These challenges are mainly based on the
diversity of terms and instructional or teaching approaches that include characteristics
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of inquiry-based education. A literature search just using “inquiry” as keyword is thus
very likely to miss a lot of relevant publications. Looking into earlier reviews in the field
of inquiry-based science education, one finds that quite general key-words have been
used to ensure that as many as possible of the relevant publications will be found. In
their meta-analysis of inquiry based science teaching, Furtak et al. (Furtak et al., 2012)
e.g. used the keywords: effective instruction, instructional effectiveness, direct instruc-
tion, teacher effectiveness, mastery learning, constructivist teaching, science instruc-
tion, classrooms, science teaching, and inquiry. Each of these keywords was then
crossed with the output keywords achievement, competencies, interest, motivation,
engagement, and attainment leading to an initial sample of 1625 entries for the years
1996-2006. Another review published in the context of the S-TEAM project (Heinz,
2012) used the keywords: inquiry based science teaching, science teaching and learn-
ing, science literacy and scientific literacy, collaborative science learning, argumenta-
tion in science education, heuristic in science education, and inquiry-based instruction.
These keywords were then crossed with the target group keywords poli-
cy/stakeholders, teacher educators/teacher education, teachers, and students/pupils.
They limited their search to the years 2005-2009 and found around 600 publications.
Using such open keyword approaches — although we clearly admit the benefits they
have - seems not feasible for our work in ASSIST-ME for several reasons. First, the
research questions we are supposed to answer span a broad range from definitions of
IBE to competences in IBE in STM to the state-of-the-art in formative and summative
assessment of IBE in STM (including efforts to foster formative assessment, the inter-
dependence between IBE and formative assessment, and instruments and protocols
for summative and formative assessment of IBE). Second, not only IBE comes under a
variety of terms and approaches, but also some of our outcome variables like formative
assessment or competences. And third, the alternative key-words for IBE are to a sig-
nificant extend domain-specific which means different combinations of key-words have
to be used for at least science and mathematics. Using very open key-words would
thus lead to an initial sample of publications that is impossible to accurately analyze
within the limited timeframe of WP2. The definition of sensible key-words is thus of cru-
cial importance.

As a starting point we compared the sets of key-words used in recent reviews of in-
quiry-based science education with alternative expressions of IBE found in the thesau-
rus of the ERIC and Psychinfo databases. With these keywords we then conducted
exploratory searches in Psychinfo to get a feeling how open the key-words could be to
still yield feasible sample sizes and which combinations of key-words lead to publica-
tions that are useful with respect to our research questions. From these searches, a
first set of key-words emerged. With these key-words we performed a search in the
Psychinfo database looking for publication in books or peer-reviewed journals that
were written in English and published between 1996 and 2012 in the field of science
education. 1996 was chosen as the starting date since in that year the National Sci-
ence Education Standards (National Research Council, 1996) were published and in-
troduced a time period during which the reform spotlight was intensely focused upon
inquiry-based education, especially in science. As key-words for the search we used
inquiry, collaborative learning, mastery learning, discovery learning, cooperative learn-

2 % www.assistme.ku.dk 26 February 2013 11



ing, discovery teaching method, constructivist teaching, and problem based learning.
These keywords were crossed with science education, science instruction, science
teaching and learning, and classroom/teachers. The resulting set of publications is
considered to represent the concept of “inquiry in science education”. It was then
crossed with the output variables competences, competencies, attitudes, beliefs, as-
sessment, achievement, interest, motivation, and engagement. This search was sup-
plemented by two further searches using very specific search terms: inquiry-based sci-
ence education, inquiry-based science instruction, inquiry-based science teaching, in-
quiry-based science learning, and scientific inquiry crossed with classroom. These
searches yielded approximately 250 results that were exported into a CITAVI database.

Since WP2 is one of the WPs in “Phase 1 — Building the Foundation” in ASSIST-ME, it
is important to ensure that the information we produce really complies with the needs of
WP4 and WP5. The preliminary set of key-words was thus discussed with the other
project partners at the WP2-workshop during the ASSIST-ME kick-off conference in
Copenhagen on January 26. Following the discussions and further literature work, the
key-words will be extended by skills, feedback, and classroom evaluation, and as-
sessment replaced by formative and summative assessment, respectively.

Results

Progress of work

The results presented here represent the stage of work after one and a half months of
ASSIST-ME and can thus only be preliminary. Based on the Psychinfo search de-
scribed in the previous section, publications that were known to us or that we found by
following up reference lists or through our exploratory searches or through journal-
based searches in the International Journal of Science and Mathematics Education and
Assessment in Education, a CITAVI database has been built up that initially contained
about 500 publications. At the moment, we are in the process of screening these publi-
cations by reading abstracts or, if necessary, full texts to decide whether they contrib-
ute to our field of interest or not. By doing so, up to now approx.. 220 of the initial publi-
cations has been excluded. At the same time, we are trying to categorize the results
with respect to our research questions (i.e. are they dealing with definitions of IBE,
competences, formative/summative assessment, or instruments), the grade level they
address (primary, lower secondary, and upper secondary following, in general, the
German grading system of primary meaning grades 1-4 (or 6), lower secondary mean-
ing grades 5 (or 7) to 9/10 and upper secondary meaning grades beyond 9/10) and the
domain (science, mathematics or technology). The underlying idea is, in addition to the
reports WP2 will provide, to use the results of our literature review as the starting point
of a research base within ASSIST-ME that can be used by the other partners to sup-
port their work. This could e.g. be achieved by uploading the database to the internal
project website in a format that allows the partners to search it according to the above
mentioned criteria (for the start, this will be an Excel-file). The file will then be updated
in regular intervals as we proceed in our work. In the appendix of this report, you will
find a table containing the current content of the database.
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In order to extend the key-word search to mathematics and technology, appropriate
key-words have to be defined. In the case of mathematics, teaching approaches that
include characteristics of mathematical inquiry are — as named in the ASSIST-ME ap-
plication — inquiry mathematics (Cobb, Wood, Yackel, & McNeal, 1992) didactical engi-
neering (Artigue, 1994), open approach lessons (Nohda, 2000), and problem-centered
learning (Schoenfeld, 1985). The Fibonacci-project (Artigue & Baptist, 2012) extends
this list towards didactical learning (Gallin, 2012), the Dutch approach of realistic math-
ematics education (Freudenthal, 1973) and the French theory of didactical situations
(Brousseau, Brousseau, & Balacheff, 1997). Another approach of inquiry in mathemat-
ics education is the concept of “problem-based learning” that is also mentioned in the
well-known Rocard report (European Commission, 2007, p. 9): “In mathematics teach-
ing, the education community often refers to “Problem-Based Learning (PBL)” rather
than to IBSE. In fact, mathematics education may easily use a problem-based ap-
proach while, in many cases, the use of experiments is more difficult. Problem-based
learning describes a learning environment where problems drive the learning.”

As shown in the definition section, inquiry in technology education is quite closely relat-
ed to the concept in science education. However, to ensure that no relevant publica-
tions are missed, it is planned to look more detailed for teaching approaches in tech-
nology that include characteristics of IBE.

Definition of IBE in STM

With respect to the development of a feasible definition of IBE in STM within the AS-
SIST-ME-project, existing definitions in other FP7-projects have been analyzed. As
already mentioned in the introduction, a general agreement in the definitions of inquiry-
based science education that is based upon Linn, Davis, and Bell (Linn et al., 2004)
could be observed. This definition is in alignment with the definition of inquiry in the
National Science Education Standards (National Research Council, 1996): “Inquiry is a
multifaceted activity that involves making observations; posing questions; examining
books and other sources of information to see what is already known; planning investi-
gations; reviewing what is already known in light of experimental evidence; using tools
to gather, analyze, and interpret data; proposing answers, explanations, and predic-
tions; and communicating the results. Inquiry requires identification of assumptions,
use of critical and logical thinking, and consideration of alternative explanations.” This
notion is also shared by Hmelo-Silver and colleagues who understand inquiry learning
as the process of learning content as well as discipline-specific reasoning skills and
practices by collaboratively engaging in investigations. It is organized around relevant,
authentic problems or questions and engages students cognitively in sense-making,
developing evidence-based explanations, and communicating their ideas (Hmelo-Silver
et al., 2007). Inquiry requires students to combine ‘hands-on’ with ‘minds-on’ (Europe-
an Commission, 2004). The situation of IBE, however, seems to become more compli-
cated recently since e.g. in the US the field of science education moves away from
using the term inquiry and call it now “scientific and engineering practices” (National
Research Council, 2012) that are defined as: Asking questions (for science) and defin-
ing problems (for engineering), developing and using models, planning and carrying out
investigations, analyzing and interpreting data, using mathematics and computational
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thinking, constructing explanations (for science) and designing solutions (for engineer-
ing), engaging in argument from evidence, and obtaining, evaluating, and communi-
cating information.

Competences

An overview of domain-specific and transversal competences that are ascribed to in-
quiry can be found e.g. in the AAAS Benchmarks for Science Literacy (American Asso-
ciation for the Advancement of Science, 2009). They describe inquiry as part of the
nature of science and mathematics and divide it into the aspects of problem-solving,
understanding and conducting investigations, and reasoning. Domain-specific compe-
tences in mathematics include:

¢ to identify the underlying problem and formulate questions which are accessible
to mathematical investigations
to use and manipulate mathematical objects and representations
to use modeling and mathematization
to choose appropriate rules or methods
to make simplifying assumptions or approximations
to evaluate the results with respect to their sense and usefulness
to realize limitations of models and develop criteria for “good solutions”
to use cycles of trial, evaluation, and revision that should lead to valid mathe-
matical ideas
to understand the nature of logic
e to use logic in making and judging arguments
to distinguish between example and proof, sufficient and necessary conditions,
good and bad logic, analogies/similarities and the “real thing”
to organize evidence
to formulate arguments, debate with peers, respond to criticism, offer criticism
to generalize (accuracy, limits)
to deal with uncertainty
to distinguish between mistakes and reasonable choices that turned out to be
unsuccessful
¢ to realize that more than one mathematical description might be equally appro-
priate and that there is not always a clear-cut answer
Domain-specific competences in science include:

to identify scientific questions

to formulate research questions and hypotheses

to design experiments and conduct trials

to collect data by observations

to develop, use, and interpret different representations of the data
to evaluate data

to formulate conclusions based on evidence

to communicate results, debate with peers, respond to criticism
to realize the importance of and dangers to objectivity

to use logic and make logical interferences

to distinguish theory from evidence

to understand the necessity of controlled variables
Domain-specific competences in technology include (Eckersall, 1987):
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to clarify the problem and propose solutions

to assess the appropriateness of the proposed solutions

to implement and evaluate the selected solution

to apply technical thinking and acting (including using drawings, measuring de-
vices, tools, equipment, and machines)

¢ to reflect on the social consequences of the technology with which the students
are involved

With respect to transversal competences, the Benchmarks pay special attention to the
so-called “habit of mind” which describes problem-solving skills that are relevant in all
subjects. These skills are computation and estimation, manipulation and observation,
communication and quantitative thinking, and critical response skills (evaluating evi-
dence and claims). Moreover, however, a habit of mind includes also values and atti-
tudes like honesty, curiosity, open-mindedness and skepticism. Other transversal com-
petences mentioned in the Benchmarks include making accurate measurements, using
mathematics and data analysis to solve problems, being creative in designing experi-
ments and solving mathematical or scientific problems; the competence of the students
is reflected in the quality of questions they pursue and the rigor of their methodology
(American Association for the Advancement of Science, 1998). The key competences
for lifelong learning described in the Recommendation of the European Parliament
(European Parliament, 2006) can also be understood as transversal competenc-
es:

e communication (express and interpret concepts, thoughts, feelings, facts, and
opinions)

e learning to learn (the ability to pursue and organize one's own learning, either
individually or in groups)

e sense of initiative and entrepreneurship (creativity, innovation and risk-
taking, as well as the ability to plan and manage projects in order to achieve ob-
jectives)

Moreover, mathematical competence and basic competences in science and
technology are seen as transversal competences.

State of the art of formative and summative assessment

As stated in the AAAS Blueprints for Reform, any effort at nationwide science educa-
tion reform must include reform of student assessment as a major goal (American As-
sociation for the Advancement of Science, 1998). This is also realized in the European
report Europe needs more Scientists (European Commission, 2004, p. 137): “The en-
largement of curricula towards achieving a greater relevance for everyone also requires
changes in assessment strategies and instruments. If science no longer consists of
theoretical knowledge about concepts and processes only, other competencies have to
be assessed and their importance pointed out to students and parents.” At least since
the review by Black & Wiliam (Black & Wiliam, 1998), formative assessment is seen as
one means to achieve a better alignment between learning goals and assessment. This
is also supported by more recent European documents on formative assessment or a
possible integration of formative and summative assessment, respectively (OECD,
2005; Centre for Educational Research and Innovation (CERI), 2008; Looney, 2011).
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Although a sound research base about the benefits of formative assessment exists,
however, assessment in many countries still seems to be dominated by summative
assessment. Looney attributes this, among others, to a perceived tension between
formative and highly-visible summative assessments. Especially high stakes connected
to summative assessment often undermine innovative approaches to teaching (Loon-
ey, 2011; American Association for the Advancement of Science, 1998). The target-
driven approach of external testing leads to problems, including 'teaching to the test’,
the detriment of the wider curriculum, and motivational problems (Gardner, 2010). In
addition, high stakes has little influence on teaching strategies, addressing tensions
and fostering constructive cultures of evaluation (OECD, 2005).

A prerequisite to foster the use of formative assessment is to enable teachers to
change their deeply held pedagogical beliefs of assessment as a tool for teacher use
and accountability rather than as a method to involve students in a constructivist as-
sessment environment. The understanding and acceptance of innovations by the
teachers is crucial to the ultimate success of change (Wilson & Sloane, 2000). This
can be supported by:

o Integrating assessment and instruction (Shepard, 2000; Pellegrino, Baxter,
& Glaser, 1999). Assessment still often remains distinct from learning in the
minds of most students and teachers (American Association for the Advance-
ment of Science, 1998).

o Embedding formative assessment in the curriculum. For assessment to
become fully and meaningfully integrated into the teaching and learning pro-
cess, it must be curriculum dependent i.e. linked to a specific curriculum (Wilson
& Sloane, 2000). The effectiveness of an assessment depends, in large part, on
how well it aligns with the curriculum and instruction to reinforce common learn-
ing goals (Pellegrino, Chudowsky, & Glaser, 2001) and to clarify inconsistencies
within and between lessons (Shavelson et al., 2008) .

o Fostering the collaboration between curriculum and assessment experts
as well as teachers. Building stronger bridges between research, policy and
practice is essential for the success but also challenging (Shavelson et al.,
2008).

o Enhancing accountability. Teachers must feel confident that new assessment
methods will be accepted for accountability purposes by school administrators
and the public at large (American Association for the Advancement of Science,
1998). Fears regarding accountability might be mitigated if teachers can follow
state curriculum frameworks.

o Supporting teachers by teacher professional development (TPD) (Pedder,
2006). Wiliam considers “the task of improving formative assessment [to be]
substantially, if not mainly, about TPD” (Wiliam, 2006). The provision of tools for
formative assessment — although a necessary condition — will only improve
formative assessment practices if teachers can integrate them into their regular
classroom activities. To reach this goal teachers need time because it is difficult
for them to change practices which are closely embedded within their pattern of
pedagogy, thus the pace of change is slow (Black & Wiliam, 1998). During this
process, they need help to change the perception of their own role (American
Association for the Advancement of Science, 1998). If teachers are comfortable
with new testing procedures, student opinions are likely to follow. Moreover,
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TPD could foster the integration of assessment and instruction by combining
work on assessment with work on instruction and materials.

In her report about the integration of formative and summative assessment, Looney
(Looney, 2011) names barriers to an implementation of formative assessment as well
as policies that might support it. As barriers are regarded:

large classes,

extensive curriculum requirements,

the difficulty of meeting diverse and challenging student needs,

fears that formative assessment is too resource-intensive and time consuming
to be practical,

a perceived tension between formative assessment and highly visible summa-
tive assessment (see above). Within the “Learning How to Learn” project , Ped-
der (Pedder, 2006) found that classroom assessment practices are underpinned
by conflicting and quite separate principles, namely assessment for learning
principles (making learning explicit and promoting learning autonomy) and as-
sessment of learning principles (performance orientation). Teachers’ assess-
ment practices were often out of step with their teaching values.

lack of coherence between assessments and evaluations at the policy, school
and classroom level,

perception of formative assessment methods as “soft”, non-quantifiable as-
sessments by policy makers/administrators

Although ASSIST-ME is primarily interested in approaches or policies to foster the im-
plementation of formative assessment, the perceived barriers can give valuable infor-
mation that has to be kept in mind when developing assessment methods.

Policies supporting formative assessment are seen in (Looney, 2011; OECD, 2005):

building teachers’ and school leaders’ assessment literacy (i.e. an awareness of
the different factors that may influence the validity and reliability of results, the
capacity to make sense of data, to identify appropriate actions and to track pro-
cess (American Federation of Teachers, National Council on Measurement in
Education, & National Education Association, 1990; Brookhart, 2011; Alkharusi,
2011 and references therein)

investing in training and support for formative assessment

encouraging innovation and creating opportunities for teachers to innovate
providing guidelines and tools to facilitate formative assessment practice
providing curriculum guidelines to assist teachers in a more systematic integra-
tion of formative assessment

keeping the focus on teaching and learning

developing clear definitions of learning goals and a theoretical framework of
how that learning is expected to unfold as the student progresses through the
instructional material (ensures construct and instructional validity (Wilson

& Sloane, 2000)). This can be supported by developing “progress variables”
that mediate between the level of detail present in the content of a specific cur-
riculum and more vague contents of e.g. state standards. The assessments are
then aligned with these variables that define goals of student growth.
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o actively involving students and parents in the formative process (American As-
sociation for the Advancement of Science, 1998)

o building stronger bridges between research, policy and practice

o convincing policy makers/administrators that formative assessment methods
are not “soft” but measuring the development of higher order thinking skills
(American Assaociation for the Advancement of Science, 1998)

o ensuring that classroom, school and system level evaluations are linked and are
used formatively to shape improvements at every level of the system

The links between formative and summative assessment could be strengthened by
(Looney, 2011):

o strengthening teachers’ assessment roles (see assessment literacy above).
Heritage et al. (Heritage, Kim, Vendlinski, & Herman, 2009) found that teachers
are quite literate at identifying the key mathematical principles being assessed
and characterizing the student's level of understanding but had problems de-
termining appropriate next instructional steps.

o strengthening teacher appraisal (there are, however, a number of challenges to
developing coherent and valid measures of formative assessment practice as it
involves several steps including the assessment process, interpretation of evi-
dence of students learning, and the development of next steps for instruction
(Herman, Osmundson, & Silver, 2010).

. drawing on advances in the cognitive sciences to strengthen the quality of
formative and summative assessment (Shepard, 2000 and references therein)

o developing curriculum-embedded or “on-demand” assessments (Chudowsky &
Pellegrino, 2003)

. developing complementary diagnostic assessments for students at lower profi-

ciency levels to identify specific learning difficulties
taking advantage of technology (Chudowsky & Pellegrino, 2003)

. using population instead of census sampling (Chudowsky & Pellegrino, 2003)
meet standards of validity, reliability, feasibility, and equity (American Associa-
tion for the Advancement of Science, 1998)

Looney (Looney, 2011) argues that large-scale tests often do not reflect the promoted
development of higher-order skills such as problem-solving, reasoning, and collabora-
tion — which are key competences in IBE. This leads to technical barriers to a more
closely integration of formative and summative assessment because large-scale sum-
mative assessment data are often not detailed enough to diagnose individual student
needs or they are not delivered in timely manner to have impact on the students as-
sessed. Moreover, creating reliable measures of higher-order skills is still a challenge.
Relating to this, she sees three major challenges: 1. Developing assessments that
measure not only “what” but also “how to”, 2. reporting results “criterion-referenced”
instead of “norm-referenced” including the development of focused reporting scales in
criterion-referenced systems to provide diagnostic information (especially for weak stu-
dents), and 3. finding a balance between generalizability, reliability, and validity (issue
of ensuring fairness of classroom-based approaches also mentioned in (Wilson

& Sloane, 2000)).
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Formative assessment methods (including instruments and protocols)

As said before, within ASSIST-ME, an assessment method is understood as a package
of information, procedures and instructions aimed at collecting and interpreting infor-
mation about students’ competences within STM. Typically, an assessment package
will include a hands-on activity, paper & pencil-activity, peer-to-peer feedback or on-
screen activity for students; assessment tools might include a process monitoring tool
(e.g. portfolios), a performance assessment tool, a computer-based system with built-in
feedback, and a structured dialogue tool (e.g. assessment conversations (Ruiz-Primo,
2011)).

In the following, some examples of methods and instruments we have found so far in
the literature are given. This strand of research will be expanded in the following
months.

Feedback (e.g. Black & Wiliam, 1998; Wilson & Sloane, 2000)

Discourse (e.g. Anderson, Zuiker, Taasoobshirazi, & Hickey, 2007)

Effective questioning (e.g. Williams & Ryan, 2000; OECD, 2005)

Self- and peer assessment (e.g. Sadler, 1989)

Portfolios or learn logs (e.g. Johnson, Mims-Cox, & Doyle-Nichols, op. 2006;
Glaser-Zikuda, 2007)

Performance assessments (e.g. Gallavan, 2009, Looney, 2011)
Mind-mapping (e.g. Goodnough & Long, 2006)

Concept maps (e.g. Stoddart, Abrams, Gasper, & Canaday, 2000)

Rubrics (e.g. assessment rubrics used in Inquiry in Action (Kessler & Galvan,
2007); (Siegel, Hynds, Siciliano, & Nagle, 2006))

¢ Embedded assessment (e.g. BEAR - Berkeley Evaluation and Assessment re-
search - assessment system (Wilson & Sloane, 2000))
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