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Summary 


The EU project ‘Assess Inquiry in Science, Technology and Mathematics Education’ 


(ASSIST-ME) investigates formative and summative assessment methods to support 
 and improve inquiry-based approaches in European science, technology and mathe-
 matics (STM) education. 


In the first step of the project, a literature review was conducted in order to gather in-
 formation about the current state of the art in formative and summative assessment in 
 inquiry-based education (IBE) in STM. Searches were conducted in data bases, in the 
 most important journals in the field of STM education, and in the reference lists of rele-
 vant publications. This report describes the search strategies used in detail and pre-
 sents the results of the empirical studies described in the found publications in this 
 field. 


Especially in science education, numerous publications were found by the search 
 strategies whereas in technology and mathematics education the numbers of publica-
 tions are much lower. On the one hand, the chosen keywords and search strategies 
 might be a reason. On the other hand, the research foci of the disciplines might be an-
 other reason. 


The results of the literature review indicate that only a small number of empirical stud-
ies have simultaneously investigated both the use of formative and summative as-
sessment in the learning of inquiry in STM and the influence of this form of assessment 
on the learning of inquiry in STM. Moreover, most of the studies did not assess inquiry 
directly, but rather knowledge, understanding or attitudes. Nevertheless, there are ex-
amples of methodological approaches which illustrate the successful application of 
several assessment instruments and explain their advantages or disadvantages. 
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1. Introduction 


The overall rationale for ASSIST-ME is that assessment should enhance learning in 
 STM education. It is well acknowledged that assessment is one of the most important 
 drivers in education and is a defining aspect of any educational system. However, it 
 can be observed that instruction – and especially innovative approaches to instruction 
 – and assessment very often are not aligned. Evaluations of inquiry-based teaching 
 and learning are often based on traditional summative assessments of content 
 knowledge that need not necessarily show achievement gains. Stieff (2011), for in-
 stance, found that using an inquiry curriculum in combination with a visualization tool 
 yielded only small to moderate gains in a summative achievement test but significantly 
 increased students’ representational competence. In recent years, however, the need 
 to align curriculum, instruction and assessment has become more and more obvious. 


One major objective of ASSIST-ME is to develop a set of assessment methods suitable 
 for enhancing IBE with regard to STM related competences. Based on these methods, 
 strategies for the formative and summative assessment of competences in STM will 
 then be identified that are adaptable to various European educational systems (Dolin, 
 2012). The research into the formative and summative assessment of competences 
 relevant to IBE in STM will be based on an understanding of the concept of compe-
 tences (both domain-specific and transversal), of IBE and of formative versus summa-
 tive assessment. 


In order to achieve this understanding, work package 2 (WP 2) in the ASSIST-ME pro-
 ject carried out a review of the existing research literature on the formative and summa-
 tive assessment of IBE in STM. The aim of this review is to summarize what we know 
 about the formative and summative assessment of competences in STM – with a spe-
 cial focus on IBE – and to identify methods that can improve student outcomes. Part II 
 of the review (conducted by Pearson Education International) deals specifically with 
 computer-based assessment and the use of information and communication technolo-
 gy (ICT) tools. 


One major challenge for the literature review was that the field of interest is not clearly 
defined. With respect to science education, there is still disagreement among re-
searchers and educators about what features define the instructional approach of IBE 
(Furtak, Shavelson, Shemwell, & Figueroa, 2012; Hmelo-Silver, Duncan, & Chinn, 
2007). A rich vocabulary is used to describe inquiry-based approaches to teaching and 
learning, such as inquiry-based teaching and learning, authentic inquiry, model-based 
inquiry, modelling and argumentation, project-based science, hands-on science, and 
constructivist science (Furtak, Seidel, Iverson, & Briggs, 2012) These approaches 
might include characteristics of IBE to a varying degree but they are not necessarily 
synonyms of IBE. The situation gets even more complicated because, e.g. in the US, 
the field of science education has moved away from using the term inquiry and now 
calls it “scientific and engineering practices” (National Research Council, 2012). More-
over, the definitions of IBE or inquiry-based approaches to teaching and learning differ 
between the three domains of science, technology, and mathematics (see D 2.5). 



(8)A similar situation is described by Black and Wiliam (1998) in their meta-analysis of 
 formative assessment in the classroom. They state that a literature search carried out 
 by entering keywords in the ERIC data base was inefficient for their purposes because 
 of “a lack of terms used in a uniform way” (Black & Wiliam, 1998, p. 8). As in the case 
 of IBE, formative assessment may be described with a variety of names, such as class-
 room evaluation, curriculum-based assessment, feedback or formative evaluation 
 (Black & Wiliam, 1998). With respect to the literature review of WP 2, this had conse-
 quences for the search strategies. They will be described in chapter 4. Procedure of 
 the literature review. 


In this report, some background information about inquiry-based approaches (see 2.1 
 IBE in STM) and formative and summative assessment in STM education (see 2.2 As-
 sessment in education) will first be given. With respect to IBE, this report puts a special 
 focus on the aspects and definitions of inquiry competences found in the literature and 
 used by previous EU projects. These definitions form the basis for the data base 
 searches and the analysis of results. A detailed description of the definition of IBE in 
 the three domains is given in deliverable D 2.5 ‘A definition of inquiry-based STM edu-
 cation and tools for measuring the degree of IBE’. 


In the paragraphs about the formative and summative assessment in STM, first, the 
concepts are briefly defined. Afterwards, their role in and their influence on STM teach-
ing and learning and the factors that might support or impede their employment are 
discussed. The main part of the report, however, deals with the results of the search for 
empirical studies which have investigated the effects of IBE and assessment methods 
employed to assess and measure these effects. After describing the methodology of 
the literature search in section 4, the aspects of inquiry which are assessed in STM 
education are discussed, along with the formative and summative assessment meth-
ods which are used (see section 5). The results of a literature search which focussed 
on the computer-based assessment of IBE in STM that was performed by the ASSIST-
ME partner Pearson are presented in part II of this document. 
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2. Theoretical background 


2.1 IBE in STM 


According to Anderson (2002) – whose definition forms the basis of the ASSIST-ME 
 application – inquiry-based STM education includes students’ involvement in question-
 ing, reasoning, searching for relevant documents, observing, conjecturing, data gather-
 ing and interpreting, investigative practical work and collaborative discussions, and 
 working with problems from and applicable to real-life contexts. Whereas these charac-
 teristics generally apply to all three subject areas – science, technology and mathemat-
 ics – the ASSIST-ME application explicitly acknowledges that various meanings and 
 forms of inquiry are possible in different disciplines and need to be addressed in the 
 project. These different approaches to inquiry, however, need to be aligned with a gen-
 eral definition of the construct that will be produced by the project and form deliverable 
 D 2.5 ‘A definition of inquiry-based STM education and tools for measuring the degree 
 of IBE’. 


Looking at the literature, it seems that IBE has mainly been investigated in the field of 
 science education. Performing a basic search in the 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’ resulted in 2034 entries. Replac-
 ing ‘science/scientific’ by ‘mathematics’ reduced the number of results to 218, by ‘tech-
 nology’ 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). 


This might partly be due to the fact that in mathematics and technology the term ‘in-
 quiry’ is not common and thus inquiry-based approaches go under different names. In 
 the case of mathematics, for instance, teaching approaches and learning theories that 
 include characteristics of mathematical inquiry are – as named in the ASSIST-ME ap-
 plication – inquiry mathematics (Cobb, Wood, Yackel, & McNeal, 1992), open approach 
 lessons (Nohda, 2000), and problem-centred learning (Schoenfeld, 1985). The Fibo-
 nacci-project (Artigue & Baptist, 2012) extends this list towards the Dutch approach of 
 realistic mathematics education (Freudenthal, 1973) and the French theory of didactical 
 situations (Brousseau & Balacheff, 1997). Moreover, they include the Swiss concept of 
 dialogic learning (Gallin, 2012). In dialogic learning, instead of immediately trying to 
 solve the problem, students should instead focus on exploring the question and related 
 aspects in depth, thus relating it to their own world. A decisive factor for dialogic learn-
 ing is that feedback is provided to the students during the exploration process (Gallin, 
 2012). Another approach of inquiry in mathematics education is the concept of ‘prob-
 lem-based learning’ that is also mentioned in the well-known Rocard report (European 
 Commission, 2007, p. 9): “In mathematics teaching, the education community often 
 refers to ‘Problem-Based Learning (PBL)’ rather than to IBE. In fact, mathematics edu-
 cation may easily use a problem-based approach while, in many cases, the use of ex-
 periments is more difficult. PBL describes a learning environment where problems drive 
 the learning.” Problem- or project-based learning is also used in technology education. 


The closest connection to inquiry, however, is provided by approaches to teaching and 



(10)learning using the concept of design that bears close resemblance to IBSE. The main 
 difference is seen in the fact that “‘doing’ holds a central position in all aspects relating 
 to both technology and technological literacy” (Ingerman & Collier-Reed, 2011, p. 138). 


Action is seen as an important component of technological literacy especially in view of 


“the need to be able to ‘select, properly apply, then monitor and evaluate appropriate 
 technologies’ ([Hayden, 1989] p. 231 – emphasis added) in a given situation. In this 
 way, technological literacy in a situation is constituted through actions" (Ingerman 


& Collier-Reed, 2011, p. 138; see also Vries & Mottier, 2006). 


A lot of former and on-going EU projects in the field of IBE (e.g. Mind the Gap, S-
 TEAM, ESTABLISH and Fibonacci) have based their understanding of IBSE on a defi-
 nition from Linn, Davis and Bell (2004, p. 4): 


“[inquiry is] the intentional process of diagnosing problems, critiquing experi-
 ments, and distinguishing alternatives, planning investigations, researching con-
 jectures, 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 logical 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, not reported). IBSE should foster critical and creative minds, it should encour-
 age students to engage in, explore, explain, extend, and evaluate real-life situations in 
 collaboration and cooperation with their peers (PRIMAS project, 2010). It is thus based 
 on a specific understanding of learning as deliberately involving linguistic processes 
 such as argumentation (Dolin, 2012) and requires students to take charge of their own 
 learning in order to achieve genuine understanding (Harlen, 2009). The ESTABLISH 
 project dissected the definition of Linn, Davis and Bell (2004) and articulated nine as-
 pects or elements of inquiry (ESTABLISH project, 2011): 


1. Diagnosing problems 
 2. Critiquing experiments 
 3. Distinguishing alternatives 
 4. Planning investigations 
 5. Researching conjectures 
 6. Searching for information 
 7. Constructing models 
 8.  Debating with peers 
 9.  Forming coherent arguments 


These aspects can be regarded as inquiry competences. Because of their prominent 
 role in European IBE projects, it was decided to use them as the foundation of the AS-
 SIST-ME definition of IBE. Comparing them with other definitions of inquiry-based sci-
 ence education (e.g. American Association for the Advancement of Science, 2009; 


Hmelo-Silver, Duncan, & Chinn, 2007; Kessler & Galvan, 2007; National Research 
Council, 1996, National Research Council, 2012) and with definitions of inquiry-based 
approaches in mathematics (Artigue & Baptist, 2012; Artigue, Dillon, Harlen, & Léna, 
2012; Hunter & Anthony, 2011; Kwon, Park, & Park, 2006) and technology education 
(American Association for the Advancement of Science, 2009; National Research 



(11)Council, 2012) however, the need to elaborate on and extend the list of aspects be-
 came clear. 


A characteristic feature of technology education, for instance, is that knowledge, expe-
 rience and resources are applied purposefully to create products and processes that 
 meet human needs (Davis, Ginns, & McRobbie, 2002). Thus, inquiry-based approach-
 es in technology education often focus on the design process as a process of problem 
 solving consisting of 


1.  defining the problem and identifying the need, 
 2. collecting information, 


3. introducing alternative solutions, 
 4.  choosing the optimal solution, 


5.  designing and constructing a prototype, and 


6. evaluating and correcting the process (Doppelt, 2005). 


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 present the similarities and specificities of mathematical inquiry compared to sci-
 entific 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 in-
 teresting similarities with the one in hand and already answered; known mathe-
 matical techniques are brought into play and adapted when necessary. This in-
 quiry process is led by, or leads to, hypothetical answers – often called conjec-
 tures – 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 answer-
 ing or solving them. These are aspects that characterize mathematical inquiry: the dis-
 tinction between mathematical and extra-mathematical systems, a need to construct 
 mental representations, a search for structure, patterns, and relationships and the prin-
 cipal aim of generalization (Hunter & Anthony, 2011; Mathematical Sciences Education 
 Board, 1990). 


Table 1 gives an overview of the similarities and differences between aspects of IBE 
within the three domains (The origin of the table is explained in D 2.5). The term ‘as-
pects’ was chosen in order to avoid overlaps to constructs such as ‘abilities’, ‘compe-
tences’, ‘skills’, ‘standards’ etc. Often they are not used distinct. The listed aspects 
might be skills, competence or abilities. The different aspects can principally be re-
garded as steps in the inquiry process that have a chronological order. However, an 
important characteristic of inquiry processes is that they are seldom linear. Students 
continually (or at least frequently, at different stages) have to check their progress or 
results with the plan they made in the beginning and make corrections or adaptations if 
necessary so that steps can be repeated or left out. 



(12)Table 1: Aspects of IBE in STM 


Science  Technology  Mathematics 


diagnosing problems and 
 identifying questions 


diagnosing problems and 
 identifying needs 


diagnosing problems 


searching for information  searching for information  searching for information 
 considering alternative solu-


tions 


considering multiple solutions 
 creating mental representa-


tions 


creating mental representa-
 tions 


formulating hypotheses  formulating hypotheses in 
 view of the function of a de-
 vice 


formulating hypotheses 


planning investigations  planning design  planning investigations 
 constructing and using mod-


els 


constructing and using mod-
 els 


constructing and using mod-
 els 


researching conjectures  researching conjectures 


constructing prototypes/a 
 prototype 


finding structures/patterns 
 collecting and interpreting 


data 


evaluating results  evaluating results 
 searching for alternatives  modifying designs 


searching for generalizations 
 dealing with uncertainty 
 constructing and critiquing 


arguments or explana-
 tions/argumentation/ 


reasoning/using evidence 


constructing and critiquing 
 arguments or explana-
 tions/argumentation/ 


reasoning/using evidence 


constructing and critiquing 
 arguments or explana-
 tions/argumentation/ 


reasoning/using evidence 
 debating with 


peers/communicating  debating with 


peers/communicating  debating with 
 peers/communicating 
 Notes. 


Aspect of IBE in STM 
 Aspect of IBE in TM, SM or ST 
 Domain-specific aspects 


Although aspects have the same name, they might have slightly different meanings in 
the different domains and even within one domain (e.g. reasoning in science). Different 
frameworks might exist which have to be taken into account when comparing assess-
ment methods and results between different studies. A detailed description of the dif-
ferent frameworks is beyond the scope of this report. A summary of theoretical papers 
dealing with different frameworks that were found during the review, however, is given 
in section 7.1 Frameworks of inquiry competences and/or assessment together with 
theoretical papers focusing on assessment methods. 



(13)In addition to these domain-specific skills, there are also transversal competences that 
 are ascribed to inquiry. For example, the Benchmarks for Science Literacy (American 
 Association for the Advancement of Science, 1998) pay special attention to the so-
 called ‘habit of mind’ which describes problem-solving skills that are relevant in all sub-
 jects. These skills are computation and estimation, manipulation and observation, 
 communication and quantitative thinking, critical response skills (evaluating evidence 
 and claims) and creativity in designing experiments and solving mathematical or scien-
 tific 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 Ad-
 vancement of Science, 1998). Moreover, a habit of mind also includes values and atti-
 tudes like honesty, curiosity, open-mindedness and scepticism. The key competences 
 for lifelong learning described in the Recommendation of the European Parliament (Eu-
 ropean Parliament, 2006) supplement this list by the ability of learning to learn and a 
 sense of initiative and entrepreneurship (creativity, innovation and risk-taking, as well 
 as the ability to plan and manage projects in order to achieve objectives).  


Attitudes investigated in the context of inquiry-based approaches to teaching and learn-
 ing include, e.g., enjoyment, value, interest, and self-efficacy expectations. In mathe-
 matics, Schukajlow et al. (2012) found that student-centred, modelling-based teaching 
 approaches most beneficially affected students’ attitudes towards mathematics. Similar 
 results were obtained for science (e. g. Gibson & Chase, 2002). Nolen (2003) investi-
 gated the relationship between learning environment, motivation and achievement in 
 high school science. She found that task orientation and the value of deep-processing 
 strategies are mediated by a learning environment that supports deep understanding 
 and independent thinking. Moreover, a focus on science learning combined with a 
 shared belief in the teacher’s desire for student understanding and independent think-
 ing accounted for all the predictable variation in satisfaction with learning. In technology 
 education, there is still a lack of research on learning and instruction (Miranda, 2004). A 
 recent review came to the conclusion that technology education research is still domi-
 nated by descriptive studies that rely on self-reports and perceptions (Johnson & 


Daugherty, 2008). However, an appreciation of the interrelationships between technol-
 ogy and individuals, society and the environment (International Technology Education 
 Association, 1996) as well as of the concepts of sustainability, innovation, risk, and 
 failure (Rossouw, Hacker, & Vries, 2011) is regarded as an important goal of technolo-
 gy education. 


2.2 Assessment in education 


Assessment is one of the most important driving forces in education and a defining 
 aspect of any educational system. Assessment signals priorities for curricula and in-
 struction since teachers and curriculum developers tend to focus on what is tested ra-
 ther than on underlying learning goals which encourage a one-time performance orien-
 tation (Binkley et al., 2012; Gardner, Harlen, Hayward, Stobart, & Montgomery, 2010). 


However, assessment can be regarded from different perspectives. The European re-
port “Europe needs more scientists” (European Commission, 2004, p. 137) distin-
guishes between three perspectives: (1) traditionally, as the function of evaluating stu-



(14)dent achievement for grading and tracking, (2) as an instrument for diagnosis to give 
 students and teachers continual feedback about learning outcomes and difficulties, and 
 (3) as a means to enable broader knowledge about the conditions behind and influ-
 ences on students’ understanding and competence (e.g. in international large-scale 
 assessments). In the last decades, accountability has become an increasingly im-
 portant issue in assessment that strongly influences teaching practice – especially 
 when high stakes are connected to it. Educational research in the United States and 
 the United Kingdom has provided empirical evidence that high stakes, standard-based 
 assessment systems have negative effects (for reviews see Cizek, 2001; Nichols, 
 Glass, & Berliner, 2006; Pellegrino, Chudowsky, & Glaser, 2001). Given the anticipated 
 consequences of their students’ test results, it has been shown that teachers adapt 
 their classroom activities to the test, often devoting a considerable proportion of instruc-
 tional time to test preparation. This could be seen in a positive light if the student com-
 petencies as assessed by the test were actually fostered but comparisons between the 
 assessment systems of different US states showed that such positive effects rarely 
 exist (Nichols et al., 2006). A similar result is reported by Anderson (2012) who argues 
 that under accountability policies, many research-based reform efforts in science have 
 become side-tracked and disrupted. Teacher practice has become more fact-based, 
 science is taught less, teachers are less satisfied, and many students’ needs are not 
 met.  


2.2.1 Characteristics of assessment systems 


There is general agreement in the literature about the characteristics that define ‘good’ 


assessment systems. An important feature of assessment systems that support learn-
 ing is coherence – classroom and external assessments have to share the same or 
 compatible underlying models of student learning. Moreover, the design of internation-
 al, national, state, and classroom-level assessments must be clarified and aligned 
 (Bernholt, Neumann, & Nentwig, 2012; Mislevy, Steinberg, Almond, Haertel, & Penuel, 
 2001; Pellegrino et al., 2001; Quellmalz & Pellegrino, 2009; Waddington, Nentwig, & 


Schanze, 2007). The alignment of learning goals, instructional activities, and assess-
ment is also stressed by Krajcik, McNeill, and Reiser (2008). Another important issue is 
instructional sensitivity. Ruiz-Primo et al. (2012) proposed an approach for developing 
and evaluating instructionally sensitive assessments in science called DEISA (Develop-
ing and Evaluating Instructionally Sensitive Assessments). The development approach 
considered three dimensions of instructional sensitivity; that is, assessment items 
should represent the curriculum content, reflect the quality of instruction, and have 
formative value for teaching. A similar point is made by Pellegrino et al. (2001). Items 
should be selected or combined in such a way that they provide additional information 
useful for diagnosis, feedback, and the design of next steps in instruction. Shepard 
(2003) focused on the student level and defined effective assessment as an assess-
ment that makes students’ thinking visible and explicit, engages students in the self-
monitoring of their learning, makes the features of good work understandable and ac-
cessible to students, and provides feedback specifically targeted toward improvement 
(Shepard, 2003 and references therein). 



(15)2.2.2 Summative and formative assessment 


Assessment always involves the collection, interpretation and use of data for some 
 purpose. The purpose and often also the manner of data collection may differ. These 
 different purposes are often summarized under the terms of summative and formative 
 assessment.  


Summative assessment has the purpose of summarizing and reporting learning at a 
 particular time and, for this reason, it 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), especially if high stakes are 
 connected to it. This is also emphasized in the European report mentioned above: “Alt-
 hough the results [of large international assessments like PISA and TIMSS] may be 
 used to identify strengths and weaknesses in each country, there is a danger that these 
 studies may trivialize the purpose of schooling by its implicit definition of how educa-
 tional 'quality' might be understood, defined and measured. It is likely that national 
 school authorities put undue emphasis on these comparative studies, and that curricu-
 la, teaching and assessment will be 'PISA-driven' in the years to come” (European 
 Commission, 2004, p. ix). The dominance of external summative assessment leads to 
 situations where testing remains distinct from learning in the minds of most students 
 and teachers. Thus, when teachers are required to implement their own assessments 
 they tend to imitate external assessments and think only in terms of frequent summa-
 tive assessment (American Association for the Advancement of Science, 1998; Black 


& Wiliam, 1998). 


Formative assessment, in contrast, is “the process used by teachers and students to 
recognize and respond to student learning in order to enhance that learning, during the 
learning” (Bell & Cowie, 2001, p. 536). It thus has the purpose of assisting learning 
and, for this reason, it is also called ‘assessment for learning’. The term formative with 
respect to evaluation and assessment was first used by Scriven (1967) and Bloom 
(1969) in the late 1960s. According to Black and William (1998) and William (2006), 
assessments are formative 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 – it thus shapes subsequent instruction. In their 1998 review of forma-
tive assessment, Black and William (1998) were able to show that formative assess-
ment methods and techniques produce significant learning gains that are among the 
largest ever identified for educational interventions (Looney, 2011). As a consequence, 
formative assessment attracted a considerable amount of research interest because of 
its potential to improve student learning and to achieve a better alignment between 
learning goals and assessment (for reviews see Bennett, 2011; Dunn & Mulvenon, 
2009; Kingston & Nash, 2011). Nevertheless, in one of the most recent reviews of 
formative assessment, (Bennett, 2011) states that “the term formative assessment 
does not yet represent a well-defined set of artefacts or practices” (p. 19). He observes 
a ‘split’ between those who regard formative assessment as referring to an instrument 
and those who understand it as a process; in his view, each view point is an oversimpli-
fication. Moreover, he regards the distinction between assessment ‘for’ and ‘of’ learning 
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 port learning.  


2.2.3 Characteristics of formative assessment 


Although a variety of methods, techniques, and instruments exists for formative as-
 sessment purposes, the methods show some common characteristics. Formative as-
 sessment has to be an integral part of teaching and learning (Bell & Cowie, 2001; Bi-
 renbaum et al., 2006). It has to be continuous, it has to actively engage students by 
 peer- and self-assessment, and it has to provide feedback and guidance to learners on 
 how to improve their learning by scaffolding information and focusing on the learning 
 process (Looney, 2011; Wilson & Sloane, 2000). 


Feedback has to be specific, has to be given in a timely manner, and has to be linked 
 to specific criteria (Sadler, 1989). Not only is its quantity important but also its quality 
 with respect to its technical structure (e.g. accuracy, appropriateness, and comprehen-
 siveness), its accessibility to the learner and its catalytic and coaching value (Bangert-
 Drowns, Kulik, Kulik, & Morgan, 1991; Sadler, 1998). Reviews of feedback aspects and 
 their effects on education have been conducted, e.g., by Hattie and Timperley (2007), 
 Kluger and DeNiSi (1996), and Shute (2008). The desired learning outcomes are clear-
 ly specified in advance which makes the learning process more transparent for stu-
 dents by establishing and communicating clear learning goals (Looney, 2011). The 
 methods to be employed are deliberately planned but still allow teachers to adjust their 
 teaching and vary their instruction method to meet individual student needs (OECD, 
 2005). 


Formative assessment can be distinguished by its time frame (short – within/between 
 lessons; medium – within/between teaching units; long – over semesters/years) and its 
 amount of formality. The amount of formality ranges on a continuum from informal to 
 formal depending on the amount of planning involved, the nature and quality of the 
 data sought, and the nature of the feedback given to students by the teacher. 


Shavelson et al. (2008) describe three anchor points on the continuum: (1) ‘on-the-fly’, 
 (2) planned-for-interaction, and (3) formal and embedded in the curriculum. The 
 amount of planning is also defined by the distinction of Bell and Cowie (2001) between 
 planned and interactive formative assessment. Whereas the former tends to be carried 
 out with the whole class and involves the teacher in eliciting and interpreting assess-
 ment information and then taking action, the latter involves the teacher in noticing, rec-
 ognizing and responding, and tends to be carried out with some individual students or 
 small groups. 


2.2.4 Assessment methods and techniques 


In the preparation phase of the review, one goal was to find out which methods and 
 techniques are used in formative and summative assessment in STM. It is a character-
 istic of formative assessment that it uses multiple instruments and techniques ranging 
 from traditional paper and pencil tests to student observations. In general, this is also 
 true for summative assessment, although, especially in large-scale assessments (e.g. 


PISA), a tendency to use multiple-choice, constructed-response or short open-ended 
questions can be observed. In contrast to, e.g., extended essays, student notebooks or 



(17)performance assessments, these questions can be comparatively easily and reliably 
 scored. Alternative assessment methods in STM include, e.g., quizzes (e. g. Hickey, 
 Taasoobshirazi, & Cross, 2012), portfolios (e. g. Gitomer & Duschl, 1995), learn logs or 
 student notebooks (e.g. Barron & Darling-Hammond, 2008), artefacts (e. g. Kyza, 
 2009), concept or mind maps (e. g. Ruiz-Primo & Shavelson, 1997), performance as-
 sessments (e.g. Barron & Darling-Hammond, 2008), and different methods of assess-
 ment discourse such as effective questioning (Learning how to Learn Project, 2002),


assessment conversations (e. g. Ruiz-Primo & Furtak, 2006), or accountable talk (e. g. 


Michaels, O'Connor, & Resnick, 2008). Often, these methods are accompanied or 
 complemented by techniques of student observation like video, audio, or field notes 
 (see 5.2.1 Science; e. g. Vellom & Anderson, 1999). Moreover, interviews are em-
 ployed to gain deeper insights into student thinking (see 5.2.1 Science, e. g. Berland, 
 2011). In computer-assisted learning and assessment environments, information from 
 log-files can provide additional information. If the assessment method is more open (in 
 contrast, e.g., to multiple-choice items), general or specific rubrics often exist to make a 
 valid and reliable analysis and scoring of student responses possible (e.g. Barron 


& Darling-Hammond, 2008). Rubrics are also employed in student peer- and self-
 assessment (Toth, Suthers, & Lesgold, 2002). A summary of assessment instruments 
 found during the literature review is given in Appendix 8.2 and 8.3. 


2.2.5 Formative assessment – barriers and support 


Recent OECD publications stress the importance of formative assessment and its inte-
 gration with summative assessment (Looney, 2011; OECD, 2005). They also realize, 
 however, that assessment in many countries still seems to be dominated by summative 
 assessment (see D 2.3 ‘National reports of partner countries reviewing research on 
 formative and summative assessment in their countries’). Looney (2011) attributes this, 
 among other things, to a perceived tension between formative and highly-visible sum-
 mative assessments. Moreover, many logistical barriers to making formative assess-
 ment a regular part of teaching practice exist. 


In order to foster the use of formative assessment, it is essential to first enable teach-
 ers 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 
 assessment 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: 


x  Integrating assessment and instruction 


Assessment still often remains distinct from learning in the minds of most stu-
 dents and teachers (American Association for the Advancement of Science, 
 1998). 


Assessment is discussed in terms of particular strategies, techniques, and pro-
 cedures, distinct from other teaching and learning activities (Coffey, Hammer, 
 Levin, & Grant, 2011). 


x  Embedding formative assessment in the curriculum 


The effectiveness of an assessment depends, to a large part, on how well it 
aligns with the curriculum to reinforce common learning goals (Pellegrino et al., 
2001; Shavelson et al., 2008). in order for assessment to become fully and 



(18)meaningfully integrated into the teaching and learning process, it must be cur-
 riculum dependent i.e. linked to a specific curriculum (Wilson & Sloane, 2000). 


x  Fostering the collaboration between curriculum and assessment experts 
 as well as teachers 


Building stronger bridges between research, policy and practice is essential for 
 success but is also challenging (Shavelson et al., 2008). 


Teachers should review the assessment questions that they use and discuss 
 them with peers (Ayala et al., 2008; Black & Wiliam, 1998). 


x  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). 


x  Supporting teachers by teacher professional development (TPD) 


(Pedder, 2006; Wiliam, 2006). Wiliam considers “the task of improving formative 
 assessment [to be] substantially, if not mainly, about TPD”. The provision of 
 tools for formative assessment – although a necessary condition – will only im-
 prove formative assessment practices if teachers can integrate them into their 
 regular classroom activities. To reach this goal, teachers need help to change 
 the perception of their own role (American Association for the Advancement of 
 Science, 1998). Moreover, TPD could foster the integration of assessment into 
 instruction by combining work on assessment with work on instruction and ma-
 terials.  


In her report about the integration of formative and summative assessment, Looney 
 (2011) identifies barriers to an implementation of formative assessment as well as poli-
 cies that might support it. Although ASSIST-ME is primarily interested in approaches or 
 policies for fostering the implementation of formative assessment, the perceived barri-
 ers can provide valuable information that has to be kept in mind when developing as-
 sessment methods.  


Barriers to an implementation of formative assessment are seen in large classes, ex-
 tensive curriculum requirements, the difficulty of meeting diverse and challenging stu-
 dent needs, fears that formative assessment is too resource-intensive and time con-
 suming to be practical, a lack of coherence between assessments and evaluations at 
 the policy, school and classroom level, the perception of formative assessment meth-
 ods as ‘soft’, non-quantifiable assessments by policy makers/administrators, and a per-
 ceived tension between formative assessment and highly visible summative assess-
 ment (see above). Within the ‘Learning How to Learn’ project, Pedder (2006) found that 
 classroom assessment practices are influenced and defined by conflicting and quite 
 separate principles, namely assessment for learning principles (making learning explicit 
 and promoting learning autonomy) and assessment of learning principles (performance 
 orientation). Teachers’ assessment practices were often out of step with their teaching 
 values. 


Difficulties in informal assessment of mathematics are the focus of a study by Watson 
(2006). In this theoretical paper, the informal assessment practices of two experienced 
lower secondary mathematics teachers are used as cases for generating questions 
about future developments in formative assessment practice. In their instruction, both 
teachers maintain a consistent formative assessment focus on the development of their 
students as inquirers which one of them supplements with explicit self-assessment 
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 which they assess and describe their students (e.g. levels of formality, amount of con-
 tent focus or opportunities for self-audit). One conclusion of the author is that a mixture 
 of observation, interaction and judgment that is informed by belief, image and purpose 
 is typical of teachers’ informal assessment habits. From the analysis, several questions 
 emerge with respect to the future of formative assessment practice: (a) Can ways be 
 found to use performance data from large-scale studies to construct relevant infor-
 mation for individual teachers? (b) Can non-linear pathways of mathematical develop-
 ment be described?, and (c) How can such descriptions be used by teachers and stu-
 dents without reducing mathematical inquiry to a rubric without purpose? 


In contrast, formative assessment practices could be supported by fostering 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 processes (Alkharusi, 2011 and references 
 therein; American Federation of Teachers, National Council on Measurement in Educa-
 tion, & National Education Association, 1990; Brookhart, 2011; Looney, 2011; OECD, 
 2005). This could be accomplished by investing in teacher training and support, e.g. by 
 providing guidelines and tools to facilitate formative assessment practice, by encourag-
 ing innovation and creating opportunities for teachers to innovate, and by 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 activity. Policy 
 makers and administrators have to be convinced that formative assessment methods 
 are not ‘soft’ but rather that they measure the development of higher order thinking 
 skills (American Association for the Advancement of Science, 1998). Educational sys-
 tems should build stronger bridges between research, policy and practice and should 
 actively involve students and parents in the formative process to ensure that class-
 room, school, and system level evaluations are linked and are used formatively to 
 shape improvements at every level of the system. 


2.2.6 Links between formative and summative assessment 


Finally, the links between formative and summative assessment could be strengthened 
by drawing on advances in the cognitive sciences to strengthen the quality of formative 
and summative assessment (Shepard, 2000 and references therein), by developing 
curriculum-embedded or ‘on-demand’ assessments, by taking advantage of technolo-
gy, by using population instead of census sampling (Chudowsky & Pellegrino, 2003), 
by developing complementary diagnostic assessments for students at lower proficiency 
levels to identify specific learning difficulties (Looney, 2011), and by ensuring that 
standards of validity, reliability, feasibility, and equity are met (American Association for 
the Advancement of Science, 1998). Moreover, teachers’ assessment roles should be 
strengthened (see assessment literacy above). Heritage, Kim, Vendlinski, and Herman 
(2009) found that teachers are quite competent in identifying the key mathematical 
principles being assessed and characterizing the students’ level of understanding but 
had problems determining appropriate next instructional steps. As a last point, the 
strengthening of teacher appraisal is mentioned (Looney, 2011). There are a number of 
challenges to the development of coherent and valid measures in the formative as-
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 interpretation of the evidence of students’ learning, and the development of next steps 
 for instruction (Herman, Osmundson, & Silver, 2010). 


There is some argumentation in the literature about how close the link between forma-
 tive and summative assessment might – or should – be. In principal, the term ‘forma-
 tive’ is not a property of an assessment; the same test could be used for formative or 
 summative purposes (Bloom, 1969; Wiliam, 2006). Harlen and James (1997), however, 
 argue that the requirements of assessment for formative and summative purposes dif-
 fer in several dimensions (e.g. reliability, reference base, etc.). They thus challenge the 
 assumption that summative judgments can be formed by the simple summation of 
 formative ones. On the other hand, Black, Harrison, and Hodgen (2010) consider a 
 positive link between formative and summative assessment as going beyond the sim-
 ple formative use of summative tests. This could be achieved by making use of peer- 
 and self-assessment, thus engaging students in a reflective review of the work they 
 have done, encouraging them to set questions and mark answers, and applying criteria 
 to help them understand how their work could improve (Black, Harrison, Lee, Marshall, 


& Wiliam, 2004). Looney (2011), moreover, states that especially large-scale summa-
 tive tests often do not reflect the promoted development of higher-order skills such as 
 problem solving, reasoning, and collaboration – which are key competences in IBE. 


This is supported by William (2008) who finds that assessments such as PISA are usu-
 ally relatively insensitive to high-quality instruction. This leads to technical barriers to a 
 more close integration of formative and summative assessment because large-scale 
 summative assessment data are often not detailed enough to diagnose individual stu-
 dent needs or they are not delivered in a time frame which enables them to have an 
 impact on the students assessed. Moreover, creating reliable measures of higher-order 
 skills is still a challenge. Related to this, Looney (2011) sees three major challenges: 


(1) Developing assessments that measure not only ‘what’ but also ‘how to’, (2) Report-
 ing results in a ‘criterion-referenced’ way instead of a ‘norm-referenced’ way, including 
 the development of focused reporting scales in criterion-referenced systems to provide 
 diagnostic information (especially for weak students), and (3) Finding a balance be-
 tween generalizability, reliability, and validity (e. g. Wilson & Sloane, 2000). 


Nevertheless, in the literature, some attempts to use summative assessment data 
 formatively (or vice versa) can be found. William and Ryan (2000) analysed the per-
 formance of 7 and 14 year old students in the 1997 UK mathematics tests. They tried 
 to describe the children’s progression in thinking as it related to their test performance; 


however, the authors found that the items often were not diagnostic enough. An at-
tempt to combine formative and summative assessment in inquiry-learning environ-
ments was also made by Hickey et al. (2012) who used the concept of close, proximal, 
and distal assessment items. Modest empirical evidence was found that improvement 
in (formative) feedback conversations leads to gains in external (summative) achieve-
ment tests. Pellegrino et al. (2001) described examples in which alternative assess-
ment approaches were successfully used to evaluate individuals and programmes in 
large-scale contexts in the US. 
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Some references looking at the relationship between assessment and inquiry could be 
 found. According to Barron and Darling-Hammond (2008), assessment systems that 
 support inquiry approaches share three characteristics. They contain intellectually am-
 bitious performance assessments, evaluation tools such as guidelines and rubrics, and 
 formative assessments to guide the feedback to the students and shape instructional 
 decisions. As types of assessments that could be used in inquiry lessons the authors 
 name: rubrics (must include scoring guides that specify criteria for students and teach-
 ers), solution reviews, whole class discussions, performance assessments, written 
 journals, portfolios, weekly reports, and self-assessments. The authors claim that “most 
 effective inquiry approaches use a combination of on-going informal formative assess-
 ment and project rubrics that communicate high standards” (Barron & Darling-
 Hammond, 2008, p. 3); however, no references are given. The Principled Assessment 
 Designs for Inquiry project (PADI) aimed to provide a practical, theory based approach 
 to developing high-quality assessments of science inquiry by combining developments 
 in cognitive psychology and research on science inquiry with advances in measure-
 ment theory and technology. The centre of attention was a rigorous design framework 
 for assessing inquiry skills in science which are highlighted in standards but difficult to 
 assess (Mislevy et al., 2003; SRI International, 2007). The difficulty of assessing inquiry 
 skills is also addressed by Hume and Coll (2010) who conclude that standards-based 
 assessments using planning templates, exemplar assessment schedules and restricted 
 opportunities for full investigations in different contexts tends to reduce student learning 
 about experimental design to an exercise in 'following the rules'.  


The relation between inquiry-based science education (IBSE) and assessment, espe-
 cially formative assessment, was the focus of a conference held in York in 2010 titled 


“Taking IBSE into secondary education”. As an outcome of the conference, it was stat-
ed that “implementation of IBSE will require some fundamental changes particularly in 
[…] the form and use of assessment and testing” (INQUIRE project, 2010, p. 6). The 
participants agreed that a full implementation of inquiry will involve the use of formative 
assessment since the aims of formative assessment and IBSE coincide in helping stu-
dents to take responsibility for their own learning; however, introducing inquiry-based 
science education and formative assessment both require a considerable change in 
pedagogy (INQUIRE project, 2010). The shared potential of formative assessment and 
inquiry to develop understanding through students taking charge of their own learning 
is also stressed by Harlen (2009). Delandshere (2002) argues that formative assess-
ment itself can be understood as a form of inquiry (e.g. asking questions, defining crite-
ria, interpreting data, coming to conclusions, communicating results, etc.). In their in-
vestigation of problem and project based learning, Barron and Darling-Hammond 
(2008) eventually state that formative assessment might provide a kind of scaffolding 
that supports student learning. Scaffolding is defined as a “process that helps a child or 
novice to solve a problem, carry out a task, or achieve a goal which would be beyond 
his unassisted efforts” (Barron & Darling-Hammond, 2008, p. 276).  
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3. Objectives of the literature review 


The first phase of ASSIST-ME, including WP 2, focused on producing the knowledge 
 base necessary for a research-based design of assessment methods, followed by a 
 trial implementation of these methods. Therefore, the development of a baseline defini-
 tion of IBE in STM (see D 2.5 ‘A definition of inquiry-based STM education and tools for 
 measuring the degree of IBE’) and the identification of a set of assessment methods 
 suitable for enhancing inquiry-based learning in STM were the starting point, as de-
 scribed above. The literature review takes up on these definitions and aims to answer 
 the following research questions: 


x  Which aspects of IBE are investigated by empirical studies in STM? 


x  What formative and summative assessment methods are used in STM with re-
 spect to the aspects of IBE? 


x  How are these methods used? 


Thus, this report is a review of existing knowledge about the formative and summative 
 assessment of knowledge, as well as the competences and/or attitudes in IBE in STM. 


It focuses on the findings of empirical studies which are related to the research ques-
 tions mentioned above. The report presents the findings from a comprehensive analy-
 sis of existing research on how the summative and formative assessment of 
 knowledge, and the competences and/or attitudes in STM can be linked to aspects of 
 IBE. The focus lies on methods which improve students’ outcomes. 


Table 2 shows the intended objective. On the one hand, there are aspects of IBE (see 
 also Table 1) and, on the other hand, there are different formative assessment meth-
 ods. The question is: Which formative assessment methods are suitable for the as-
 sessment of specific aspects of IBE? For example, portfolios are used for the assess-
 ment of the aspect ‘planning investigations’ or ‘constructing prototypes’ in order to un-
 derstand the procedure which the students use (Dori, 2003; Samarapungavan, Mantzi-
 copoulos, & Patrick, 2008; Samarapungavan, Patrick, & Mantzicopoulos, 2011; Wil-
 liams, 2012). 


Table 2: Starting point for the identification of possible connections between IBE and 
 formative assessment 


Inquiry-based education 


Connections between in-
 quiry-based education and 


assessment methods  Formative assessment 


Diagnosing problems  ?  Concept maps 


Critiquing experiments  Mind maps 


Distinguishing alternatives  Portfolios 


Planning investigations  Science notebooks 


Researching conjectures  Multiple-choice 


…  … 



(23)To reach this objective, a literature review was conducted. Its search strategies are 
presented in section 4. Procedure of the literature review. By categorizing the publica-
tions found, information was gathered about IBE and formative and summative as-
sessment. Possible connections will be discussed in report D 2.6 ‘Report of outcomes 
of the expert workshop on assessment in STM and IBE’ and recommended in report D 
2.7 ‘Recommendation report from D 2.1 – D 2.6’. 
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4. Procedure of the literature review 


The starting point of the literature review was – as described in D 2.2 ‘Synopsis of the 
 literature review’ – the appointment of appropriate keywords. However, a systematic 
 search using keywords faces several challenges. 


Above all, these challenges are caused by the diversity of terms and instructional or 
 teaching approaches that include characteristics of IBE. A literature search just using 


‘inquiry’ as the keyword would, on the one hand, miss a lot of relevant publications. On 
 the other hand, it would find an unmanageable number of publications. Besides, not 
 only IBE comes under a variety of terms and approaches, but also some of the out-
 come variables like formative assessment. Therefore, relatively open keyword ap-
 proaches do not seem to be feasible for the work in the ASSIST-ME project. 


For this reason and due to the experience gained in the synopsis (see D 2.2 Synopsis 
 of the literature review), a large number of relevant keywords were defined. Then, three 
 different search strategies were applied to conduct the literature review: 


1.  Searches in data bases, 
 2.  Searches in relevant journals, 
 3. Searches in reference lists. 


These searches yielded approximately 200 results as a final extract which was man-
 aged in a Citavi-project file and evaluated in an Excel file (see 5. Results of the litera-
 ture review). The following sections describe how these nearly 200 publications were 
 extracted and how the searches were carried out. In addition, an expert survey was 
 realized in order to validate the results and in order to receive recommendations of 
 further relevant and/or influential publications in the field of formative and summative 
 assessment as well as in IBE or problem-solving in STM. 


The search concerning ICT-assisted assessment was conducted and documented by 
 Pearson Education International as their contribution to the work of WP 2 in the AS-
 SIST-ME project. The results are presented in part II of this report. 


4.1 Searches in data bases 


The search in databases allows for the systematic and simultaneous search in a collec-
 tion of most of the important journals within a specific field of interest. According to the 
 ASSIST-ME proposal (Dolin, 2012), two data bases were selected for this literature 
 review. The first one is ‘Web of Science’ provided by Thomson Reuters. Web of Sci-
 ence includes the ‘Science Citation Index Expanded’ covering over 8500 major journals 
 across 150 disciplines (including education in the scientific disciplines) from 1900 to 
 present as well as the ‘Social Sciences Citation Index’ covering over 3000 journals 
 across 55 social science disciplines (including education and educational research) as 
 well as selected items from 3500 of the world’s leading scientific and technical journals 
 from 1900 to present. Within the Social Sciences Citation Index, the following journals 
 are e.g. listed: 


x  Review of Educational Research 
x Learning and Instruction 



(25)x American Educational Research Journal 
 x  Journal of the Learning Sciences 
 x Educational Researcher 


x  Journal of Research in Science Teaching 
 x Science Education 


These journals have impact factors that are among the top ten in the 2012 Thomson 
 Reuters Journal Citation Reports (JCR) Social Science Edition. “Journal Citation Re-
 ports® is a comprehensive and unique resource that allows for evaluating and compar-
 ing journals using citation data drawn from over 11000 scholarly and technical journals 
 from more than 3300 publishers in over 80 countries. It is the only source of citation 
 data on journals, and includes virtually all areas of science, technology, and social sci-
 ences” (Thomson Reuters, 2012). 


Other journals included in the Web of Science database are e.g. in the field of technol-
 ogy education: 


x  Journal of Engineering Education, 


x  Journal of Science Education and Technology, 


x  International Journal of Technology and Design Education, 
 x  International Journal of Engineering Education, 


and in the field of mathematics education: 


x  Journal for Research in Mathematics Education, 
 x  Educational Studies in Mathematics, 


x  International Journal of Science and Mathematics Education. 


The second database that was used is ‘Education Resources Information Center’ (ER-
 IC). In contrast to Web of Science that presents a broad range of science journals, ER-
 IC focuses specifically on the field of general education and provides access to educa-
 tion literature and resources. It contains more than 1.4 million records and links to more 
 than 337.000 full-text documents from ERIC. 


For the literature review, the last 15 years, from April 1st 1998 till April 1st 2013, were 
chosen as the time span. The selection of the keywords was based on the collection of 
definitions in the ASSIST-ME project proposal (Dolin, 2012) and on a first unsystematic 
literature review which is described in D 2.2 ‘Synopsis of the literature review’. Fur-
thermore, a first list of keywords was presented and discussed with the project partners 
at the WP 2 workshop during the ASSIST-ME kick-off conference in Copenhagen on 
January 26th 2013. The feedback was considered when the final list of keywords was 
built. Then, one expert from each subject approved the list. Afterwards, the keywords 
were grouped into six topics. Each topic is related to an aspect of ASSIST-ME (see 
Table 3). For example, topic 1 is related to the aspect of IBE. Furthermore, topics 1 and 
2 cover domain-specific aspects by considering subject-specific keywords for IBE and 
alternative keywords for mathematics, science or technology education. 
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Topics 


Keywords 


Science  Technology  Mathematics 


Topic 1: 


inquiry  Inquiry-based learning OR 
 inquiry OR collaborative 
 learning OR discovery 
 learning OR cooperative 
 learning OR constructivist 
 teaching OR problem-
 based learning OR argu-
 mentation 


inquiry OR design OR 
 problem-based learning 
 OR project-based learning 
 OR argumentation OR 
 collaborative learning 


inquiry OR didactical 
 learning OR didactical 
 situations OR open ap-
 proach OR problem 
 based-learning OR prob-
 lem centred learning OR 


"realistic mathematics 
 education" OR argumen-
 tation 


Topic 2: 


subject 


science education OR 
 science instruction OR 
 science teaching and 
 learning 


technology education OR 
 engineering education OR 
 technology instruction OR 
 technology teaching OR 
 technology learning 


mathematics education 
 OR mathematics instruc-
 tion OR mathematics 
 teaching OR mathematics 
 learning 


Topic 3: 


school 


classroom OR 
 teacher OR 
 student 


classroom OR 
 teacher OR 
 student 


classroom OR 
 teacher OR 
 student 
 Topic 4: 


objective  assessment OR 
 evaluation OR 
 validation OR 
 achievement OR 
 feedback 


assessment OR 
 evaluation OR 
 validation OR 
 achievement OR 
 feedback 


assessment OR 
 evaluation OR 
 validation OR 
 achievement OR 
 feedback 
 Topic 5: 


type of 
 assess-
 ment 


formative OR 
 embedded OR 
 summative 


formative OR 
 embedded OR 
 summative 


formative OR 
 embedded OR 
 summative 
 Topic 6: 


method 
 of 
 sess-
 ment 


discourse OR effective 
 questioning OR assess-
 ment conversations OR 
 accountable talk OR quiz-
 zes OR self-assessment 
 OR peer-assessment OR 
 portfolio OR learn log OR 
 mind map OR concept 
 map OR rubrics OR sci-
 ence notebook OR multi-
 ple-choice OR construct-
 ed-response OR open-
 ended response  


discourse OR effective 
 questioning OR assess-
 ment conversations OR 
 accountable talk OR quiz-
 zes OR self-assessment 
 OR peer-assessment OR 
 portfolio OR learn log OR 
 mind map OR concept 
 map OR rubrics OR sci-
 ence notebook OR multi-
 ple-choice OR construct-
 ed-response OR open-
 ended response 


discourse OR effective 
 questioning OR assess-
 ment conversations OR 
 accountable talk OR quiz-
 zes OR self-assessment 
 OR peer-assessment OR 
 portfolio OR learn log OR 
 mind map OR concept 
 map OR rubrics OR sci-
 ence notebook OR multi-
 ple-choice OR construct-
 ed-response OR open-
 ended response 


For the searches in the data bases, the topics were combined to achieve a high corre-
lation between the content of the literature found and the objectives of the ASSIST-ME 
project. The five combinations are presented in Table 4. The first search resulted in a 
very large number of references. By checking the content of the literature found, it be-
came obvious that most of the publications did not meet the aims of the ASSIST-ME 
project. Therefore, the search strategy was changed. In order to focus on the intended 
objectives, the keywords of topic 5 were added (search 2). As a result, the number of 
references substantially decreased which increased the danger of missing relevant 



(27)publications. Thus, topic 5 was exchanged for topic 6 (search 3) and the explicit men-
 tioning of the terms formative and summative was avoided. The third search strategy 
 led to a better result in view of relevant literature. Searches 4 and 5 were carried out in 
 order to verify the search strategy. By deleting the keywords of topic 1, the literature 
 found once again did not meet the objectives of the ASSIST-ME project. Thus, search 
 strategy 3 was used for the data base searches. With regard to the WP 2 time frame, it 
 led to a manageable number of publications while, at the same time, yielded results 
 that are relevant with respect to the project objectives. 


The results of the searches were refined in the data bases by the following categories: 


‘education educational research’, ‘education scientific disciplines’, ‘education special’, 


‘computer science interdisciplinary applications’, ‘psychology educational’. In addition, 
 the chosen document types were articles, book chapters or reviews. 


There is an overlap between the results of the two data bases within a subject. Howev-
er, it is quite low. Therefore, these findings confirm that carrying out a search in two 
different data bases was worthwhile. Ultimately, 331 publications in science, 88 in 
mathematics and 68 in technology were found. The references were imported to a 
Citavi-project file. 
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