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Summary 
The EU-funded project ‘Assess Inquiry in Science, Technology and Mathematics Edu-

cation’ (ASSIST-ME) investigates formative and summative assessment methods to 

support and improve inquiry-based approaches in European science, technology and 

mathematics (STM) education. To guide the design, development and implementation 

of assessment methods, in the first phase of the project a review of the state-of-the art 

in formative and summative assessment and inquiry-based education in science, tech-

nology and mathematics has been conducted by WP 2. The review included interna-

tional research, national research within the ASSIST-ME partner countries, and defini-

tions used by former and on-going EU-projects in the field of IBE. The results of this 

work have been published in the reports D 2.3 ‘National reports of partner countries 

reviewing research on formative and summative assessment in their countries’, D 2.4 

‘Report on current state of the art in formative and summative assessment in IBE in 

STM – Part I and part II’, D 2.5 ‘A definition of inquiry-based STM education and tools 

for measuring the degree of IBE’ and D 2.6 ‘Report of outcomes of the expert workshop 

on formative assessment in STM and IBE’. Following a short introduction, this report 

summarizes the major outcomes of the previous reports in sections 2 and 3. The out-

comes provide the basis for a set of conclusions and recommendations presented in 

section 4. These conclusions and recommendations reflect the work done and the in-

sights gained during the first nine months of the ASSIST-ME project that are regarded 

as crucial for the future work within the project. 
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1. Introduction 
One mayor objective of the ASSIST-ME project is the development of assessment 

methods suitable for enhancing inquiry-based education (IBE) of science, technology, 

and mathematics (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 (Dolin, 2012). Work pack-

age 2 (WP 2) in the ASSIST-ME project mainly focuses on synthesizing existing re-

search on IBE as well as on formative and summative assessment of competences in 

STM (see Table 1). Among others, this synthesis includes a definition of inquiry-based 

education in STM (D 2.5), the collection and compilation of national reports of the part-

ner countries on formative and summative assessment (D 2.3), and a report on the 

current state of the art in formative and summative assessment in IBE in STM (D 2.4). 

Table 1: Deliverables from Work Package 2 

Number Title 

D 2.1 Guidelines for partner countries to facilitate collecting national research on assess-
ment 
(Rönnebeck & Köller, 2013a) 

D 2.2 Synopsis of the literature review 
(Rönnebeck & Köller, 2013b) 

D 2.3 National reports of partner countries reviewing research on formative and summa-
tive assessment in their countries 
(Rönnebeck, Bernholt, Ropohl, Köller, & Parchmann, 2013) 

D 2.4 Report on current state of the art in formative and summative assessment in IBE in 
STM – Part I and part II 
(Bernholt, Rönnebeck, Ropohl, Köller, & Parchmann, 2013) 

D 2.5 A definition of inquiry-based STM education and tools for measuring the degree of 
IBE 
(Ropohl, Rönnebeck, Bernholt, & Köller, 2013) 

D 2.6 Report of outcomes of the expert workshop on formative assessment in STM and 
IBE 
(Rönnebeck, Ropohl, & Köller, 2013) 

 

Details and first summaries of these diverse foci can be found in the respective reports. 

This report provides the next step in further summarizing the main messages of the 

diverse reports, to uncover interrelations and to derive recommendations for the further 

work within the ASSIST-ME project. 

The major challenge for the literature review in WP 2 was that the field of interest is not 

clearly defined. In the subject areas of STM, there is still disagreement among re-

searchers about what features define the instructional approach of inquiry-based teach-

ing (Furtak, Shavelson, Shemwell, & Figueroa, 2012; Hmelo-Silver, Duncan, & Chinn, 

2007), differing for example between narrow or expansive definitions of inquiry-based 

teaching. In some cases explicit definitions of some aspects of inquiry-based science 

teaching are given (e.g. innovative, activity-based, process oriented or discovery ori-

ented), in others the meaning of the term remains less clear. Moreover, the above 

mentioned authors found that researchers and educators use a rich vocabulary to de-



  www.assistme.ku.dk 15 October 2013 6 
  

scribe inquiry-based approaches e.g. in science education like inquiry-based teaching 

and learning, authentic inquiry, model-based inquiry, modelling and argumentation, 

project-based science, hands-on science, and constructivist science. Including tech-

nology and mathematics in the reflection makes the picture even more diverse. A simi-

lar problem occurs when researching literature on formative and summative assess-

ment in the classroom (Black & Wiliam, 1998).  



  www.assistme.ku.dk 15 October 2013 7 
  

2. Theoretical background 
The ASSIST-ME project combines three research fields: the concept of competence, 

inquiry-based education, and formative and summative assessment. The following 

chapters give an overview of important definitions. 

 

2.1 Concept of competence 

Within the ASSIST-ME project, a competence is understood as an ability that is based 

on a combination of skills, knowledge, and traits. It contributes to performances in par-

ticular domains but also in real-life situations and is thus closely related to the concept 

of scientific literacy (OECD, 2006). Weinert (2001) points out that these subject-specific 

competences can generally be learned depending on greater or lesser abilities in ac-

quiring these competences. This category of learnable competences is mainly focused 

by the ASSIST-ME project. 

Examples of domain-specific competences are e.g. to observe and describe natural 

phenomena accurately and to plan, perform, evaluate and reflect on experiments (sci-

ence); to construct and produce technical tools and instruments e.g. to plan, manufac-

ture, evaluate, and optimize technical solutions (technology); to develop and test hy-

potheses about functional relations that have been observed in the reality (from data) 

or in mathematical settings (mathematics). 

In addition, an individual possesses key competences. These are transversal compe-

tences that can be successfully applied across a maximum number of different tasks 

(Weinert, 2001). Examples for transversal competences are e.g. to process and inter-

pret data and results, to argue and communicate with peers and experts, and to devel-

op a sense of responsibility and become a responsible-minded citizen (Dolin, 2012; 

Weinert, 2001). 

Furthermore, Weinert (2001) distinguishes between competences and metacompe-

tences. According to his definition, metacompetences are a combination of knowledge, 

skills, and/or strategies that are appropriate to organize and recognize available com-

petences in adaptive and flexible ways (Weinert, 2001). Thus, he defines metacompe-

tences as declarative or procedural knowledge about one’s own competences. This 

third category of competences is not addressed by the ASSIST-ME project. 

 

2.2 Definitions of IBE in STM 

According to Anderson (2002) – whose definition formed the basis of the ASSIST-ME 

application (Dolin, 2012) – inquiry-based STM education includes students’ involve-

ment in questioning, reasoning, searching for relevant documents, observing, conjec-

turing, data gathering and interpreting, investigative practical work and collaborative 

discussions, and working with problems from and applicable to real-life contexts. 

Whereas these characteristics generally apply to all three subject areas, the ASSIST-

ME application explicitly acknowledges that various meanings and forms of inquiry are 
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possible in different disciplines and need to be addressed in the project. The following 

paragraphs are a short summary of D 2.5 and point out these subject-specific charac-

teristics of IBE. 

2.2.1 Science 

Basically, one has to distinguish four different meanings of scientific inquiry summa-

rized by Furtak et al. (2012): 1) scientific ways of knowing (i.e., the work that scientists 

do), 2) a way for students to learn science, 3) an instructional approach, and 4) curricu-

lum materials. These four different meanings are often not distinguished. In these cas-

es, it becomes not clear which perspective is meant. In addition, instead of ‘inquiry’ 

other terms and phrases are used, e. g. problem-based learning. 

Different perspectives on scientific inquiry were also considered by Abd El Khalick et al. 

(2004) when suggesting four dimensions of IBE that reflect the complexity of this teach-

ing and learning approach more specifically: 

1) types of knowledge and understandings: 

 conceptual, problem solving, social, and epistemic, 

2) range of inquiry-related activities: 

e. g. problem-posing; designing investigations; collecting or accessing data; 

generating, testing, and refining models and explanations; communicating and 

negotiating assertions; reflecting; and extending questions and solutions, 

3) range of skills: 

e. g. mathematical, linguistic, manipulative, cognitive and metacognitive skills 

4) range of spheres: 

 e. g. personal, social, cultural, and ethical 

However, inquiry is a common teaching and learning approach as defined by Linn, Da-

vis, and Bell (2004): 

“[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.” (Linn et al., 2004, p. 4) 

The EU-funded projects from the Seventh Framework Program (e.g. Mind the Gap, S-

TEAM, FIBONACCI, and SAILS) use this definition as a common basis for discussion. 

For example, McLoughlin (2011) specified these aspects of IBE and defined further 

fundamental abilities for each aspect within the ESTABLISH project. Another example 

of such a more detailed description was published by Yiping and Blanchard (2007). 

Such a specification is imperative to the formative and summative assessment of IBE. 

2.2.2 Technology 

Teaching and learning approaches in technology education related to inquiry are prob-

lem- or project-based learning. In the first case, the starting point is the presentation of 

a technical problem. Students have to find an answer and consider alternative solutions 

(Fox-Turnbull, 2006). In the second case, the starting points are the presentation of a 

target setting and of materials that can be used to reach this target. 

One major parallel to mathematics education is the aspect of problem solving. In tech-

nology education it is named engineering design that involves three main aspects: ‘de-
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fining and delimiting an engineering problem’, ‘developing possible solutions’, and ‘op-

timizing the design solution’ (National Research Council, 2012). In contrast to science 

and mathematics education, however, the physical product of the design process is the 

intentional objective. Central abilities are e. g. ‘designing’, ‘modelling’, ‘testing’, ‘trou-

bleshooting’, ‘observing’, ‘analysing’, and ‘investigating’ (International Technology Edu-

cation Association, 2007). 

2.2.3 Mathematics 

Teaching approaches or learning theories in mathematics that include characteristics of 

inquiry are problem-solving (Polya, 1945; 1957), problem-centred learning (Schoenfeld, 

1985; 1992), inquiry mathematics (Cobb, Wood, Yackel, & McNeal, 1992; Cobb et al., 

1991), and open approach lessons (Nohda, 1995; 2000). Furthermore, the Dutch ap-

proach of realistic mathematics education (Freudenthal, 1973) and the French theory of 

didactic situations (Brousseau & Balacheff, 1997) are mentioned in connection with 

inquiry in mathematics. Moreover, the Swiss concept of dialogic learning (Gallin, 2012) 

includes aspects of inquiry. Another relevant approach is problem-based learning (cf. 

Rocard et al., 2007). 

Based on the characteristics of the mentioned approaches, the EU-funded FIBONACCI 

project explicitly describes IBE in mathematics: 

„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) 

However, the difference to science education lays in the starting point of the inquiry 

process (Artigue, Dillon, Harlen, & Léna, 2012). In mathematics, problems are posed 

and proof as to whether a conjecture is true or false results from a logical demonstra-

tion. In science, phenomena and questions are considered, and models derive from an 

investigation including e. g. experiments and observations. This contrast shows that the 

main difference to science education lies in the “solution which is necessarily presented 

as a deduction from what was given in the problem to what was to be found or proved” 

(Schoenfeld & Kilpatrick, 2013). 

 

2.3 Purposes of formative and summative assessment 

Assessment is one of the most important drivers in education and a defining aspect of 

any educational system. It 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 expres-

sions of summative and formative assessment. 
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2.3.1 Summative 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). 

2.3.2 Formative assessment 

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 and Cowie (2001) put it: “[Formative assessment is] 

the process used by teachers and students to recognize and respond to student learn-

ing in order to enhance that learning, during the learning” (Bell & Cowie, 2001, p. 540). 

According to Black and Wiliam (1998) and Wiliam (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. 

Klieme and Harks (2013) distinguish different types of formative assessment in view of 

its objectives and its location on a continuum reaching from informal to formal assess-

ment settings (see Figure 1). For example, formative assessment ‘on the fly’ aims at 

interactive (instructional) feedback given to the students whereas embedded assess-

ment aims at the measurement of students’ competences. 

 

Figure 1: Different types of formative assessment (Klieme & Harks, 2013) 

Feedback plays an important role in formative assessment. Sadler (1989) points out 

that feedback is defined as information about how successful something has been or 

how successfully it has been done. Furthermore, feedback is information about the gap 

between the actual performance level and the reference level. By the provision of in-

formation, three questions should be addressed by the student: Where am I going?, 

How am I going?, Where to go next? (Hattie & Timperley, 2007). Based on the feed-

back, the teaching and learning processes should be adapted to the actual perfor-

mance level in order to support students individually (see Figure 2). 
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Figure 2: Formative assessment cycle (Klieme & Harks, 2013) 

Recent OECD publications stress the importance of formative assessment and the 

integration of formative and summative assessment, respectively (Looney, 2011; 

OECD & Centre for Educational Research and Innovation, 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, ex-

tensive curriculum requirements, or the difficulty of meeting diverse and challenging 

student needs, but also in teachers’ often deeply held pedagogical beliefs of assess-

ment as a tool for teacher use and accountability rather than as a method to involve 

students in a constructivist assessment environment (Wilson & Sloane, 2000). 

  



  www.assistme.ku.dk 15 October 2013 12 
  

3. Summary of the literature review 
WP 2 has been focusing on synthesizing existing research on formative and summa-

tive assessment of IBE related competences in STM. To find relevant publications, an 

extensive and detailed literature review was conducted. The following sections intend 

to summarize the findings of this broad and diverse review, guided by the following 

questions: 

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

 What formative and summative assessment methods are used in STM with re-

spect to the aspects of IBE? 

 How are these methods used? 

The review focuses on findings of empirical studies. D 2.4 presents these findings from 

a comprehensive analysis of existing research on how summative and formative as-

sessment of knowledge and/or competences in STM can be linked to aspects of IBE. 

But first, a summary of the procedure of the literature review is given. The procedure 

considered a search by keywords in relevant databases, an analysis of important jour-

nals in STM education (with respect to the assessment of IBE related competences), 

and a follow-up of main citations. In addition, experts were asked to list relevant publi-

cations in the field of IBE as well as in the field of formative and summative assess-

ment. This step aimed at the validation of the search strategies in order to ensure that 

no relevant publications were missed. Furthermore, all partners from the ASSIST-ME 

project contributed national reports on the state of the art in their countries (see section 

3.6 State of the art in the ASSIST-ME partner countries). 

 

3.1 Procedure of the literature review 

This chapter gives a brief summary of the whole procedure which is described in detail 

in D 2.4. In order to find relevant publications in view of the objectives, three search 

strategies were realized: 

1. Searches in data bases, 

2. Searches in relevant journals, 

3. Searches in reference lists. 

Two data bases were selected for the literature review: ‘Web of Science’ and ‘Educa-

tion Resources Information Center’ (ERIC). The first one has a focus on science jour-

nals in general and the second one more on educational journals and materials. Both 

data bases allow for the systematic and simultaneous search in a collection of most of 

the important journals within a specific field of interest, e. g. Review of Educational Re-

search, Learning and Instruction, American Educational Research Journal, Journal of 

Research in Science Teaching, Science Education, International Journal of Technology 

and Design Education and Educational Studies in Mathematics. The last 15 years, from 

April 1st 1998 till April 1st 2013, were chosen as the time span. 

For the searches in the data bases, certain topics encompassing several related key-

words were combined to achieve a high correlation between the content of the litera-

ture found and the objectives of the ASSIST-ME project. Table 2 shows the keywords 
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for science education for five out of six topics. By the application of this search with five 

topics, 331 publications in science, 88 in mathematics and 68 in technology were ulti-

mately found. 

Table 2: Keywords and topics for the search in databases in science education 

Topics Keywords for science 

Topic 1: 
Inquiry 

Inquiry-based learning OR inquiry OR collaborative learning OR dis-
covery learning OR cooperative learning OR constructivist teaching 
OR problem-based learning OR argumentation 

Topic 2: 
Subject 

science education OR science instruction OR science teaching and 
learning 

Topic 3: 
School 

classroom OR teacher OR student 

Topic 4: 
Objective 

assessment OR evaluation OR validation OR achievement OR feed-
back 

Topic 6: 
method of assessment 

discourse OR effective questioning OR assessment conversations 
OR accountable talk OR quizzes OR self-assessment OR peer-
assessment OR portfolio OR learn log OR mind map OR concept 
map OR rubrics OR science notebook OR multiple-choice OR con-
structed-response OR open-ended response  

 

Table 3: Relevant journals and their impact factors 

Subjects Journals 

Impact factor
1
 

Last year 
Last 

five years 

Science Journal of Research in Science Teaching 2.55 3.23 

Science Education 2.38 2.71 

Technology Int. Journal of Technology and Design Education 0.,34 0.42 

Journal of Technology Education - - 

Journal of Technology Studies - - 

Mathematics Educational Studies in Mathematics 0.77 - 

Int. Journal of Science and Mathematics Education 0.46 - 

Journal for Research in Mathematics Education 1.55 2.08 

Assessment Applied Measurement in Education 0.58 0.74 

Assessment in Education - - 

Educational Assessment - - 
1
according to Thomson Reuters, 2013 

 

In addition to the searches in the data bases, searches in relevant journals (see Table 

3) were conducted. The chosen journals were considered as important or even as the 

most important for each subject or research field with respect to the objectives of AS-

SIST-ME. Most of them are also included when searching within the two databases. 

The articles of all issues published during the last 10 years were scanned by using the 

homepages of the publishers and the two data bases mentioned. This search strategy 
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was able to improve the quantity and quality of the literature basis. In total, 158 differ-

ent publications were identified by this search strategy. 

To guarantee that important literature with regard to IBE and formative or summative 

assessment was considered, an additional, more unsystematic search was carried out. 

Following the pyramid scheme, the reference lists of the literature found were scanned 

in view of frequently recurring publications that might have a high impact on research 

on inquiry-based education and formative or summative assessment. For science, 

there were 32 additional references, for mathematics 10, and for technology and as-

sessment none. 

The literature collected by the different search strategies and searches included 701 

different publications. Only publications focussing on students in primary, lower sec-

ondary, and upper secondary school were taken into account when analysing the re-

ported results. Besides, only publications that present results from empirical studies 

were regarded. Only 191 of the found publications met these requirements (see Table 

4). Even though there was a partial selection before, 510 of all 701 publications were 

excluded. 

Table 4: Final extract for the literature review 

Category S M T Total 

Focus students (school) 148 30 13 191 

 

The 191 references are publications that meet the objectives of the ASSIST-ME project 

and formed the final extract for D 2.4. The following sections summarize the most im-

portant results of these publications. In interpreting the results, one has to keep in mind 

that there are only 13 studies in technology and 30 in mathematics, but 148 in science. 

This made it difficult to determine subject-specific main focuses, especially in technolo-

gy and mathematics. Furthermore, it was difficult to draw general conclusions. Never-

theless, the findings are regarded as important for the prospective work within the AS-

SIST-ME project. 

 

3.2 State of the art of IBE 

The relevant literature identified by the search in major journals and databases was 

analysed using a detailed coding scheme. At the core of this coding scheme, specific 

aspects of inquiry provided the focus when reviewing the articles. The aspects are a 

comprehensive summary of the diverse definitions of IBE as discussed in D 2.5 (see 

Table 5). 

All of these aspects where found in the reviewed articles, indicating the broad and ex-

pansive focus that can be and is applied to IBE in the research literature. However, 

huge differences were found regarding the extent to which the single aspects are re-

searched, ranging from two (dealing with uncertainty) to 106 publications (argumenta-

tion/reasoning) which incorporated a particular aspect of IBE. 
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Table 5 shows the distribution of reviewed articles across the identified aspects of IBE, 

in total as well as for each of the three domains. In general, the distribution of re-

searched aspects mainly reflects the distribution in the science domain, as most re-

viewed articles stem from this subject. Therefore, it is difficult to identify ‘well re-

searched’ aspects of IBE in all three domains.  

In addition, often the majority of the publications include a particular step of IBE only as 

a facet of a learning environment, while only few studies tried to explicitly assess stu-

dents’ ability on this step. For instance, students’ ability to identify research questions 

was addressed in 44 publications, but in less than one third of these publications stu-

dents’ ability on this step was assessed. Similarly, 26 studies could be identified to in-

corporate students’ dealing with alternative or multiple solutions, but again, incorporat-

ing this facet of inquiry was mainly achieved within a learning environment, probably 

because of the high complexity of the analysis when part of the assessment. 

Next to differences between incorporating particular aspects of IBE either as part of a 

learning environment or as part of an assessment, some aspects of IBE are incorpo-

rated quite universal or even as a buzzword only. For instance, students’ ability to for-

mulate hypotheses or research conjectures was explicitly addressed in 38 publications. 

Despite this large number of studies, only few disentangled this aspect of inquiry in 

detail. Several studies only recorded whether or not the students made assumptions or 

formulated hypotheses, but did not put further emphasis on analysing the amount or 

quality of these assumptions. Similarly, the evaluation of results by students is included 

in many publications as a step of inquiry, but often only as a buzzword or by-product of 

a more general view on inquiry. 

The most researched aspects of IBE are argumentation and debating with peers. All in 

all, 106 publications included aspects of argumentation, constructing and critiquing 

arguments or explanations. Among these studies, both the fostering of students’ con-

tent knowledge by improving their argumentation skills and the fostering of argumenta-

tion skills as a worth on its own can be found. Regarding facets of communication pro-

cesses, 70 studies were identified. Here again, the majority of these studies included 

this facet of IBE only as part of the learning environment. Interestingly, several studies 

that included communication as part of the assessment tended to analyse written arte-

facts. 

In contrast to these broadly researched aspects, some blind spots are to be mentioned. 

Only few studies focus on students’ abilities to find structures or patterns. This might be 

due to the fact that it cannot be clearly separated from e.g. ‘searching for generaliza-

tions’ in mathematics or ‘collecting and interpreting data’ in science, respectively. How-

ever, students’ searching for generalizations is included in a learning environment in 

only five studies, as part of the assessment in only one study. Even less frequently 

researched is students’ dealing with uncertainty. Only two studies were identified in-

cluding this aspect of inquiry. 
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Table 5: Distribution of reviewed articles across the identified aspects of inquiry 

 
Note. The height of the bars is normed to the maximum within each column 
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Next to these blind spots, several aspects have seldom been researched. Only few 

studies, for instance, focused on students’ search for information, especially as facet of 

the respective assessment procedures, and they were almost exclusively located in the 

field of science education. The use of mental representations seems to be a character-

istic feature of mathematics and science education. Among these two domains as well 

as between the adoption of mental representations as part of the learning environment 

or the assessment, the studies extracted in these reviews are almost evenly distribut-

ed. Additionally, students’ ability to construct and use models was explicitly addressed 

in only 17 publications. 

Despite the broad definition of inquiry which led the focus of this review, several publi-

cations included further aspects. Some of these aspects are domain-specific, for ex-

ample proof competence as part of inquiry in mathematics education or constructing 

prototypes in technology education. Representing data by graphs, visualizing data, 

drawing, and graphing, or using visualizations in general are also partly linked to math-

ematics, but without doubt these aspects are relevant for the domains of science and 

technology, too. 

In addition, epistemological aspects are addressed in several publications. Epistemic 

understanding was either regarded as domain-specific, e.g. the nature of science, or as 

more general, epistemic understanding or the nature of modelling. Interdisciplinary rel-

evance is also enclosed in abilities like divergent thinking and creativity or critical think-

ing. However, these aspects are not only limited to the domains of STM, but are more 

closely related to aspects of general cognitive abilities. 

Beyond these cognitive abilities, also affective aspects are addressed in different publi-

cations. As theses aspects were not in focus of the literature review and consequently 

relevant terms were not included in the database search, these affective aspects were 

found only to a small extent. Enjoyment, interest, value, self-efficacy, motivation, and 

confidence, but also attitudes towards science or mathematics are analysed in relation 

to different aspects of inquiry. 

Table 6 summarizes those aspects of IBE that are incorporated in at least 10% of the 

research papers within each of the three domains (to account for the large differences 

in the amount of reviewed articles between STM). 

In mathematics education, the most researched aspects are diagnosing problems, cre-

ating mental representations, evaluating results, argumentation, and debating with 

peers. These aspects reflect a picture of inquiry in mathematics education1 that em-

phasizes the processing of real-world problems with mathematical tools and models. 

This includes the transfer of the real-world problem to a mathematical question (e.g., by 

diagnosing problems and creating mental representations) and the transfer backwards 

from the mathematical world to the real world (e.g., by evaluating results, i.e. by con-

                                                
1
 The interpretation reflects the findings of the literature review, i.e. it is founded on empirical, 

descriptive data. No normative emphasis regarding the relevance of particular aspects of IBE 
within each domain, especially those that are researched less frequently, is intended by the 
authors. 
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necting the numerical or functional expression gained from mathematical operations to 

the initial situation). Accordingly, inquiry in mathematics education is closely linked to 

steps of problem-solving as already emphasized by Polya (1945). 

Table 6: Aspects of IBE that are incorporated in at least 10% of the research papers 
within each of the three domains 

Science education Technology education Mathematics education 

diagnosing problems and/or 
identifying questions 

 diagnosing problems and/or 
identifying questions 

 considering alternative or 
multiple solutions 

 

  creating mental representa-
tions 

 constructing and using mod-
els 

 

formulating hypotheses   

planning investigations   

 constructing prototypes  

collecting and interpreting 
data 

  

evaluating results  evaluating results 

 searching for alternatives 
and/or modifying design 

 

argumentation, reasoning, 
and/or using evidence 

 argumentation, reasoning, 
and/or using evidence 

debating with peers and/or 
communication 

 debating with peers and/or 
communication 

 

In science education, the majority of reviewed articles focus on similar aspects (identi-

fying questions, evaluating results, argumentation, and debating with peers), but addi-

tionally incorporate the aspects of formulating hypotheses, planning investigations, and 

collecting and interpreting data. The sequence of question, hypothesis, investigation, 

data collection, and results resemble a common pattern of scientific experimentation. 

This sequence is often followed, accompanied or even primed by argumentation and 

the debate with peers.  

In technology, the most frequent aspects of IBE in the reviewed articles seem to reflect 

a strong product-orientation (e.g., constructing and using models, or constructing proto-

types) and facets of trade-off and balancing between different opportunities (e.g., con-

sidering alternative or multiple solutions, or searching for alternatives and/or modifying 

design). Regarding the similarities between the most researched aspects in the three 

domains, the commonalities between mathematics and science seem to be greater, 

while technology education puts a different emphasis in its interpretation of IBE. 
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3.3 State of the art of formative and summative assessment 

One has to note that the focus of the search strategy of the literature review was on 

IBE in STM in combination with assessment methods. Therefore, most of the studies 

using or investigating assessment methods have to be seen against the background of 

IBE and related aspects and competences. Of course, there are many more studies 

describing or exploring assessment methods in general or in STM, but they were inten-

tionally not subject of the literature review. 

For the analysis of the assessment practices in IBE in STM, the frequency of the as-

sessment types used was compared between science, technology and mathematics. In 

three quarters of all studies, methods of summative assessment were employed. 

Methods of formative assessment were not very common among the empirical studies 

found, especially in science education. Peer- and self-assessment played a subordi-

nate role. In combination with IBE, neither was explored very often. In contrast, rubrics 

were a common instrument used for the evaluation and analysis of varying assessment 

situations. 

In view of the objectives of the ASSIST-ME project, it is important to know which as-

sessment methods are frequently employed in the studies and which assessment 

methods are less common. Furthermore, the purpose of the assessment methods is of 

importance. In the following paragraphs, these aspects are summarized for each sub-

ject. 

3.3.1 Assessment practices in science 

Multiple-choice and constructed-response or open-ended items used as a summative 

assessment tool dominate the assessment methods in research on IBE in science ed-

ucation. The reasons are obvious as these items have many advantages. In particular, 

the analysis of multiple-choice items is more objective and the results are easier to 

compare and to interpret than other more complex assessment methods. Even though 

the items have advantages in view of summative assessment, they are less frequently 

used for formative assessment. One example is provided by Hickey and Zuiker (2012) 

who used open-ended items to support feedback conversations. 

Among the found publications, quizzes were only used by one research group (e. g. 

Hickey, Taasoobshirazi, & Cross, 2012). Ultimately, the quizzes developed by Hickey 

et al. (2012) were a combination of multiple-choice and open-ended items. First, the 

students had to give a short answer and then an explanation to support that answer. 

To assess students’ understanding of key concepts, concept maps instead of items are 

often used for a summative assessment (e. g. Brandstädter, Harms, & Großschedl, 

2012). On the other hand, concept maps can be used for formative assessment as 

well. In this case, the focus lies on checking students’ progress in understanding key 

concepts at several times during a treatment (e. g. Furtak et al., 2008). One possibility 

to organise the analysis of concept maps are rubrics (e. g. Nantawanit, Panijpan, & 

Ruenwongsa, 2012). Another mapping technique is mind mapping. It is a tool that can 

be used to ascertain students’ developing ideas about scientific concepts (Goodnough 

& Long, 2006). Similar to concept mapping, the technique makes the exploration of 
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prior knowledge possible, as well as an assessment of students’ overall performance 

from the viewpoint of specific learning outcomes. 

Hands-on activities like experiments are often used for performance assessments in a 

summative manner. They are supposed to be an alternative to more traditional paper 

and pencil assessment methods like multiple-choice items (Shavelson, Baxter, & Pine, 

1991). For example, the engagement in inquiry-type experiments in the chemistry la-

boratory improves students’ ability to ask high-level questions, to hypothesize, and to 

suggest questions for further experimental investigations (Hofstein, Navon, Kipnis, & 

Mamlok-Naaman, 2005). In this case, the experiments were a method to provoke a 

more realistic assessment situation. Among the publications, there was one study 

which fully met the objectives of the ASSIST-ME project (Pine et al., 2006). By con-

ducting a performance assessment, the inquiry skills ‘planning an inquiry’, ‘observa-

tion’, ‘data collection’, ‘graphical and pictorial representation’, ‘inference’ and ‘explana-

tion based on evidence’ were measured. 

However, in comparison to multiple-choice or constructed response items, performance 

assessments require more complex scoring or evaluation systems. Therefore, note-

books are an alternative mainly used in formative assessment. They are supposed to 

monitor and facilitate students’ understanding of complex scientific concepts and espe-

cially inquiry processes. To achieve this, the method includes the collection of student 

writing before, during, and after hands-on investigations (Aschbacher & Alonzo, 2006). 

Thus, notebooks can obtain information about students’ understanding at any point in 

the curriculum without needing additional time. Moreover, Baxter, Shavelson, Goldman, 

and Pine (1992) were able to confirm that notebooks are also a valid tool for a summa-

tive assessment of hands-on activities. However, in view of performance assessment, 

notebooks are a reliable tool that can be used for formative teacher feedback (Ruiz-

Primo, Li, Ayala, & Shavelson, 2004). Another method for a summative assessment of 

investigations or inquiry processes, are portfolios which summarize the whole process 

(e. g. Dori, 2003). Portfolios are normally compiled individually to measure knowledge 

or competence growth over a certain period of time.  

Usually, conversations or discussions are a method to enhance students’ argumenta-

tion, reasoning or communication skills. Mainly, discussions take place in small groups. 

An approach which supports collective discourse is the feedback conversation (Hickey 

et al., 2012; Hickey & Zuiker, 2012). It suggests that the most valuable function of 

feedback is fostering participation in discourse. Apart from a formative character, one 

can use discussions with a more summative character with regard to the assessment. 

For example, Mason (2001) used students’ small group discussions to address aspects 

of IBE, e. g. formulating and comparing hypotheses. Instead of organizing discussions 

around phenomena, students can also discus socio-scientific issues (e. g. Nielsen, 

2012; Osborne, Erduran, & Simon, 2004) in order to balance different positions on a 

certain topic. This kind of issues calls for a discussion about what to do and not merely 

about what is true. Closely related to discourses, assessment conversations or ac-

countable talks can also be employed as assessment methods (Ruiz-Primo & Furtak, 

2006). 
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Communication processes are often observed, for example, to assess students’ argu-

mentation within discussions or classroom interaction (e. g. Abi-El-Mona & Abd-El-

Khalick, 2006). Shemwell and Furtak (2010) investigated the quality of argumentation 

in classroom discussion by analysing the support of argumentation by evidence. In 

another study, McNeill (2009) analysed the instructional practices teachers use to in-

troduce scientific explanations by videotaping classroom interaction. Moreover, obser-

vations provide records of the order in which students carried out certain activities in 

learning environments and the time they spent on these activities (e. g. Kubasko, 

Jones, Tretter, & Andre, 2008). For some reasons, it is necessary to combine both pur-

poses (e. g. Harskamp, Ding, & Suhre, 2008). Another purpose is the observation of 

students’ performance in a certain task (Sampson, Grooms, & Walker, 2011). 

Methods that can be used for observations are for example field notes or video and 

audio tapes. The application of video and audio tapes aims more at the observation 

and analysis of learning and teaching processes than at the assessment of learning or 

teaching outcomes (Valanides & Angeli, 2008), even though they are generally used 

for summative assessment. Moreover, they are used as a further tool in addition to 

other research methods or in explicit combination with other tools (e. g. Vellom & An-

derson, 1999). 

In cases in which only audio tapes were used, the focus was on the talk especially on 

the amount of on/off task talk and the categorization of task talk (Cavagnetto, Hand, & 

Norton-Meier, 2010). Chin and Teou (2009) audiotaped conversation from one group of 

students to provide a record of students’ thinking in a form that was accessible to the 

teacher for monitoring and feedback purposes. This is an example of a formative use of 

audio tapes. Students’ assertions and questions had formative potential as they en-

couraged discourse by drawing upon each other’s ideas. 

In addition, field notes are a method which combines both observations and video or 

audio tapes. For instance, they provide general descriptions of the most salient instruc-

tional events during an observed session (e. g. Abi-El-Mona & Abd-El-Khalick, 2006) or 

provide information about events that occur outside the range of a video camera (e. g. 

Ryu & Sandoval, 2012). Furthermore, field notes can be taken as events unfold, and 

recorded with time indices for later matching with video segments (e. g. Vellom 

& Anderson, 1999). 

Similar to any kind of observation, the objectives of interviews are also manifold and, 

similar to field notes, they are an additional tool that is usually combined with other 

methods such as observation, video tapes (e. g. Berland, 2011) or audio tapes (Daw-

son & Venville, 2009). Interviews are an assessment and research method that is usu-

ally qualitatively analysed. For example, after responding to a questionnaire, students 

were asked to explain their answers in order to gather information about existing mis-

conceptions (White & Frederiksen, 1998). Furthermore, pre- and post-interviews pro-

vide another possibility for evaluating the intervention part of a case study (Berland, 

2011). Ash (2008) gives an example of how interviews can be used as a kind of forma-

tive assessment in order to measure students’ competence in solving biological dilem-

mas. An interviewer provided biological dilemmas as thought experiments, described 
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the context, and then asked questions. The formative character was introduced by fur-

ther questions or hints: After the student had answered, the interviewer provided a hint 

if the student was on the wrong track or a challenge if the student gave an appropriate 

answer. The hint determined what a student might achieve with appropriate help, while 

the challenge helped to determine whether the understanding was robust. 

3.3.2 Assessment practices in technology 

In total, empirical studies on IBE in technology education in combination with assess-

ment methods are rare. Obviously, in contrast to science education, this research field 

is not particularly dominant. One reason might be that technology is not a common 

subject in European schools (see D 2.3, National reports of partner countries reviewing 

research on formative and summative assessment in their countries) or in American 

schools. One effect of the small number of publications is that there is a limited variety 

of assessment methods used within the reported studies. The prevailing number of 

methods was not used, e. g. concept map, mind map, learn log, note-book, effective 

questioning, video tapes, or artefacts. 

With regard to summative assessment, the most important methods are, similar to sci-

ence education, constructed-response or open-ended items and multiple-choice items. 

In most cases, they were used for the assessment of knowledge, achievement or un-

derstanding. 

When looking at formative assessment, the most important methods are portfolios and 

interviews. Obviously, the advantage of portfolios is their ability to reconstruct a pro-

cess when solving a problem or designing a prototype (Barak & Doppelt, 2000; Dop-

pelt, 2003; Hong, Yu, & Chen, 2011). Interviews are used to probe students’ under-

standings of materials and stability (Davis, Ginns, & McRobbie, 2002). 

Another realized assessment method is performance assessment in order to compare 

students’ competence in hands-on and virtual construction of a prototype (Klahr, Trio-

na, & Williams, 2007). 

3.3.3 Assessment practices in mathematics 

As well as in technology education, the number of publications in mathematics is quite 

small. One reason might be that IBE is not a common approach in mathematics educa-

tion. Its province is the approach of problem-solving. 

In mathematics, the emphasis is on constructed-response or open-ended items – es-

pecially for summative assessment. The purpose of the items was often the evaluation 

of an intervention by a pre-post-design. The items ascertained students’ reasoning or 

problem-solving skills and their mathematical knowledge. The use of constructed-

response or open-ended items is not surprising, as in mathematics education, students 

usually have to calculate and write down the calculation or prove and explain a given 

problem. Among the studies, Heinze, Cheng, Ufer, Lin, and Reiss (2008) gave exam-

ples of test items which measure students’ proof competence. Others assessed prob-

lem-solving skills (e. g. Schukajlow et al., 2012) which also involve proof competence. 

In contrast to science and technology education, multiple-choice items are less com-

mon in mathematics education. It is assumed that they would simplify the tests by 



  www.assistme.ku.dk 15 October 2013 23 
  

providing different answer options. Therefore, they are not regarded as suitable for the 

assessment of problem-solving skills. 

Another emphasis is on the observation of lessons or learning situations by observa-

tions, field notes, video tapes and audio tapes. The application of these methods was 

often not described in detail. As these methods were used in a more qualitative way, 

the focus of the respective publications was on the description of the observed learning 

or teaching processes (e. g. Boaler, 1998). Other studies focused on the analysis of 

discourse, assessment conversations or accountable talk in connection with collabora-

tive learning (e. g. Pijls, Dekker, & van Hout-Wolters, 2007). 

The GPAR (Goals, Plan, Action, Reflection) reflection sheets published by Brookhart, 

Andolina, Zuza, and Furman (2004) are different from all other assessment methods 

because of the combination of reflection and feedback. They ask students to write re-

sponses to given questions in order to reflect their own learning process and to give 

feedback immediately. Therefore, this method can be useful in view of formative as-

sessment. 

The found publications did not focus on methods that are mainly used formatively, e. g. 

concept map, mind map, learn log, notebook, and quizzes. Obviously, there is a need 

for more research on formative assessment in connection with IBE in mathematics 

learning. 

 

3.4 Connections between IBE and assessment methods 

The detailed description of both the different aspects of IBE and the different methods 

used for the assessment of IBE provides a rich picture of the different possibilities and 

diverse focal points in both areas. However, it is difficult to identify connections be-

tween single aspects of IBE and predominantly used methods to assess this specific 

aspect. Nevertheless, the question of common and less common connections between 

aspects of IBE and assessment methods is important when planning new interventions 

as it is the case in the ASSIST-ME project. On the one hand, common connections (in 

the sense of ‘used often’) indicate that there is a lot of research literature and thus a lot 

of examples for assessing aspects of IBE with specific assessment methods. On the 

other hand, missing connections between particular aspects of IBE and specific as-

sessment tools might indicate a mismatch between both, but might also indicate blind 

spots that might be worth further investigation. 

In order to identify these connections between the focus on different aspects of IBE 

and specific methods of assessment, the results of the literature review have been 

used. Accordingly, the following pictures of networks (see Figure 3 to Figure 5) created 

with ‘R’ (R Core Team, 2013) and the ‘igraph package’ (Csardi & Nepusz, 2006) dis-

play all connections that were found in the respective studies of the review. Each com-

bination of one aspect of IBE and one assessment method (cf. Table 9 in D 2.4) is rep-

resented by one connection in the networks. When more than one aspect of IBE was 

included in a single paper or when one aspect of IBE was analysed using several 
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methods of assessments, every combination was included as one relation. Hence, 

there are more connections in the networks than publications in the literature review.  

 

Figure 3: Interrelations between aspects of IBE (red) and assessment methods (blue) 
in mathematics education (based on the reviewed articles) 

The data from the literature review is purely descriptive. Accordingly, the networks are 

only able to display the interrelations between aspects of IBE and assessment methods 

based on the sample of articles that were included in the review. The more connections 

are drawn between aspects of IBE and methods of assessment, the more often this 

combination was used to assess particular aspects of IBE with a specific method of 

assessment in the articles of the literature review. This does not mean, however, that 

missing connections or combinations which are rarely represented in the networks 

could not also be reasonable combinations. This constraint has especially to be taken 

into account when regarding the networks based on the reviewed articles in mathemat-

ics and technology education, as only a small number of articles had been included in 

the review. 
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With regard to the interrelations between aspects of IBE and assessment methods in 

mathematics education (see Figure 3) it becomes obvious that the use of constructed 

responses was often and widely used in the reviewed articles to assess diverse as-

pects of IBE. Additionally, the more general aspects ‘problem solving’ and ‘knowledge 

and understanding’ were included in several studies, often as the dependent variables 

to which the researched aspects of IBE were related. Focusing on specific aspects of 

IBE, the aspect of ‘argumentation, reasoning and using evidence’ is investigated quite 

often and assessed with the use of different methods. 

 

Figure 4: Interrelations between aspects of IBE (red) and assessment methods (blue) 
in science education (based on the reviewed articles) 

With the small data set of reviewed articles in mathematics education in mind, it is diffi-

cult to generalize the results beyond these reviewed articles. Generally, a broad array 

of IBE aspects is researched with different methods, but it is not possible to identify 

specific patterns. The found interrelations as displayed in Figure 3 are expectable, for 
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instance that aspects like ‘debating with peers’ are mainly assessed by open formats 

like ‘discourse conversations’. 

 

Figure 5: Interrelations between aspects of IBE (red) and assessment methods (blue) 
in technology education (based on the reviewed articles) 

A different picture is received in science education. Here, the sample set of reviewed 

articles is much larger, thus revealing common and less common combinations of IBE 

aspects and methods of assessment (see Figure 4). First, the graph resembles the 

impression already gained in the descriptive report on aspects of IBE and assessment 

methods (D 2.4). The aspect of ‘argumentation, reasoning, and using evidence’ is re-

searched most often, followed by ‘knowledge and understanding’ and ‘scientific inquiry’ 

as general aspects and ‘diagnosing problems’ and ‘debating with peers’ as more spe-

cific aspects of IBE. These aspects are assessed by a broad array of methods, in par-

ticular with the aid of multiple choice and constructed response instruments, but also by 

using observations, portfolios and video tapes. The aspects of ‘planning investigations’, 

‘formulating hypotheses’, ‘collecting and interpreting data’ and ‘evaluating results’ that 
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are central aspects of a classical inquiry process are investigated less often. Here 

again, different methods of assessment are used, including written formats and obser-

vational methods. All other aspects of IBE that were included in the literature review 

are assessed less often and then only with one or two different methods. 

With regard to Figure 4, it is seems also to be interesting to look for ‘missing links’. For 

instance, ‘mind maps’ has received increasing attention both in educational research 

as well as in teaching practice. The creation of maps is intended to represent 

knowledge structures and to enable students to derive connections between content 

aspects. However, mind maps are only used once in the reviewed articles and in this 

case to assess students’ knowledge. No combination of mind maps with aspects of IBE 

like ‘creating mental representations’, ‘constructing and using models’ or ‘researching 

conjectures’ have been found. 

In the field of technology education, again the small data set of reviewed articles con-

strains the identification of common and less common interrelations between aspects 

of IBE and methods of assessment (see Figure 5). Here, the aspect ‘performance as-

sessments and experiments’ is the only knot that is bound to a noteworthy number of 

different aspects. In general, only one or two connections occur in the graph, certainly 

due to the small number of reviewed articles in this area. 

 

3.5 State of the art of ICT 

As part of the WP 2 literature review, Pearson Education International analysed the use 

of e-assessment in formative and summative assessment of STM subjects with a focus 

on inquiry-based and competence-based learning (D 2.4 – part II). The aim of this re-

view was to inform the development of digital assessments that are relevant to the 

aims of ASSIST-ME. It looked at different aspects of e-assessment, IBE and summa-

tive and formative assessment, respectively, and is organised around four objectives: 

1. identifying theories and models which are relevant to the development of digital 

assessments,  

2. identifying strategies used in the evaluation of the models which could inform 

good practice,  

3. identifying existing relevant digital assessments,  

4. identifying implications for the development of the digital assessments relevant 

to the aims of ASSIST-ME. 

In general, the majority of research in e-assessment was found to be located at the 

higher (HE) and further education (FE) level. However, the results and the general 

principles nevertheless provided information that could be used to inform and support 

the further work in the ASSIST-ME project. Only few publications were found that ex-

plicitly dealt with the use of e-assessment in IBE. Examples cited are: ‘Operation ARA 

(formerly ARIES!)’ in which learners are presented with inaccurate scientific information 

and must ask questions to ascertain the truth (Halpern et al., 2012); ‘SimScientist’ 

which is an interactive simulation-based science assessment (Pellegrino & Quellmalz, 

2010); the NAEP 2009 framework for science and the NAEP 2014 framework for tech-
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nology and engineering literacy (Wylie & Dolan, 2013); the draft PISA 2015 framework 

for scientific literacy (OECD, 2013); and ‘Scholar’, a secondary science and mathemat-

ics environment, including simulations, that utilises animated graphs which could be 

used as stimuli for IBE (Scholar, no date). 

3.5.1 Theories and models in e-assessment 

With respect to the first objective, the report identified a variety of theories and models 

for e-assessment. Compared to traditional paper-and-pencil tests, e-assessments have 

several advantages: 

 E-assessments facilitate the link between teaching, learning and assessment. 

The identified models (e.g. gaming-style models) have successfully blended 

teaching and short, repetitive formative assessments and demonstrated how 

these tasks can be combined to give a final, more summative assessment. 

 In e-assessments a variety of stimuli can be used including digital learning ob-

jects, worked exemplars, simulations or real-life scenarios. Students can inter-

act with these stimuli what consequently increases student motivation. 

 Many successful models of e-assessment include feedback. The feedback may 

take a variety of forms from simple to complex. One of the major advantages of 

digital assessments is seen in the immediacy of the feedback which allows stu-

dents to react on feedback ‘there and then’ and thus is beneficial for student 

motivation. 

 E-assessments allow for adaptivity (e.g. by computer adaptive testing – CAT) 

which enables a more interactive approach for learners. Learning and assess-

ment become personalized. In combination with feedback this may lead to 

group work and peer-assessment thus increasing learner autonomy and moti-

vation. 

 E-assessments allow for the collection of large amounts of data from simple 

scores to progress information, insights how learners approach a task and in-

formation about e.g. misconceptions. This can enhance the teacher’s under-

standing of her/his students’ learning and thus act as a strong contributor to 

formative assessment.  

 E-assessments allow for the re-submission of answers. The immediacy of feed-

back and the possibility to re-submit makes learning more relevant for the stu-

dents. Moreover, it allows them to move directly on to the next stage which has 

advantages in formative assessment and with self, peer and diagnostic as-

sessment. Learners can also submit a confidence rating with their answer which 

adds further meaning to the level of information gathered. 

3.5.2 Evaluation of e-assessment models 

The review only found few examples of how e-assessments had been evaluated (ob-

jective 2). A model for development of e-assessments did not seem to follow the usual 

pattern of design – trial – evaluation and so few cases of evaluation techniques were 

identified. In the ‘Operation ARIES!’-project, learning gains were measured using short 

answer responses and compared across different types of e-learning and the immedia-

cy of feedback. The evaluation of the ALTA system (Adaptive Learning Teaching As-

sessment for mathematics KS1–3; ALTA, 2009) distinguished between practical con-
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cerns (like e.g. the ease of use and teacher training) and educational issues (like e.g. 

student engagement and the development of skills). 

3.5.3 Exemplars of e-assessment 

With respect to objective 3, the review identified several well-established e-assessment 

programmes in the field of STM. These programmes show how e-assessment can be 

integrated into the learning process and successful in terms of motivating learners and 

assessing competencies that are more difficult to assess using paper-and-pencil tests. 

Moreover, e-assessments offer the possibility of including elements difficult to replicate 

in a paper test, for example, simulations, videos and scenarios that lend themselves 

more readily to IBE and competency-based skills. 

The mathematics exemplars presented in the review included the use of questions, 

simulations, enrichment activities, activities designed to assess misconceptions and 

online games. They could be used in summative assessment, formative assessment, 

self-assessment and diagnostic assessment and covered a wide range of age groups 

from 5 year-olds to higher education. The science exemplars focused on summative 

and formative assessments and were aimed at ages 11-19. They often involved inquiry 

tasks and processes of critical thinking and incorporated the use of feedback. Other 

characteristics are that they were interactive, utilised e-coaching and intelligent tutor-

ing, offered possibilities to re-submit answers, and employed videos, case studies and 

simulations. The technology examples found were used summatively as they were all 

high stakes qualifications (aiming at 14-19 year olds). However, some aspects could 

also be used for formative assessment purposes. The exemplars required students to 

solve problems in a virtual world, use interactive simulations and intelligent tutor-

ing/online tutor support. They allowed students to progress at their own rate and in-

cluded the use of a timeline of student activities and an e-portfolio. 

 

3.6 State of the art in the ASSIST-ME partner countries 

To assess the state of the art of formative and summative assessment in STM in the 

ASSIST-ME partner countries, researchers from each country were asked to collect 

national research results based on ten questions provided by WP 2 as D 2.1. The 

complete country reports are summarized in D 2.3. In the following, some of the major 

findings from the national reports will be presented. 

In some respect, the most important outcome of these reviews for the further work in 

the ASSIST-ME project is that almost all countries stated that there has been little to no 

research on formative assessment – or assessment in general – in their countries. One 

reason for this was e.g. seen by Cyprus in the fact that evidence-based research is not 

prioritized in policy decisions. Despite the general lack of research results, however, 

most countries tried to answer the questions provided in the guidelines by combining 

the results that were available with their own hypotheses and information about the 

educational systems relevant in the context of the questions. 

All countries report that summative assessment is predominant with the character of 

the assessments differing from nationwide comparable to school or even teacher-
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based tests in relation to e.g. the centralization of the educational system or the auton-

omy of schools. Especially when high stakes are connected to these summative as-

sessments they heavily influence teaching practice and the use of formative assess-

ment, respectively. Moreover, existing large-scale national assessments e.g. in Ger-

many or Switzerland aim at providing information at the educational system and not at 

the individual level. 

Structured formative assessment seems not to exist in the ASSIST-ME partner coun-

tries. Even if mandatory guidelines at the policy level exist that explicitly mention forma-

tive assessment (like e.g. in Switzerland as frequent, short, straight-forward actions to 

support student's learning and motivation), there are no systematic surveys of the ac-

tual formative assessment practice in schools. There are small- to medium-scale pro-

jects or studies in some countries (e.g. Germany, Denmark or Switzerland) which are 

investigating certain aspects and effects of formative assessment but they do not re-

flect everyday teaching practice. However, several countries (e.g. Finland, Denmark 

and Switzerland) report evidence that teachers use informal formative assessment in 

their regular teaching, especially through questioning or in classroom discussions. Re-

sults from France and Switzerland show a high acceptance of formative assessment by 

teachers, students and parents. In England, some teachers use pre-emptive formative 

assessment which means that they plan activities and ask questions that they know 

from experience may cause problems in their students’ learning. Such an approach 

could be seen as scaffolding and supportive of learning. However, it sometimes pro-

vides a shortcut which enables learners to complete a difficult task but without provid-

ing the opportunity to fully sort out the initial problem in the learning. Also in England, a 

national pilot called ‘Assessing Pupil Progress’ (Office for Standards in Education, 

Children's Services and Skills (Ofsted), 2011) was launched in 2010 which provides a 

criterion-referenced approach to learning. Although in essence, it is a help to make 

summative decisions, some teachers manage to use it more formatively. 

Countries regarded different factors as impeding the uptake of formative assessment. 

These factors are mostly in line with the results found in the international literature. A 

serious impediment is seen in teachers’ beliefs about assessment as an instrument for 

generating grades and ranking students (e.g. in Switzerland). In other countries, e.g. in 

Cyprus, research shows that although teachers seem to appreciate assessment as an 

integral component of teaching and a powerful means of enhancing the quality of 

teaching and learning, they nevertheless exhibit an inclination towards traditional as-

sessment approaches that yield overall scores. Other aspects mentioned e.g. in a 

study from Switzerland are a lack of time and a lack of teacher competence e.g. to dif-

ferentiate between different levels of proficiency within a class. Moreover, teachers 

often seem to have reservations towards formative assessment because they consider 

it to be laborious and difficult to implement (e.g. in Finland). Studies from England 

could show that implementing formative assessment is a massive undertaking for 

schools. Although ‘assessment for learning’ had been adopted as a National Strategy 

for whole school improvement which undoubtedly raised its profile, its implementation 

was hindered by competing priorities at schools, especially the summative agendas. 

Another observation mentioned in the English context is that external assessment sys-
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tems seem to undermine not only the assessment skills of teachers but also their con-

fidence in their ability to make sound assessments of their students.  

With respect to support that teachers need in order to implement formative assessment 

into their daily teaching practice, almost all countries agree on a general need for pre- 

and in-service teacher training that recognises, develops and values the professional-

ism of teachers. This training might address different aspects. Among the aspects 

named by the countries are: 

 Increasing teachers’ ‘assessment literacy’ (e.g. diagnostic competence, peer- 

and self-assessment, personal vs. normative frameworks, etc.), 

 Changing teachers’ beliefs about assessment (see above), 

 Increasing teachers’ pedagogical knowledge of student learning, 

 Developing dialogic classrooms, 

 Creating classroom environments that support formative assessment (e.g. by 

fostering student autonomy and learning readiness), 

 Providing teachers with a professional language to discuss the changes they 

implemented and their impact (e.g. by collaboration and reflective portfolios). 

In this context, the importance of a strong relation between educational research and 

assessment practice is stressed by e.g. Denmark and the Czech Republic. Teaching, 

learning and assessment should be closely interlinked in the planning and implementa-

tion of any teaching programme. An urgent need for concrete assessment tools is ex-

pressed in a study from Switzerland. They found that ready-made maths units including 

rubrics for assessment encouraged teachers to assess complex (and therefore often 

neglected) competences (Jundt & Wälti, 2011; Smit & Birri, 2012). In Finland, a possi-

ble way to support teachers could be to involve textbook writers in the process because 

of the central role textbooks play in Finnish teaching and learning. From a study on 

school effectiveness, eventually, Cyprus concludes that mechanisms for internal evalu-

ation need to be established and activities implemented that aim at improving teaching 

practice and the corresponding learning outcomes. 

No studies investigated whether the assessment methods influence the uptake of IBE 

in the respective countries. Switzerland, Finland, and the Czech Republic explicitly 

state that IBE is not used frequently, is uncommon or is not a part of the regular in-

struction, respectively. Different hypotheses exist, however, concerning this topic. For 

England, it is stated that the emphasis on coursework at GCSE has greatly hampered 

IBE development since much of the coursework done in schools in STM is ritualistic 

and narrow in focus. Another major issue is that IBE is often not assessed in examina-

tions (e.g. in Denmark and Finland) and is thus perceived as auxiliary to core teaching. 

However, there has been some research in Denmark on how summative and formative 

assessment could be used to promote learning in IBE (the ‘assessment dialogue’; 

Christensen, 2004). A study in Germany (Winter, 2007) points out that a dilemma be-

tween alternative assessment methods that aim at the contemplation of learning (like 

e.g. learning diaries) and student evaluation exists. Students might not openly express 

their ideas, opinions, and problems if they know they will be evaluated. On the other 

hand, students might be demotivated if they put much effort into e.g. a portfolio and this 
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work does not contribute to the grades at all. In Switzerland, possibilities for IBE are 

assumed to exist as no high stakes are connected to assessments. It is hypothesized 

that with more support for teachers in formative and summative assessment, IBE could 

gain significance. In a similar way, it is assumed in the Czech Republic that formative 

assessment facilitating the steps during an IBE activity could improve the adoption of 

new procedures based on IBE learning. In Germany, the implementation of educational 

standards (which include IBE competences) required the development of competence 

models – and thus assessment items – for IBE for monitoring purposes.  

With respect to the existence of instruments for formative assessments, countries differ 

significantly. Whereas in Finland and the Czech Republic no instruments exist at all, 

e.g. in Denmark the Ministry of Children and Education has published guidelines and 

instructions for a total of 25 different tools or methods for assessment of which most 

can be used directly for formative assessment (Ministry of Children and Education, no 

date). However, very little research-based knowledge exists on how these instruments 

are used. Another instrument developed in Denmark is called ‘The Teacher-Student 

Assessment Dialogue on Subject Matter’ that attempts to integrate assessment and 

instruction (Christensen, 2004). It was shown to be conducive to student learning and 

to amplify the learning processes that are prompted by regular teaching. Instruments 

from England include subject specific booklets to promote formative assessment as 

well as commercially available multiple-choice questions that can be used with elec-

tronic whiteboards or all web-enabled devices (e. g. Socrative.com, 2013). A research 

group at York is currently developing diagnostic questions in science that may be of 

use formatively. In Switzerland, formative assessment is systematically gaining im-

portance and being supported by regulations. Examples for formative assessment for-

mats are rubrics, portfolios in mathematics, and textbooks fostering IBE that include 

assessments. However, they do not reflect the daily practice in school. Similar to Den-

mark, instruments for formative assessment exist in Germany but there is only little 

research about their use. Recently, however, several studies investigated the use and 

effect of feedback in mathematics instruction (Klieme et al., 2010; Rakoczy, Harks, 

Klieme, Blum, & Hochweber, 2013). A categorization system for feedback was also 

proposed in France (Georges & Pansu, 2011). Other French studies investigated the 

use of a computer-based tool for diagnostic assessment in mathematics (Grugeon, 

Pilet, Chenevotot, & Delozanne, 2012) and of a so-called ‘personal contract of success’ 

which is supposed to enable students to identify their learning difficulties and show 

them ways to improvement (Talbot, 2009). With respect to IBE, several small to medi-

um scale studies in Germany focused on the (summative) assessment of experimenta-

tion competence in science education (e. g. Björkman, Labetzki, & Tiemann, 2010; 

Hammann, Phan, & Bayrhuber, 2007). In contrast, a Danish formative assessment 

instrument aimed at supporting students in performing inquiry processes in physics 

(Dolin, 2002). It was shown to increase the motivation, especially of girls, dramatically. 

In summary, one may say that not in all but in most of the ASSIST-ME partner coun-

tries approaches to formative assessment exist that might bear potential for the devel-

opment of assessment tools within the ASSIST-ME project. Research-based evidence 

of their use and effectiveness, however, is often missing. 
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4. Final conclusions and recommendations 
The aim of the work of WP 2 in the ASSIST-ME project was to provide a research-

based foundation for the future work in the project. Based on this work – and the previ-

ous reports from WP 2 – the following conclusions are drawn and recommendations 

are given that are supposed to guide the development and implementation of assess-

ment methods by WP 4 and WP 5. 

 

4.1 Conclusions 

The goal of WP 2 was to investigate the state-of-the-art of formative and summative 

assessment of inquiry-based education in science, technology and mathematics, both 

in the international literature and also in the specific national contexts of the ASSIST-

ME partner countries. Conclusions from this work can thus be drawn at different levels 

that are related either to IBE, to assessment or to the link between IBE and assess-

ment, respectively. 

Inquiry-based education. Inquiry as an approach to teaching and learning is strongly 

related to science education. In mathematics and technology education, the term ‘in-

quiry’ is used much more seldom. Nevertheless, approaches to teaching and learning 

that share common goals and characteristics with inquiry-based science education 

exist but come under different names like e.g. ‘engineering design’ in technology or 

‘problem solving’ in mathematics education. Even in science, however, no precise, 

consistent and generally agreed upon definition of IBE exists (although, especially look-

ing at former and on-going EU-projects within the field of IBE, a clear preference for the 

definition by Linn et al. (2004) can be observed). D 2.5 aimed at providing a definition 

of IBE suitable for the ASSIST-ME project. The results showed that, naturally, subject-

specific differences in the definitions of IBE in science, technology and mathematics 

exist. Nevertheless, the report also identified aspects of IBE that are relevant in all 

three subjects. Looking at these aspects in more detail, it became obvious that they are 

not solemnly related to competences but that even well-known and used definitions of 

IBE often not distinguish between competences, skills, activities and attitudes. Moreo-

ver, aspects that are called the same might have slightly different meanings in the dif-

ferent subjects. One important result from the country reports on national research on 

assessment of IBE (D 2.3) was that the degree to which IBE is a known and used ap-

proach to teaching and learning in their respective countries varies significantly. There 

are ASSIST-ME partner countries in which IBE is practically not practiced at all in daily 

instruction which may have implications for later phases of the project (e.g. the imple-

mentation phase). Summarizing the conclusion with respect to IBE, a need is seen for 

the project to clearly and precisely define what should be understood under IBE in the 

context of ASSIST-ME. Another variable that might be important in this context is the 

degree of openness in the inquiry instruction that can vary from very structured, teach-

er-guided to completely open formats. 

Formative and summative assessment. As with the definition of IBE, there is also some 

variation with respect to definitions of formative assessment in the literature. Moreover, 
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it has to be kept in mind that formative assessment approaches might come under dif-

ferent names in different countries (e.g. in Germany teachers prefer speaking of ‘indi-

vidual support’ instead of ‘formative assessment’). This might become important in later 

stages of the project in order to help teachers identify with the project and its objec-

tives. Although theoretical papers on formative assessment exist, empirical studies 

mainly focus on summative assessment even if they employ assessment methods that 

have the potential to be used formatively. These empirical studies are heavily dominat-

ed by the use of multiple-choice and constructed or open-response items, respectively. 

Only few papers have been found that focus e.g. on effects of specific formative as-

sessment instruments or the correlation between teacher characteristics and the use of 

formative assessment – here a definite need for further research could be observed. 

The results from the literature review do not straightforward allow for the exact defini-

tion of assessment methods or approaches. Multiple-choice items, for instance, can be 

constructed and used for completely different purposes like the assessment of e.g. 

specific knowledge, the level of conceptual understanding (by so-called ordered multi-

ple-choice items) or students’ misconceptions. Similarly, the assessment of e.g. rea-

soning competence depends on the underlying framework that defines the construct 

and that might differ between studies. Concerning specific aspects of formative as-

sessment, interesting research approaches and results can be found in the national 

literature (see D 2.3), e.g. about feedback in Germany or the ‘assessment dialogue’ in 

Denmark. The instruments listed in the country reports and the respective publications 

can also be important resources once the decision on specific assessment approaches 

within the ASSIST-ME project has been made. As the degree of inquiry in instruction 

might vary from guided to open, formative assessment methods might vary in their lev-

el of formality (on-the fly/informal vs. formal) and their time frame (within/between les-

sons vs. within/between teaching units vs. across semesters/years). 

Links between assessment and IBE. In the literature review, no specific patterns linking 

aspects of inquiry to assessment methods could be observed. Nevertheless, there are 

aspects that are assessed significantly more often than others which might be either 

due to the fact that they are considered more important or relevant or that they are re-

garded as more suitable for assessment. Among the well-researched aspects are e.g. 

‘argumentation/reasoning’, ‘communication/debating with peers’ and ‘diagnosing prob-

lems/identifying questions’ whereas e.g. ‘researching conjectures’ or ‘constructing and 

using models’ is much less well investigated. The assessment of inquiry-related com-

petences is heavily dominated by constructed and open response items and, especially 

in science, multiple choice items. Often standardized achievement tests are used in 

order to compare the effectiveness of inquiry-based approaches compared to more 

traditional instructional settings. In these cases, the assessment often does not focus 

on specific aspects of the inquiry process but on a general construct called ‘inquiry 

skills’ or ‘science process skills’ for which a precise definition of their meaning is fre-

quently missing. Assessment methods that are widely used in addition to more formal 

approaches are observational measures such as video, audio or observation notes. 
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4.2 Recommendations 

Taking the work of WP 2 during the first nine month of the ASSIST-ME project and the 

conclusions presented in the previous section into account, several recommendations 

might be inferred for the future work in the ASSIST-ME project. These recommenda-

tions can be summarized under the following four questions: 

1. What should be assessed? 

2. How should it be assessed? 

3. Which tools or instruments are needed for the assessment? 

4. How can teachers be supported in the process? 

In the following, recommendations are given with respect to these four questions. 

4.2.1 What should be assessed? 

Since no generally accepted definition of IBE exists and, as D 2.5 shows, the existing 

definitions cover a wide range of specific skills, competences, activities and attitudes, it 

is regarded as crucial for the project to decide on an operational definition of inquiry. It 

should be emphasized that the aim is not to produce a completely comprehensive defi-

nition of IBE but one that is easily accessible by teachers and addresses those aspects 

of inquiry that will be at the focus of ASSIST-ME. 

D 2.5 may serve as the basis for this decision. The operational definition should focus 

on those competences that the project is going to assess. When defining competences 

the definition of Weinert (2001) should be considered. It is recommended to choose 

subject-independent competences such as e.g. using models, investigations or argu-

mentation. To ensure that the chosen competences are really relevant in all three sub-

ject domains, experts from the subjects should be included in the decision process. In 

this context, it is important to keep in mind that for specific competences like e.g. rea-

soning, different frameworks may exist (e.g. in science sometimes ‘defining and work-

ing with variables’ and the ‘need for controlled experiments’ is regarded as belonging to 

reasoning whereas others allocate these competences to planning and conducting in-

vestigations). Thus, there is a need of exactly defining what these competences are 

supposed to mean in the ASSIST-ME context. 

In this decision process, however, the content or context in which the competences 

should be demonstrated and assessed should not be forgotten. In the literature on 

formative assessment, it is strongly advocated that assessment should not be an after-

thought to curriculum development but that curriculum and assessment experts as well 

as teachers should work together in the development process from the very beginning. 

This should also be heeded the other way around. 

4.2.2 How should it be assessed? 

To answer this question, again a need is seen for clear and decisive definitions (e.g. 

what is meant by methods and formats or instruments and tools and what their conse-

quences are). With respect to methods, one needs to think about e.g. process infor-

mation (e.g. how to collect data), what features (e.g. reliability, validity …) are expected 

and how these features can be transformed to make them meaningful for everyone 

involved in the project including the teachers. In this context, it has to be taken into 

account that different assessment formats might vary in test quality characteristics like 
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e.g. reliability or validity. More open formats require good rubrics (generic and/or spe-

cific); the development of rubrics should be part of the development process from the 

very beginning. Once the data is collected, one also needs to think about analytical 

procedures. Will the teachers be expected to do the structuring, analysis, evaluation 

and communication in a meaningful way completely on their own or who else (and in 

which way) should be involved in the analytical process? In this context, it has to be 

stressed that communication should be an integral part of the methodology. 

It is recommended to select a small number of assessment formats and develop illus-

trative examples that are close to existing teaching practice as well as guidelines for 

how to use them (facilitating the later production of teacher training materials). In this 

context, methods or formats that already exist and are used in the countries (see D 2.3) 

might provide helpful information and examples of best practice. Examples of methods 

to assess different aspects of IBE can be found in D 2.4. It is recommended to select 

methods that focus on different aspects of IBE and that allow for formative assessment 

at different levels of formality. The decision, thus, should not only be about formats but 

should also consider competences, processes and analytical procedures. It might be 

sensible to combine formats that assess specific (‘important’) competences with for-

mats that assess more the process as a whole (one possible combination might e.g. be 

multiple choice or open response items for assessing reasoning and notebooks for 

assessing the whole process of conducting investigations). 

Because of their huge prominence in the literature on assessment and IBE, it is rec-

ommended to include ‘traditional’ paper and pencil assessments (multiple choice, con-

structed or open response items) in the ASSIST-ME assessment formats in order to be 

compatible to international research. These traditional formats should be combined 

with innovative formats such as technology-based assessments (for specific recom-

mendations concerning e-assessments see next section). E-assessments have special 

potential for embedded assessments that can provide almost immediate feedback. 

These two formats could sensibly be complemented with more overarching, long-term 

formats like e.g. portfolios or learn logs (which should be used iteratively) and observa-

tional measures like videos or interviews to get a deeper understanding of students 

actions and answers. In this context, it has also to be taken into account that assess-

ment methods are not necessarily universally usable across age groups, grade levels 

or subjects. Whereas concept maps, e.g., can be useful formats for science in second-

ary school they might be less usable in the first grades of primary school because chil-

dren there are still lacking the necessary ability to reflect and abstract. On the other 

hand, learn logs or learning diaries could be useful tools in primary school, especially in 

those subjects that have comparably high amounts of instruction time. 

All chosen formats, however, should ensure that they involve both, teachers and learn-

ers but that ultimately the learner has to take action. They should promote productive 

discourse and be able to capture the classroom dialogue. This explicitly includes giving 

good formative feedback on written assignments. 

If the assessment is ICT-based, the relationship between e-learning and e-assessment 

has to be taken into account. The relationship is a key to the success of formative e-
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assessment. E-assessment loses its impact when it is just an add-on to usual class-

room practice and little time and effort is placed on it. It is thus important that the format 

and functionality of the e-assessments are familiar to the learner. Moreover, to ensure 

that the outcomes of e-assessment are used validly, the assessment development pro-

cess should consider which aspects of the curriculum could and do use technology in 

teaching and learning. The construct being taught and learnt and the construct being 

assessed need to be linked. 

Technology provides opportunities for the blurring of traditional lines between learning, 

formative and summative assessment like e.g. in gaming models. Using a gaming 

model shows how formative and summative assessment can be brought together in an 

IBE environment which develops and recognizes competencies. Moreover, adaptive e-

assessment can support the learner with self-assessments. 

The immediacy and elaborateness of feedback that can be given to students when it is 

integrated with e-assessment give it a distinct advantage over other types of assess-

ment. Feedback based on e-assessment should be instant, differentiated, individual-

ised and support students in their learning progress. 

Another advantage of e-assessments is the opportunity for interventions and intelligent 

tutoring options that allow for learner style and preferences to be accounted for, to en-

sure that e-learning is individualised. In addition, the richness of the outputs from e-

assessment allows teachers to monitor individual, group and sub-groups’ attainment, to 

see progress over time and across interventions, all of which feed into a more complete 

formative education process. 

However, there are two factors important for the implementation of e-assessments: the 

source of impetus for e-assessments and the need for resources and technical support. 

With respect to the first factor, for e-assessment initiatives to be scaled up, a key factor 

in success will be the financial commitment and support of senior managers. Some 

kind of top-down approach is needed as practitioners will not be able to influence 

change of this nature from the bottom up. Nevertheless, teacher beliefs, skills and con-

fidence are of course also crucial in the implementation process. Moreover, the imple-

mentation of e-assessments puts high requirements on financial and technical support 

(like e.g. interoperability with existing systems, network capacity and technical and 

pedagogical support for staff). 

4.2.3 Which tools or instruments are needed for the assessment? 

The answer to this question depends on the type of classroom processes and compe-

tences that should be assessed. The project needs formats that allow for looking at 

outputs of what students are constructing but also for looking at learning processes. 

Another important aspect is the development of the actual assessment tasks. In con-

trast to the competences that are supposed to be subject-independent, the assessment 

tasks should be content-oriented and embedded in the respective discipline. They 

should focus on the learning as it is taking place and provide ways to improvement. In 

that way, they will inform the implementation of whole learning progressions for devel-

oping the competences. Moreover, the content of the tasks should have relevance for 
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everyday life, should challenge the students and must allow for the collection of mean-

ingful data. 

Figure 3, Figure 4, and Figure 5 provide useful information in view of more specific 

methodological recommendations. In general, it is necessary to describe each tool or 

instrument and its use in detail. By doing this, one has to take the school level into ac-

count. For instance, it might be necessary to find alternative tools and instruments for 

primary school level as most of the reported ones are quite complex. 

In science, most of the tools and instruments are mainly used for the assessment of 

only one aspect of IBE (see Figure 4). For example, discourses and conversations are 

predominantly used for the assessment of ‘argumentation/reasoning/using evidence’ or 

‘debating with peers/communication’. Another example are constructed response items 

that are also mainly used for the assessment of ‘argumentation/reasoning/using evi-

dence’. Thus, it is desirable to develop tools and instruments that can be used for the 

assessment of more than one aspect of IBE. Preferably, consecutive aspects should 

be assessed, e.g. diagnosing problems, identifying questions, and formulating hypoth-

eses. In view of an analysis of the inquiry process and related competences, portfolios, 

mapping techniques and notebooks are possible assessment tools or instruments. Fur-

thermore, the assessment of planning and conducting investigations and experiments 

should be focused as this aspect forms the core of scientific inquiry. Multiple-choice 

items are an example for traditional assessment tools or instruments predominantly 

used for the assessment of knowledge and understanding, respectively. However, they 

can also be used for the assessment of aspects of IBE, e. g. ‘diagnosing prob-

lems/identifying questions’ or ‘formulating hypotheses’. 

In technology, on the contrary, it might be necessary to implement tools and instru-

ments that assess single aspects of the engineering design process. Usually, single 

aspects of IBE are assessed using almost exclusively performance assessments (see 

Figure 5). The whole process is mostly assessed by portfolios or observations. Here, 

alternative tools and instruments should be developed, e g. mapping techniques and 

notebooks. 

As well as in technology, in mathematics it might be necessary to develop diverse 

methods for several purposes. Looking at Figure 3 three areas can be distinguished. 

First, knowledge and understanding are assessed by several tools and instruments like 

portfolios, interviews, and observations. A second focus of the assessment is problem 

solving that is assessed by mostly different methods, e. g. artefacts, discourse, and 

videos. In contrast in the third area, a certain method is in the focus namely construct-

ed response items. These items are used for assessing a lot of aspects of IBE, e. g. 

‘argumentation/reasoning/using evidence’, ‘diagnosing problems/identifying questions’, 

and evaluating results. Moreover, constructed response items are used for the as-

sessment of ‘knowledge/understanding’ and ‘problem solving’, thus relating all three 

areas. Therefore, one objective should be the development of tools or instruments that 

assess all relevant aspects of IBE in mathematics. 
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Leading over to the last question, the project needs to think about ways to support the 

teachers in their tasks and provide them with tools or instruments. Rubrics were re-

garded as an essential and indispensable tool in this respect, especially for more open 

assessment formats. They can provide concise structures that allow teachers to organ-

ize information in a sensible way. 

When designing or developing ICT tools or instruments several aspects have to be 

taken into account. First of all, e-assessments should exploit the affordances of the 

technology and not just translate a paper-and-pencil test to an online version. This 

could be achieved by the inclusion of particular elements, for example, scaffolding 

questions, optional hints and clues, simulations and scenarios or digital learning ob-

jects. Moreover, one should make use of the interactivity that e-assessments provide 

and that could be especially useful in IBE (by interaction with authentic problem solving 

environments, instant feedback and adaptation to the learners’ responses). However, 

there is a need to avoid ‘random button pressing’. Interactive tasks should not be su-

perficial or authoritative, but should give learners control and contribute to deeper, dia-

logical interaction among students. In addition, aspects of validity and reliability have to 

be taken into account when developing e-assessments. 

4.2.4 How can teachers be supported in the process? 

To enable teachers to implement formative assessment approaches in their teaching, 

they need support. TPD is regarded as vital and indispensable in this respect. Re-

search has shown that this support must not be constrained to content and methods 

but must also address e.g. teachers’ pedagogical beliefs that can be a significant im-

pediment to the implementation of formative assessment. In this context, one also has 

to think about the vocabulary to make the definitions accessible for teachers. In Ger-

many, teachers e.g. prefer the term ‘individual support’ to ‘formative assessment’ – this 

vocabulary might be to some extend country specific. Following experiences from the 

UK with respect to ‘assessment for learning’, it is recommended that the project should 

focus on teachers experienced in IBE (at least in the beginning). Both, IBE and forma-

tive assessment present teachers with a challenge that in combination might be very 

hard for them to meet. In this context, however, it has to be considered that some 

countries reported that there is hardly any IBE used by teachers in their daily instruc-

tion (e.g. the Czech Republic or Finland). This has to be taken into account when de-

signing the TPD activities. In order to convince teachers to engage in the assessment 

process, the benefits of this engagement should be explicitly described in a way that is 

convincing for the teachers. This can be supported by tailoring the assessment formats 

to ordinary classrooms and designing the assessment tools in a way that they are not 

regarded as a lot of extra work by the teachers (since time is a serious constraint for 

teachers). 

In view of e-assessments, teachers need support in order to engage and feel confident 

with the new assessment technology. TPD activities should cover a range of areas: 

technology use in teaching and learning; e-assessment; formative assessment; links 

between summative and formative assessment; the pedagogic approaches of IBE and 

associated competencies; how each of these apply to the STM subjects; and the inter-
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relationships between each of these aspects. Moreover, teachers need to be released 

from their usual workload in order to take up TPD. 
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