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Table 9: Coding scheme for study characteristics and research methodologies of the studies
	Category 
	Codes 
	Short Description, if necessary
	Exemplar Literature

	Number
	-
	Articles in alphabetical order (from 1 to 75)
	-

	Publication Details
	-
	Names of author and co-authors
	-

	Publication Year
	-
	Year of publication
	-

	Country Information 1
	-
	Country of the institutions or universities the author(s) are affiliated
	-

	Publication Type
	Journal article
	Paper in journal
	Maaß (2006), Shahbari & Tabach (2020)

	
	Book chapter
	Paper in monograph
	Ikeda (2015), Blomhøj & Kjeldsen (2010)

	
	Conference proceedings
	Paper in conference proceedings
	Biccard & Wessels (2011), Czocher et al. (2020)

	Main Focus
	Theoretical
	Theoretical, conceptual, epistemological, historical, or philosophical analyses 
	Henning & Keune (2007), Højgaard (2010)

	
	Empirical
	Empirical study
	Kaiser & Maaß (2007), Mischo & Maaß (2013)

	
	Overview/Review
	Literature review or synthesis of literature or overview on discourse
	Frejd (2013), Schukajlow et al. (2018)

	
	Other
	None of the aforementioned, e.g. document analysis
	Alpers (2017)

	Empirical Approach
	Qualitative 
	Usage of qualitative methods reported by authors
	Tong et al. (2019), Yilmaz & Dede (2016)

	
	Quantitative
	Usage of quantitative methods reported by authors
	Beckschulte (2020), Hagena et al. (2017)

	
	Usage of both qualitative and quantitative methods
	Usage  of qualitative and quantitative methods jointly, but not called mixed-methods study
	Zöttl et al. (2010)

	
	Not mentioned
	No information about methods provided by authors 
	Huang (2011), Rensaa (2011)

	
	Not applicable
	Non-empirical study
	Henning & Keune (2007), Schukajlow et al. (2018)

	Sample/participants
	Elementary school students
	Grade 1 to 4 (age 5/6-9/10)
	Keisar & Peled  (2018), Zubi et al. (2019b)

	
	Secondary school students
	Grade 5 to 12 (age 10-17/18)
	Djepaxhija et al. (2017), Ludwig & Xu (2010)

	
	Other University students
	Students at universities, not studying teacher education, but engineering, STEM or interdisciplinary programs
	de Villiers & Wessels (2020), Gallegos & Rivera  (2015)

	
	Pre-service teachers
	Students at universities attending a teacher education program
	Anhalt, Cortez, & Bennett (2018), Hagena (2015)

	
	Not mentioned
	No information provided
	Zöttl et al. (2011)

	
	Not applicable
	Non-empirical study
	Højgaard (2010), Greefrath (2020)

	Sample Size
	1-50
	1-50 participants of the study
	Maaß (2006), Winter & Venkat (2013)

	
	51-100
	51-100 participants
	Huang (2012), Schukajlow et al. (2015)

	
	101-200
	101-200 participants
	Blomhøj (2020), Engel & Kuntze (2011)

	
	201-500
	201-500 participants
	Hagena et al. (2017), Vorhölter et al. (2017)

	
	501-1000
	501-1000 participants
	Beckschulte (2020), Hidayat, Zamri et al. (2018)

	
	>1000
	More than 1000 participants
	Hankeln et al. (2019), Zöttl et al. (2011)

	
	Not mentioned
	No information provided
	Cosmes Aragón & Montoya Delgadillo (2021), Blomhøj & Kjeldsen (2010)

	
	Not applicable
	Non-empirical study
	Henning & Keune (2007), Schukajlow et al. (2015)

	Data Collection
	Test instrument
	Standardized test with classification of correct/incorrect responses and corresponding scoring of right/wrong. 
	Greefrath et al. (2018), Zöttl et al. (2011) 

	
	Questionnaire
	Questionnaire (standardized, closed-ended questions) 
	Greefrath et al. (2018), Julie (2020)

	
	Video-audio or screen recording
	Video- audio or screen recordings (e.g. recording collective lesson discussions; students’ group or independent work on modelling tasks)
	Schukajlow et al. (2015), Yilmaz & Dede (2016)

	
	Written report
	Writing a larger text, narrative writing (unstandardized, open-ended questions)
	Govender (2020), Shahbari & Tabach (2020)

	
	Interview
	Interview, either individual interview or group interview, structured as narrative or biographical or semi-structured 
	Huang (2012), Krüger et al. (2020)

	
	Observation
	Direct observation of student behavior without video or audio recordings
	de Villiers & Wessels (2020), Greefrath et al. (2018)

	
	Worksheet
	Paper(s) with questions or/and exercises for learners 
	Durandt & Lautenbach (2020b), Tong et al. (2019)

	
	Oral examinations/presentation
	Oral examination with questions and answers on modelling work done
	Anhalt, Cortez, & Bennett (2018), Blomhøj & Jensen (2003)

	
	Concept maps
	Diagram  portraying possible relationships between the relevant concepts
	Kaiser & Maaß (2007), Maaß (2006) 

	
	Assignments/homework
	Assignment is a task set designated to learners through their instructors to be accomplished out of the classroom
	Maaß (2006), Tong et al. (2019)

	
	Student diary
	Students’ personal notes concerning their learning experiences 
	Kaiser & Maaß (2007), Maaß (2006)

	
	Rubric
	Scoring protocol used to assess students’ performance or quality of their work
	Aydin-Güç & Baki (2019), Leong & Tan (2020)

	
	Poster
	Presentation of work done 
	Anhalt, Cortez, & Bennett (2018), Durandt & Lautenbach (2020b)

	
	Written exam
	Written examination with questions and answers on modelling work done
	Maaß (2006), Maaß (2007)

	
	Field note
	Qualitative description of (structured) observations 
	de Villiers & Wessels (2020)

	
	Not mentioned
	No information provided
	Wijaya (2017)

	
	Not applicable
	Non-empirical study
	Henning & Keune (2007), Schukajlow et al. (2018)

	Participants’ Previous Modelling Experiences
	No experience or limited experience
	No experience or only limited experience in modelling by participants (e.g. one or two modelling activities) before intervention
	Ikeda (2015), Keisar & Peled (2018)

	
	Experienced
	Experience in modelling before research intervention  (e.g. taking modelling course and seminar)
	Hidayat, Zamri et al. (2018), Hidayat, Zulnaidi et al. (2018)

	
	Mixed
	Heterogeneous group of participants in terms of previous experience in modelling
	Aydin-Güç & Baki (2019)

	
	Not mentioned
	No information provided
	Beckschulte (2020), Brand (2014)

	
	Not applicable
	Non-empirical study
	Højgaard (2010), Greefrath (2020)

	Modelling Activities
	Group work
	Modelling activities conducted in group work
	Biccard & Wessels (2011), Wijaya (2017)

	
	Individual work
	Modelling activities conducted in individual work
	Frejd & Ärlebäck (2011), Ludwig & Xu (2010)

	
	Mixed 
	Modelling activities conducted in both group and individual work
	Leong & Tan (2020), Maaß (2006)

	
	Not mentioned
	No information provided
	Brand (2014), Fakhrunisa & Hasanah (2020)

	
	Not applicable
	Non-empirical study
	Henning & Keune (2007), Schukajlow et al. (2015)

	Type of Tasks
	Realistic modelling tasks
	Realistic modelling task used
	Shahbari & Tabach (2020), Winter & Venkat (2013)

	
	Open-ended modelling tasks
	Open-ended task used 
	Greefrath et al. (2018), Maaß (2006)

	
	Complex modelling tasks
	Complex task used
	Zubi et al. (2019a), Grünewald (2013)

	
	Multiple-choice modelling tasks
	Multiple-choice modelling task used 
	Durandt et al. (2021), Leiss et al. (2010)

	
	Authentic modelling tasks
	Authentic modelling task used 
	Grünewald (2013), Maaß (2006)

	
	Model-eliciting tasks
	Model-eliciting task used 
	Aydin-Güç & Baki (2019), Zubi et al. (2019a)

	
	Mathematical application/applied tasks
	Mathematical application/applied task used 
	Durandt & Lautenbach (2020a), Shahbari & Tabach (2020),

	
	Intra-mathematical tasks
	Intra-mathematical task used 
	Durandt et al. (2021), Leiss et al. (2010)

	
	Not mentioned
	No information provided
	Huang (2011), Vorhölter et al. (2017)

	
	Not applicable
	Non-empirical study
	Henning & Keune (2007), Jensen (2007)





Table 10: Coding scheme for measuring modelling competencies 
	Category
	Code
	Short Description, if necessary
	Exemplar Literature

	Measuring Strategies
	Test instrument
	Standardized test with classification of correct/ incorrect responses and corresponding scoring scheme 
	Greefrath et al. (2018), Zöttl et al. (2011)

	
	Questionnaire
	Questionnaire (standardized, closed-ended questions) 
	Greefrath et al. (2018), Julie (2020)

	
	Interview
	individual interview, group interview, narrative, biographical, structured, or semi-structured in order to collect data on modelling competencies
	Huang (2012), Krüger et al. (2020)

	
	Audio-video and screen recording
	Video- audio or screen recordings (e.g. recording collective lesson discussions; students’ group or independent work on modelling tasks, point-of-view observations)
	Schukajlow et al. (2015), Yilmaz & Dede (2016)

	
	Observation
	Direct observation of student behavior without video or audio recordings
	de Villiers & Wessels (2020), Greefrath et al. (2018)

	
	Written report
	Including writing a larger text, narrative writing (unstandardized, open-ended questions, project reports, retrospective reports, written task formulations)
	Govender (2020), Shahbari & Tabach (2020)

	
	Worksheet
	Paper with questions or/and exercises for learners to accomplish and record their answers or solutions
	Durandt & Lautenbach (2020b), Tong et al. (2019)

	
	Oral examination/presentation
	Talk with questions and answers and interaction between the presenter and audience in which a part of work is shown and explained
	Anhalt, Cortez, & Bennett (2018), Blomhøj & Jensen (2003)

	
	Concept map
	Diagram that portrays possible relationships between the relevant concepts
	Kaiser & Maaß (2007), Maaß (2006)

	
	Assignment/homework
	Task set designated to learners through their instructors to be accomplished out of the classroom
	Maaß (2006), Tong et al. (2019)

	
	Student diary
	Students’ personal notes concerning their learning experiences which recorded by students themselves
	Kaiser & Maaß (2007), Maaß (2006)

	
	Rubric
	Scoring protocol used to assess students’ performance or quality of their work
	Aydin-Güç & Baki (2019), Leong & Tan (2020)

	
	Poster
	Combination of a written text and an oral presentation
	Anhalt, Cortez, & Bennett (2018), Durandt & Lautenbach (2020b)

	
	Written exam
	Evaluation of modelling competencies by written tasks
	Maaß (2006), Maaß (2007)

	
	Field note
	Type of qualitative note saved by individuals (e.g. researchers) during the structured observations
	de Villiers & Wessels (2020)

	
	Other
	For example usage of a multidimensional IRT approach
	Zöttl et al. (2011)

	
	Not applicable
	Non-empirical study
	Henning & Keune (2007), Schukajlow et al. (2018)

	
	Not mentioned
	No information provided
	Wijaya (2017)



Table 11: Coding scheme for fostering of modelling competencies 
	Category
	Code
	Short Description, if necessary
	Exemplar Literature

	Fostering Strategies
	Training strategies
	Modelling courses/seminars, teaching units, professional development programs, and modelling projects 
	Frejd & Ärlebäck (2011), Winter & Venkat (2013)

	
	Exposure to modelling tasks and gaining experience
	Offering modelling tasks
	Djepaxhija et al. (2017), Zubi et al. (2019a)

	
	Using digital technologies
	Usage of digital technologies/tools (e.g. dynamic geometry software, mathematical computing software, programmable calculators, online sources) 
	Blomhøj (2020), Gallegos & Rivera  (2015)

	
	Focusing psychological factors
	Fostering psychological factors such as students’ self-efficacy, motivation, beliefs, and attitudes towards modelling
	Aydin-Güç & Baki (2019), Kaiser & Maas (2007)

	
	Focusing metacognitive factors
	Fostering students’ metacognitive competencies
	Hidayat, Zamri et al. (2018), Wijaya (2017)

	
	Theoretical considerations
	Adopting or comparing various theoretical frameworks (e.g. bottom-up, top-down, and top-down-enriched)
	Blomhøj & Jensen (2003), Brand (2014)

	
	Other
	Strategies other than mentioned above
	Biccard & Wessels (2011), Maaß (2007)



[bookmark: _GoBack]Table 12: Sample coding
Note. Except for coding “year”, the codes indicate “yes” (1), “no” (0).
	Category 
	Codes 
	Exemplary Coding 

	Number within data base
	-
	27
	58

	Publication details
	-
	Greefrath et al. (2018)
	Leiss et al. (2010)

	Publication Year
	Year
	2018
	2010

	Country information 1
	Germany
	1
	1

	Publication type
	Journal article
	1
	1

	
	Book chapter
	0
	0

	
	Conference proceedings
	0
	0

	Main focus
	Theoretical
	0
	0

	
	Empirical
	1
	1

	
	Overview/Review
	0
	0

	
	Other
	0
	0

	Empirical approach
	Qualitative 
	0
	0

	
	Quantitative
	1
	1

	
	Mixed methods
	0
	0

	
	Not mentioned
	0
	0

	
	Not applicable
	0
	0

	Sample/participants
	Elementary school students
	0
	0

	
	Secondary school students
	1
	1

	
	Other university students
	0
	0

	
	Pre-service teacher
	0
	0

	
	Not mentioned
	0
	0

	
	Not applicable
	0
	0

	Sample size
	1-50
	0
	0

	
	51-100
	0
	0

	
	101-200
	0
	0

	
	201-500
	0
	1

	
	501-1000
	1
	0

	
	>1000
	0
	0

	
	Not mentioned
	0
	0

	
	Not applicable
	0
	0

	Data collection
	Test instrument
	1
	1

	
	Questionnaire
	1
	1

	
	Video-audio or screen recording
	0
	1

	
	Written report
	0
	0

	
	Interview
	1
	0

	
	Observation
	1
	0

	
	Worksheets
	1
	0

	
	Oral examinations/presentations
	0
	0

	
	Concept maps
	0
	0

	
	Assignments/homework
	0
	0

	
	Student diaries
	0
	0

	
	Analytical rubrics
	0
	0

	
	Posters
	0
	0

	
	Written exams
	0
	0

	
	Field notes
	0
	0

	
	Not mentioned
	0
	0

	
	Not applicable
	0
	0

	Participants’ previous modelling experiences
	No experience or limited experience
	0
	0

	
	Experienced
	0
	0

	
	Mixed
	0
	0

	
	Not mentioned
	1
	1

	
	Not applicable
	0
	0

	Modelling activities
	Group work
	1
	1

	
	Individual work
	0
	0

	
	Mixed 
	0
	0

	
	Not mentioned
	0
	0

	
	Not applicable
	0
	0

	Type of tasks
	Realistic modelling task
	0
	0

	
	Open-ended modelling task
	1
	0

	
	Complex modelling task
	0
	0

	
	Multiple-choice modelling task
	0
	1

	
	Authentic modelling task
	0
	0

	
	Model-eliciting task
	0
	0

	
	Mathematical application/applied task
	0
	0

	
	Intra-mathematical task
	0
	1

	
	Other
	0
	1

	
	Not mentioned
	0
	0

	
	Not applicable
	0
	0

	Theoretical grounding
	Bottom-up approach 
	1
	1

	
	Top-down approach
	0
	0

	
	Top-down enriched approach
	0
	0

	
	Mixed/combined
	0
	0

	
	Other
	0
	0

	
	None
	0
	0

	Measuring strategies
	Test instruments
	1
	1

	
	Questionnaires
	1
	1

	
	Interviews
	1
	0

	
	Audio-video and screen recordings
	0
	1

	
	Observations
	1
	0

	
	Written reports/documents 
	0
	0

	
	Worksheets
	1
	0

	
	Oral examinations/presentations
	0
	0

	
	Concept maps
	0
	0

	
	Assignments/homework
	0
	0

	
	Student diaries
	0
	0

	
	Analytical rubrics
	0
	0

	
	Posters
	0
	0

	
	Written exams
	0
	0

	
	Field notes
	0
	0

	
	Using a multidimensional IRT approach
	0
	0

	
	Not applicable
	0
	0

	
	Not mentioned
	0
	0

	Fostering strategies
	Designing or conducting training strategies
	1
	0

	
	Exposure to a modelling task (sequence) and gaining experience in modelling
	0
	1

	
	Focusing on psychological factors
	1
	0

	
	Focusing on metacognitive factors
	0
	0

	
	Use of digital tools/technologies
	0
	0

	
	Theoretical considerations 
	0
	0

	
	Others 
	0
	0
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