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1. Search Strategy and Search Strings
Table S1
Search Strings
	Search String
	Specifications

	ProQuest Platform

	1.
	(ALL("project based learning" OR "project centered learning" OR "project based instruction" OR PjBL OR "problem based learning" OR "problem based approach" OR "case based learning" OR "case based instruction" OR "inquiry based learning" OR "enquiry based learning" OR "inquiry based instruction" OR "inquiry based teaching" OR "enquiry based teaching" OR "enquiry based instruction" OR "model based inquiry") AND ALL(motivation OR "self efficacy" OR "perceived competence" OR "control belief*" OR "locus of control" OR "attribution*" OR "outcome expectancy" OR "competence expectancy" OR "expectancy value" OR "interest" OR "task value" OR "goal orientation*" OR "achievement goal*" OR "mastery goal*" OR "learning goal*" OR "performance goal*" OR "perceived autonomy" OR "self determination" OR "intrinsic*" OR "willingness to learn" OR "learning intention" OR "self confidence" OR "perceived confidence" OR "attitude toward*" OR "learning attitude" OR "attitude to learn*" OR "attitude to study*") NOT ALL("case study")) 

	April, 27 2018: 
Databases: ERIC; ProQuest Dissertations & Theses A&I; Social Science Database; After 1969

May 4, 2023: 
Databases: ERIC; ProQuest Dissertations & Theses Global; Social Science Database; After 2017

ALL = Anywhere excluding full text.

	2
	ALL("case based learning" OR "case based instruction") AND ALL(motivation OR "self efficacy" OR "perceived competence" OR "control belief*" OR "locus of control" OR "attribution*" OR "outcome expectancy" OR "competence expectancy" OR "expectancy value" OR "interest" OR "task value" OR "goal orientation*" OR ("achievement goal*" OR "mastery goal*" OR "learning goal*" OR "performance goal*" OR "perceived autonomy" OR "self determination" OR "intrinsic*" OR "willingness to learn" OR "learning intention" OR "self confidence" OR "perceived confidence" OR "attitude") AND ALL("case study"))
	

	
	

	Web of Science Core Collection

	3.
	TOPIC: ("project based learning" OR "project centered learning" OR "project based instruction" OR "PjBl" OR "problem based learning" OR "problem based approach" OR "case based learning" OR "case based instruction" OR "inquiry based learning" OR "enquiry based learning" OR "inquiry based instruction" OR "inquiry based teaching" OR "enquiry based teaching" OR "enquiry based instruction" OR "model based inquiry") AND TOPIC: ("attitude toward*" OR " learning attitude" OR "attitude to learn*" OR "attitude to study*" OR "motivation" OR "self efficacy" OR "perceived competence" OR "control belief*" OR "locus of control" OR "attribution*" OR "outcome expectancy" OR "competence expectancy" OR "expectancy value" OR "interest" OR "task value" OR "goal orientation*" OR "achievement goal*" OR "mastery goal*" OR "learning goal*" OR "performance goal*" OR "perceived autonomy" OR "self determination" OR "intrinsic*" OR "willingness to learn" OR "learning intention" OR "self confidence" OR "perceived confidence") NOT TOPIC: ("case study")

	April 27, 2018:
Timespan: 1975-2018. Indexes: SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI.

May 4, 2023:
Timespan: 2023-04-27 to 2023-05-04 (Publication Date). Indexes: SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI.

	4.
	TOPIC: ("case based learning" OR "case based instruction") AND TOPIC: (motivation OR "self efficacy" OR "perceived competence" OR "control belief*" OR "locus of control" OR "attribution*" OR "outcome expectancy" OR "competence expectancy" OR "expectancy value" OR "interest" OR "task value" OR "goal orientation*" OR "achievement goal*" OR "mastery goal*" OR "learning goal*" OR "performance goal*" OR "perceived autonomy" OR "self determination" OR "intrinsic*" OR "willingness to learn" OR "learning intention" OR "self confidence" OR "perceived confidence" OR "attitude") AND TOPIC: ("case study")
	

	Medline (Web of Science Platform)

	5.
	(TOPIC: (((((((((((((("project based learning") OR "project centered learning") OR "project based instruction") OR "PjBl") OR "problem based learning") OR "problem based approach") OR "case based learning") OR "case based instruction") OR "inquiry based learning") OR "enquiry based learning") OR "inquiry based instruction") OR "inquiry based teaching") OR "enquiry based teaching") OR "enquiry based instruction") OR "model based inquiry") AND (TOPIC: (((((((((((((((((((((((((("attitude toward*") OR " learning attitude") OR "attitude to learn*") OR "attitude to study*") OR motivation) OR "self efficacy") OR "perceived competence") OR "control belief*") OR "locus of control") OR "attribution*") OR "outcome expectancy") OR "competence expectancy") OR "expectancy value") OR "interest") OR "task value") OR "goal orientation*") OR "achievement goal*") OR "mastery goal*") OR "learning goal*") OR "performance goal*") OR "perceived autonomy") OR "self determination") OR "intrinsic*") OR "willingness to learn") OR "learning intention") OR "self confidence") OR "perceived confidence") NOT TOPIC: ("case study")))’

	April 27, 2018:
Timespan: 1970-2018. Indexes: MEDLINE.

May 4, 2023:
Timespan: 2023-04-27 to 2023-05-04 (Publication Date). Indexes: MEDLINE.

	6.
	((TOPIC: ("case based learning" OR "case based instruction") AND TOPIC: ((((((((((((((((((((((("attitude") OR motivation) OR "self efficacy") OR "perceived competence") OR "control belief*") OR "locus of control") OR "attribution*") OR "outcome expectancy") OR "competence expectancy") OR "expectancy value") OR "interest") OR "task value") OR "goal orientation*") OR "achievement goal*") OR "mastery goal*") OR "learning goal*") OR "performance goal*") OR "perceived autonomy") OR "self determination") OR "intrinsic*") OR "willingness to learn") OR "learning intention") OR "self confidence") OR "perceived confidence")) AND TOPIC: ("case study"))
	

	APA PsychINFO OVID Interface

	7.
	((“project based learning” OR “project centered learning” OR “project based instruction” OR PjBL OR PBL OR “problem based learning” OR “problem based approach” OR “case based learning” OR “case based instruction” OR “inquiry based learning” OR “enquiry based learning” OR “inquiry based instruction” OR “enquiry based instruction” OR “inquiry based teaching” OR “enquiry based teaching” OR “model based inquiry”) AND (motivation OR “self-efficacy” OR “perceived competence” OR “control belief*” OR “locus of control” OR attribution* OR “outcome expectancy” OR “competence expectancy” OR “expectancy value” OR “interest” OR “task value” OR “goal orientation*” OR “achievement goal*” OR “mastery goal*” OR “learning goal*” OR “performance goal*” OR “perceived autonomy” OR “self determination” OR “intrinsic*” OR “willingness to learn” OR “self confidence” OR “perceived confidence” OR “attitude toward*” OR “learning attitude” OR “attitude to learn*” OR “attitude to study*”)).mp.
	April 27, 2018:
Limit: year = “1970-Current”

May 4, 2023:
Limit: year = “2018-Current”

	ScienceDirect

	8
	(“project based learning” OR “project centered learning” OR “project based instruction” OR PjBL) AND (motivation OR “self-efficacy” OR “perceived competence”)
	May 4, 2023
In Title, abstract or author-specified keywords

Limit: year = “1970-2023”

	9.
	(“project based learning” OR “project centered learning” OR “project based instruction” OR PjBL) AND (“control belief” OR “locus of control” OR attribution OR “outcome expectancy”)
	

	10.
	(“project based learning” OR “project centered learning” OR “project based instruction” OR PjBL) AND (“competence expectancy” OR “expectancy value” OR “interest” OR “task value”)
	

	11.
	(“project based learning” OR “project centered learning” OR “project based instruction” OR PjBL) AND (“goal orientation” OR “achievement goal” OR “mastery goal” OR “learning goal” OR “performance goal”)
	

	12.
	(“project based learning” OR “project centered learning” OR “project based instruction” OR PjBL) AND (“perceived autonomy” OR “self determination” OR “intrinsic” OR “willingness to learn”)
	

	13.
	(“project based learning” OR “project centered learning” OR “project based instruction” OR PjBL) AND (“self confidence” OR “perceived confidence” OR “attitude toward” OR “attitude towards”)
	

	14.
	(“project based learning” OR “project centered learning” OR “project based instruction” OR PjBL) AND (“learning attitude” OR “attitude to learn” OR “attitude to study”)
	

	15.
	(PBL OR “problem based learning” OR “problem based approach”) AND (motivation OR “self-efficacy” OR “perceived competence”)
	

	16.
	(PBL OR “problem based learning” OR “problem based approach”) AND (“control belief” OR “locus of control” OR attribution OR “outcome expectancy”)
	

	17.
	(PBL OR “problem based learning” OR “problem based approach”) AND (“competence expectancy” OR “expectancy value” OR “interest” OR “task value”)
	

	18.
	(PBL OR “problem based learning” OR “problem based approach”) AND (“goal orientation” OR “achievement goal” OR “mastery goal” OR “learning goal” OR “performance goal”)
	

	19.
	(PBL OR “problem based learning” OR “problem based approach”) AND (“perceived autonomy” OR “self determination” OR “intrinsic” OR “willingness to learn”)
	

	20.
	(PBL OR “problem based learning” OR “problem based approach”) AND (“self confidence” OR “perceived confidence” OR “attitude toward” OR “attitude towards”)
	

	21.
	(PBL OR “problem based learning” OR “problem based approach”) AND (“learning attitude” OR “attitude to learn” OR “attitude to study”)
	

	22.
	(“case based learning” OR “case based instruction”) AND (motivation OR “self-efficacy” OR “perceived competence”)
	

	23.
	(“case based learning” OR “case based instruction”) (motivation OR “self-efficacy” OR “perceived competence”)
	

	24.
	(“case based learning” OR “case based instruction”) AND (“control belief” OR “locus of control” OR attribution OR “outcome expectancy”)
	

	25.
	(“case based learning” OR “case based instruction”) AND (“competence expectancy” OR “expectancy value” OR “interest” OR “task value”)
	

	26.
	(“case based learning” OR “case based instruction”) AND (“goal orientation” OR “achievement goal” OR “mastery goal” OR “learning goal” OR “performance goal”)
	

	27.
	(“case based learning” OR “case based instruction”) AND (“perceived autonomy” OR “self determination” OR “intrinsic” OR “willingness to learn”)
	

	28.
	(“case based learning” OR “case based instruction”) AND (“self confidence” OR “perceived confidence” OR “attitude toward”  OR “attitude towards”)
	

	29.
	(“case based learning” OR “case based instruction”) AND (“learning attitude” OR “attitude to learn” OR “attitude to study”)
	




2. Coding of the Instructional Methods
	To code the instructional method, we developed a coding scheme in which we copied both the definition of the instructional method and the description of how it was implemented. For each problem-driven learning method we developed a separate coding scheme. Below we give part of the coding scheme and examples.

Problem-Based Learning (PBL) Coding Scheme and Examples
Coding Scheme for Wijnia et al. (2011) – High Quality Score
	1.
	Definition/ description of PBL
	The implementation was described as follows (Wijnia et al., 2011):
In the PBL environment, students worked in small groups with a maximum of 12 students on meaningful problems and met twice a week (Barrows, 1996). Groups were guided by a tutor. First, students were presented with the problem (Loyens, Rikers, & Schmidt, 2006; Schmidt & Moust, 2000). A problem is usually a description of an event or phenomenon that can be observed in daily life. After students read the problem, they start discussing and analyzing the problem, using their prior knowledge and common sense. To scaffold students during problem discussion, students followed the seven steps of the ‘‘Seven Jump method’’, which allows tackling problems in the two tutorial group meetings that are held each week (Schmidt & Moust, 2000). During the first tutorial group meeting, students perform the first five steps: (Step 1) clarification of unknown concepts, (Step 2) formulation of a problem definition, (Step 3) brainstorming on the problem, (Step 4) problem analysis, and (Step 5) formulation of learning issues for further self-directed study. After the first meeting, students use these learning issues to select and study relevant literature resources (Step 6). Finally, after 2 days of self-directed study, students shared their findings in the next tutorial meeting (Step 7).
The PBL curriculum entails eight 5-week periods, each 5-week period deals with a specific psychology subdiscipline, for instance social psychology, educational psychology, or clinical psychology. Therefore, courses are offered in a successive way. Thirty hours are reserved for self-study. In addition to the two compulsory tutorial meetings (6 h), an optional lecture is given once a week (2 h), and a compulsory 3-h practical session (Schmidt et al., 2009). (p. 104)

	2.
	Elements of PBL that are present
	☒ Problem = starting point
☒ Teachers have a guiding/ facilitating role
☒ Collaborative learning
☒ Ample time for self-study
☒ Resource are (in part) student-selected

	3.
	Group size 
	Max. 12

	4.
	Are there lectures available?

	☐ No (= pure PBL)
☒ Yes
☐ Unclear

	5.
	Is PBL combined with an end project or presentation?
	☒ No 
☐ Yes

	6.
	Quality of PBL description 
	☐ Low 
☐ Medium
☒ High

	7.
	Explanation
	-



Coding Scheme for Turan et al. (2009) – Low Quality Score
	1.
	Definition/ description of PBL
	PBL is described as follows (Turan et al. (2009):
PBL is identified by tutorials in which students are presented with a specific practical, real problem, or set of problems to solve (Wood 2003). In medicine, PBL is centered around the discussion and learning that emanates from a clinically based problem.
PBL is accepted as helping students develop metacognitive awareness and depends on self-regulated learning skills (Paris & Paris 2001; Dunlap 2005). One of the objectives of these types of educational methodologies is that students will become active participants in their own learning, constructing knowledge rather than just being passive recipients (Levett-Jones 2005). Barrows and Tamblyn (1980) identified one of the primary educational objectives that can be addressed by PBL as being the development of effective self-directedness. PBL appeals to curriculum developers because it is based on interdisciplinary learning, results in multiple outcomes, is integrated and competency-based, and emphasizes metacognitive or high-order skills and real-life perspectives (Putnam 2001). (p. e478)

	2.
	Elements of PBL that are present
	☐ Problem = starting point
☒ Teachers have a guiding/ facilitating role
☐ Collaborative learning
☐ Ample time for self-study
☐ Resource are (in part) student-selected

	3.
	Group size 
	?

	4.
	Are there lectures available?

	☐ No (= pure PBL)
☐ Yes
☒ Unclear

	5.
	Is PBL combined with an end project or presentation?
	☒ No 
☐ Yes

	6.
	Quality of PBL description 
	☒ Low
☐ Medium
☐ High

	7.
	Explanation
	The PBL process need to be explained in more detail to verify if all defining characteristics of PBL are present. 



Project-Based Learning (PjBL) Coding Scheme and Examples
Coding Scheme for Rodríguez et al. (2015) – High Quality Score
	1.
	Definition/ description of PJBL
	PjBL is defined as follows (Rodríguez et al., 2015):
PBL is a learning model that organizes learning around projects. Thomas (2000) lists five aspects that have to be considered in PBL projects:
-Projects are central, not peripheral to the curriculum.
-Projects are focused on questions or problems that drive students to encounter the central concepts and principles of a discipline.
-Projects involve students in a constructive investigation.
-Projects are student driven to some significant degree.
-Projects are realistic, not school like. (p. 1323)
PjBL was implemented as follows (Rodríguez et al., 2015):
Students participating in the PBL methodology are organized in groups of 6–7 members to develop the conceptual design of a space mission. Each student takes one of the following roles within the group:
(i) Project manager,
(ii) Mission analysis engineer,
(iii) Mechanical engineer,
(iv) Electrical engineer,
(v) Propulsion engineer,
(vi) Orbit and attitude control engineer,
(vii) Payloads engineer.
Each role is responsible for the design of the corresponding subsystem. This requires that all students study their subsystem and how to integrate it into the whole system; it is therefore necessary for them to negotiate with the other team members, since decisions on each subsystem affect the requirements and design of other subsystems, hence affecting the design and final performances of the system. Transmitting the relations among subsystems is always a hard task in theoretical classes, but is very well understood by students with this exercise.
With this learning methodology the students do a similar work to that developed in different companies and space agencies in the preliminary stages of a project such as, for example, the ESA Concurrent Design Facilities (CDF), where experts in each of the areas come together for a limited time, usually less than a week, to develop a feasibility phase of a space mission. Such offices exist also in the CNES, Airbus Defense and Space, etc.
Evaluation of student performance is one of the most difficult tasks in PBL courses (Dutson et al., 1997). When it involves team work it is often difficult to identify the effort and results of each student. In these courses the work evaluation is done through the following tools:
- Monitoring of groups in the classroom: at least 1.5 h/week of team work are conducted in the classroom with a lecturer who monitors and guides students in their work.
- Regular presentations along the semester where each group presents its Mission Analysis and Subsystems design. Each presentation is evaluated and, if significant errors are detected, they must be corrected for the final presentation.
- Several deliverables are handed along the project timeframe: the mission requirements document is delivered in the first week, the mission analysis report is delivered in the fifth week, and the mission final report is delivered in the tenth week. The two first reports are evaluated, and if significant errors are detected they must be corrected before the final report is delivered. (p. 1324)

	2.
	Elements of PJBL that are present
	☒ Project results in end product
☒ Teachers have a guiding/ facilitating role
☒ Collaborative learning
☒ Projects are central to the curriculum
☒ Projects are focused on driving questions/problems
☒ The project is student-driven

	3.
	Group size 
	6-7

	4.
	Quality of PJBL description 
	☐ Low 
☐ Medium 
☒ High

	5.
	Explanation
	Definition is similar to our definition and can be recognized in the implementation.




Coding Scheme for Reinertsen (2008) [footnoteRef:1] – Low Quality Score [1:  Reinertsen (2008) was excluded from the main analysis because it did not have a control group.] 

	1.
	Definition/ description of PJBL
	PjBL is described as follows (Reinertsen, 2008):
Project based learning involves the student in a hands-on investigative approach to learning. PBL is a philosophy that states, in essence, “it is important for students to have the ability to develop their own approaches to reach understanding” (Blumenfeld 1991). PBL is interdisciplinary and, as such, enables the learner to see correlations between subject matter. This is not the usual subject in isolation approach to teaching. By showing the subject connections, students are then able to make associations between the classroom and the outside world.
PBL starts with the development of a question. This question can be either teacher or student produced, but the question must hold meaning for the student. The question posed for the PBL assignment is then used to organize student learning activities. From those activities a final product, or artifact, is produced (Blumenfeld 1991). It is believed that without an engaging question, the learners will not be motivated to complete the project. In this case, no knowledge will be obtained. Therefore, artifacts used in PBL projects need to be realistic, authentic, and meaningful to the student in order for understanding to occur. Additionally, it is suggested that in order for the student to successfully complete the final PBL artifact, the learner needs to understand the key concepts of the question. (pp. 9–10)
PjBL was implemented as follows (Reinertsem, 2008):
During the first week of the study the researcher presented the introductory lesson to the unit on the state of New Jersey as given in their textbook New Jersey: Yesterday and Today published by Silver Burdett and Ginn. The researcher then presented the student with the webquest Counties of New Jersey created by Lana Nguyen found at www.geocities.com/nguyenld2005/index.html. The opening page of the web quest included the statement of the problem, criteria of final product, which included all information required for the final PowerPoint presentation, a guide of online sites that would be useful in completing their final product (see Appendix B), and a grading rubric (see Appendix C). 
Students were assigned to groups heterogeneously. The researcher planned out who would be in what group based loosely on student learning style, but more on personality and achievement levels. In this way, all participants would have to work together and use their skills to complete the project. The students would work in groups of two, making a class of ten groups. (p. 18)
It was further the described that each week students had to complete a power point slide on a specific topic. The powerpoint slides were presented in Week 4.

	2.
	Elements of PJBL that are present
	☒ Project results in end product
☐ Teachers have a guiding/ facilitating role
☒ Collaborative learning
☐ Projects are central to the curriculum
☒ Projects are focused on driving questions/problems
☐ The project is student-driven

	3.
	Group size 
	2

	4.
	Quality of PJBL description 
	☒ Low 
☐ Medium 
☐ High

	5.
	Explanation
	It is unclear of the project was student-driven. The role of the teacher is not well-described.



Case-Based Learning Coding Scheme and Examples
Coding Scheme for Baeten et al. (2013) – High Quality Score
	1.
	Definition/ description of CBL
	CBL is described as follows (Baeten et al., 2013):
The roots of CBL lie in the case method as applied at the Harvard Business School at the beginning of the 20th century, where it was considered as a problem-centred approach based on real-life situations (Merseth, 1991). Since then, many definitions of CBL have arisen in the literature. At the core of these definitions is the fact that CBL tries to create a bridge between theory and practice (Engle & Faux, 2006) by asking students to connect theories and concepts real-life situations (Kurz, Llama, & Savenye, 2005). In the present study, CBL is characterized by four features usually associated with constructivist or student-centred teaching methods, that is, (1) an active involvement of students in order to construct knowledge for themselves (Kirschner, Sweller, & Clark, 2006; Struyven et al., 2008) by selecting, interpreting, and applying information in order to solve assignments (Struyven et al., 2008); (2) the teacher is a facilitator of learning rather than a transmitter of knowledge (Beijaard, Vermunt, & Verloop, 2000); (3) use of authentic assignments (Elen, Clarebout, L´eonard,&Lowyck, 2007; Kirschner et al., 2006; Loyens, Rikers, & Schmidt, 2007; Struyven et al., 2008); and (4) learning in cooperation with fellow students (Loyens et al., 2007). (pp. 486–497)
CBL was implemented as follows (Baeten et al., 2013):
A CBL environment (CCCC; N = 307), in which students were challenged to construct knowledge by selecting and applying the information necessary to solve authentic cases. All cases were in a written format, focused on a specific developmental phase, and contained 2–16 pages. Students had to read the cases at home and in class questions about the cases were solved in small student groups with the help of the course book. Those questions consisted of true/false and open-ended questions in which the link had to be made between the case and the course content. … In solving these cases, the teacher’s role consisted of scaffolding and supervising. The solution to the case studies was not graded, since rewards tend to have a considerably negative effect on intrinsic motivation (Deci, Koestner, & Ryan, 1999). Instead, the solutions to the cases were corrected by students themselves using an answer key. In the answer key, students found the correct answers to the questions in the case. They had to compare their solutions with the solutions in the answer key, and, if necessary, elaborate or correct their own solutions. (p. 490)

	2.
	Elements of CBL that are present
	☒ Students prepare in advance/apply knowledge to the        case
☒ Teachers have a guiding/ facilitating role
☒ Collaborative learning
☒ Main work is done during CBL session/ no studying after CBL session

	3.
	Group size 
	?

	4.
	Quality of CBL description 
	☐ Low
☐ Medium
☒ High

	5.
	Explanation
	-



Coding Scheme for Ayyıldız and Tarhan (2013) – Low Quality Score
	1.
	Definition/ description of CBL
	CBL is described as follows (Ayyıldız & Tarhan, 2013):
In this research, the case study which is one of such active learning methods was used.
Case study method gives students an insight into the real world of organizations, and case studies are real life stories used to promote student engagement in classroom lessons. The most important feature of case study method is that students face with responsibility to make a decision about a real example in daily life. Because of being based on a story, case study and problem based learning methods are similar to each other. The difference between case and problem based learning methods can be difficult to ascertain. The main difference is in the presentation of the problem. While a case study is about a simple subject or concept, problem based learning activity is about an extensive subject. With case based learning, the problem is accompanied by resource materials and questions; with problem based learning, only the problem is provided (MacDonald and Isaacs, 2001). In addition, while case studies are applied in short periods, a problem based learning activity can continue for a semester or even an academic year. (p. 409)
CBL was implemented as follows (Ayyıldız & Tarhan, 2013):
The instruction in the experimental group was accomplished via case studies developed by the researchers, under the guidance of the educator experienced on active learning methods. Throughout the lessons; the students were ensured that they learned why the subject was important by associating subjects, concepts, and sub-concepts to simple cases and real problems in daily life; they benefited from brainstorming, presentation technique, animation shows, videos; and question and answer technique was used to activate students to participate in the lessons. During the process, it was found that the students’ interests towards the lesson increased gradually as they participated in the discussions, and it was seen that they started to ask more meaningful questions.
According to the literature review and experts’ opinions, eight case studies related to the subjects of gases, liquids, and solids were developed by the researchers covering the general properties of gases, gas pressure, laws of gases, equation of ideal gas, differences between real gases and ideal gases, van der Waals equation, general properties of liquids and solids, attractive forces between molecules of matters in liquid and solid states, vaporization process, state changes related to energy changes and solid structures. Then these case studies were reviewed by seven university chemistry educators for content validity. (p. 411)
The eight cases are described on pages 411–414.

	2.
	Elements of CBL that are present
	☐ Students prepare in advance/apply knowledge to the        case
☒ Teachers have a guiding/ facilitating role
☒ Collaborative learning
☐ Main work is done during CBL session/ no studying after CBL session

	3.
	Group size 
	?

	4.
	Quality of CBL description
	☒ Low
☐ Medium
☐ High

	5.
	Explanation
	It is unclear if the case is prepared at home and if the focus was on knowledge application.



3. Overview of the Included Studies
Table S2
Overview of the Included Problem-Based Learning (PBL) Studies
	[bookmark: _Hlk26219550]Report
	Sample
	Publication
	Country
	Level
	Domain
	Design
	Implementation
	Motivation measure (Quality)

	
	
	
	
	
	
	
	Quality
	≥ 12 w
	Curriculum
	

	Achuonye (2010)
	1
	Article
	Nigeria
	7-12
	STEM
	IG
	3
	no
	no
	Interest (1)

	Akınoğlu & Tandoğan (2007)
	1
	Article
	Turkey
	7-12
	STEM
	IG pre-post
	3
	no
	no
	Attitude (2)

	Ateş (2009)
	1
	Dissertation
	Turkey
	HE
	STEM
	IG pre-post
	3
	yes
	yes
	Competence belief (3), Control belief (3), Value (3), Intrinsic (3), Extrinsic (3)

	Banes (2013)
	1
	Dissertation
	USA
	HE
	STEM
	IG pre-post
	1
	yes
	no
	Motivation (2), Competence belief (2), Interest (2), Importance (2)

	Baragona (2009)
	1
	Dissertation
	USA
	HE
	STEM
	IG pre-post
	2
	no
	no
	Motivation (2)

	Baran (2016)
	1
	Article
	Turkey
	7-12
	STEM
	IG pre-post
	1
	no
	no
	Motivation (1), Attitude (2)

	Boren (2012)
	1
	Dissertation
	USA
	1-6
	STEM
	IG
	2
	no
	no
	Competence belief (3), Interest (3)

	Brand (2010)
	1
	Dissertation
	USA
	7-12
	Health
	IG pre-post
	1
	no
	no
	Competence belief (3), Control belief (3), Attitude (3), Value (3), Intrinsic (3), Extrinsic (3)

	Carll-Williamson (2003)
	1
	Dissertation
	USA
	7-12
	STEM
	IG pre-post
	3
	no
	no
	Attitude (1)

	De Witte & Rogge (2016)
	1
	Article
	Belgium
	7-12
	Other
	IG pre-post
	2
	no
	no
	Intrinsic (3), Extrinsic (3)

	Dilek Eren & Akinoglu (2013)
	1
	Article
	Turkey
	HE
	STEM
	IG pre-post
	2
	yes
	no
	Competence belief (1)

	Doody (2009)
	1
	Dissertation
	Ireland
	HE
	STEM
	IG pre-post
	2
	yes
	no
	Competence belief (2), Relative intrinsic index (2)

	Du et al. (2013)
	1
	Article
	China
	HE
	Health
	IG
	1
	yes
	yes
	Competence belief (1)

	Eraydın & Karagözoǧlu (2017)
	1
	Article
	Turkey
	HE
	Health
	IG
	2
	yes
	yes
	Competence belief (1)

	Galand et al. (2010)
	1
	Article
	Belgium
	HE
	STEM
	IG
	2
	yes
	yes
	Competence belief (3), Intrinsic (2), Extrinsic (2)

	Grant et al. (2012) &
Grant (2005)
	1
	Article &
Dissertation
	UK
	HE
	Health
	IG
	2
	yes
	yes
	Competence belief (3), Intrinsic (2)

	Günüşen et al. (2014)
	1
	Article
	Turkey
	HE
	Health
	IG
	3
	yes
	yes
	Control belief (3)

	Hesterberg (2005)
	1
	Dissertation
	USA
	HE
	Other
	IG pre-post
	2
	yes
	no
	Competence belief (3))

	Hidayati et al. (2020)
	1
	Article
	Indonesia
	7-12
	STEM
	IG pre-post
	1
	no
	no
	Motivation (1)

	Horak (2013)
	1
	Dissertation
	USA
	7-12
	STEM
	IG
	3
	no
	no
	Competence belief (2), Interest (2)

	Hu et al. (2021)
	1
	Conference
	China
	HE
	STEM
	IG
	2
	yes
	no
	Attitude (2)

	Hugerat et al. (2021) 
	1
	Article
	Israel
	7-12
	STEM
	IG pre-post
	3
	yes
	no
	Motivation (2)

	Hwang & Kim (2006)
	1
	Article
	South Korea
	HE
	Health
	IG
	2
	yes
	no
	Motivation (2)

	Kaufman & Mann (1996)
	1
	Article
	Canada
	HE
	Health
	IG
	1
	yes
	yes
	Interest (1)

	Kazemi & Goraishi (2012)
	1
	Conference
	Iran
	HE
	STEM
	IG
	2
	yes
	no
	Attitude (1)

	Könings et al. (2005)
	1
	Article
	Netherlands
	7-12
	Other
	IG pre-post
	3
	no
	no
	Motivation (1), Competence belief (2)

	Kuhnigk & Schauenburg (1997)
	1
	Article
	Germany
	HE
	Health
	IG
	1
	yes
	yes
	Control belief (1)

	Langelotz et al. (2005)
	1
	Article
	Germany
	HE
	Health
	IG
	3
	no
	no
	Motivation (1), Future Interest (1)

	LeJeune (2002)
	1
	Dissertation
	USA
	HE
	STEM
	IG pre-post
	2
	no
	no
	Motivation (2)

	Lin (2017)
	1
	Article
	Taiwan
	HE
	Other
	IG
	1
	no
	no
	Interest (1), Future Interest (1)

	Lohse Bayard (1994)
	1
	Dissertation
	USA
	HE
	Health
	IG
	2
	no
	no
	Motivation (1), Competence belief (2)

	Loyens et al. (2009)
	2
	Article
	Netherlands
	HE
	Other
	IG
	3
	yes
	yes
	Motivation (2)

	Lucieer et al. (2016)
	2
	Article
	Brazil
	HE
	Health
	IG
	2
	yes
	yes
	Competence belief (2)

	Lykke et al. (2015)
	1
	Article
	Costa Rica
	HE
	STEM
	IG
	1
	yes
	no
	Interest (1)

	Masek (2015)
	1
	Article
	Malaysia
	HE
	STEM
	IG pre-post
	1
	no
	no
	Intrinsic (2)

	Masek et al. (2016)
	1
	Conference
	Malaysia
	HE
	STEM
	IG pre-post
	1
	no
	no
	Motivation (1)

	Michel et al. (2002)
	2
	Article
	Germany
	HE
	Health
	IG
	3
	no
	no
	Interest (2)

	Mokhtar et al. (2013)
	1
	Article
	Malaysia
	HE
	STEM
	IG
	1
	-
	no
	Motivation (2)

	Montero et al. (2018)
	1
	Article
	Spain
	HE
	Health
	IG
	1
	yes
	yes
	Competence belief (1)

	Muñoz-Picos et al. (2019)
	1
	Conference
	Spain
	HE
	Health
	IG
	2
	no
	no
	Motivation (1)

	Musalamani et al. (2021)
	1
	Article
	Jordan
	7-12
	STEM
	IG pre-post
	3
	no
	no
	Attitude (2)

	Mykyten et al. (2008)
	1
	Article
	USA
	HE
	Other
	IG
	2
	yes
	no
	Motivation (2), Competence belief (1)

	Nelson Ross (2003)
	1
	Dissertation
	USA
	1-6
	Other
	IG
	1
	no
	no
	Importance (2), Interest (2)

	Ojaleye (2016)
	2
	Dissertation
	Nigeria
	7-12
	STEM
	IG pre-post
	1
	no
	no
	Attitude (2)

	Özbıçakçı et al. (2015)
	1
	Article
	Turkey
	HE
	Health
	IG
	3
	yes
	no
	Competence belief (3)

	Ozturk et al. (2008)
	1
	Article
	Turkey
	HE
	Health
	IG
	2
	yes
	yes
	Competence belief (1)

	Rajab (2007)
	1
	Dissertation
	USA
	HE
	STEM
	IG pre-post
	3
	no
	no
	Competence belief (3), Attitude (2)

	Rehmat (2015)
	1
	Dissertation
	USA
	1-6
	STEM
	IG pre-post
	2
	yes
	no
	Motivation (1)

	Reich et al. (2007)
	1
	Article
	Germany
	HE
	Health
	IG
	1
	no
	no
	Motivation (1), Interest (2)

	Rideout et al. (2002)
	1
	Article
	Canada
	HE
	Health
	IG
	3
	yes
	yes
	Competence belief (1)

	Sahin (2010)
	1
	Article
	Turkey
	HE
	STEM
	IG pre-post
	3
	no
	no
	Attitude (2)

	Samuel (2001)
	1
	Dissertation
	USA
	HE
	Health
	IG
	2
	no
	no
	Motivation (2)

	Saputro et al. (2020)
	1
	Article
	Indonesia
	HE
	STEM
	IG pre-post
	3
	no
	no
	Competence belief (2)

	Schauber et al. (2015)
	1
	Article
	Germany
	HE
	Health
	IG
	2
	yes
	yes
	Competence belief (3)

	Seçgin & Sungur (2021)
	1
	Article
	Turkey
	7-12
	STEM
	IG pre-post
	3
	no
	no
	Interest (2), Future interest (2)

	Senocak et al. (2007)
	1
	Article
	Turkey
	HE
	STEM
	IG pre-post
	3
	no
	no
	Attitude (2)

	Serin (2009)
	1
	Dissertation
	Turkey
	7-12
	STEM
	IG pre-post
	2
	no
	no
	Attitude (2)

	Sezgin Selçuk (2010)
	1
	Article
	Turkey
	HE
	STEM
	IG pre-post
	2
	no
	no
	Importance (2), Interest (2)

	Shen et al. (2022)
	1
	Article
	China
	HE
	Health
	IG
	2
	yes
	no
	Motivation (1)

	Shishigu Argaw et al. (2017)
	1
	Article
	Ethiopia
	7-12
	STEM
	IG pre-post
	2
	yes
	no
	Competence belief (3), Value (3)

	Short et al. (1997)
	1
	Article
	USA
	HE
	Health
	IG pre-post
	2
	yes
	yes
	Competence belief (2)

	Siew & Mapeala (2017)
	1
	Article
	Malaysia
	1-6
	STEM
	IG pre-post
	2
	no
	no
	Competence belief (3), Importance (3), Extrinsic (3)

	Sungur & Tekkaya (2006)
	1
	Article
	Turkey
	7-12
	STEM
	IG pre-post
	3
	no
	no
	Competence belief (3), Control belief (3), Value (3), Intrinsic (3), Extrinsic (3)

	Tiwari et al. (2006)
	1
	Article
	China
	HE
	Health
	IG pre-post
	3
	yes
	yes
	Competence belief (1)

	Tsai & Tang (2017)
	1
	Article
	Taiwan
	HE
	STEM
	IG pre-post
	1
	no
	no
	Competence belief (1), Value (1), Interest (1)

	Turan et al. (2009)
	1
	Article
	Turkey
	HE
	Health
	IG
	1
	yes
	yes
	Motivation (2)

	Uygun & Işık Tertemiz (2014)
	1
	Article
	Turkey
	1-6
	STEM
	IG pre-post
	1
	no
	no
	Attitude (1)

	Venter et al. (2022)
	1
	Article
	South Africa
	7-12
	STEM
	IG pre-post
	3
	no
	no
	Motivation (2)

	Vish (2013)
	1
	Dissertation
	USA
	7-12
	Other
	IG
	3
	no
	no
	Motivation (1)

	Westhues et al. (2014)
	1
	Article
	Canada
	HE
	Other
	IG pre-post
	2
	yes
	no
	Competence belief (2)

	Wijnen et al. (2018)
	1
	Article
	Netherlands
	HE
	Other
	IG
	3
	yes
	yes
	Intrinsic (3), Extrinsic (3)

	Wijnia et al. (2011)
	1
	Article
	Netherlands
	HE
	Other
	IG
	3
	yes
	yes
	Competence belief (3), Intrinsic (3), Extrinsic (3)

	Williams et al. (1998)
	1
	Article
	USA
	7-12
	STEM
	IG pre-post
	3
	no
	no
	Attitude (3)

	Yardimci et al. (2017)
	1
	Article
	Turkey
	HE
	Health
	IG
	2
	yes
	yes
	Motivation (-) (2), Intrinsic (2), Extrinsic (2)

	Yu et al. (2013)
	1
	Article
	China
	HE
	Health
	IG
	2
	no
	no
	Competence belief (1)

	Zhang et al. (2012)
	1
	Article
	China
	HE
	Health
	IG
	1
	yes
	no
	Competence belief (2), Interest (1)

	Zhong et al. (2015)
	1
	Conference
	China
	HE
	Health
	IG
	2
	yes
	No
	Competence belief (1), Interest (1)

	Zumbach et al. (2004)
	1
	Article
	Germany
	1-6
	STEM
	IG pre-post
	3
	no
	No
	Motivation (1)


Note. Sample indicates the number of independent samples for which data was reported in the research report. 1-6 = Grades 1-6, 7-12= Grades 7-12, HE = Higher Education, IG = Independent Groups. Quality scores range from 1 (low) to 3 (high).




Table S3
Overview of the Included Project-Based Learning (PjBL) Studies
	[bookmark: _Hlk26219742]Report
	Sample
	Publication
	Country
	Level
	Domain
	Design
	Implementation
	Motivation measure (Quality)

	
	
	
	
	
	
	
	Quality
	≥ 12 w
	Curriculum
	

	Afifi & Yulisma (2019)	
	1
	Conference
	Indonesia
	HE
	STEM
	IG
	1
	yes
	no
	Motivation (1)

	Apedoe et al. (2008)
	1
	Article
	USA
	7-12
	STEM
	IG
	3
	no
	no
	Future Interest (3)

	Aslan Efe et al. (2012)
	1
	Article
	Turkey
	HE
	Other
	IG pre-post
	2
	yes
	no
	Competence belief (2)

	Atadero et al. (2015)
	1
	Article
	USA
	HE
	STEM
	IG pre-post
	2
	yes
	no
	Competence belief (2&3)

	Baş (2011)
	1
	Article
	Turkey
	7-12
	Other
	IG pre-post
	2
	no
	no
	Attitude (1)

	Baş & Beyhan (2010)
	1
	Article
	Turkey
	1-6
	Other
	IG pre-post
	1
	no
	no
	Attitude (1)

	Bayer (2016)
	1
	Dissertation
	USA
	HE
	STEM
	IG pre-post
	3
	yes
	no
	Competence belief (2), Importance (3), Interest (3), Future Interest (2)

	Beier et al. (2019)
	1
	Article
	USA
	HE
	STEM
	IG
	2
	yes
	no
	Competence belief (2&3), Importance (2), Value (3), Interest (3), Future Interest (3)

	Bilgin et al. (2015)
	1
	Article
	Turkey
	HE
	Other
	IG pre-post
	2
	no
	no
	Competence belief (2)

	Cabanillas Hilario (2023)
	
	Article
	Spain
	1-6
	Other
	IG
	1
	no
	no
	Motivation (1)

	Çakıcı & Türkmen (2013)
	1
	Article
	Turkey
	1-6
	STEM
	IG pre-post
	2
	no
	no
	Attitude (1)

	Carter (2016)
	1
	Dissertation
	USA
	7-12
	STEM
	IG
	3
	no
	no
	Motivation (2)

	Ciftci (2015)
	1
	Conference
	Turkey
	1-6
	Other
	IG pre-post
	2
	no
	no
	Attitude (2)

	Cömert (2014)
	1
	Dissertation
	Turkey
	7-12
	STEM
	IG pre-post
	3
	no
	no
	Attitude (2)

	Duke et al. (2021)
	1
	Article
	USA
	1-6
	Other
	IG pre-post
	3
	yes
	no
	Attitude (2)

	Fowler & Meadows (2013)
	1
	Conference
	USA
	HE
	STEM
	IG pre-post
	1
	yes
	no
	Competence belief (2), Value (3), Interest (3), Importance (3)

	Harding et al. (2007)
	1
	Conference
	USA
	HE
	STEM
	IG
	1
	no
	no
	Intrinsic (3)

	Helle et al. (2007)
	1
	Article
	Finland
	HE
	STEM
	IG pre-post
	2
	yes
	no
	Intrinsic (2)

	Işik & Gücüm (2013)
	1
	Article
	Turkey
	7-12
	STEM
	IG
	2
	-
	no
	Competence belief (3), Value (3)

	Koparan & Güven (2014)
	1
	Article
	Turkey
	7-12
	STEM
	IG pre-post
	2
	no
	no
	Attitude (1)

	Liu & Pedersen (1998)
	1
	Article
	USA
	1-6
	Other
	IG pre-post
	1
	yes
	no
	Relative intrinsic index (2)

	Liu & Rutlegde (1997)
	1
	Article
	USA
	7-12
	Other
	IG pre-post
	1
	yes
	no
	Competence belief (3), Control belief (3), Value (3), Intrinsic (3), Extrinsic (3)

	Mahasneh & Alwan (2018)
	1
	Article
	Jordan
	HE
	Other
	IG
	1
	no
	no
	Competence belief (1)

	Mergele (2013)
	1
	Dissertation
	USA
	7-12
	Other
	IG
	1
	-
	no
	Value (1)

	Mioduser & Betzer (2007)
	1
	Article
	Israel
	7-12
	STEM
	IG pre-post
	2
	yes
	no
	Attitude (1)

	Mudrich (2017)
	1
	Dissertation
	USA
	7-12
	STEM
	IG pre-post
	2
	no
	no
	Competence belief (3), Value (3), Intrinsic (3)

	Olson (2022)
	1
	Dissertation
	USA
	HE
	Other
	IG pre-post
	2
	no
	no
	Intrinsic (3), Extrinsic (3)

	Pan et al. (2023)
	1
	Article
	Taiwan
	7-12
	Other
	IG pre-post
	3
	no
	no
	Competence belief (3) Value (3)

	Prayekti (2016)
	1
	Article
	Indonesia
	7-12
	STEM
	IG
	1
	yes
	no
	Motivation (1)

	Rodríguez et al. (2015)
	1
	Article
	Spain
	HE
	STEM
	IG pre-post
	3
	no
	no
	Importance (2), Interest (2)

	Rubrica (2018)
	1
	Other
	Philippines
	1-6
	STEM
	IG
	2
	no
	no
	Motivation (2)

	Samsudin et al. (2020)
	1
	Journal
	Malaysia
	7-12
	STEM
	IG pre-post
	1
	-
	no
	Competence belief (2)

	Worry (2011)
	1
	Dissertation
	USA
	7-12
	STEM
	IG
	1
	no
	no
	Motivation (2)

	Yalçin et al. (2009)
	1
	Article
	Turkey
	HE
	STEM
	IG pre-post
	2
	no
	no
	Attitude (1)

	Yancy (2012)
	1
	Dissertation
	USA
	1-6
	STEM
	IG pre-post
	1
	yes
	no
	Competence belief (3), Value (3), Intrinsic (3)


Note. Sample indicates the number of independent samples for which data was reported in the research report. 1-6 = Grades 1-6, 7-12= Grades 7-12, HE = Higher Education, IG = Independent Groups. Quality scores range from 1 (low) to 3 (high).



Table S4
Overview of the Included Case-Based Learning (CBL) Studies
	Report
	Sample
	Publication
	Country
	Level
	Domain
	Design
	Implementation
	Motivation measure (Quality)

	
	
	
	
	
	
	
	Quality
	≥ 12 w
	Curriculum
	

	Ayyıldız & Tarhan (2013)
	1
	Article
	Turkey
	HE
	STEM
	IG pre-post
	1
	-
	no
	Attitude (2)

	Baeten et al. (2013)
	1
	Article
	Belgium
	HE
	Other
	IG pre-post
	3
	yes
	no
	Intrinsic (3), Extrinsic (3)

	Barise (1998)
	2
	Dissertation
	Canada
	HE
	Other
	IG
	3
	no
	no
	Motivation (2)

	Bozic (2014)
	1
	Dissertation
	USA
	HE
	STEM
	IG
	1
	no
	no
	Competence belief (1), Importance (1)

	Bruning et al. (2008)
	2
	Article
	USA
	HE
	Other
	IG pre-post
	3
	yes
	no
	Competence belief (2)

	Cai et al. (2022)
	1
	Article
	China
	HE
	Health
	IG
	3
	no
	no
	Motivation (1)

	Chan (2014)
	1
	Dissertation
	China
	HE
	Other
	IG
	1
	yes
	no
	Competence belief (3), Control belief (3), Extrinsic (3), Intrinsic (3), Value (3)

	Chen et al. (2022)
	1
	Article
	China
	HE
	Health
	IG
	1
	no
	no
	Motivation (1)

	Ma & Zhou (2022)
	1
	Article
	China
	HE
	Health
	IG pre-post
	1
	yes
	no
	Competence belief (1)

	Olgun & Adali (2008)
	1
	Article
	Turkey
	1-6
	STEM
	IG pre-post
	3
	no
	no
	Attitude (1)

	Saral (2008)
	1
	Dissertation
	Turkey
	7-12
	STEM
	IG pre-post
	2
	no
	no
	Value (3), Intrinsic (3), Extrinsic (3)

	Yalҫinkaya et al. (2012) & Yalҫinkaya (2010)
	2
	Article &
Dissertation
	Turkey
	7-12
	STEM
	IG pre-post
	3
	yes
	no
	Competence belief (3), Control belief (3), Attitude (2), Value (3), Intrinsic (3), Extrinsic (3) 

	Yıldıran Sönmez (2015)
	1
	Dissertation
	Turkey
	7-12
	STEM
	IG pre-post
	3
	no
	no
	Competence belief (2), Importance (2), Intrinsic (1)

	Yoo & Park (2015)
	1
	Article
	South Korea
	HE
	Health
	IG pre-post
	1
	no
	no
	Motivation (2)

	Zhu et al. (2021)
	1
	Article
	China
	HE
	STEM
	IG pre-post
	1
	yes
	no
	Competence belief (1)


[bookmark: _Hlk26219498]Note. Sample indicates the number of independent samples for which data was reported in the research report. 1-6 = Grades 1-6, 7-12= Grades 7-12, HE = Higher Education, IG = Independent Groups. Quality scores range from 1 (low) to 3 (high). 

4. Analyses of Studies with a Single-Group Pre-Post Design
[bookmark: _Hlk142923655][bookmark: _Hlk143027559]Originally, we also wanted to include papers with single-group pre-post design. In our initial search, we identified 101 subsamples with single group pre-post design, resulting in a small positive effect (d = 0.376, SE = .04, 95% CI [0.308, 0.444]). Effect size calculation and the analysis was performed in Comprehensive Meta-Analysis. For the studies with single-group pre-post designs, we used sample size, the pretest and posttest means and standard deviations (SDs), and the pre–posttest correlation to compute effect sizes if reported. We assumed a correlation of .50 if it was not reported and could not be calculated. If an intervention study reported three time-points (i.e., pretest, mid-intervention, and posttest), we only included the pre- and posttest scores (e.g., Ryan, 1993; Vazquez, 2008). If means and SDs were not reported separately for the pre- and post-test, we used mean differences and SD of the difference scores instead. If no SDs were reported, we used statistical data such as t-values or p-values, combined with sample size and, when possible, means to compute effect sizes. A list of the included papers is provided in the reference list, indicated with a cross (†).


5. Publication Bias
[bookmark: _Hlk26216023]In Figure S1, we present the funnel plot for the combined effect student-centered, problem-driven learning on students’ motivation.

Figure S1
Funnel Plot for the Effect of Problem-Driven Learning on Motivation
[image: ]
[bookmark: _Hlk52359365]Note. Funnel plot with observed and imputed studies. The white dots represent the observed study samples included in the meta-analysis, and the black dots represent the 36 studies trimmed to the right of the mean using Duval and Tweedie’s trim-and-fill technique, resulting in in adjustment of the effect size from 0.50 to 0.766 (95% CI [0.626, 0.907]).
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