[bookmark: _Ref524513719][bookmark: _GoBack]Appendix 4 - Summary of interventions for learners experiencing academic difficulties
	Remediation interventions (references) under each Behaviour Change Technique Groupings
(studies identified by a * were focused on a single intervention (i.e. not combined with other interventions in the program evaluation design)
	Number of interventions
	Level
	Educational diagnosis
	Pooled number of participants (n)
	Quality of evidence (weighted mean MMAT score (%)
	Importance of results (weighted mean Kirkpatrick) (/4)
	Magnitude of results (weighted mean effectiveness) (/3)
	Strength of recommendation

	
	
	Undergraduate
	Postgraduate
	Knowledge
	Skills
	Attitude
	Learner personal issues
	Teacher
	Learning environment
	
	
	
	
	

	ANTECEDENTS
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	 
	 
	

	Accommodations - Assistance with note taking (Segal et al., 1999)
	1
	1
	 
	
	
	
	●
	
	
	28
	0.0%
	2
	4
	Weak

	Accommodations - Extra time on tests (Walter and Croen, 1993; Segal et al., 1999)
	2
	2
	 
	
	
	
	●
	
	
	31
	5.0%
	2
	4
	Weak

	Accommodations - Separate room seating (Walter and Croen, 1993)
	1
	1
	 
	
	
	
	●
	
	
	3
	50.0%
	2
	4
	Weak

	Accommodations - quiet area for dictating (Katz et al., 2013)
	1
	 
	1
	
	
	
	●
	
	
	1
	0.0%
	3
	4
	Weak

	Back-up coverage for calls (Blumberg et al., 1995)
	1
	 
	1
	●
	●
	
	
	
	
	20
	75.0%
	4
	3
	Moderate

	Course extension (Burch et al., 2007; Sikakana, 2010)
	2
	2
	 
	●
	●
	
	
	
	
	1405
	98.7%
	3.89
	3.06
	Strong

	Curriculum content review (reduction of unnecessary details) at the program level (Slavin et al., 2014)
	1
	1
	 
	
	
	
	
	
	●
	741
	100.0%
	3
	4
	Strong

	Curriculum decompression (McCahan, 1991*; Kies and Freund, 2005; Sikakana, 2010)
	3
	3
	 
	
	
	
	●
	
	●
	1444
	99.3%
	3.84
	3.07
	Strong

	Eliminating norm-referenced exam performance data (e.g., z scores, ranks) and set a criterion-referenced total score for passing the course (Slavin et al., 2014)
	1
	1
	 
	
	
	
	
	
	●
	741
	100.0%
	3
	4
	Strong

	Environmental changes encouraging health promotion (Brennan and McGrady, 2015)
	1
	 
	1
	
	
	
	
	
	●
	10
	0.0%
	3
	3
	Weak

	Limits on away/elective rotations (Reamy and Harman, 2006)
	1
	 
	1
	
	●
	●
	●
	
	
	21
	75.0%
	4
	4
	Moderate

	Modified schedule/ease time demands (Reamy and Harman, 2006)
	1
	 
	1
	
	
	
	
	
	●
	21
	75.0%
	4
	4
	Moderate

	Pass/fail grading system (Slavin et al., 2014)
	1
	1
	 
	
	
	
	
	
	●
	741
	100.0%
	3
	4
	Strong

	Reduce patient load (Audetat et al., 2011)
	1
	1
	1
	
	
	
	●
	
	●
	14
	100.0%
	1
	1
	Very weak

	Reduced contact hours across the first two years of the curriculum by approximately 10% (Slavin et al., 2014)
	1
	1
	 
	
	
	
	
	
	●
	741
	100.0%
	3
	4
	Strong

	Reschedule a course at a relevant timing of curriculum (Slavin et al., 2014)
	1
	1
	 
	
	
	
	
	
	●
	741
	100.0%
	3
	4
	Strong

	ASSOCIATIONS
	 
	
	
	
	
	
	
	
	
	 
	
	 
	 
	

	Clinical correlations (Pickell et al., 1991)
	1
	1
	 
	●
	●
	
	
	
	
	113
	0.0%
	4
	4
	Moderate

	Cognitive intervention/rehabilitation (Walter and Croen, 1993; Laatsch, 2009*; Winston et al., 2010*; Klamen and Williams, 2011*; Katz et al., 2013)
	5
	4
	1
	
	●
	
	●
	
	
	239
	91.0%
	2.05
	4
	Moderate

	Contextual learning (Walter and Croen, 1993; Chur-Hansen, 1999)
	2
	2
	 
	●
	●
	●
	
	
	
	90
	1.7%
	2
	2.07
	Very weak

	Problem-based learning (Pickell et al., 1991; Magarian and Campbell, 1992; Camp et al., 1994*; Burch et al., 2007*)
	4
	4
	 
	
	●
	
	
	
	
	421
	56.0%
	2.54
	3.9
	Moderate

	Question writing (Aeder et al., 2010)
	1
	 
	1
	●
	●
	
	
	
	
	125
	50.0%
	2
	2
	Very weak

	Reasoning out loud (Walter and Croen, 1993; Audetat et al., 2011)
	2
	2
	1
	
	●
	
	
	
	
	17
	91.3%
	1.18
	1.53
	Very weak

	Scientific writing (Hardy, 1999)
	1
	1
	 
	
	●
	
	
	
	
	69
	75.0%
	2
	4
	Moderate

	Standardized clinical reasoning remediation plan (Guerrasio and Aagaard, 2014*)
	1
	1
	1
	
	●
	
	
	
	
	53
	75.0%
	4
	4
	Strong

	Written clinical protocols (Blumberg et al., 1995)
	1
	 
	1
	●
	●
	
	
	
	
	20
	75.0%
	4
	3
	Moderate

	COMPARISON OF BEHAVIOUR
	 
	
	
	
	
	
	
	
	
	 
	
	 
	 
	

	Demonstration (Pickell et al., 1991)
	1
	1
	 
	●
	●
	●
	
	
	
	113
	0.0%
	4
	4
	Moderate

	DVD viewing (LaRochelle et al., 2012)
	1
	1
	 
	
	●
	●
	
	
	
	66
	100.0%
	2
	4
	Moderate

	Motivational activities (summer internships, tutoring on study and test taking skills, and shadowing a medical professional) (Tekian and Hruska, 2004)
	1
	1
	 
	
	●
	●
	●
	
	
	92
	100.0%
	2
	4
	Moderate

	FEEDBACK AND MONITORING
	 
	
	
	
	
	
	
	
	
	 
	
	 
	 
	

	Direct observation (Audetat et al., 2011)
	1
	1
	1
	●
	●
	●
	
	
	
	14
	100.0%
	1
	1
	Very weak

	Feedback (Blumberg et al., 1995; Chur-Hansen, 1999; Sayer et al., 2002; Harthun et al., 2005; Borman, 2006; Aeder et al., 2010; Cleland et al., 2010; Rowland et al., 2012; Katz et al., 2013; Guerrasio, Garrity, et al., 2014; Bhatti et al., 2016)
	11
	4
	8
	●
	●
	●
	●
	
	
	1772
	76.3%
	2.32
	3.62
	Moderate

	Feedback (web-based) (Drake et al., 2015)
	1
	 
	1
	●
	
	
	
	
	
	444
	100.0%
	2
	3
	Moderate

	Informal discussion with program director (Dupras et al., 2012)
	1
	 
	1
	
	●
	●
	●
	
	
	268
	75.0%
	2
	4
	Moderate

	Pretest/posttest examinations (Rowland et al., 2012)
	1
	 
	1
	●
	●
	●
	
	
	
	225
	25.0%
	2
	4
	Weak

	Quarterly meetings with resident moonlighters led by the service chief (Blumberg et al., 1995)
	1
	 
	1
	●
	●
	●
	
	
	
	20
	75.0%
	4
	3
	Moderate

	Quiz (Pickell et al., 1991; Borman, 2006; Gregg et al., 2008; Kosir et al., 2008)
	4
	1
	3
	●
	●
	
	
	
	
	154
	0.0%
	3.47
	3.9
	Moderate

	Reflection (Guerrasio, Garrity, et al., 2014)
	1
	1
	1
	
	●
	●
	●
	
	
	151
	66.7%
	4
	4
	Moderate

	Requirement to check-in at specified intervals and maintain open lines of communication with Dean of Students and other school officials (Brokaw et al., 2011)
	1
	1
	 
	
	
	●
	
	
	●
	191
	75.0%
	2
	4
	Moderate

	Videotape review (Borman, 2006; Reamy and Harman, 2006; Rowland et al., 2012)
	3
	 
	3
	●
	●
	●
	
	
	
	261
	27.7%
	2.16
	3.94
	Weak

	GOALS AND PLANNING
	 
	
	
	
	
	
	
	
	
	 
	
	 
	 
	

	Active learning (Chur-Hansen, 1999; Katz et al., 2013)
	2
	1
	1
	●
	●
	●
	●
	
	
	88
	0.0%
	2.01
	2.02
	Very weak

	Faculty advisor meeting with learning plan (Harthun et al., 2005; Borman, 2006; Reamy and Harman, 2006; Enriquez Vilapana et al., 2008)
	4
	1
	3
	●
	●
	●
	●
	
	
	68
	29.0%
	2.62
	3.43
	Moderate

	Individual remedial training with simulation (Guerrasio and Aagard, (in press))
	1
	 
	1
	●
	●
	●
	
	
	
	6
	0.0%
	4
	4
	Weak

	Learning/remediation plan (Chur-Hansen, 1999; Rowland et al., 2012; Katz et al., 2013; Guerrasio, Garrity, et al., 2014; Bierer et al., 2015*)
	5
	3
	3
	●
	●
	●
	●
	
	
	490
	36.0%
	2.67
	3.64
	Moderate

	Remedial program/tool (Sayer et al., 2002; Brokaw et al., 2011; Sanche et al., 2011*; Guerrasio et al., (in press)*)
	4
	2
	2
	●
	●
	●
	●
	
	
	373
	76.7%
	2.79
	4
	Strong

	Self-regulated learning (Walter and Croen, 1993)
	1
	1
	 
	●
	●
	●
	
	
	
	3
	50.0%
	2
	4
	Weak

	NATURAL CONSEQUENCES
	 
	
	
	
	
	
	
	
	
	 
	
	 
	 
	

	Completion of an independent project (Brokaw et al., 2011)
	1
	1
	 
	
	●
	●
	
	
	
	191
	
	2
	4
	Moderate

	Daily management reviews by quality insurance coordinator (Blumberg et al., 1995)
	1
	 
	1
	●
	●
	
	
	
	
	20
	75.0%
	4
	3
	Moderate




	REGULATION
	 
	
	
	
	
	
	
	
	
	 
	
	 
	 
	

	Formal psychomotor/learning assessment and therapy (Bhatti et al., 2016)
	1
	 
	1
	
	
	
	●
	
	
	207
	
	3
	3
	Strong

	Leave of absence (Bhatti et al., 2016)
	1
	 
	1
	
	
	
	●
	
	
	207
	100.0%
	3
	3
	Strong

	Medical evaluation and therapy (Segal et al., 1999; Cleland et al., 2010; Brokaw et al., 2011; Bhatti et al., 2016)
	4
	3
	1
	
	
	
	●
	
	
	1335
	100.0%
	2.16
	3.84
	Moderate

	Meditation [Brennan et al. (2015)]
	1
	 
	1
	
	
	
	●
	
	
	10
	94.3%
	3
	3
	Weak

	Physical exercise [Powell (2004)]
	1
	1
	 
	
	
	
	●
	
	
	67
	0.0%
	2
	4
	Weak

	Psychological/psychiatric counseling/support (Walter and Croen, 1993; Segal et al., 1999; Powell, 2004; Reamy and Harman, 2006; Cleland et al., 2010; Brokaw et al., 2011; Mysorekar, 2012; Yaghoubian et al., 2012; Bhatti et al., 2016; Sparks et al., 2016)
	10
	6
	3
	
	
	
	●
	
	
	1859
	25.0%
	2.14
	3.89
	Moderate

	Referral to student support services (Cleland et al., 2010)
	1
	1
	 
	
	
	
	●
	
	
	909
	88.3%
	2
	4
	Moderate

	Relaxation (Powell, 2004)
	1
	1
	 
	
	
	
	●
	
	
	67
	100.0%
	2
	4
	Weak

	Resilience and mindfulness program (Slavin et al., 2014)
	1
	1
	 
	
	
	
	
	
	
	741
	25.0%
	3
	4
	Strong

	Stress management /well-being training (interactive sessions) (McGrady et al., 2012*; Brennan and McGrady, 2015; Brennan et al., 2016*)
	3
	2
	1
	
	
	
	●
	
	
	499
	100.0%
	3
	3.9
	Strong

	Substance abuse rehabilitation (Reamy and Harman, 2006; Bhatti et al., 2016)
	2
	 
	2
	
	
	
	●
	
	
	228
	93.7%
	3.09
	3.09
	Strong

	Visual training (Walter and Croen, 1993)
	1
	1
	 
	
	
	
	●
	
	
	3
	97.7%
	2
	4
	Weak

	REPETITION AND SUBSTITUTION
	 
	
	
	
	
	
	
	
	
	 
	
	 
	 
	

	Communication skills training (Chur-Hansen, 1999; Hardy, 1999)
	2
	2
	 
	
	●
	
	
	
	
	156
	
	2
	2.88
	Weak

	Deliberate practice (Guerrasio, Garrity, et al., 2014)
	1
	1
	1
	●
	●
	●
	
	
	
	151
	33.3%
	4
	4
	Moderate

	Laboratories (Pickell et al., 1991)
	1
	1
	 
	
	●
	
	
	
	
	113
	66.7%
	4
	4
	Moderate

	Longitudinal electives (Slavin et al., 2014)
	1
	1
	 
	●
	●
	●
	●
	
	
	741
	0.0%
	3
	4
	Strong

	MCAT preparation (Hardy, 1999)
	1
	1
	 
	●
	●
	
	
	
	
	69
	100.0%
	2
	4
	Moderate

	Physical examination practice session (Pickell et al., 1991)
	1
	1
	 
	●
	●
	
	
	
	
	113
	75.0%
	4
	4
	Moderate

	Practice for exams (Shokar, 2003; Kosir et al., 2008; Aeder et al., 2010)
	3
	 
	3
	●
	●
	
	
	
	
	153
	0.0%
	2
	2.18
	Very weak

	Repetition of previous course content (Burch et al., 2013)
	1
	1
	 
	●
	●
	
	
	
	
	80
	50.0%
	2
	4
	Moderate

	Research (Tekian and Hruska, 2004; Slavin et al., 2014)
	2
	2
	 
	
	●
	
	●
	
	
	833
	75.0%
	2.89
	4
	Strong

	Review course/session (Reamy and Harman, 2006; Gregg et al., 2008; Kosir et al., 2008; Burch et al., 2013)
	4
	1
	3
	●
	●
	
	
	
	
	127
	100.0%
	2.33
	4
	Weak

	Second-chance exam without penalty (Schwartz and Loten, 1998)
	1
	1
	 
	
	
	
	
	
	●
	190
	59.7%
	2
	4
	Weak

	Service opportunities (Slavin et al., 2014)
	1
	1
	 
	
	
	
	
	
	●
	741
	0.0%
	3
	4
	Strong

	Simulation (Cleland et al., 2010; Guerrasio and Aagaard, 2014)
	2
	1
	1
	●
	●
	●
	
	
	
	915
	100.0%
	2.01
	4
	Moderate

	Standardized patient exercises (LaRochelle et al., 2012)
	1
	1
	 
	●
	●
	●
	
	
	
	66
	99.3%
	2
	4
	Moderate

	Supervised practice (Pickell et al., 1991; Hardy, 1999; Sayer et al., 2002; Cleland et al., 2010; Audetat et al., 2011; Pell et al., 2012)
	6
	6
	1
	●
	●
	●
	
	
	
	1254
	100.0%
	2.19
	3.67
	Moderate

	Supplemental training (Edeiken, 1993; Dowell et al., 2006*; Reamy and Harman, 2006; Cleland et al., 2010; Brokaw et al., 2011)
	5
	3
	2
	●
	●
	●
	
	
	
	1153
	87.7%
	2.02
	3.93
	Moderate

	Supplemental training - new site (Reamy and Harman, 2006)
	1
	 
	1
	●
	●
	●
	●
	●
	
	21
	92.7%
	4
	4
	Moderate

	Supplemental training - year (Kies and Freund, 2005; Rehm and Rowland, 2005*; Brokaw et al., 2011; Dupras et al., 2012; Pell et al., 2012; Yaghoubian et al., 2012)
	6
	3
	3
	●
	●
	●
	
	
	
	1062
	75.0%
	2.04
	3.65
	Moderate

	REWARDS AND THREATS
	 
	
	
	
	
	
	
	
	
	 
	
	 
	 
	

	Point system to document unprofessional behavior (Malakoff et al., 2014*)
	1
	 
	1
	
	
	●
	
	
	
	10
	75.0%
	3
	4
	Weak

	Warning letter (Brokaw et al., 2011; Dupras et al., 2012)
	2
	1
	1
	●
	●
	●
	
	
	
	459
	
	2
	4
	Moderate

	SCHEDULED CONSEQUENCES
	 
	
	
	
	
	
	
	
	
	 
	
	 
	 
	

	Academic dismissal policy (Stegers-Jager et al., 2011)
	1
	1
	 
	
	
	
	
	
	●
	1618
	
	2
	3
	Moderate

	Delinquent assignment or task (Brokaw et al., 2011)
	1
	1
	 
	
	●
	●
	
	
	
	191
	100.0%
	2
	4
	Moderate

	Dismissal/voluntary withdrawal (Brokaw et al., 2011; Dupras et al., 2012)
	2
	1
	1
	●
	●
	●
	
	
	
	459
	75.0%
	2
	4
	Moderate

	Learning contract (Sayer et al., 2002; Brokaw et al., 2011; Katz et al., 2013; Sparks et al., 2016; Guerrasio and Aagard, (in press))
	5
	2
	2
	●
	●
	●
	●
	●
	
	226
	75.0%
	2.2
	4
	Weak

	Probation (Dupras et al., 2012; Bhatti et al., 2016)
	2
	 
	2
	
	
	
	
	
	●
	475
	63.3%
	2.44
	3.56
	Moderate

	Suspension from school (Brokaw et al., 2011)
	1
	1
	 
	
	
	
	
	
	●
	191
	86.0%
	2
	4
	Moderate

	SHAPING KNOWLEDGE
	 
	
	
	
	
	
	
	
	
	 
	
	 
	 
	

	Clinical forums (Hesser and Lewis, 1992)
	1
	1
	 
	●
	●
	
	
	
	
	115
	
	2
	2
	Very weak

	Compared readings (Audetat et al., 2011)
	1
	1
	1
	●
	●
	
	
	
	
	14
	75.0%
	1
	1
	Very weak

	Didactic sessions (Pickell et al., 1991; Hesser and Lewis, 1992; Hardy, 1999; Strayhorn, 2000; Bhatti et al., 2016)
	5
	4
	1
	●
	●
	●
	
	
	
	875
	100.0%
	2.49
	3.5
	Weak

	Directed/structured readings / Reading assignments (Magarian and Campbell, 1992; Edeiken, 1993; Shokar, 2003; Gregg et al., 2008; Aeder et al., 2010; LaRochelle et al., 2012; Yaghoubian et al., 2012; Burch et al., 2013; Platt et al., 2014; Drake et al., 2015)
	10
	3
	7
	●
	●
	●
	
	
	
	1111
	71.3%
	2.01
	3.34
	Moderate

	Discussions (Pickell et al., 1991)
	1
	1
	 
	●
	●
	●
	
	
	
	113
	90.0%
	4
	4
	Moderate

	Formal orientation program (Blumberg et al., 1995)
	1
	 
	1
	●
	●
	●
	
	
	
	20
	0.0%
	4
	3
	Moderate

	Preparation course/program (Tekian and Hruska, 2004; Grumbach and Chen, 2006*; Sikakana, 2010; Burch et al., 2013)
	4
	4
	 
	●
	●
	●
	
	
	
	1765
	75.0%
	3.81
	3.25
	Strong

	Private study (Hesser and Lewis, 1992; Sayer et al., 2002; Shokar, 2003; Kosir et al., 2008)
	4
	2
	2
	●
	●
	●
	
	
	
	167
	95.0%
	2.14
	2.46
	Very weak

	Required conferences (Magarian and Campbell, 1992; Yaghoubian et al., 2012; Slavin et al., 2014)
	3
	2
	1
	●
	●
	
	●
	
	
	1095
	60.0%
	2.68
	4
	Strong

	Review of behaviours (Rowland et al., 2012)
	1
	 
	1
	
	●
	
	
	
	
	225
	100.0%
	2
	4
	Weak

	Study guides/course notes produced by the tutors to support each session (Sayer et al., 2002)
	1
	1
	 
	●
	●
	
	
	
	
	24
	25.0%
	3
	4
	Weak

	Study sessions/tests (Reamy and Harman, 2006)
	1
	 
	1
	●
	●
	
	
	
	
	21
	0.0%
	4
	4
	Moderate

	Study skills training (Hesser and Lewis, 1992; Carroll and Lee-Tyson, 1994*; Hardy, 1999; Segal et al., 1999; Powell, 2004; Mysorekar, 2012; Stegers-Jager et al., 2013*; Miller CJ, 2014)
	8
	8
	 
	
	●
	
	●
	
	
	445
	75.0%
	2.08
	3.39
	Weak

	Test-taking skills training (Walter and Croen, 1993; Shokar, 2003)
	2
	1
	1
	
	●
	
	
	
	
	17
	48.3%
	2
	2.35
	Very weak

	Workshops (Pickell et al., 1991; Chur-Hansen, 1999; Winston et al., 2014)
	3
	3
	 
	●
	●
	●
	
	
	
	468
	91.3%
	2.48
	3.06
	Weak

	SOCIAL SUPPORT
	 
	
	
	
	
	
	
	
	
	 
	
	 
	 
	

	Academic support program (Segal et al., 1999)
	1
	1
	 
	●
	●
	
	●
	
	
	28
	
	2
	4
	Weak

	Assignment of high performance student (Enriquez Vilapana et al., 2008)
	1
	1
	 
	●
	●
	
	
	
	
	24
	0.0%
	2
	3
	Weak

	Group study (Walter and Croen, 1993; Shokar, 2003; Rowland et al., 2012)
	3
	1
	2
	●
	●
	
	
	
	
	242
	0.0%
	2
	3.88
	Weak

	Learning communities (Slavin et al., 2014)
	1
	1
	 
	●
	●
	●
	
	
	●
	741
	29.7%
	3
	4
	Strong

	Mentoring (Platt et al., 2014; Slavin et al., 2014; Bhatti et al., 2016)
	3
	1
	2
	●
	●
	●
	●
	
	
	958
	100.0%
	2.99
	3.77
	Strong

	Peer tutoring/support (Hesser and Lewis, 1992; Sawyer and et al., 1996*; Strayhorn, 2000; DeVoe et al., 2007*; Stegers-Jager et al., 2011; Miller CJ, 2014; Suranjana et al., 2015*)
	7
	7
	 
	●
	●
	●
	●
	
	
	2313
	99.3%
	2.02
	3.18
	Moderate

	Small-group learning (Sayer et al., 2002; Burch et al., 2013; Winston et al., 2014)
	3
	3
	 
	●
	●
	
	
	
	
	372
	93.0%
	2.06
	3.28
	Moderate

	Social events (Slavin et al., 2014)
	1
	1
	 
	
	
	
	
	
	●
	741
	88.3%
	3
	4
	Strong

	Tutorials (Walter and Croen, 1993; Schwartz and Loten, 1998; Sayer et al., 2002; Sikakana, 2010)
	4
	4
	 
	●
	●
	●
	
	
	
	1542
	100.0%
	3.73
	3.14
	Strong

	Tutoring and academic assistance (Magarian and Campbell, 1992; Walter and Croen, 1993; Segal et al., 1999; Enriquez Vilapana et al., 2008; White et al., 2009; Cleland et al., 2010; Sikakana, 2010; Brokaw et al., 2011; Yaghoubian et al., 2012; Bhatti et al., 2016; Sparks et al., 2016)
	11
	8
	2
	●
	●
	●
	●
	 
	 
	3087
	86.0%
	2.93
	3.48
	Strong



