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Appendix A

Source Information, Methodological Characteristics, and Intervention Characteristics

Article Journal/University Design Interventionist DV Math concept General Main
Agrawal (2013, o % conceptual steps; ) )
George Mason University? MBD-P Researcher . Fractions No Manip. 4 weeks
Study 1) min. complete
Agrawal (2013, o % procedural steps; ) )
George Mason University? MBD-P Researcher . Fractions No Manip. 2 weeks
Study 2) min. complete
Bouck et al. (2014) ) % accurate problems; . )
J. of Aut. & Dev. Dis. AT Researcher . Computation Behavior Check
% ind. steps
Bouck, Bassette, et al. % accurate problems; .
J. of Sped. Tech. MPD-P Researcher . Fractions — 2 weeks
(2017) % ind. steps
Bouck, Chamberlain, & Ed. & Train. in Aut. & Dev. # correct problems; . .
] AT Researcher . Computation No Manip. —
Park (2017) Dis. min. complete
Bouck, Park, & Nickell ) )
(2017) Res. in Dev. Dis. MPD-P Researcher % accurate problems Money — 2 weeks
Bouck, Park, et al. ] ] .
(2017) Res. in Dev. Dis. MPD-P Researcher % accurate problems Fractions — 1-2 weeks
Bouck et al. (2018) Focus on Aut. & Other Dev. Place value;
] MPD-B Researcher % accurate problems . — 3 weeks
Dis. Basic facts
Browder, Jimenez, o Geom.; Alg.;
Ed. & Train. in Aut. & Dev. _ _
Spooner, et al. (2012) bi MPD-B Teacher # correct responses  Data Analysis; Behavior 2-3 weeks
is.
Money
Browder, Jimenez, & Res. & Pract. for Persons Researcher,
] ] AB # correct responses Early num. — —
Trela (2012) with Sev. Dis. Teacher, Para.
Browder et al. (2018) # correct steps; ] ]
J. of Sped. MPD-P Teacher Prob. solving Behavior 1 week
# correct problems
Burns et al. (2015) LD Res. & Pract. MBD-P Researcher # correct digits Early num. — —
Cass et al. (2003) LD Dis. Res. & Pract. MPD-P Teacher % accurate problems Per.; Area; Vol. — 3 weeks
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Cihak & Grim (2008)
Denny & Test (1995)
Flores (2009)

Flores (2010)

Flores, Hinton, &
Schweck (2014)
Flores, Hinton, &
Strozier (2014)

Flores, Hinton, & Burton

(2016)
Hardy (2014)

Harris et al. (1995)
Hinton et al. (2016)
Hord & Xin (2015)
Hudson et al. (2016)
Huntington (1994)

Jimenez et al. (2008)
Jimenez & Kemmery
(2013)

Jimenez & Staples
(2015)

Maccini & Hughes
(2000)

Maccini & Ruhl (2000)
Mancl (2012)

Res. in ASD
Ed. & Treat. of Children
Prev. School Failure
Rem. & Sped.

LD Res. & Pract.

LD Res. & Pract.

Prev. School Failure

Vanderbilt University?

LD Res. & Pract.
Prev. School Failure
J. of Sped.

J. of Dev. & Phys. Dis.

University of Georgia?

Ed. & Train. in Dev. Dis.
Ed. & Train. in Aut. & Dev.
Dis.

Ed. & Train. in Aut. & Dev.
Dis.

Ed. & Treat. of Children

LD Res. & Pract.
University of Nevada, Las

Vegas?

MPD-B
MBD-P
MPD-P
MPD-P

MPD-B

MPD-P

MPD-P

MPD-B

MBD-P
MPD-B
MPD-P
MPD-P

MPD-P

MPD-P

MPD-P

MPD-P

MPD-P

MPD-P

MPD-P

Teacher
Researcher
Researcher

Researcher

Researcher

Researcher

Researcher

Researcher

Teacher
Researcher
Teacher
Teacher

Researcher

Teacher

Teacher

Teacher

Researcher

Researcher

Teacher

% accurate problems
# correct problems
# correct digits

# correct digits

# correct digits

# correct digits

% correct problems

% correct problems

# correct digits
# correct responses
% accurate problems

# correct responses
% accurate responses
# correct steps

% mastered skills

# mastered skills

% accurate responses
% accurate responses

% accurate problems

Money
Money
Computation

Computation

Computation

Computation

Prob. solving

Geom.;
Patterning;
Early Num.
Basic facts

Early Num.

Per.; Area; Vol.

Early num.
Prob. solving
Algebra

Early num.

Early num.

Prob. solving
Prob. solving

Prob. solving

Setting 6 weeks
— 10 weeks
— 4 weeks
— 6 weeks
— 6 weeks

Behavior 2 weeks
— 8 weeks
Materials 1 month
— 3 weeks
— 2 months

Setting;

) 2 weeks
Behavior

Setting NR

— 2 weeks
Behavior NR
Behavior —
Behavior —
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Mancl et al. (2012)

Marsh & Cooke (1996)

Miller & Mercer (1993)

Morin & Miller (1998)
Mulcahy & Krezmien
(2009)

Ok & Bryant (2016)
Ozdemir (2018)
Reneau (2013)

Root et al. (2017)
Satsangi & Bouck
(2015)

Satsangi et al. (2016)
Satsangi, Hammer, &
Evmenova (2018)
Satsangi, Hammer, &
Hogan (2018)
Saunders (2014)
Scheuermann et al.
(2009)

Sealander et al. (2012)
Shin (2013)

Shin & Bryant (2017)
Strickland & Maccini
(2013b)

Strickland & Maccini

LD Res. & Pract.

LD Res. & Pract.

LD Res. & Pract.
Ed. & Treat. of Children
Behavioral Disorders

LD Quartely
University of Buffalo?
West Virginia University?
Rem. & Sped.

LD Quarterly
LD Quarterly

LD Res. & Pract.

LD Quarterly
UNC Charlotte?
LD Quarterly

Assess. for Effective Inst.”
University of Texas-Austin
Rem. & Sped.

Rem. & Sped.

LD Quarterly

MPD-P

MBD-P

MBD-P

MBD-P

MPD-P

MPD-P
MBD-P
MBD-P
MPD-P

MBD-P

AT

MBD-P

MPD-P

MDP-P

MPD-P

MBD-P
MPD-P
MPD-P

MPD-P

MPD-P

Teacher

Researcher,

Teacher

Teacher

Teacher
Researcher

Researcher
Researcher
Researcher

Researcher
Researcher
Researcher

Researcher

Researcher
Researcher
Teacher

Teacher
Researcher

Researcher
Researcher

Researcher

% accurate problems

# correct steps

# correct problems
% accurate problems
% accurate responses

# correct digits
9% accurate responses
# correct problems

# correct steps
% accurate problems
% accurate problems

% accurate problems

% accurate problems
# correct responses
% accurate points

# correct digits
% accurate problems

% accurate problems
% accurate problems

% accurate problems

Computation;

Prob. solving
Prob. solving

Basic facts;
money

Basic facts

Per.; Area; Vol.

Basic facts
Prob. solving
Prob. solving

Prob. solving

Per.; Area; Vol.

Algebra

Algebra

Algebra
Prob. solving
Prob. solving

Basic facts
Prob. solving
Prob. solving

Per.; Area;
Vol.; Algebra

Algebra

Behavior

No Prompting
No Manip.
Best Treatment

No Manip.

Behavior
Behavior

Behavior

Behavior

Behavior

1 week

10 days

2 weeks

1 week

10 days
NR

2 weeks

3 weeks

2 weeks

11 weeks

2 weeks
2 weeks

4-6 weeks
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(2013a)
Stroizer et al. (2015) Ed. & Train. in Aut. & Dev. Computation;
) MBD-B Teacher # correct problems ]
Dis. Basic facts
Yakubova et al. (2016) ) Basic facts;
J. of Aut. & Dev. Dis. MPD-B Researcher % accurate problems
Early num.

3 weeks

Note. All studies published in academic journals unless designated. AT = alternating treatment design; MBD-P = multiple-baseline design across
participants; MBD-B = multiple-baseline design across behaviors; MPD-P = multiple probe design across participants; MPD-B = multiple probe design

across behaviors.
aDissertation. "Multidisciplinary setting.
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Appendix B

Manipulative Characteristics and Participant Characteristics

Duration: Components Disability =~ Agesinyrs.

Article Manipulatives Perpetual CRA Sessions (min.) B: behavior, A: Academic n category (n) (n)
Agrawal (2013, Study 1) fraction circles, chips Bland Y 5-11 (35) 6 ASD (6) 8 (3); 9 (2);

B 10 (1)
Agrawal (2013, Study 2) fraction circles, chips Bland Y 5-11 (35) 6 ASD (6) 8 (3); 9 (2);

B 10 (1)
Bouck et al. (2014) base-ten blocks® Bland N NR 3 ASD (3) 6 (1); 7 (2);

B 10 (1)
Bouck, Bassette, et al. Fraction tiles Bland VRA  15-30 (10-15) 3 SLD (1); 13(2); 14 (1)
(2017) — Mild 1D (1);

OHI/HI (1)
Bouck, Chamberlain, & Base-ten blocks® Bland N NR 3 MildID (2); 11(1);13(1);
Park (2017) B SLD (1) 14 (1)
Bouck, Park, & Nickell ~ Money Rich Y 22 (20) 4 LD (2); ID 12 (3);13(1)
(2017) o @)
Bouck, Park, et al. Fraction tiles? Bland VA 8-16 (10-15) 4 OHI (1); Mild 13 (3); 14 (1)
(2017) B ID (1); ID (2)
Bouck et al. (2018) Base-ten blocks?, Bland VRA 14-28 (55) 2 MidID((®2) 12(1):13(1)
colored tiles o

Browder, Jimenez, Paper money, Bland/ N NR A: Task analysis least intrusive 4 Mod ID (3); 11 (1); 13 (3)
Spooner, et al. (2012) Green/red chips Rich prompting Sev ID (1)
Browder, Jimenez, & Counting (e.g. rubber Rich N 96 (30) 7 ModID (5); 8(2);9(2);
Trela (2012) worms) ASD (1); 10(2); 11 (1)

B ASD/Mod ID

()

Browder et al. (2018) Counting cubes, Bland/ N (30) B: Select reinforcement after 8  Mod or Sev 10 (2); 11 (3);
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pennies, connect four, Bland
mancala board

Burns et al. (2015) Dice Rich

Cass et al. (2003) Geoboard Bland

Cihak & Grim (2008) Money Rich

Denny & Test (1995) Money Rich

Flores (2009) Base ten blocks Bland

Flores (2010) Base ten blocks Bland

Flores, Hinton, & Base ten blocks Bland

Schweck (2014)

Flores, Hinton, & Base ten blocks Bland

Strozier (2014)

Flores, Hinton, & Burton Cookies Rich

(2016)

Hardy (2014) Foam shapes, unifix Bland/
cubes, small rubber Rich
animals, pattern
blocks w/ pictures
cards

Harris et al. (1995) Paper plates & Bland
plastics counters

Hinton et al. (2016) Counting Bland/

manipulatives (e.g., Rich

16 (20)

6-8 (15-20) 2
daily, 10 trials

each

Extra setting, 1 (3

trials)
NR
10-15 (30)
(30) 3x/wk
10 lessons/
behavior
(25) 3x/wk

NR

4 (2 demo/beh)

21 lessons

36

sessions completed; A: Mod.

schema-based inst.

A: Counting up strategy

A: Least to most prompt
hierarchy
A: One more than
A: DRAW

A: DRAW
A: RENAME
A: Strategy inst. (FAST)
Cognitive strategy inst.

A: Problem structure (schema-
based)

A: Strategy inst. (DRAW,
FAST DRAW)

ID(@B)  12(1);13(2)

2 <25M% on 1%t gr(1); 3¢

MAP-M (2) gr (1)
3 LD (3) 13 (1); 15 (1);
16 (1)

4  ASD/Mod ID 15 (1); 16 (2);

(4) 17 (1)
3 Train MR (3) 17 (3)
6 SLD(@3);At- 8(3);9(2);
risk (3) 10 (1)
6 Ar-risk (6) 8 (3); 9 (2):
10 (1)
3 At-risk (3) 8(1);9(2)
4 SLD (4) 10 (2); 11 (2)
3 At-risk (3)  9(2); 10 (1)
3 At-risk (3) 4(3)
13 SLD(12); 7(1);8(8);9
EBD (1) 4)
4 DD (2); At- 5(4)

risk (2)
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Hord & Xin (2015)

Hudson et al. (2016)

Huntington (1994)
Jimenez et al. (2008)

Jimenez & Kemmery
(2013)

Jimenez & Staples

(2015)

Maccini & Hughes
(2000)

Maccini & Ruhl (2000)

Mancl (2012)

Mancl et al. (2012)

Marsh & Cooke (1996)

cars, jewels, cubes)
Tape measures,
wooden cubes, plastic
unit squares

Theme counters (e.g.
race cars, treasure
squares)

Algebra lab gear
Wooden shapes,
spoons, pens, pencils,
paperclips, colored
markers

Theme counters (e.g.
jewels, gold coins,
cars, horses, money,
plastic worms)
Theme counters (e.g.

race cars)

Algebra lab gear

Colored titles

NR

Base-ten block

Cuisenaire rods

Bland

Rich

Bland
Bland/
Rich

Rich

Rich

Bland

Bland

Bland

Bland

7-10 (30) A: Conceptual model-based

problem solving

5 lessons/min. of A: Accommodations for

3 times individualized needs
5 days/wk (30) A: Strategy inst. on PS
NR A: Task analysis, systematic
prompting
12 lessons A: Task analysis, systematic
prompting
NR
NR B: Edible rewards; A: Strategy
inst. (STAR)
NR A: Strategy inst. (STAR)
17 (30) B: Self-graphing, learning
contract; Schema-based inst.
strategy
11 (30) Inst. strategy (RENAME)
4-12 (20)

w

Mild ID (3)

ID/OI (2);
ID/OIVI (1)

SLD (3)
Mod DD (3)

ASD/Mod 1D
(2); Mod ID
®)

Mod ID/HI
(1); Mod ID
)

SLD (3)

SLD (6)

SLD (3)

SLD (5)
SLD (3)

11 (1); 13 (2)

(1);11(2)

15 (1); 17 (2)
15-17 (3)

ond gr (1); 3rd
gr (2); 4" gr
@)

10 (1); 11 (1)

14 (2); 15 (1)

14 (1); 15 (2);
16 (2); 18 (1)
10(2); 11 (1)

10 (4); 11 (1)
8 (1); 9 (1);
10 (1)
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Miller & Mercer (1993)

Morin & Miller (1998)

Mulcahy & Krezmien
(2009)

Ok & Bryant (2016)
Ozdemir (2018)

Reneau (2013)

Root et al. (2017)

Satsangi & Bouck (2015)

Satsangi et al. (2016)

Satsangi, Hammer, &
Evmenova (2018)
Satsangi, Hammer, &
Hogan (2018)
Saunders (2014)

Scheuermann et al.
(2009)

Checkers, popsicle
sticks, buttons,
pennies, dimes
Paper plots, wooden
blocks

NR

Connect cubes

Pictures of objects?

Fraction tilesP

Colored counter®

Polynomial

manipulatives?
Balance, chips?
Balance, chips?
Balance, chips?

Counters?

Buttons, unifix cubes

Bland/
Rich

Bland

Bland
Rich

Bland

Bland

Bland

Bland

Bland

Bland

Bland

Rich

Y

Y

N

Y
VRA

Y

2

Heuristic: 3 (15—
20) Schema: (10—

(20)
11 (35) Strategy inst. (DRAW, FAST
DRAW)
11-13 (45) B: Self-monitor academic perf.
& beh.; A: Contextualized inst.
15 lessons
(20)
21 (30-40) A: Schema strategy instr.

(LISTS) modified
A: Schema inst. strategy inst.
prompt in chaining
15)

8 wks
30 (15-20)
12 wks (60)

(20-30) B: C&A
8 lessons

A: CBVI schema-base inst,.

13-23 (55) scaffolded ing.

w &

(6}

3

14

SLD (5); At-
risk (3); EMH
1)
MR/VI (1);
MR (1);
MR/Phy (1)
EBD (4)

SLD (4)
OHI (1); ED
)

SLD (1); OHI
(2); At-risk
®)

ASD/Mod ID
3
SLD (3)
SLD (3)
SLD (3)
SLD (3)
ASD/Mod 1D

3
SLD (14)

7(1);8(3);9

(2);10(1); 11
)

15 (1): 16 (2)

11 (1); 12 (1);
14 (2)
10 (2): 11 (2)
8(1):9(2)

11 (3): 12 (2)

7(1);9 (2);
11 (1)

14 (1); 16 (2);
18 (1)

17 (1); 18 (1);
19 (1)

14 (2); 16 (1)

15 (3)

7(1); 8 (1);
11 (1)
11 (2); 12 (3);
13 (7);
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Sealander et al. (2012) Manipulatives Y 9 (15) 8 SLD (5); 6(1);7(4);8
(generic) B B EBD (3) @)

Shin (2013) Rectangular area Bland N 8 (30) A: Cognitive Strategy (read, 3
model? restate, represent, answer)

problem structures

Shin & Bryant (2017) NR? N 9-10(20) 1lintro A: Metacognitive strategy inst. 3 SLD (3) 13 (1); 15 (2)
B (30)
Strickland & Maccini Algebra lab gear Bland Y 3 targets (40) 9 B: Token economy 3 SLD/OHI (1); 13(1); 14 (1),
(2013a) lessons, SLD (2) 15 (1)
Strickland & Maccini Algebra lab gear Bland CRA- G1:10 (45) 5 SLD (1); 16 (4); 17 (1)
(2013b) I G2: 13 (45) — SLD/OHI (2);
At-risk (2)
Stroizer et al. (2015) Base ten blocks Bland Y (20) A: Strategy inst. (RENAME, 3 ASD (3) 8 (1); 10 (2)
DRAW)
Yakubova et al. (2016) NR Y 23 days (30)  B: Checklist, self-recording; A: 4 ASD (4) 5(1);6 3)

Video modeling

Note. Studies used only concrete manipulatives unless otherwise marked. VRA = virtual-representational-abstract framework.

aVirtual manipulatives. °Virtual and concrete manipulatives.



Effects of Mathematics Manipulatives on Student Outcomes

Appendix C

Visual Analysis Results

Study

OE1l

OE 2

OE3

OE4

FR

Agrawal (2013, study 1)
Conceptual
Procedural
Agrawal (2013, study 2)
Conceptual
Procedural
Bouck, Bassette, et al. (2017)
Bouck, Park, & Nickell (2017)
Bouck, Park, et al. (2017)
Bouck et al. (2018)
Adam
Zane
Browder, Jimenez, Spooner, et al. (2012)
Figure 3
Figure 4
Figure 5
Figure 6
Browder et al. (2018)
Burns et al. (2015)
Cass et al. (2003)
Area
Perimeter
Cihak & Grim (2008)
Figure 1
Figure 2
Figure 3
Figure 4
Denny & Test (1995)
Flores (2009)
Flores (2010)
Figure 5
Figure 6
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Flores, Hinton, & Schweck (2014)
Figure 3
Figure 4
Figure 5
Flores, Hinton, & Strozier (2014)
Flores, Hinton, & Burton (2016)
Hardy (2014)
Figure 3
Figure 4
Figure 5
Harris et al. (1995)
Figures 1-3
Figures 4-6
Hinton et al. (2016)
Figure 1
Figure 2
Figure 3
Figure 4
Hord & Xin (2015)
Hudson et al. (2016)
Huntington (1994)
Representation
Solution
Jiminez et al. (2008)
Jiminez & Kemmery (2013)
Jiminez & Staples (2015)
Maccini & Hughes (2000)
Representation
Solution
Maccini & Ruhl (2000)
Figure 2 — Representation
Figure 2 — Solution
Figure 3 — Representation
Figure 3 — Solution

Figure 4 — Representation
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Figure 4 — Solution
Figure 5 — Representation
Figure 5 — Solution
Figure 6 — Representation
Figure 6 — Solution
Figure 7 — Representation
Figure 7 — Solution
Figure 8 — Representation
Figure 8 — Solution
Figure 9 — Representation
Figure 9 — Solution

Mancl (2012)

Mancl et al. (2012)

Miller & Mercer (1993)
Figure 1
Figure 2
Figure 3

Morin & Miller (1998)

Mulcahy & Krezmien (2009)
Figure 1
Figure 2

Ok & Bryant (2015)

Ozdemir (2018)

Reneau (2013)

Root et al. (2017)
Concrete
Virtual

Satsangi & Bouck (2015)
Area

Perimeter

Satsangi, Hammer, & Evmenova (2018)

Satsangi, Hammer, & Hogan (2018)

Saunders (2014)
Scheuermann et al. (2009)
Figure 2
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Figure 3 1 1 2 2 1

Figure 4 2 1 2 2 1

Figure 5 1 1 2 2 1
Sealander et al. (2012)

Figure 1 2 1 0 0 0

Figure 2 1 1 0 0 0

Figure 3 2 1 0 0 0
Shin & Bryant (2017) 1 1 2 2 1
Strickland & Maccini (2013a) 2 0 2 2 0
Strickland & Maccini (2013b) 2 0 2 2 0

Stroizer et al. (2015)

Figure 1 2 0 2 2 1
Figure 2 2 1 2 2 1
Figure 3 2 1 2 2 1
Yakubova et al. (2016)
Figure 1 2 2 2 2 2
Figure 2 1 2 2 2 1
Figure 3 1 2 2 2 1
Figure 4 1 2 2 2 1

Note. OE 1 refers to the quality of baseline data, OE 2 refers to the quantity of data points per phase, OE 3 refers to
determining if three presentations of treatment effect are evidence, OE 4 refers to determining the ratio of responders to

nonresponders, FR = final ranking.
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Appendix D

What Works Clearing House Quality Indicator Coding

Title

DS1

DS 2a DS 2b

DS 2c

DS 3

DS 4

DS 5a

DS 5b

DS 5c¢

OE

Agrawal (2013, study 1)

Agrawal (2013, study 2)

Burns et al. (2015)

Denny & Test (1995)

Harris et al. (1995)

Marsh & Cooke (1996)

Miller & Mercer (1993)

Morin & Miller (1998)

Ozdemir (2018)

Reneau (2013)

Satsangi & Bouck (2015)

Satsangi, Hammer, & Evmenova (2018)
Satsangi, Hammer, & Hogan (2018)
Sealander et al. (2012)

Stroizer et al. (2015)

Yakubova et al. (2016)

Bouck, Bassette, et al. (2017)

Bouck, Park, & Nickell (2017)

Bouck, Park, et al. (2017)

Browder, Jimenez, Spooner, et al. (2012)
Browder et al. (2018)

T e S O e S e T e e e e e S ==Y

[ e S = ==Y

O e S O Y S e < T« T S SNy S EE TN

[ e S = ==Y

Multiple baseline design

2

N P NN D DN DN P DO O N PP P DN

Multiple probe design

2

2
2
1
2

2

N P P D NN DM DN P MDD O O N P P DN

2

2
2
1
2

e e e e T e T e T N S et Y LS T S =

e e

N P P N NNP P P P P O O R NN

[ JR S N S HEN TN

N N DD NN

N O©O kB O -

o O » O O

N P P NDNNMNDN P P PO O OO FP DNMNDN

O R P N -



Effects of Mathematics Manipulatives on Student Outcomes

Cass et al. (2003)

Cihak & Grim (2008)

Flores (2009)

Flores (2010)

Flores, Hinton, & Schweck (2014)
Flores, Hinton, & Strozier (2014)
Flores, Hinton, & Burton (2016)
Hardy (2014)

Hinton et al. (2016)

Hord & Xin (2015)

Hudson et al. (2016)

Huntington (1994)

Jiminez et al. (2008)

Jiminez & Kemmery (2013)
Jiminez & Staples (2015)
Maccini & Hughes (2000)
Maccini & Ruhl (2000)

Mancl (2012)

Mulcahy & Krezmien (2009)

Ok & Bryant (2015)

Root (2017) (c)

Root (2017) (v)

Satsangi, Hammer, & Hogan (2018)
Saunders (2014)

Scheuermann et al. (2009)

Shin & Bryant (2017)

Strickland & Maccini (2013a)
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