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Learning goals for this webinar

* After this webinar, you will be able to

Understand the difference in quantifying intervention effectiveness between Version
4.0 and Version 4.1 of the What Works Clearinghouse (WWC) Standards.

Quantify intervention effectiveness in single-case design (SCD) studies using the design-
comparable effect size (D-CES).

Understand the logic behind the D-CES and its underlying assumptions.
Understand the advantages and disadvantages of the D-CES.
Use a point-and-click shiny application to calculate the D-CES.
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Part 1: Introduction to SCDs and D-CES

1. Introduction to SCD types
2. Approaches to quantifying intervention effects
3. Examining evidence for intervention effects:

What Works Clearinghouse Version 4.0 versus Version 4.1
4. Introduction to D-CES




1. Introduction to SCD types

* SCDs are experiments 1n which one
unit 1s observed repeatedly during a
certain period of time under different
levels of at least one manipulated
variable.

e SCDs can demonstrate a causal eftect.

* SCDs involve repeated, systematic
measurement of a dependent variable
before, during, and after the active
manipulation of an independent
variable.

Baseline
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Intervention
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1. Introduction to SCD types

Reversal/ = 4 phases with < 3 phases or
withdrawal 2 5 points < 2 points

D-CES can be calculated

2 b phases with < 5 phases or

Multiple baseline > 5 points < 2 points

2 5 points per < 3 points per
condition with condition or
< 2 points per phase > 2 points per phase

Alternating
treatment

Meets WWC SCD Does Not Meet
Standards Without WWC SCD
Reservations Standards

What Works Clearinghouse, Institute of Education Sciences, U.S. Department of Education. (2020). WWC version 4.1 standards and procedures
handbooks. Retrieved October 2, 2020, from https://1es.ed.gov/ncee/wwc/Handbooks

IES \\‘Il// Institute of

//II\S Education Sciences


https://ies.ed.gov/ncee/wwc/Handbooks

1. Introduction to SCD types: Treatment reversal (AB¥)

Pair 1 Pair 2

* Outcome: Percentage of appropriate social skills
* Intervention: Peer tutor training program i )"

* Sample: Children with autism - R

75- A I a ¥
* Three potential demonstrations for intervention
effectiveness

Soores

* Data points per phase: _
Baseline 1 and Intervention 1 = five data points = A

Baseline 2 and Intervention 2 = four data points

5 10 15 20
Measurement Times

Laushey, K. M., & Heflin, L. J. (2000). Enhancing social skills of kindergarten children with autism through the training of multiple peers as
tutors. Journal of Autism Developmental Disorders, 30, 183—193. Retrieved October 2, 2020, from https://do1.org/10.1023/A:1005558101038

~&— Baseline 1
~ &~ Buddy Pairs 1
~<® - Baseline 2

~+— Buddy Pairs 2

IES S‘IIQ Institute of
//ll\\\ Education Sciences


https://doi.org/10.1023/A:1005558101038

1. Introduction to SCD types: Multiple baseline design (MB)

* Qutcome: Quality of writing points

* Intervention: Self-regulated strategy development . | \ ;
* Sample: Three students with learning disorders l— —— :
 Data points per phase: — \
. , s :
— Baseline = three/five data points . i e
ion > p. o T e
— Intervention =2 three data points N —
* A least three potential demonstrations for - i :
intervention effectiveness e /\ i

Session

Saddler, B., Asaro-Saddler, K, Moeyaert, M., & Slichko, J. (2019). Teaching summary writing to students with learning disabilities via strategy
istruction. Reading & Writing Quarterly, 35, 572-586. Retrieved October 2, 2020, from do1.org/10.1080/10573569.2019.1600085

IES S‘IIQ Institute of
//ll\\\ Education Sciences


https://doi.org/10.1080/10573569.2019.1600085

2. Approaches to quantifying intervention effects

2.1 Within-case quantification 2.2 Across-case quantification

* Non-overlap measures. * Mean/median/range of the within-case

* Log response ratio. quantification.

e  Within-case standardized mean * Hierarchical linear modeling.
difference. * Design-comparable effect size.

* Regression-based measures.
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3. Examining evidence for intervention effects

WWC Version 4.0
* Intervention effects were synthesized 1f studies met the 5-3-20
rule:

— At least five studies met WWC SCD standards with or without
reservations, the studies were conducted by at least three
different research teams with no overlapping authorship at three

different institutions, and the combined number of cases was at
least 20.

* Review teams tallied and computed the proportion of SCD
intervention effects that were positive or negative.

* SCD eftects were not synthesized with effects from group
design studies.

IES S‘IIQ Institute of
//ll\\\ Education Sciences

10



3. Examining evidence for intervention effects
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* Intervention effects are synthesized using the D-CES.

* The D-CES can be synthesized with effects from
group-design studies.

F S = <+ The D-CES are combined across studies using a fixed-
GO E s Tt T effects meta-analysis. Fixed-effects meta-analysis

involves computing a weighted average effect size.
el Studies are weighted by the inverse of the sampling
o b variance of their effect sizes.

R

i
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4. Introduction to D-CES

* D-CES estimates the same parameter from what may be different designs
(Pustejovsky, Hedges, & Shadish, 2014).

* Study requirements for D-CES:
—  Design: Treatment reversal (AB¥), and multiple baseline (MB)/multiple probe
 The outcome 1s measured on a continuous scale that 1S common across cases.
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4. Introduction to D-CES

* Sample size: Three or more cases

* Use of hierarchical linear modeling

* Estimation procedure: Moment estimation techniques (restrictive assumptions) or
restricted maximum likelihood estimation (more general and flexible)

Level 2

Cases

Level 1
Measurement Occasions

Case 1 Case 2 Case1 Case |

1 2 3 ... n, 12 3 ... n, 1 2 3 ... ng 12 3 ... ng
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4. D-CES general framework

D-CES can be estimated using two-level hierarchical modeling:

Original D-CES using basic two-level model

Levell: Y;; = Bo;+ piiIntervention;; + e;;
(1 indicates the individual-specific intervention effect.

Poi= 0¢ +1u;
P1i = 04

0, indicates the unstandardized intervention effect across the
I cases.

Level 2:

“

— 5=

—_—

D-CES

04
J02+r2

™S

Numerator: Unstandardized intervention effect

Denominator: The standard deviation of the outcome,

including both within- and between-case variation

* iindicates the case (i = 1 to /), and case 1 1s measured for a total of n,, measurement occasions (¢ =1, ... n_).

* Y;; indicates the outcome for case i at measurement occasion ¢.

 Intervention;; 1s a dummy variable indicating whether Y;; 1s obtained during the baseline or the intervention phase.
e ¢e;; ~N (0,0%), and the errors for case i follow an AR(1) process; u; ~ N (0,72).
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4. D-CES general framework

* Basic D-CES assume changes in level
and constant intervention effects
across cases.

* More general/complex D-CES

— Allow imtervention effect to vary across
cases.

— Can include linear/polynomial time
trends.
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4. D-CES general framework

* If the individual-level model includes time trends for the baseline or intervention phase,
one must make assumptions about how the time trends vary across cases:

For example, Level I: Yy = By; + B1; X Time;; + [,;Intervention;; +
(Time';; X B3iIntervention;;) + e;;

* If time trends 1n either phase vary across cases, then the total variation 1n the outcome 1s
not constant =2 consequences for the denominator of the D-CES.

— See Pustejovsky and colleagues (2014).
6 1
6 I -
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4. D-CES general framework

e D-CES for both AB¥ and MB can be
corrected for small-sample-size bias,

3
v — 1

J) =1-

where v 1s an estimated degrees of freedom (this
will be somewhere between the number of cases
and the total number of time points;
computation of v is different for AB* and MB).

Bias-corrected eftect size:

g=Jw)x§
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Part 2: Appropriate use and application of D-CES

1. Appropriately using D-CES
2. Using scdhlm




Appropriately using D-CES

* The D-CES 1s appropriate only for
designs in which comparisons can be

made across participants.
— It 1s mnappropriate for designs with
multiple baselines across contexts or
behaviors.

* The outcomes used to estimate a single
D-CES should all be the same measure.

Institute of
Education Sciences
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Appropriately using D-CES

* Expanding the hierarchical model
— When there are only a few
observations per phase, apparent
trends might be variability.
—  When there are only a few cases,
additional model parameters are
difficult to estimate.
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Using scdhlm

* The R package scdhlm was written by James E. Pustejovsky (Pustejovsky, 2016) for
estimating the D-CES, which he also calls the “between-case standardized mean
difference.”

— App website: https://jepusto.shinyapps.1i0/scdhlm/

* The app can be run locally on your computer by installing R and installing the scdhlm
package.

* [ti1s also possible to estimate the effect size using R code instead of the app, 1f you are
familiar with using R.

IES S‘IIQ Institute of
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Data organization

For the scdhlm app, data need to be organized 1n a “long” format, with columns including
the following, at a minimum:

° " ” A | B | C | D | E ,
The Casc 1dent1ﬁer 1 |Participant Name or ID Behavior Outcome Context or Setting Phase Name Session Number (x-axis) Outcome Value (v-axis)
2 |Gizelle Task Engagement Baseline 1 11.9920291
° i 1 3 |Gizelle Task Engagement Baseline 2 20.03336655
The p hase 1dent1ﬁer’ 4 Gizelle Task Engagement Baseline 3 9.936649906
5 |Gizelle Task Engagement Baseline 4 21.98753389
0 The Observation b |Gizelle Task Engagement Intervention 4 100.1008411
7 |Gizelle Task Engagement Intervention b 1001234562
sesS10n humber (Whole 3 |Gizelle Task Engagement Intervention 7 100.1457006
3 |Gizelle Task Engagement Intervention o 1001683157
numbers are best). 10 | Gizelle Task Engagement Intervention 9 100.1909308
11 1Gizelle Task Engagement Baseline 10 7.038560065

e The outcome.

Institute of
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About scdhlm

Between-case standardized mean difference estimator

scdhim Load Inspect Model Effect size

sednim

Version 0.4.2.9000

Accessing scdhim
Designed and maintained by James E. Pustejovsky
References « pustejovsky@wisc.edu
« hitps:/jjepusto.com
Example data

Confributions from

« Bethany Hamilton
« Man Chen

Source code available on Github

Your comments, suggestions, and feedback are welcome.

Suggested citation

Pustejovsky, James E. (2020). scdhim: A web-based calculator for between-case standardized mean differences (Version 0.4.2.9000) \[Web application\]. Retrieved from: https:/fjepusto. shinyapps.io/scdhim

Tutorial paper

Valentine, J. C., Tanner-Smith, E. E., & Pustejovsky, J. E. (2016). Between-case standardized mean difference effect sizes for single-case designs: A primer and tutorial using the scdhlm web application. Oslo, Norway
The Campbell Collaboration. DOI: 10.4073/cmpn.2016.3
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[Load data

Between-case standardized mean

scahim nspect  Model  Efectsie

What data do you want to use?

(O Use an example
(O Upload data from a .csv or .txt file

@ Upload data from a .xIsx file

Upload a .xlIsx fi

wwcC_srg_scd_s4.1 Webinar.xI

Upload complete

4 File has a header?

Select a sheet

Select the “Load” tab along the top.

If you are going to estimate the effect size from

the Study Review Guide, select the “Upload data

from a .xlsx file” radio button.
Browse to the Study Review Guide.
[L.eave “File has header?” selected.

Select the “Data” sheet.

IES 2\"/2 Institute of
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Specify variables

1. Please specify the study design.

esment Reversa 5 * Select “Treatment Reversal” under study design. If
2. Please select the variable Eﬂ-l‘l‘lﬂil‘liﬂg&ﬂﬂh t}"p-Eﬂfil'lfﬂﬂ'l"Iﬂtiﬂl‘l. USing a mu1tiple baseline Or mu1tiple prObe deSign,
Case identfie select “Multiple Baseline.”

Participant Name or ID h

Phase identifier

Phase Name . * Select the variables that correspond to the case
Session number (““Participant Name or 1D’’), the phase 1dentifier
Session Number [H—ElIiE] v

(“Phase Name™), the session number (“Session

B . Number (x-axis)”), and the outcome variable
<. Please specify the baseline and treatment levels. (‘ ‘OUtcome Value (y_ aXi S) ’ ,) °

Baseline level

Baseline -

* Select the values from the “Phase Name” variable that
R 5 correspond to the baseline and treatment levels.

IES S‘IIQ Institute of
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Inspect the data

scdhim Load Inspect Model Effect size

Graph  Data

1001

751

w-

0-

intal Assignment

1001 [ ——

o 757

g w-

g

~*- Baseline
=+ |ntervention

s

Percentage of Intervals

L. 5 5
251 ' 1 1
" : : \-—' :
b R E— el Vo ———
5 s '
_ ;

N

Dunlap, White, Vera, Wilson, and Panacek
neal Assagnment Moo Assgnment

b---—-----

1 2 3 4 S5 6 1

]
s S
o \/'_' : | : — :

* The app will replot the data on the “Inspect” tab.

..... D S e

9 10 11 12 13 144 15 16 17 118
Sessions

Fig. 2. Results of the reversal analysis for Gizelle during English sessions.

* Take the time to ensure that the replotted data look similar to the plots from which

you extracted them.
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Inspect the data

scdhlm

Graph

case

Gizelle
Gizelle
Gizelle
Gizelle
Gizelle
Gizelle
Gizelle
Gizelle
Gizelle
Gizelle
Gizelle

Gizelle

L oad

Data

session

W e = o n = b R =

-k =k
N i

=X
P

Inspect

phase
Baseline
Baseline
Baseline
Baseline
Intervention
Intervention
Intervention
Intervention
Intervention
Baseline
Baseline

Baseline

Effect size
outcome trt
11.99  0.00
2003 0.00
994  0.00
2199 0.00
10010 1.00
10012 1.00
100.15 1.00
10017  1.00
100.19 1.00
7.04  0.00
1012 0.00
J9.92 0.00

phase_pair
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
2.00
2.00

2.00

* The four values you specified for the case,
session number, phase 1dentifier, and outcome
variable are found 1n the first four columns.

* The last two columns are values that the app will
use internally to estimate the multilevel model

from which the app extracts parameters to
estimate the D-CES.

IES S‘IIQ Institute of
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Estimate the model

scdhim Load Inspect . Effect size
Estimation method
Restricted Maximum Likelihood

Baseline phase

Include fixed effect Include random effect
level level

Treatment phase

Include fixed effect Include random effect
level (] level

Graph Model estimates

1001

751

The WWC’s default specification 1s to
estimate a fixed effect and a random
effect for the baseline phase, and a fixed
effect for the treatment phase.
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Record the design-comparable effect size

The “Effect s1ze” tab contains the important information you need to record.

scdhim Load Inspect Model Effect size

-ffect size estimates and auxilliary information

1 coverage level (%) 95

BC-SMD Std. 95% ClI 95% CI Degrees of Auto- Intra-class
estimate Error (lower) (upper) freedom correlation correlation

9.9887 1.2201 7.5181 12.4593 37.6700 -0.0449 0.0802

IES 2\"/2 Institute of
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Record the design-comparable effect size

The “Effect size” tab contains the important information you need to record.

WYL —calculated findings

Change Sign of
Uezign Comparable Effect far Meta- Autacarrelation
Effect Size Estimate AnalysisY Standard Error Eztimate Mote any deviations from default modeling guidance
3.33 Mo 122 -[.45 Mone

Institute of
Education Sciences
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The design-comparable effect size infographic

Individual Review
The study

Iz the experiment a design for es . _
which there iz an effect size* AND that providez data e
includes three or more mdniduals? tabular format?

Stop! Recording or extractime stndy data 13
not necessary. Do not estimate an effect size,

* At the release of the What Works Clearinghouse Standards and Procedures
Handbooks, version 4.1, the only designz for which thers was an effect size
were mulfiple baselme across participants, multple probe across

participants, and treatment reverzal designs. Future research mayv allow effact
zizes to be estimated for 2 wider range of desizns.

Save a copy of each plot for

Stady anthor
which an effect size will be

Send an aunthor provides data in a
. ezfimated to the Ploiz tab of

QUery.

ERecord data m Data tab of the
stody review pmde.

Ezstimate an effect zrze for each
elirible experiment and record the

eatimates in the study review guide.

tabular format?
the stndy review gmde.

Carefully extract data from
plotz nzing sofftware.?

7Check the extracted data to ensure that the values are close to what 15
showm on the plot. Some meazurement error 12 to be expected. Howevar,
values that appear very different®* from what 1= obzerved on the plot ar
that are outzide the mumirum or maximum of the v-axis may mdicate a
nead to recalibrate the axis reference points.

Institute of
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The design-comparable etfect size infographic

Reconciling Reviews

Enaure that a copy of the Data
Were owtcomes and Plotz tabz for both reviewers

Were the data Check rehability of extracted outcomes reliably extracted? iz saved and lib_t]i!ﬂ Ill the final
extracted from plot=? FCT0E3 FEVIEWErS, stndy review guide.

MNo

Comparing the Record the rehability eztimate,
Are the effect 5i Check for tranzcription errors or deviations extracted valuez from type or reliability eatimate nzed,
’ ot S from modelng azsumptions. Inztroct both reviewerz with the and other data notes in the

estimates idenbical? reviewers to correct errors. plots, iz one ohviouzly appropriste columns on the
WIOnE: =~ Review tab.

Direct th ' with : .
ERecord the effect zize and any information ohv: E:!;r::r_:l:_n Direct both reviewerz to

about special modeling choices in the . I independently extract the effect size eztimate
reconciled study review gmide. o e outcomes again and correct for all eligible

the ztudy review guide. experimenfs.
F#hlakms thiz judzement includes considerme the scale of measurement.
Obrnonsly, wrong values might include (but are not lomited to) values outside
the scale of measurement, such a= proporhions/percentazes well above 10(0%
or proportions/percentages’ coumts weall below 0.

owtcomes again and correct
the sindy review gmde.

Institute of
Education Sciences




IES S‘IIQ Institute of
//ll\\\ Education Sciences




Have questions? Contact us: https://1es.ed.gov/ncee/wwc/help

Mariola Moeyaert, Ph.D. Daniel M. Swan, Ph.D. Emily Tanner-Smith, Ph.D.
The State University of New York University of Oregon University of Oregon and
at Albany What Works Clearinghouse
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