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Abstract

Assessments of reading and reading-related skills which measure acquired knowl-
edge may pose problems for the prediction of future reading performance. Such
static measures often result in floor effects in the early stages of reading instruc-
tion, and may be particularly inaccurate predictors for children from culturally and
linguistically diverse (CLD) backgrounds. Dynamic assessment (DA), in contrast,
focuses on learning potential by measuring response to teaching, and may therefore
be a less biased form of assessment. We conducted a systematic review of the lit-
erature to assess the ability of dynamic measures of reading and related skills to
predict variance in the growth of children’s reading skills over time. Seventeen peer-
reviewed articles met inclusion criteria, representing 18 studies published between
1992 and 2020. After static predictors were accounted for, dynamic measures of
phonological awareness and decoding explained a significant amount of variance in
the growth of word reading accuracy (1-21%) and word reading fluency (typically
1-9%), while variance in reading comprehension outcomes was accounted for by
dynamic measures of morphological awareness (4-33.4%) and one dynamic decod-
ing assessment (1%). Finally, a single paired-associate nonword learning task pre-
dicted 6% unique variance in future nonword reading accuracy and fluency. Results
support the ability of DA to tap into variance unexplained by traditional static meas-
ures, though no studies explicitly examined the validity of DA for children from
CLD backgrounds. We call for future studies of DA of reading to adopt longer devel-
opmental windows and assess proximal as well as distal reading outcome measures.
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Introduction

Learning to read is a foundational outcome of formal education. Good reading skills
allow school pupils to access curriculum content and progress on to further education
and training; as a result, early difficulties in reading skills have deleterious impacts on
future life outcomes including educational attainment and earnings (McLaughlin et al.,
2014). Depending on diagnostic criteria, small but significant proportions of school-
aged children experience specific difficulties in accurate and/or fluent word recognition
(5-17%; Grigorenko et al., 2020) or the ability to extract meaning and make inferences
in written texts (5—11%; Kelso et al., 2020). Given the stability of poor reading skills
over time, reading assessments administered in the earlier stages of education could
feasibly be used to predict growth in reading and to identify children at risk of poor
reading development (Catts et al., 2006). Indeed, early intervention for reading difficul-
ties is highly desirable as it is most likely to be effective when provided earlier rather
than later (e.g., before third grade; Lovett et al., 2017); and may be crucial in efforts to
break a negative feedback loop in which poor reading skills lead to lower motivation,
engagement, and less print exposure over time (van Bergen et al., 2018).

Standardised assessments of phonological awareness (PA), rapid automatised nam-
ing (RAN), and letter-sound knowledge are robust predictors of later word-level read-
ing skills across a range of alphabetic orthographies including English, Spanish, Czech,
Slovak, and Finnish (Caravolas et al., 2013; Puolakanaho et al., 2007). In contrast,
measures of vocabulary, morphosyntax, and listening comprehension are significant
predictors of future reading comprehension performance (Muter et al., 2004; Verho-
even & Van Leeuwe, 2008). By measuring pre-existing knowledge on the day of the
test, such assessments are considered to be ‘static’ in nature, whereby the role of the
examiner is neutral and detached, and corrective feedback on examinees’ responses
is strictly prohibited. In certain circumstances, the use of static assessments to predict
growth in reading skill over time is problematic. Firstly, when administered prior to or
around the onset of formal reading instruction, static measures of letter knowledge and
decoding often result in floor effects (Catts et al., 2009), and therefore provide insuffi-
cient variance for predictive statistical modelling. Secondly, by measuring pre-existing
knowledge, static assessments are insensitive to variation in children’s learning experi-
ences and opportunities, which is a particular issue for children from culturally and lin-
guistically diverse (CLD) backgrounds who may not have access to the same learning
resources or linguistic input (Pefia & Halle, 2011). In other words, if the static measure-
ment of pre-existing knowledge is not an accurate indication of current reading skills
for such children, then it is also unlikely to provide accurate prediction of their reading
skills in the future. One alternative to static testing which does not depend as heavily on
prior learning opportunity is dynamic assessment.

Dynamic assessment
Dynamic assessment (DA) is an approach to psychological testing that concep-

tualises cognitive ability as ‘developing’ as opposed to ‘developed’. Crucially, it
makes a distinction between what an individual is capable of (‘latent capacity’)
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and what an individual has achieved as a result of this capability plus environ-
mental factors such as education and parental support (‘developed ability’; Stern-
berg & Grigorenko, 2002). Theoretically, DA is closely linked to response to
intervention (RTI) frameworks (Grigorenko, 2009), though typically takes place
within a single or small number of sessions as opposed to progress monitoring
over the course of many weeks. The goal of DA is to shift the focus from the
product of learning to the process of learning by measuring individuals’ response
to teaching and feedback. Learning potential may be quantified as gains within a
test-teach-retest procedure, or the amount of assistance (e.g., prompting) required
to achieve learning goals (see Method for more information on these formats). In
both cases, performance is interpreted in an ‘ideographic’ or within-individual
fashion (Haywood & Lidz, 2007), contrasting sharply with the interpretation of
performance on static assessments in which an individual’s test score is compared
to that of a norming population.

DA is rooted in the work of Lev Vygotsky and in particular the concept of
a zone of proximal development (Dumas et al., 2020). Today there exist multi-
ple distinct DA frameworks including structural cognitive modifiability, learning
potential testing, testing-the-limits, Lerntest, and graduated prompts (see Stern-
berg & Grigorenko, 2002 for a review). According to Haywood’s (1997) nomen-
clature, DA involves either (i) restructuring the test situation, (ii) learning within
the test, or (iii) metacognitive intervention. Sternberg and Grigorenko (2002) pro-
pose a fourth category, namely ‘training a single cognitive function’, for example
DA of constructs such as working memory, phonological awareness, and narra-
tive retelling. The present review aligns with this latter category, focusing on DA
of reading and reading-related skills.

Criticism has been levied at DA for its ‘concept fuzziness’, questionable psy-
chometric properties, and time-consuming nature (Grigorenko & Sternberg,
1998), and its take-up among educational psychologists is low (Hill, 2015). How-
ever, DA does offer promise in situations where static tests result in floor effects
or underestimate the abilities of children from CLD backgrounds (Haywood &
Lidz, 2007). Additionally, there is growing evidence for the ability of DA to
enhance accuracy and reduce bias in the prediction of future performance across
a range of skills. In a review of 24 studies examining a broad range of achieve-
ment measures, Caffrey et al. (2008) found that scores derived from dynamic and
static assessments correlated similarly with future achievement, but when entered
into multiple regression equations, measures of learning potential accounted for
additional variance (over and above that explained by static assessment) in non-
verbal reasoning, mathematics, phonemic awareness, reading, and writing out-
comes. The value-added nature of DA is also supported by a number of more
recent studies. For instance, dynamic measures of word learning have been shown
to predict unique variance in vocabulary growth among both mono- and bi-/mul-
tilingual children in Denmark and the UK (Gellert & Elbro, 2013; Oxley, 2019),
and a dynamically administered oral narrative retell instrument has been shown
to improve classification accuracy for language disorder risk status among Span-
ish—English bilingual children (Petersen et al., 2020).
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The present study

In recent years there has been renewed interest in the use of DA of reading skills:
converging in their research questions, instrument design, and analytical proce-
dures, existing studies make important contributions to the evidence base for DA
and may assist researchers and practitioners alike in their choice of assessment
procedure. Although previous reviews of DA exist (e.g., Caffrey et al., 2008), the
present review adopts a narrower focus by only including studies which examine
the contribution of DA to reading skills over and above that of traditional static
tests. One previous systematic review (Dixon et al., in press), did examine the
ability of dynamic measures of reading and related skills to enhance classification
accuracy of screening for reading disorder (i.e., to assign at-risk versus not-at-
risk status). In a complementary fashion, the present review instead focuses on
the ability of dynamic measures to explain variance in the growth of children’s
reading skills over time or performance at a future point in time, over and above
the explanatory power of static predictors. The prediction of growth, as opposed
to binary classification, represents a distinct but important aspect of screening
and speaks to the utility of DA as a tool for educators and speech and language
therapists in considering children’s likely developmental trajectories. This is par-
ticularly true of children from CLD backgrounds whose progress may be difficult
to predict, and we therefore explore the value of DA over and above that of static
tests to predict reading skills for children from CLD backgrounds.

Method
Literature search

We developed search terms through an iterative process using different combi-
nations of key words from relevant articles already known to the authors. We
searched the electronic databases ERIC, LLBA, Medline, PsycInfo, and Web
of Science (20/01/2022) using the following search terms with no restrictions
on language, publication year, or search fields: (child* OR under-18 OR pupil*
OR student*) AND ("dynamic assessment*" OR "dynamic test*" OR "dynamic
task*" OR "mediated learning" OR "mediated assessment*" OR "interactive
assessment*" OR testing-the-limits OR "learning potential” OR "learning task")
AND (read* OR "phonological awareness" OR decod* OR "word recognition”
OR accur* OR fluen* OR "reading comp*"). Additional hand searches were car-
ried out on reference lists of articles at the full-text screening stage (n=44) and
one study (Gruhn et al., 2020) was identified as potentially eligible for the review
by the third author.
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Inclusion criteria

We stipulated the following criteria for inclusion in the review: (a) study uses a
DA of reading or a reading-related skill to predict (i) variance in the growth of
reading skill between two or more points in time or (ii) at one future time point
only; (b) study examines variance accounted for in reading outcomes by DA
over and above static measures; (c) study reports empirical data and appropri-
ate statistical information for determining relationships between DA and read-
ing including path coefficients and change in R* (we excluded studies focusing
only on the statistical reliability of DA or using DA to classify participants into
groups, e.g., with logistic regression); (d) participants aged up to 18 years; (e)
peer reviewed and published in English (although there were no restrictions on
the language in which DA was administered). Note that DA was operational-
ised as testing procedures within which explicit teaching and/or feedback was
provided, and which participants were given the opportunity to act upon (e.g.,
repeated attempts at the same stimuli/question or application of learning in a
teaching phase to novel items or without assistance).

Screening and Coding

We employed double screening of all article titles and abstracts returned from
database searches, with the first author screening all records (n=15,600) and the
second author and a research assistant screening half of the records respectively
(n=2,800 each). Percentage agreement and interrater reliability (Cohen’s kappa)
were computed using the irr package (Gamer et al., 2019) in R (R Core Team,
2021). We achieved agreement of 99.7% to 99.8% between both pairs of raters,
resulting in an overall agreement rate of 99.8% at the title/abstract screening
stage. Full-text screening was carried out by the first two authors on a total of
73 articles arising from database searches, backward citation searches and one
record identified by the third author, achieving 95.9% agreement and a Cohen’s
kappa statistic of 0.892, p <0.01 (representing ‘near perfect’ agreement; Landis
& Koch, 1977). All disagreements were resolved through discussion.

Data were extracted by the first two authors from the 17 studies meeting
inclusion criteria using an adapted version of the Cochrane Collaboration data
extraction form for non-RCT studies, including information on country, sample
size, gender, age, and second language status. DA procedures were coded for
the construct in which examinees received training or instruction (e.g., decod-
ing), and whether the task was administered by computer. The format of each
DA was coded as ‘pretest-teach-posttest’ (PTP) if it employed a teaching and
posttest phase and provided feedback during the teaching phase. DA format was
coded as ‘graduated prompts’ (GP) if it employed a graduated set of hints for
each incorrect response and incorporated the number of prompts required into
the operationalisation of learning potential.
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Quality assessment

We assessed the quality of each study included in the review using the Quality
Assessment Tool for Studies of Diverse Designs (QATSDD) instrument (Sirriyeh
et al., 2012). The QATSDD provides 16 study quality indicators such as ‘explicit
theoretical framework’ and ‘description of procedure for data collection’ which are
scored from 0 (no mention at all) to 3 (described in full). Note that quality scores in
the present study are based only on the 14 indicators in the QATSDD relevant for
quantitative research designs (a maximum possible score out of 42). All studies were
independently rated by the first two authors, achieving a Kappa statistic of 0.703,
p<0.01, representing ‘substantial’ agreement (Landis & Koch, 1977). Using the
method of Murphy and Unthiah (2015), in the case of discrepancies of 1 point we
selected the lower of the two scores, while discrepancies of 2 or more points were
discussed and a final score was agreed upon through discussion. Mean study quality,
expressed as a percentage out of 42, was judged to be 64% (range 42.9-76.2%).

Results

From an initial pool of 6,784 records resulting from all literature searches, 17 arti-
cles met criteria for inclusion in the review, representing 18 individual studies pub-
lished between 1992 and 2020 (see Fig. 1 for PRISMA flowchart and Table 1 for
study characteristics). Participants were followed up at various points between pre-
school and sixth grade. Studies reported a median sample size of n=120 (range:
38-1,988) and were conducted in the USA (n=7), Netherlands (n=2), Chile (n=2),
Germany (n=2), Denmark (n=2), Canada (n=1), and Iran (n=1). One study
recruited participants across four different countries (Australia, USA, Norway, and
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Fig. 1 PRISMA flowchart of literature search

@ Springer



679

Dynamic assessment as a predictor of reading development:...

seImonns DAD
Pue ‘DA ‘AD Yim spiom 7|
Jo sowauoyd a3 Juow3as 0)
s)dwane QoUNUEX (YS.) UoT
-ejuowdos awauoyd orweuAq

swouoyd uoar3
' im Suruuideq amyord 0y
jurod 0) PoYSE SI QAUIEX
[SB) UOTBOYNUAPT SWAUOYJ
quwuoyd uoa13
B )M SPUo JO SuIsoq pIom
UOIYM 978OIpUI 0} PIYSe
UQy) pue UONONISUI JO
s[oA9[ J1o1[dx9 A[Sursearour
03 dn Sursn sowauoyd 4
JySne) ST 9oUTWIEXD SB)
UoNeOYUaPI SWUOYJ

1 Apmis (1102)

speD pue sagpug ul se ydsd
sowouoyd
pue s9[qe[As Je[nonred
JnoyIm sprom 9onpoid oy
payse SI dduIwexd (VdSsq)
ssouaremy [edrsojouoyq

Jo Surusarog orweukq Ay,

ON

ON

ON

ON

SoX

do

do

d1d

do

do

vd

vd

vd

vd

vd

LE 8y

AN %1S

AN AN

IN AN

vsn

Jrewrua(J

uopoms
‘KemION
VSN ‘erensny

vSsn

vsn

(51 AeIN 03 3] AON) 8¢

(1D pus ‘1D
AON ‘3 PU2 ‘3] AON) 091

(31 01 [00ydsa1d) 886°T

(31 1dy 03 3 dog) 96

(31 1dy 03 3 deg) 06

(z661) 10100dg

(qL10T
e/ 107) 0Iqd PUE 19[[oD

(1102) ‘T8 10 Anuaro)

¢ Aprug
(1102) sneD pue sa3prg

1 Apmg
(1107) sneD pue sagpLig

ampadoxd
/USWINISUT 183} OTwreuk(q

pasuIndwo)

JRWLIO

jblikiNi(Jg}

[enguifig % ORI %

Anuno)

(o8ue1 ope1D/A3Y) N

QOURIRJY

(pa1edie) 10nI1)SU0D AQ PaIdPIO) SONSLIROBIRYD ApnIS | d|qeL

pringer

As



C. Dixon et al.

680

unu ¢ urgm orqissod
se Ayder3oyyio rerrueyun
QU UT UANLIM SPIOM YN
Kouanbaiy-y3iy Auew se
peai pue sowdydess Sur
-puodsa1100 YIIMm Spunos
yodads uayods yojewr soou
-Twexs ‘s1sansod g Sso1oy
‘owred 19)ndwod © ur sowd
-ydesS maiqoy rerruejun
1M Spunos yoaads yojew o3
JySne) st oourwexa :SurureI], SOx dld Surpoosq

[108181]

) SW MOTS,, 0 PAYSk pue

(jmoq *3-9 [oNUOD IeT[TIR]

I pue ‘jjouy *3'9 [ONUOD

IeI[IWRJUN | ‘2]0S pue jpof

*3°9 s3931ey ared-[ewiurua

Terjruuejun g yim pajuasard

ST 9OUIIEXA (WD) PIOA

s,£3317) Sururen Ayoyroads
[eo1x9[ pastendwo) SOX d1d vd

(19781

SPUBLISYION  Syiuow O 0) [*[T—H:L) SS (9107) 'T& 10 eUARIY

epeuE) (19 Suudg 01 1D [1ed) 79 (0200) 'Te 10 BOUDIY

ampasoxd

Auswnnsur 3s9) orweukq  pesundwo) jewtog jonnsuo) [enSurig % ORI %

Anuno) (eSuer opein/e3y) N ERIIEEIEN

(ponunuoo) | |qey

pringer

As



681

Dynamic assessment as a predictor of reading development:...

(L107) T OYD Ul sy

159) AI9)Sew € yjim s[ern Sut
-ures[ o[dnnu Jo paIsIsuod
aseyd yoeq “(s[ern g) spiom

(9)DAD 9p0d3p pue AN
9-juQ[is e 1ojur 0} paydword
SI QoUTWEX :JuruIed] paseq

-o[nI 7 1se1sod “(s[ern
1) splom ([ea1) DAD ot
sired punos-[foquiks pudjq o}
payse SI dauTwex? :JuIpudlq
1 3159104 "(STe1n ) s19)oe
-IeyD ULIepUERJA JeI[Tuejun
9 Jo Surures| [oquIAS-punos

Jreroosse-parred :Jururer],

uonoNISUl JO [9AJ]
(payenpeisd) Jordxe a1ow

' 3ursn [[1ys oy uryoeayar
ur s)[nsal AI9)sew Yoral 0}
a1nyre,] "a3e)s 1xou oy Sur
-)dwone 210§9q (3991109 9/G)
spIomuou JySnejun Jo 108

B UO JoW 9q ISnul AI9ISeIN
(Surddoa) 3uK(DDAD

pue ‘(adoa) 3QAD ‘(doa)
OAD SIDYS Surpooap da1y)
Suisn spIomuou pear o}

Jy3ney s1 9ouTWEXd FUIUTRL],

(1D K2y 03 1D [1ed) +01

(1D Key 03 1D [1ed) SOT

(19981
$Y99M [ 01 [D AON) ¥€1

(0200 T8 19 04D

(L107) 'Te 32 0y

(¥100) ‘T8 19 04D

ampasoxd
AUSWINISuI Js9) orweukq  pesundwio) Jewof Jonnsuo) [ensulig % RN %

(o8ue1 ope1D/A3Y) N

QOURIRJY

(ponunuoo) | |qey

pringer

As



C. Dixon et al.

682

Surueow

110y} Inoqe suonsanb 01070
-o[dnnw 1omsue pue oIy
-onns onoeuAs ur JurSuer
sooud)ues a[qisnejdwr pue
Jrqisnerd 4 yym poyuasaid
ST oouTwexo :K191eq Vg

-1ddd 2y Jo (VS ¥se1
SSQUATBME J1}ORIUAS dTWRUA(

(8100)

‘[& 19 YorQIOH UI se JSS
S[OQUIAS IN0J IO 92IY) JO
SUONRUIQUIOD JO SUNSISUOD
s3uLns J[qe[[As dweu 0}
Apiqe oy sassasse aseyd
1591 [eU v “/el/ pue /el
/ SAIqRIIAS AD Yim soysep
PUE S)Op JO SSULNS AJRIDOSSE
0) Jy3ne) s1 2auTWEX? (JSS)

w3rpesed punos-joquikg
(¥102) T8 1@ oud

ur se 3urpodsp plomuou Jo v

SOX do VIN AN 79
SOX  dld 3Surpodrq 43 6¢
SOk dld Surpooeq 0 9S
ON do Surpooeq AIN 6t

(1972]
SlLLe] sfuow [1 01 9D-¢D) €18

Auewrron (£D 01 Jo0YdsaI]) 9S

Kueurron (1D 0 3 €vT

vsSn  (¢o Sundg o) 19 [1ed) §T¢

(8107) u1apo)
-SoNTINOJA] PUB OLIBABN

(8100) 'Te 10 yoeqIoH

(S107) T 10 yorqio

(1100 "Te 10 syong

ampasoxd
AUWINIISUT 159) dTureukq

pasuondwo) jewrog jonnsuo) [enSulig % OB %

Anuno) (o8ue1 ope1D/A3Y) N

QOURIRJY

(ponunuoo) | |qey

pringer

As



683

Dynamic assessment as a predictor of reading development:...

SpIed uo
umoys saseq Kouenbaiy ySiy
ym spiom xo[dwod Aqred
-13o1oydiow Kouanbaij-mog
07 I0J suonuyep apraoxd

0} POYSE ST QQUIEXD :SId
-UIed[ TJH 9IRIpoULIdIUI I0J
(L00C “proddiN 29 uasieT)

VINLYA Jo uoneidepy

(s90U2)uds 1I0YS JNOqe SUO)
-sanb aotoyo-ordnnu ¢,.D,)
SSouaIEME J1)ORIUAS pue
‘(.dO.) SOUANUAS PAIIPIOSIP
Surduerrear ‘(yse) 9zo[o

¢ .SIA.) SSQUAIEME O1}OBIUAS

-oydiow :(8707) UIOpoD
-$9NSINOJA] PUB OLIBABN UI

Se [Vd-"1ddd Y Jo s1saqng

(197¢]
syuow g 81— d5e) 0§

(191¢]
squow G 0 9D-€D) ¥TE

(L107) "T® 1° IpuBARWRE]

(8107) ‘T8 10 oLIRABN

ampasoxd
AUSWINISuI Js9) orweukq  pesundwio) Jewof Jonnsuo) [ensulig % RN %

(o8ue1 ope1D/A3Y) N

QOURIRJY

(ponunuoo) | |qey

pringer

As



C. Dixon et al.

684

so[dures o1034z1p pue -ouow $SOIOR PAJLIAAR 4. ‘Furures] jeroosse-parred =Ty sansod-yoear-1saeid = 414 ‘sydwoid pajenpeis =40
‘parrodar Jjou=1YN ‘Surures] deroosse-paired ="Tyq ‘Surured] piom ="\ ‘uorsuayaidwod Furprar=)y ‘ssouareme [edr3ojoydiow =N ‘ssouareme [edrojouoyd =vq

A[3091100
PaJ[eoa1 sawreu Jo judorad
) ST 100G "YOrqPaJ YIIM
S[eLn 7 JO WNWIXew e
SSOJIO® SOWRU AU} [ 0)
payse are soourwexs ‘oseyd
Surures] Juonbasqns  ug
"S1X2JU00 £103S 1I0S UT
payeadar aJe s[ewIIUR UO0}IED
0) Surpuodsa1109 SpIOM-UOU
901y, "se} Surtures| piom
9jeroosse-paired [BqIOA-TENSIA

(z—0) sydwaone puodas

PUE JSIJ UO PAINSLIU ST
Koemooe osuodsay “Tomsue
1091100Ul Yoed J0J papraoxd
ST JUIy QuQ "uorsuayarduod
[eqo[3 pue ‘uoneigajul
-90UQIUAS ‘AIR[NQERI0A
‘Aydei3oylio Surssasse suon
-sonb £ Sururejuood $1x9) G
yIIm pajuasald ST 9ouIEexd
:uorsuayardwod Jurpear jo

ON Tvd M 4 €S Arewusqg (SO ‘1D °09) LET

(193€] sypuowr 9

(8107) 0IqIg Pue UAS[Nog

159) pastoinduiod paoed-jjog SOX dd od AN AN SPUBLISION 016D ‘¥D ‘€D) SLT (0200) 'Te 10 uyniny
ampasoxd
AUSWINISuI Js9) orweukq  pesundwio) Jewof Jonnsuo) [ensulig % RN % Anuno) (e3ue1 ope1n/a3y) N Q0UAIRJY

(ponunuoo) | |qey

pringer

As



Dynamic assessment as a predictor of reading development:... 685

Sweden; Coventry et al., 2011). Studies employed dynamic assessments of the fol-
lowing constructs: decoding (n=7), phonological awareness (n=6), morphologi-
cal awareness (n=3), nonword learning (n=1), and reading comprehension (n=1).
The most commonly adopted assessment procedure was a graduated prompts for-
mat (n=12), with the remainder of studies employing a pretest-teach-posttest format
(n=5). One study employed a paired-associate learning (PAL) paradigm (Poulsen
& Elbro, 2018) in which participants were trained to learn the nonword labels of
cartoon animals across a series of learning trials with corrective feedback. Assess-
ments were computerised in only a minority of cases (n=7). Results of the system-
atic review are discussed below for each of the five constructs in turn.

Phonological awareness (PA)

Six studies examined the contribution of dynamic measures of PA to reading and
reading-related skills, following participants between preschool and first grade
(Bridges & Catts, 2011; Coventry et al., 2011; Gellert & Elbro, 2017a; Krenca et al.,
2020; Spector, 1992). Studies recruited children on an unselected basis, with the
exceptions of Bridges and Catts (2011) who purposely recruited approximately 50%
of children in their second sample to be at risk of reading difficulties according to
DIBELS scores, and Gellert and Elbro (2017a) who oversampled children deemed
to be at risk of reading difficulties according to PA and letter knowledge. Studies
generally used a combination of static and dynamic measures to predict variance
in reading accuracy and/or fluency. Dynamic assessments of PA included phoneme
deletion (Bridges & Catts, 2011), segmentation (Spector, 1992), identification (Cov-
entry et al., 2011; Gellert & Elbro, 2017a), and lexical specificity training (onsets,
codas, vowels; Krenca et al., 2020). A graduated prompts procedure was employed
in all of the studies.

A number of studies in the sample reported floor effects for static assessments of
PA and reading measures, while scores derived from dynamic tests showed either
very little skew or negative skew, indicating generally high performance (Bridges
& Catts, 2011; Gellert & Elbro, 2017a; Spector, 1992). After controlling for static
predictors including letter knowledge, PA, and in one case a word reading autore-
gressor, dynamic PA scores accounted for 4-21% of unique variance in word read-
ing accuracy outcome measures (Bridges & Catts, 2011; Gellert & Elbro, 2017a;
Spector, 1992). However, the contribution of DA was no longer statistically signifi-
cant when used to predict reading scores 17 months into the future (Gellert & Elbro,
2017a) or when a sound fluency measure was included as a static predictor (Bridges
& Catts, 2011 Study 2). Interesting findings emerged from Gellert and Elbro (2017a)
in which children were assessed at four time points between kindergarten and end of
first grade. Static measures of PA and letter knowledge and a dynamic PA score
measured in kindergarten were entered in hierarchical regression models as predic-
tors of performance on a word reading accuracy composite at different time points
in the study. Dynamic PA score predicted significant and unique variance in word
reading at the end of kindergarten (7%) and November of first grade (3%), but failed
to reach significance at the end of first grade. Indeed, a similar pattern was found in
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logistic models predicting reading disorder risk status at each time point, and thus
results suggest that the predictive power of DA may be developmentally constrained
(see also Dixon et al., in press, on this point).

Dynamic PA scores were also found to predict 1-9% of variance in future non-
word reading fluency measures over and above static predictors (Bridges & Catts,
2011; Coventry et al., 2011). Mediation analysis was used by Krenca et al. (2020)
in their sample of emergent French—English bilingual children in Canada to assess
direct and indirect contributions of dynamic phonological training score to current
and later performance on a composite variable of word reading accuracy and flu-
ency. Results provided no evidence for the direct contribution of the dynamic train-
ing score on future word reading skill in English, though there was a significant
indirect effect through concurrent PA performance (elision). In other words, chil-
dren who were able to learn high-quality phonological representations during the
dynamic task also obtained high scores on a static PA measure, which itself was a
predictor of later word reading skill.

Decoding

Seven studies used dynamic decoding assessments to predict variance in the growth
of reading skills, following participants between kindergarten and first grade (Hor-
bach et al., 2015), the beginning to end of first grade (Cho et al., 2017, 2020), over
a 14-week period in first grade (Cho et al., 2014), fall to spring of first grade (Fuchs
et al., 2011), and in one case from preschool to third grade (Horbach et al., 2018).
Additionally, one study used DA to predict reading gains ten months after an inter-
vention amongst a sample of 7- to 11-year-old children with a dyslexia diagnosis
(Aravena et al., 2016), and participants in Cho et al. (2014) were those who were
shown to be unresponsive to Tier-1 classroom instruction. Similar to PA studies
discussed above, dynamic decoding studies mostly used combinations of static and
dynamic variables to predict variance in reading fluency, accuracy, or composites
thereof, though two studies also examined reading comprehension as an outcome
(Fuchs et al., 2011; Horbach et al., 2018).

Participants were trained to decode nonwords either in a novel orthography (in
Mandarin: Cho et al., 2017, 2020; in Hebrew: Aravena et al., 2016; in dots and
dashes: Horbach et al., 2015, 2018) or in the same orthography of instruction (Eng-
lish; Cho et al., 2014; Fuchs et al., 2011). Two studies used the same dynamic test
of decoding in which children are taught to apply different strategies for reading
nonwords with CVC (vop), CVCe (vope) and CVC(C)ing (vopping) structures (Cho
et al., 2014; Fuchs et al., 2011), and a further two studies adapted this procedure by
substituting English letters for Mandarin characters (Cho et al., 2017, 2020).

Skewness statistics are not reported by the majority of dynamic decoding studies
in the sample, though particularly low performance is reported for a static measure
of PA in Cho et al. (2017) and for letter knowledge in Horbach et al. (2018). After
accounting for static predictors such as PA, RAN, vocabulary, and autoregressors in
regression models, dynamic measures accounted for between 1 and 17% of unique
variance in word reading accuracy outcome measures (Aravena et al., 2016; Cho
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et al., 2014, 2017, 2020; Fuchs et al., 2011; Horbach et al., 2015). In terms of read-
ing fluency outcomes, dynamic scores accounted for between 4 and 8% of unique
variance when entered after static predictors of RAN and PA, though coefficients
did not reach the threshold of statistical significance in two studies (Cho et al., 2017;
Fuchs et al., 2011), and in one study this effect was significant only among a sub-
group of ‘preliterate’ children (Horbach et al., 2015). Horbach et al. (2018) assessed
the predictive validity of their dynamic sound-symbol learning paradigm (SSP)
score against static measures of 1Q, letter knowledge, and age in predicting word and
nonword reading fluency measured three years later: in both models, SSP was the
only significant predictor, with models accounting for 63%—72% of variance in total.

Finally, two studies assessed the contribution of DA to reading comprehension.
Using the same regression model structure described above, Horbach et al. (2018)
found their SSP score to be the only significant predictor in a model predicting
future reading comprehension, accounting for 82% variance in total. The relatively
large coefficients of determination in models reported by Horbach et al. (2018) may
be due to the limited number of covariates included in regression models (though all
models did contain a static measure of reading in the form of a letter naming task).
Rather more robust results are offered by Fuchs et al. (2011) in which dynamic
decoding score contributed a small but significant 1% of unique variance to reading
comprehension even after controlling for letter naming, RAN, PA, vocabulary, lis-
tening comprehension, reading fluency, I1Q, and measures of attention.

Morphological awareness (MA)

Three studies evaluated dynamic measures of MA. In Navarro and Mourgues-
Codern (2018) and Navarro et al. (2018), large samples of children were initially
recruited in third to sixth grade in Chile, and followed up at 11 and 5 months,
respectively. In Hamavandi et al. (2017), 14 to 18 year-old participants in Iran were
followed up approximately two and a half months after pretest. Therefore, partici-
pants in dynamic MA studies were substantially older than in studies examining PA
or decoding. In two studies, DA of MA was measured through judgement of (im)
plausible sentences and cloze exercises, assessing learning potential through gradu-
ated prompts (the dynamic EDPL-BALI battery; Navarro & Mourgues-Codern, 2018;
Navarro et al., 2018). Hamavandi et al. (2017) measured DA of MA with an adapted
version of the Dynamic Assessment Task of Morphological Awareness (DATMA;
Larsen & Nippold, 2007). In the DATMA, participants are asked to provide verbal
definitions for low-frequency morphologically derived words (e.g., where beast is a
root form and beastly is a derived form) and to justify their answers with morpho-
logical knowledge defined as “awareness of the constituent morphemes of a word,
knowledge of their meanings, and the ability to integrate that information” (Larsen
& Nippold, 2007, p.204). A series of graduated prompts is employed in the event of
an incorrect answer, drawing attention to meaning and constituent parts. The task
was adapted specifically for adolescent intermediate English as a foreign language
students by relaxing scoring criteria for definitions (i.e., not requiring formal literate
language found in dictionary definitions).
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All three studies examined reading comprehension as an outcome. Dynamic MA
scores accounted for 33.4% variance (entered after static MA) in Hamavandi et al.
(2017). This apparently large proportion of explained variance is tempered by the
relatively lower coefficients of determination reported by Navarro and Mourgues-
Codern (2018): controlling for an autoregressor, dynamic MA scores here accounted
for only 4-5% variance in reading comprehension, though this was no longer statis-
tically significant after a measure of nonverbal reasoning was added to the regres-
sion model. In a similar analysis, Navarro et al. (2018) used structural equation
modelling to assess the contribution of DA on later reading comprehension. The
authors found that a latent variable derived from all three subtests of the EDPL-BAI
battery was a significant and unique predictor of later reading comprehension even
after controlling for an autoregressor and nonverbal reasoning.

Paired-associate learning

One study used a paired-associate learning (PAL) paradigm to predict growth in
reading skills. Poulsen and Elbro (2018) administered their task to a sample of 137
children in Denmark in Grade 0 (age 6;10 before the onset of formal reading instruc-
tion), with follow-up assessments in Grade 1 and Grade 5 to measure growth in
word-reading. This task uses a visual-verbal PAL paradigm in which examinees are
taught nonword labels of three cartoon animals (sput, laf, ky). Stimuli are initially
introduced across repeated short story contexts before the onset of a learning phase
consisting of a maximum of 42 trials. Corrective feedback is provided throughout
the learning phase and the final score is the percentage of trials in which each non-
word animal label is correctly named. At the first time point, participants were also
administered measures of RAN (digits and objects), letter knowledge, and PA, with
measures of decoding accuracy and fluency administered in Grades 1 and 5. In a
hierarchical regression model accounting for static measures in Grade 0, PAL score
was a significant and unique predictor of real word decoding in Grade 1 (2% vari-
ance). Additionally, in another set of models predicting Grade 5 reading outcomes,
PAL score was a significant and unique predictor of nonword reading accuracy and
fluency (accounting for 6% unique variance in both cases) after controlling for read-
ing precursor measures in Grade 0 and decoding in Grade 1.

Reading comprehension (RC)

One study evaluated the predictive validity of a DA of reading comprehension, fol-
lowing a sample of children in third, fourth, and fifth grade over a 9-month period
(Gruhn et al., 2020). Children in this study participated in a self-paced computer-
ised DA of reading comprehension. Across a total of 25 texts, examinees answered
multiple-choice and short-answer questions tapping knowledge of orthography,
vocabulary, and sentence-integration before attempting a single global inference
question. A single prompt is provided for each incorrect answer (apart from infer-
ence questions); for instance, pictures are presented on vocabulary definition items,
and relevant parts of sentences are highlighted on sentence-integration items. As
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a result, participants have only one opportunity to utilise feedback on incorrectly
answered questions. Note that although this procedure differs from that of other
studies included in the review, participants are nevertheless given opportunity to act
upon feedback. Scores on the assessment therefore consist of subtotals grouped by
orthographic, vocabulary, and integration questions for correct responses after a first
attempt and after a second attempt, with this second score indexing potential to learn
from feedback. In a linear mixed effects model accounting for an autoregressor, it
was only first- and not second-attempt subscores that were significantly predictive of
reading comprehension growth.

The value-added nature of DA in CLD populations

As indicated in Table 1, ten studies reported statistics on the language status of par-
ticipants, with six reporting fully or approximately fully monolingual samples (Ara-
vena et al., 2016; Cho et al., 2014, 2017, 2020; Horbach et al., 2015; Poulsen &
Elbro, 2018; Spector, 1992). Other studies recruited both mono- and bi-/multilingual
children, ranging from 28 to 52% (Gellert & Elbro, 2017a; Horbach et al., 2018;
Krenca et al., 2020). No study in our sample assessed the differential predictive
validity of DA for bi-/multilingual children as an explicit research question.

Studies ranged similarly in their reporting of socio-economic status. Of the five
studies reporting such data, the proportion of children eligible for free lunch ranged
from 15 to 66%. Horbach et al. (2015) report lower levels of parental education
among a ‘preliterate’ group of children, and participants in Horbach et al. (2018)
were recruited from “regions of relatively low socioeconomic status” (p.4). Again,
no studies explicitly compared the predictive validity of DA according to different
metrics of SES.

Discussion

In contrast to traditional static tests, dynamic assessments focus on individuals’
learning potential by measuring their ability to benefit from feedback. Performance
on static measures may be strongly influenced by variation in learning opportunities,
parental support, home language, and socioeconomic status (Sternberg & Grigor-
enko, 2002); therefore by measuring the processes of learning rather than its prod-
ucts, DA is said to offer a more sensitive measure of latent capacity particularly for
children from CLD backgrounds (Tzuriel, 2000). We conducted a systematic review
to synthesise research on DA of reading and reading-related skills: specifically, we
asked to what extent DA is able to predict variance in the growth of children’s read-
ing skills or to predict reading performance at a future point in time, and to what
extent DA may tap into variance unexplained by static assessment. A total of 17
articles met inclusion criteria for the review, representing 18 peer-reviewed stud-
ies published between 1992 and 2020. Studies were carried out in a range of coun-
tries and followed participants between the ages of four and eighteen, the majority
administering dynamic tests of code-based skills such as phonological awareness
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and decoding, with the remainder focusing on DA of morphological awareness,
paired-associate learning, and reading comprehension.

The results of regression modelling support the role of dynamic measures as sta-
tistically significant predictors of growth in reading skills. In some cases, this pro-
portion of variance was rather large (e.g., 72-82% in the studies of Horbach et al.,
2015, 2018), though in studies controlling for various static predictors of reading
and reading-related skills, the median amount of variance explained by DA specifi-
cally was approximately 5%. The contribution of dynamic measures varied some-
what across different reading outcomes. After accounting for static predictors, DA
of PA explained 4-21% of variance in reading accuracy and 1-9% in reading flu-
ency outcomes. Similar results were found for DA of decoding, typically predict-
ing between 1% and 17% of variance in reading accuracy and 4-8% in fluency out-
comes. Reading fluency outcomes may be considered slightly more distal to the
skills targeted by dynamic PA and decoding tasks, thus accounting for the relatively
lower predictive power of DA here. Two dynamic decoding studies examined a yet
more distal outcome in the form of reading comprehension (Fuchs et al., 2011; Hor-
bach et al., 2018). The results of Fuchs et al. (2011), particularly, provide robust
evidence for the ability of a dynamically administered measure of decoding ability
to predict unique variance in a reading comprehension measured over a year later;
though only a very small proportion (1%), this nonetheless suggests that dynamic
decoding score (as indexed here through graduated prompts), was reliably tapping
into variance unexplained by static measures.

Reading comprehension outcomes were also examined in studies of dynamic
morphological awareness (explaining 4-33.4% of variance after static measures).
The relatively older participants in these studies engaged in dynamic tasks including
grammatical judgement, cloze exercises, and justifying responses through evidence
of morphological awareness. Dynamic MA scores, all indexed through a graduated-
prompts procedure, explained 4-33.4% of variance in reading comprehension after
accounting for static MA task performance, though in one study this effect was no
longer statistically significant when nonverbal reasoning was included in the statisti-
cal model (Navarro & Mourgues-Codern, 2018). Only one study sought to predict
reading comprehension performance with a DA of the same construct. In their com-
puterised adaptive reading comprehension test, Gruhn et al. (2020) found that sec-
ond-attempt responses to incorrectly answered questions did not predict future read-
ing comprehension performance. This null finding may have been due to the limited
number of attempts at incorrectly answered questions (1 hint) and the relatively
short interval between time points of three months. Despite this, there is support
elsewhere for the predictive validity of DA in concurrent reading comprehension
performance. In Elleman et al. (2011), children in second grade were taught ‘read-
ing detective’ strategies and assessed on their application across a range of passages.
When entered after static measures of word reading accuracy and vocabulary, a
dynamic score derived from a graduated prompting procedure predicted a small but
unique amount of variance (4%) in concurrent reading comprehension performance,
again providing evidence for the ability of DA to tap into variance unexplained by
traditional static predictors. More longitudinal work is needed to establish the pre-
dictive power of DA of reading comprehension.

@ Springer



Dynamic assessment as a predictor of reading development:... 691

While a number of studies in the review did recruit participants from CLD back-
grounds (e.g., bi-/multilingual or those from socio-economically disadvantaged
homes), none sought to explicitly compare the predictive validity of DA according
to these variables. Although the present review is not able to address this issue, some
tentative evidence for the differential sensitivity of DA for children from CLD back-
grounds was found in the systematic review of Dixon et al. (in press). In particular,
in a longitudinal study spanning kindergarten to fifth grade, Petersen et al., (2016,
2018) found that static tests afforded particularly poor classification sensitivity for a
Hispanic subsample and that the addition of a dynamic decoding variable resulted in
relatively larger improvements in sensitivity than for a Caucasian comparison group.
It remains to be seen whether such differential sensitivity of DA for CLD popula-
tions applies in the longitudinal modelling of reading development.

One particular concern with static assessments of reading is the risk of a highly
skewed distribution (e.g., floor effect), particularly for younger children shortly after
the onset of formal literacy instruction (Catts et al., 2009). This results in lack of
variation and therefore poses challenges for predicting variance in growth. Statisti-
cally, linear regression models make no assumptions concerning the distribution of
independent variables (though a highly skewed predictor may increase the risk of
outliers and result in larger residual variance; Field et al., 2012); instead, it is floor
effects in dependent variables (i.e., reading outcome measures themselves) that pose
a more serious threat. While some studies in the review did report trends towards
floor effects in independent variables of PA (Bridges & Catts, 2011; Cho et al.,
2017, 2020; Spector, 1992) and letter knowledge (Horbach et al., 2018), only two
studies reported such trends in dependent variables of word reading outcome meas-
ures (Gellert & Elbro, 2017a; Spector, 1992). Therefore, the issue of floor effects did
not appear to be widespread in the sample of studies synthesised here, though such
a conclusion is tentative given inconsistent reporting of skewness statistics across
studies.

As alluded to above, DA of reading and related skills has also been used for the
purposes of classifying children at risk of developing reading difficulties (Aravena
et al., 2018; Cho et al., 2020; Bridges & Catts, 2011; Compton et al., 2010; Gellert
& Elbro, 2017a, 2017b, 2018; O’Connor & Jenkins, 1999; Petersen et al., 2018; see
Dixon et al., in press for a recent review). Here again, dynamically administered
measures of learning potential have been found to explain unique variance over and
above that of static measures in future risk status (Dixon et al., in press). However,
classification analysis using logistic regression modelling necessarily imposes an
arbitrary cut-off (e.g., — 1 or — 1.5 SD below the sample or norming population
mean). In contrast, the results of the present review support the predictive validity of
DA to measure growth in reading skills in a continuous fashion without the need for
such arbitrary discrimination. Consequently, DA may offer more sensitive predic-
tions regarding rate of change in reading skills over time as well as the likelihood of
reading difficulties.

Seven studies reported data on the administration time of DA procedures, rang-
ing from 8-10 minutes (Bridges & Catts, 2011) to 40—60 minutes in total (Coventry
et al., 2011), though most procedures lasted between 15 to 20 minutes. It may be
questioned to what extent DA is justified as part of a screening battery given its time
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requirements and the small to modest amount of variance it explains in future read-
ing performance (O’Connor & Jenkins, 1999). However, it may also be the case that
such time costs are justified particularly for children from CLD backgrounds whose
future reading performance may be more accurately predicted by measures of learn-
ing potential. The time-consuming nature of DA may be addressed to some extent
by computerisation, allowing for automatic scoring and standardisation of feedback
(only seven studies in the current review employed computerised measures). How-
ever, there is also some evidence to suggest that computer-mediated feedback may
result in poorer performance relative to human-mediated feedback (Golke et al.,
2015). Indeed, the combination of a computer-delivered task and the presence of
a ‘knowledgeable other’ may result in best performance and it may be argued that
attentive and individualised (and therefore time-consuming) feedback represents a
crucial mechanism by which DA quantifies learning potential, especially within the
theoretical framework of a zone of proximal development (Dumas et al., 2020).

Limitations and future directions

We searched five electronic databases for records pertaining to DA and reading
skills, and chose not to impose exclusion criteria based on year of publication. To
some extent, the results of the present study may have been limited or biased by
what was not included in the review. Firstly, due to resource limitations we were
unable to implement a comprehensive grey literature search strategy and therefore
the review may have omitted relevant work from non-peer-reviewed sources (e.g.,
dissertations, preprints, etc.). Secondly, given the review’s focus on the ability of
DA to predict growth in reading or reading at a future point in time, at the full-text
screening stage we excluded a number of studies with cross-sectional designs (e.g.,
Elleman et al., 2011). Although these studies did not serve to answer our research
question, they are likely to be informative concerning the nature of shared and
unique variance between static and dynamic measures of reading and related skills.
Thirdly, some relevant studies may have been omitted due to the search criteria we
employed. A number of different terms are used to describe dynamic tasks in the lit-
erature, and although we tried to incorporate many of these in our search (including
‘mediated learning’, ‘interactive assessment’, and ‘learning potential’; see Method),
the inclusion of other terms such as ‘paired-associate learning’ (PAL) may have led
to different results. PAL in particular has been shown to predict unique variance
in reading skills cross-sectionally (Warmington & Hulme, 2012) as well as spell-
ing skills longitudinally (Nielsen & Juul, 2016). As a result, future reviews of DA
and reading may seek to incorporate PAL more fully into search terms in an effort
to identify studies which contrast PAL with traditional static measures to predict
growth in reading skills over time.

We chose only to include studies in the review which explicitly contrasted the
contributions made by static and dynamic measures in predicting future reading out-
comes. Although not included in the review for this reason, three studies neverthe-
less warrant mention for insights they may provide. Petersen and Gillam (2015) used
a dynamic decoding modifiability score in kindergarten to predict reading outcomes
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in first grade among a cohort of Hispanic students. As no static measures were
included in regression models, this score accounted for a relatively large amount
of variance in word reading fluency (19%) and word reading accuracy (24%). It is
important to note that this DA (taking only five minutes to administer) has been
shown to predict variance in reading outcomes over and above static measures else-
where, for instance in the classification of risk status for reading disorder (Petersen
et al., 2018). We also identified two studies using a dynamic working memory meas-
ure to predict later reading outcomes (Swanson, 2010, 2011). The Swanson Cogni-
tive Processing Test (S-CPT) consists of 11 subtests measuring verbal and nonver-
bal working memory and is shown in these studies to predict significant variance
in reading achievement contemporaneously (7-32%), as well as its growth over a
period of three years (40-74%). While neither of these studies is informative for our
research question, they do provide some evidence for the validity of dynamic assess-
ments in their shared relationship with reading outcomes, and the work of Petersen
and colleagues in particular indicates the feasibility of a very brief dynamic measure
in contrast to the often lengthy procedures found elsewhere in the literature.

Despite claims that DA provides a less biased form of assessment for children
from CLD backgrounds, we were unable to assess the differential sensitivity of DA
of reading for this purpose, though another recent review did find tentative evidence
of this in the context of classification of at-risk status (Dixon et al., in press). This
is an empirical question, and further research may conduct subgroup analyses or
include interaction terms in models for socio-economic status or second language
learning status. Lastly, although all studies in the present review adopted a longitu-
dinal design, they provide a relatively limited developmental window through which
to assess the predictive validity of DA. Studies of dynamic PA and decoding typi-
cally focused on the period between preschool and the end of first grade, with the
remaining studies recruiting children in the later primary/elementary school grades.
Consequently, there appears to be little work looking at the predictive validity of
DA in the transition between early and later reading development. In line with Gel-
lert and Elbro (2017a)’s finding that the predictive power of DA appears to decrease
when administered beyond the first part of first grade, future work may seek to fol-
low participants over a longer developmental period and assess the applicability of
this finding to other educational contexts and more distal reading outcomes.

Conclusion

Traditional static reading assessments focus on pre-existing knowledge and skills,
but variation in learning opportunities and experiences may bias the ability of static
tests to predict children’s developmental trajectories. DA instead focuses upon a
child’s potential to learn with feedback. The results of this systematic review suggest
that DA does tap into variance in the growth of reading skills that is unexplained by
static tests—particularly for word-level reading outcomes, but with some evidence
also for early reading comprehension. Additional work is required to address dif-
ferential sensitivity in the predictive validity of dynamic test procedures for children
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from CLD backgrounds, ideally with a longer developmental window and examina-
tion of proximal as well as distal reading outcome measures.
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