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Abstract A considerable amount of the population
in more economically developed countries are func-
tionally illiterate (i.e., low literate). Despite some
years of schooling and basic reading skills, these
individuals cannot properly read and write and, as a
consequence have problems to understand even short
texts. An often-discussed approach (Greenberg et al.
1997) assumes weak phonological processing skills
coupled with untreated developmental dyslexia as
possible causes of functional illiteracy. Although there
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is some data suggesting commonalities between low
literacy and developmental dyslexia, it is still not
clear, whether these reflect shared consequences (i.e.,
cognitive and behavioral profile) or shared causes. The
present systematic review aims at exploring the
similarities and differences identified in empirical
studies investigating both functional illiterate and
developmental dyslexic samples. Nine electronic
databases were searched in order to identify all
quantitative studies published in English or German.
Although a broad search strategy and few limitations
were applied, only 5 studies have been identified
adequate from the resulting 9269 references. The
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results point to the lack of studies directly comparing
functional illiterate with developmental dyslexic
samples. Moreover, a huge variance has been identi-
fied between the studies in how they approached the
concept of functional illiteracy, particularly when it
came to critical categories such the applied definition,
terminology, criteria for inclusion in the sample,
research focus, and outcome measures. The available
data highlight the need for more direct comparisons in
order to understand what extent functional illiteracy
and dyslexia share common characteristics.

Keywords Illiteracy - Low literate - Adult basic
education - Dyslexia - Reading - Comprehension

Introduction

Reading and writing are fundamental for acquiring
other key competencies for lifelong learning (Council
2018), which are necessary for participation in the
society. Large-scale studies have shown that, the level
of literacy of many adolescents and adults are not
sufficient to participate fully in everyday life (OECD
2013). For example, in the recent PIAAC Survey of
Adult Skills (OECD 2019), 19.8% of the adult
population (16-65 years) from 39 countries and
economies could read and locate only single pieces
of information in simple texts. In France, the Infor-
mation and Daily Life Survey (IVQ: Information et
Vie Quotidienne, Jeantheau 2015) showed that in
2011, 11.0% of the adults (16—-64 years; 4.3 million)
performed poorly in at least one of the three domains
investigated: reading aloud, reading comprehension,
and writing. In Germany, the Level One Survey
showed that 12.1% (LEO 2018, Grotliischen et al.
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2019) of the German-speaking adults (18-64 years;
6.2 million) are not able to read and write texts, even if
they are brief.

This phenomenon of limited reading and writing
skills has been termed as functional illiteracy (Bar-
Kochva et al. 2019), which impedes people from
effortlessly accomplishing otherwise simple tasks
such as filling out a job application, reading a medicine
label, or participating successfully in vocational
training programs. According to the UNESCO
(2006) and the World Literacy Foundation (Cree
et al. 2012), those with functional illiteracy are more
likely to be left behind and receive less political,
cultural, social, and economic benefits. Therefore,
functional illiteracy is a societal problem with major
(economical) implications not only for those suffering
from it but also for the societies to which they belong.
In more economically developed countries, the costs
resulting from functional illiteracy (e.g., welfare
payments and burden on the health systems), amount
to about 2% of the Gross Domestic Product, i.e., 362
billion dollars in the US and 68 billion in Germany
(World Literacy Foundation 2015). As a first step, it is
critical to better understand the predictors of func-
tional illiteracy, as well as the most effective measures
for prevention and intervention.

Socioeconomic and sociodemographic factors as
well as individual factors (cognitive, emotional and
motivational) have been identified in the literature
(see, e.g., Vagvolgyi et al. 2016, for review) to
affect—isolated or in combination—literacy acquisi-
tion in childhood (e.g., Hemmerechts et al. 2016) as
well as literacy proficiency in adulthood (e.g., OECD
2019). For instance, adults with low literacy skills
were found to be more often older than 45 years, male,
not or low educationally qualified, not native speakers,
and more often unemployed (Grotliischen et al. 2019).
Furthermore, disadvantages in family background
(e.g., low economic security, neglect and disinterest),
school experience (e.g., social shame, punishment for
failure; Dobert and Hubertus 2000; Nickel 2007), and
medical history (e.g., chronical disease, brain damage,
uncorrected impaired vision and hearing; Ardila et al.
2010) were found to be associated with low literacy
skills. Above all, due to socioeconomic and sociode-
mographic factors, low literacy tends to be passed
from one generation to the next (Grotliischen and
Riekmann 2011; Nickel 2007).
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Besides these factors, developmental dyslexia
could be also considered as a potential precursor of
functional illiteracy (e.g., Greenberg et al. 1997).
Developmental dyslexia is characterized by signifi-
cant and persistent difficulties in learning to read,
expressed at behavioral level by individual reading
accuracy, fluency, and comprehension that is mark-
edly below what would be expected for chronological
age, general cognitive development, and appropriate
education, resulting in significant impairment in the
individual’s academic functioning (6A03.0, World
Health Organization 2019).

Research on adults with low literacy revealed
higher prevalence rates of developmental dyslexia
than in the general population. For example, in the
USA, 48% of the English native speaking ABE
students (Adult Basic Education; literacy programs
for low-literate adults, offered by community colleges
and adult education centers) reported a learning
disability in childhood (MacArthur et al. 2010), while
another study (Gottesman et al. 1996) diagnosed 33%
of their literacy program participants with develop-
mental dyslexia. In the LEO 2018 study (Grotliischen
et al. 2019, 2020), the prevalence rate of developmen-
tal dyslexia was more than twice as high in the group
of low literate adults when compared to the group of
skilled readers (7.0 vs. 2.9%, Heilmann 2020).

In the current review, we aim to examine whether
and to what extent functional illiteracy and develop-
mental dyslexia show common patterns of behavioral
and cognitive deficits. Our research strategy was to
systematically review studies that investigated puta-
tive deficits that were shared between these two
groups. Given that there is substantial knowledge
about effective interventions in dyslexia, the present
review can provide insights, which, in turn, could have
substantial impact on development of training pro-
grams in functional illiteracy. Before describing the
systematic review, we will focus on the definitions of
functional illiteracy and developmental dyslexia, as
well as provide a general overview on studies that
looked at behavioral and cognitive profiles in the
groups separately.

Definitions and diagnostic criteria of functional
illiteracy

UNESCO first recognized functional illiterate persons
in 1978 and described them as individuals who “[...]

cannot engage in all those activities in which literacy
is required for effective functioning of his group and
community and also for enabling him to continue to
use reading, writing, and calculation for his own and
the community’s development” (UNESCO 1979,
p- 183). Since then, several conceptual and opera-
tionalized definitions appeared, however, the applied
criteria to define and the assessment tools to identify
the functional illiterate or low literate population vary
between countries (e.g., France vs. Germany) and
methodologies (e.g., large-scale vs. experimental
design).

For example, the IVQ study uses the term illiterate,
or individual in the situation of illiteracy (literal
translation of les personnes en situation d’illettrisme),
for adults who attended school for at least 6 years but
who did not achieve mastery in reading, writing, and
other basic skills (e.g., oral communication, logical
reasoning, comprehension), which would allow them
to be autonomous in daily life (Jeantheau 2015). The
LEO studies (Grotliischen et al. 2019; Grotliischen and
Riekmann 2011), in contrast, do not take school
attendance into account in the definition of functional
illiteracy. Instead, they use the term low literate adults
to refer to adults that are able to read and write letters
and/or words and/or isolated sentences, but not texts,
even if texts are short, which has negative conse-
quences, as aforementioned, on these adults’ abilities
to deal with everyday requirements.

The experimental studies, which tested adults with
low (or no) literacy skills usually recruit their samples
from basic education or literacy/alphabetization
courses for adults. Therefore, the terms adult basic
education students or adult literacy students are often
adopted. These studies often apply diagnostic reading
tests and grade equivalence scores when selecting
their samples, however, they differ from country to
country. In experimental studies with native German
speakers, different decoding and comprehension mea-
sures are often used with the cut-off of an average 4th-
grade student to differentiate people with low literacy
skills from literates (e.g., Boltzmann and Riisseler,
2013; Grosche 2012). In studies with native French
speakers (e.g., Eme et al. 2010), the average 3rd-grade
level with the same aim was employed. To the best of
our knowledge, none of these studies used assessment
tools, which were explicitly developed and normed on
low literate adults. This is not the case for studies
conducted in the USA, where, in contrast,
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standardized tests for adults with low literacy skills are
available (e.g., Test of Adult Basic Education, TABE:
CTB/McGraw-Hill, 2008) and commonly used in
research as well as in practice (e.g., Barnes et al. 2017;
MacArthur et al. 2012; US Department of Education
2016).

Established standards of defining and identifying
functional illiteracy would be essential for scientific
studies, however, the great variety of terms and
definitions among disciplines and societies makes it
hard to compare their results. Regarding terms, low
literate seems to prevail over the term functional
illiterate (e.g., Grotliischen et al. 2019), however, as
the latter term describes more specific the group of our
interest, we will use it throughout the article. Regard-
ing definition, at least, there is some agreement (see
Vagvolgyi, 2018) that functional illiterate individuals
are adults who—despite at least a few years of
education—do not possess a minimum literacy level
required for adequate participation in their respective
society. For the present study, we will use this broad
definition.

Behavioral and cognitive profiles associated
with functional illiteracy

In functional illiteracy research, among the cognitive
precursors of literacy acquisition, phonological pro-
cessing has received the biggest attention. Functional
illiterate individuals have lower performance in
phonological processing and decoding tasks than
literate adults and reading-level matched children, on
both transparent (German: Grosche 2012; Grosche and
Griinke 2011) and opaque orthographies (English and
French, respectively: Eme et al. 2014; Thompkins and
Binder 2003). It was found that the reading and
spelling performance of functional illiterate individ-
uals can be better predicted by their performance in
phonological awareness tasks than by the number of
completed school years (Landgraf et al. 2012), their
vocabulary knowledge, or their oral language com-
prehension skills (Eme et al. 2014). Some results (e.g.,
Greenberg et al. 2002) suggest that functional illiterate
individuals compensate for their phonological pro-
cessing and decoding deficits by focusing on ortho-
graphic strategies (direct recognition of frequent
words without alphabetic decoding, directly from the
orthographic lexicon; cf. Coltheart 2005) and on
context (Binder et al. 2007). However, this can be only

@ Springer

partially successful, since phonological skills are an
essential prerequisite for the construction of the
orthographic lexicon (Share 1995; Ziegler et al.
2014). Given these findings, a systematic reshaping
of the early phonology-oriented (alphabetic) stage
(e.g., Frith 1986) appears to be inevitable in the
literacy courses targeting functional illiterate
individuals.

The finding of phonological processing deficits in
functional illiterate individuals is supported by brain
research (see Huettig et al. 2018, for a review). In a
Diffusion Tensor Imaging (DTI) study (Boltzmann
et al. 2017), relative to non-impaired readers, German
functional illiterate individuals showed reduced grey
matter in reading-relevant temporo-parietal brain
areas, known to be involved in the phonological
analysis of words and in alphabetic reading and
writing (grapheme-phoneme conversion) during liter-
acy acquisition (e.g., Pugh et al. 2000). Interestingly,
these structural differences were no longer evident
after functional illiterate individuals attended the nine-
month intensive literacy course with a strong phono-
logical component (systematic teaching of the sound
structure and grapheme-phoneme correspondences)
(AlphaPlus; Riisseler et al. 2012).

Given that people who are primarily illiterate (i.e.,
people who have never attended formal education or
schooling) show poor phonological skills (Dehaene
et al. 2010), it might be the case that these deficits are
cause or consequence of reduced and suboptimal
reading experience. This question is hitherto open (see
Huettig et al. 2018, for a review).

The whole pattern of deficits in phonological
processing and decoding is also found in children
with developmental dyslexia (Hulme and Snowling
2009; Klatte et al. 2013; Swanson and Hsieh 2009) and
is seen, by a number of authors, as representing the
universal cause for problems in learning to read and
write (e.g., Snowling 2001). Therefore, a further
explanation for functional illiteracy could be an
undiagnosed or untreated developmental dyslexia in
childhood (e.g., Greenberg et al. 1997).

The overlap between functional illiteracy
and developmental dyslexia

Besides the already mentioned phonological process-
ing and decoding deficits, experimental and neuropsy-
chological studies suggest, however, that further
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deficits may contribute to problems in learning to read
and write as well, such as visual processing deficits
(e.g., Becker et al. 2005; Lovegrove et al. 1986; see
Stein 2018a, b, for a review), basic auditory (Christ-
mann et al. 2015; Witton and Talcott 2018) or
temporal processing deficits (Groth et al. 2011;
Steinbrink et al. 2012; Tallal 1980; see Farmer and
Klein 1995 or Stein 2018a, b, for a review) or an
automatization deficit (Nicolson and Fawcett
2018, 1990), and that there are subgroups of develop-
mental dyslexia regarding the pattern of underlying
deficits (Heim et al. 2008; Lachmann et al. 2005;
Ramus et al. 2003; Steinbrink et al. 2014). Several of
these deficits were also found in functional illiterate
individuals, which led to the suggestion that develop-
mental dyslexia might be a possible cause for func-
tional illiteracy (see Vagvolgyi et al. 2016, for a
review).

The Functional Coordination framework of reading
acquisition (Lachmann 2002, 2018) could account for
both developmental dyslexia and functional illiteracy
(Bulajic¢ et al. 2019). According to this model, reading
acquisition develops along four stages. The learner
recruits preexisting functions (e.g., phonological
skills, grapheme awareness), a reading-specific pro-
cedure is built through optimal modification and fine-
tuned coordination of skills and strategies, and this is
automatized through years of practice to become a
cognitive skill (Van Leeuwen and Lachmann 2004).
Thus, individuals who are functionally illiterate may
not have properly completed the coordination stage
and/or failed to reach the automatization of the reading
procedure (Nicolson and Fawcett 1990, 2018), which
would hinder text comprehension, as they would need
to invest most of their available cognitive resources in
decoding, i.e., reading words (Bulaji¢ et al. 2019).

Research question and assumptions

Even though developmental dyslexia has been con-
sidered for decades a possible cause of functional
illiteracy in adulthood (e.g., Greenberg et al. 1997),
studies were focusing mostly on the prevalence of
developmental dyslexia among the low literate pop-
ulation but less on the commonalities in their cognitive
profiles. Empirical studies assessing both groups
simultaneously are lacking. In the present systematic
review, we aim to collect, summarize and evaluate
available studies (including “grey” literature) that

include both functional illiterate and developmental
dyslexic groups. Our research question is: What are
the similarities and differences between functional
illiteracy and developmental dyslexia? Although,
having a very broad research question, without any
restriction (e.g., for specific outcome measures), we
assume to find only a small number of studies
systematically comparing functional illiteracy and
developmental dyslexia.

Methods

To ensure the high standards of reporting, the
PRISMA guidelines (Moher et al. 2009) have been
followed throughout our systematic review. The
review protocol was submitted in November 2019
with the International Prospective Register of Sys-
tematic Reviews (PROSPERO: CRD42020156766,
Lachmann et al. 2020).

Eligibility criteria

Here, we aim to identify all available studies including
both functional illiterate (i.e., low literate) and devel-
opmental dyslexic populations. The functional illiter-
ate target population was defined as adults (i.e.,
between 16 and 65 years old), with some years of
education (i.e., attended school to learn to read and
write), and with low literacy skills (i.e., lower level
than would be expected from the general population).
Therefore, those below 16 years of age and primary
illiterate (who never attended school) were not
included as functional illiterate. The developmental
dyslexic target population was defined as those
(children or adults) with either a clinical diagnosis
by professionals or identified retrospectively based on
related symptoms or received diagnosis in childhood
(self-report). Thus, we also excluded studies that
included participants with general cognitive impair-
ments (i.e., IQ below 70; limited to studies in which a
professional performed the assessment for dyslexia).

All studies included were published in English or
German without restrictions of publication year. To
eliminate publication biases and increase the number
of potentially relevant papers, unpublished (“grey”)
literature with original quantitative data was also
considered (Table 1).
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Table 1 List of eligibility criteria

Inclusion criteria

Exclusion criteria

Population
Functional
illiterate
population
Developmental
dyslexic
population

Publication type

Individuals between 16 and 65 years old with some
years of education in childhood, adolescence or
adulthood and with low literacy skills

Individuals (children, adolescence and adults) with
clinical diagnosis or self-report of developmental
dyslexia

Published articles, dissertations, reports/book

Children (below 16 years old) and primary illiterates,
i.e., adults (16-65 years old) without any formal
education

Individuals with an IQ below 70 (restricted only to
those studies where a professional carried out the
assessment for dyslexia)

Reviews, comments, editorials, manuals, guidelines,

chapters with original quantitative data

Publication
language

English, German

qualitative studies

Other languages

Search strategy

We followed a broad search strategy due to the
heterogeneity of terms and definitions, as well as our
assumption about the scarce research, which directly
or indirectly investigated the link between functional
illiteracy and developmental dyslexia. The studies
were collected from nine bibliographic databases on
November 25th 2019: Dimensions, ERIC, JSTOR,
Open Grey, ProQuest, PubMed, PubPsych, Scopus,
and Web of Science. Moreover, to detect unpublished
papers, two queries were circulated (in the German
scientific community: Educational and Developmen-
tal Psychology Sections of the German Psychological
Society, and in the international scientific community:
Society for the Cognitive Science of Culture).

The search terms were divided into two sets
connected with the AND-operator: functional illiter-
acy and developmental dyslexia, respectively. As
aforementioned, standards to define people with
functional illiteracy have not yet been established
and terms are used differently among disciplines and
societies: in Europe, the terms “functional illiterate”
and “low literate” are used, while in the US the terms
“adult basic education student” or ‘“adult literacy
student” are most common. Given this heterogeneity,
a wide range of search terms has been collected to
describe the functional illiterate population. The
search terms were adjusted to the requirements and
specifications of the databases, as presented in Table 2.

@ Springer

Screening

After removing duplicates, search results were
screened in three phases. Phase 1: in a pre-screening,
studies from irrelevant publication types were identi-
fied and excluded based on their titles; these included
bibliographies, collections of abstracts, reviews, meta-
analyses, comments, commentaries, manuals, and
guidelines. Phase 2: each record was reviewed by
two out of a total of five independent coders, whom,
based on the titles and abstracts, decided whether a
record fulfilled all inclusion criteria (“maybe” or
“yes”, i.e., requires full-text screening) or whether it
met at least one of the exclusion criteria (“no”, i.e.,
exclusion). Phase 3: two independent coders reviewed
the full text of the remaining records. They decided
whether the full text fulfilled all inclusion criteria. In
Phase 2 and 3, coders documented the reason for
exclusion, discussed disagreements and made resolu-
tions by consensus.

Quality assessment

The methodological quality of the studies surviving
the screening procedure was assessed. For quality
assessment of the studies, the Quality Assessment
Tool for Reviewing Studies with Diverse Design
(QATSDD, Sirriyeh et al. 2012) was identified by the
authors as fitting best to the experimental and corre-
lational study designs typically used in the field of
literacy research. The 16-item rating system was
developed for assessing the reporting and method-
ological quality of heterogeneous study designs
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Table 2 List of search terms applied on titles and abstracts

English

German

Functional
illiteracy

Developmental
dyslexia

Illitera* OR analphabet* OR “functional *litera*” OR
“semi-*litera*” OR “late-literate*” OR “ex-
*literate*” OR “quasi-*litera*” OR “partial *litera*”
OR “adult basic education” OR “adult litera*” OR
“low litera*” OR “poor litera*” OR “poor read*”

Dyslexi* OR dyslectic* OR “learning disab*” OR
“learning disorder” OR “reading disorder” OR
“reading disab*” OR “reading difficult*” OR
“spelling disab*” OR “spelling disorder” OR

Analphabet* OR grundbildung OR erwachsenenbildung
OR alphabetis* OR literalitdt OR “gering litera*”

Legasthen* OR dyslexi* OR dyslektiker OR
lernbehinderung* OR lernschwiche* OR lernstorung*
OR lernschwierigkeit* OR “lese-rechtschreib®*” OR
“gering* lese-rechtschreibleistung®” OR “schwach*

“spelling difficult*”

lese-rechtschreibleistung*” OR leseschw* OR
lesestor* OR lesedeficit OR “schwach* lese*” OR
“gering* lese*” OR “unterdurchschnittlich* lese*”
OR rechtschreibstorung* OR rechtschreibschw* OR
“schwach* rechtschreib*” OR “gering*
rechtschreib*” OR “unterdurchschnittlich*
rechtschreib*”

(qualitative, quantitative and mixed methods). Two
independent coders assessed the quality of the eligible
papers using the QATSDD. Discrepancies were dis-
cussed and resolved by consensus.

Results
Results of the search

From the initially identified 9269 hits (databases and
queries), 2170 records were removed because of
duplication. From the remaining records, 1397 were
excluded because of the publication type (Phase 1).
The abstracts and titles of the remaining 5702 studies
were screened by two independent coders (Phase 2).
The 43 studies selected (agreement between the coders
in Phase 2 = 96.84%) were read in full and were
screened by two independent coders (Phase 3). Among
them, 37 studies were excluded. Two of them (Tal
et al. 1994; Mellard and Patterson 2008) were
discussed more intensively because they did include
quantitative data and both groups of interest. How-
ever, the functional illiterate sample in Tal et al.
(1994) included adults and children (the latter was an
exclusion criterion) without disentangling both groups
and Mellard and Patterson (2008) did not provide the
absolute level of reading and writing skills of the
participants. Therefore, these studies were not con-
sidered further. Finally, six studies were identified as

fitting to our research question and criteria (agreement
between coders in Phase 3 =95.35%, Cohen’s
k = 0.83). Given that one record (Riisseler et al.
2011) was part of a dissertation published later
(Boltzmann 2014), this dissertation was not consid-
ered as a separate record. In total, five papers were
eligible for synthesis, data extraction (Fig. 1, Tables 3,
4) and quality assessment.

Narrative synthesis of the studies

The five studies were selected turned out to be
heterogeneous. It is clear that in what regards the
definition and terminology adopted, there is no
agreement. Our definition of functional illiterate
included all adults without the necessary literacy
skills expected from the general population, despite a
few years of education, no matter when in their
lifetime they received this (literacy) education. This
applies for at least one sample in all of the five eligible
studies. Note, however, that our definition might not
be consensual among the studies included in the
present work. Those four studies in which the term
“functional illiteracy” was not adopted, may not agree
with this terminology, in particular, if literacy instruc-
tion was held during adulthood. We, therefore,
summarize the five studies in two subsections,
considering whether literacy instruction occurred in
childhood (Table 3) or in adulthood (Table 4). The
summaries are following the same structure: first, the

@ Springer



166

J Cult Cogn Sci (2021) 5:159-179

9267 studies identified from electronic
database search:

Dimensions (Ngygpey = 839, (Dgaman = 1)
ERIC (n = 5547)

JSTOR (n=11)

PubMed (n=17)

PubPsych (Nggsen = 236, Ngenman = 216)
Scopus (n=1151)

Web of Science (n=1212)

Open Grey (n=6)

ProQuest (n=31)

2 studies gathered through queries

¥
| 7099 records after duplicates removed |

2170 records excluded, because of duplication (Phase 1)

h 4

Pre-screening: 1397 records excluded belonging to other
publication types (review, meta-analysis, comment, commentary,

A 4

| 5702 records screened (title & abstract screening)

abstract collection, bibliography, guideline, manual), as
recognizable from the title (Phase 2).

v

| 43 records screened (full-text screening) |

5659 records excluded, not fulfilling inclusion criteria (Phase 3) ‘

.

v

| 6 records (N = 5) met inclusion criteria |

| 37 records excluded, not fulfilling inclusion criteria |

Fig. 1 Flowchart of the systematic literature search and selection process

goal of the study with the necessary background
information is described; second, the samples are
listed with a special stress on the groups identified as
functional illiterate and developmental dyslexic; then,
the experimental tasks are reported detailed enough to
facilitate the comprehension of the results; fourth, the
main results are explained and finally, an implication
is provided, whether the constructs share or do not
share  difficulties, indicating similarities or
differences.

Functional illiterate individuals with education
in childhood

Riisseler et al. (2011) examined visual and auditory
perceptual skills of functional illiterate adults in order
to investigate whether their performance (and putative
deficits) would be similar to those found in children
with developmental dyslexia. With this aim, they
examined five groups: (1-2) two groups of functional
illiterate adults having German as their first language
(recruited from adult basic education courses in

@ Springer

Germany) and two groups of skilled readers, one (3)
matched in age, the other (4) matched in both age- and
IQ to the functional illiterate groups, and (5) a group of
primary school children previously diagnosed with
developmental dyslexia matched in reading level to
the functional illiterate individuals. Information on
recruitment and selection criteria for participants’
inclusion was not provided. The groups of functional
illiterate and skilled readers differed on average in
reading performance (i.e., decoding and reading
speed). Perceptual skills were examined with the
BrainBoy® computerized test, which consists of 8
visual and auditory judgment and discrimination tasks.
Functional illiterate adults and children with develop-
mental dyslexia did not significantly differ from each
other in any task and they performed significantly
worse than the two groups of literate adults. Riisseler
et al. (2011) concluded that given the similar perfor-
mance between functional illiterate individuals and
children with developmental dyslexia, perceptual
training might be beneficial for functional illiterate
individuals as it was previously reported for



167

J Cult Cogn Sci (2021) 5:159-179

(z "dxq) s3uneid
poxy pue pajqnop
-Kouanbaiy yrm
yse) yoIeas Areulq
paypowr (1 “dxg)
(5[S®e} UOTIO9)AP ULIOF
pue uonow) WS
L0} JUIAYO0d
pUE UOTIOW JUAIIYOD
M swerSojewouny
Jop wopuey

g ur uonejax
[esned © yim J10Yyop [esiop/ousewt
® JNq SIOPEAI [eWIOU pue
14 ur punoj ud9q sey Jurssaooxd
[eIJUSA pUB [eSIOp-OUIeW JoRIu]
UOIRUTWILIOSIP
uroped
-uonjeInp A10)1pny ‘g
UOTJRUTWILIOSTP
uia)ed-Aouanbaiy
Atonpny
ysey
uonoeaI Ad10y) "9

UOTBUIPIO0D

s1BAA +¢ ] :Surjooyos
sieak [y = S
‘s1eak 67z = N 98y
(rew ¢) 01 = N
SUIPDAL [DULION
183K () :3urjooyos
sieak 7°¢ = ds
‘S1BRK G'H7 = N 98V
(rew 9) 01 =N
SUapDaL 2JDA211]]]

€6=ds ‘TyI1 =W 0l
SIBA G'11 = S

s1eak +¢1
:Surjooyos
sIeak
€600 = dsS
‘s1eak
SL'IT = N 98V
(Grew 9) 01 =N
[euorssajoxd
pauren
® RIXJ[SAp
ym pasougerp
os[e o1oMm
oym SOTX[SAp
pagnuapt
RICNELIsCte]
s1apvaL 21xaSKq

J[qefreae jou O

s1eok G— :3urjooyos
s1eak 8¢ = S

‘S189K G'H7 = N 98V
(erew 1) 01 = N

(VVIIN) seouojuas
10 spiom x9[dwod

9p0Od3P J0U P[NOd
nq ‘seoudjuas ofduirs
PEaI P[NOD :BLIAIID)

SA9PDIL 2]DAI]1]-1UIS

£€9=ds
‘€€ = ‘Ol
s1eak /'6 = S

‘s1eak ¢'¢y = N 98V

(drew €2) 0€ = N
PAqQLIOSAP BLIYLIO

IB3[d OU :BLIAIID

(zod) synpv

BIXJ[SAp

ynm opdoad

ur J1 jo aouanbasuod

® IO peal 0] ureq|

0 Surfrey jo asnedo

e s1 Jurssaooxd

[esiop-ouSew

paaredwr ay)

1yleym / Aemyed
[esIop-ouSeN

(Aorrm)

BIX9[SA [euanof

sy ur paystqng
BoUIND MON
endeq ‘erensny

(8102)

Jowwed pue Jull]

10j0W-£I0}IpNY *§ ‘s1B0A Q7 = N 98V Emwm ooy puooung
81 =(s ‘st
g (erewr 1) 0€ = N =
UOnBUIILIOSIP 701 = N 98y ) I'L=ds
yNd 7D 01 28p _ 876 =N :0I
(erewr G1) 0€ = N uoneziuesIo
JuowsSpn( ur pay21oul Sinpy 2104211y 3 s1eak ¢'6 = As Sunnooxd
uonoanp Aonpny ‘¢ 78 =S ‘L'€6 = W Ol SWOUSHID ok gge = y 08y 10yRp [emdedsed 1ofoid
snoraard retala) SuikpIopun ue oaey ‘
K1011pne uowdpn( sreak £'6 = dS (orew 81) 0€ = N : Y} JO JWN[OA
d . sIeak /°9c = A 103 ZOH puv [DH OS[e S)Npe AeINI! 8
urewop [ensia pue Ioplo [elodwo], "¢ SIBOA L'8E = N 98V 01 1949]-Suipvad PaqLIOSIP BLIILID [eUOnOUNy ‘BIXA[SAP ' Ul paystqnd
K1o3pne oy ur syogep femdoorod [ensta quswspnf (Grew 1) 0£ = N u1 payout TBI[0 OU BLALD M USIp[IYO Auewon
Te[iuits dARY UAIPIIYD O pue 10pi0 eaoduid, | D4 01 O] pup a8p 1x2]sAp (103) sinpy 0} TeJIUIS 10YIoYM (1102)
sjnpe [ ‘s)npe 9111 0} ISLNUOD U :Kog-urerg ur payoymu SInpy 21042317 YIN U2IPJIYD) 21D.42J1]]1 [PUOIIUN,] /SIS [emdesrog ‘Te 39 I9[assny
(@) erorsdp
[eruawdoroasp dnoi3 (1)
sdnoi3 130 s dnoin QIRIJI[T [RUOTIOUN]
suorsanb
s3urpuy A9y syseL, sonstaoeIeyd ojdwes yoreasaryordog, 90In0§

POOYPIIYD Ul uoneonpd ym sdnois eIyl [euorouny Jurpnioul sAIpnIs Ay jo Arewwing ¢ dqe],

pringer

As



J Cult Cogn Sci (2021) 5:159-179

168

ad Jjo oygep dy1oads e st Surun)
juud (2 [N paaredwr jeyy Sunesrpur
‘punoj sem 9dUAIHIP ou
s dnoid ay) ur o[Iym ‘(9oUIJIp
ou) I[nuIs [eqIAUOU 0) pareduiod
[eqIoA 03 asuodsar (/[N 1o31e]
© pamoys joq SI{ pue S[oNU0d
Qrexdy| ‘Surun) yund LN P
Surpre3oy ‘S[ONU0D 9JeINT] pue ST
yjoq 03 paredwod (@ yiIm synpe
ur I9JeaI3 Sem QOUIRJJIP SIYL
‘s I9Y30 9y} e 03 pereduiod
SpPIOM-UOU 0 JOMO[s papuodsar
sdnoid [y ‘qq Y synpe ueyy
I0)SBJ PjOraI oYM ‘Si[npe [ uey)
I9)se popuodsar s[onuod ayeIa oy,

(sSuins

[oquiAs) 1[nuns
[eQIoA-UOU pue
(s3urns jueUOSUOD
‘spiomopnasd
‘spIom

Kouanbaiy mo| pue
YS1Y) I[-PIOM YA

S} UOISIOAP [BIIXS]

€11 =das

‘LI8 =W
((me1 9[nuad) O

sIeak €7 = s

‘steak 9’1 = N
:sa1pnys 389110

s1eok

89 = (S ‘s1eak
L'LT =N P8V
(Pru gz =N

aHav

10 SIOPIOSIP

Sururesy

reyuowdoforap

1oUj0

ou ‘pooypyIyd

Suunp

isideroy) yooads

e Aq pesougerp

I'el =das

P'68 = JA :(mel 9[ud) Of
s1eak ()'g = S ‘s1eak

81 = N :sa1pmys a39[[0D
sreak ¢y = s

‘s1eak G'G7 = N 98V

1BLIOIID)
(orew 9) 1 = N p1xa]sAp
$]043100 [piusudolaaap

(21p4211]) payopwt 23y YIm sympy

I'61 =dS ‘678 =N
((mer 9[muad) O
sreak £'1 =S
‘s1eak 9°'1 = N

:S91pMIs 939[[0D

s1eak 1°6 = S
‘s1eak €'¢7 = N 98V
(Prew ¢) T1 =N

(K10118g JUOWISSISSY

[eo130[0u0yq

‘apenory ., 1)

dnoi3 qq

QY JO 9SOy} payojew

SIS Surpea1 asoym

syuedronred asoy)
WIOJJ PIJOJas (BIIAIID

s1apvaa 100d jmpy

[e1ouad
ur s[[os Surpear
100d JO jnsal
9y} ST IO BIXJ[SAp 0}
oyroads st asuodsar
OLIN parredur
Y} IYIYM

/Surumy yurd 0LTN

(10180819)
a8en3ue] pue

urexg [ewinof
oy} ut paystqng
Qouel]

(£100) 'Te 12 U

s3urpuy A9y

Syse],

(@@ erxerskp
[eruawdoroasp

sdnoi3 130 yim dnoin

dnoi3 (1)
QIRIAN[I [BUONOUN]

sonsueloeIeyd ojdwes

suorsanb

yoreasar/ordog, 201n0§

ponunuod ¢ dqe],

pringer

As



169

J Cult Cogn Sci (2021) 5:159-179

Surssaooid

10)39] snofewroue

ue seqy g orym

(SwA)SAS JudIRIp Aq

passado1d are s19139]

-opnasd pue s1on9])

Surssaooid oyroads

-I0)}9] QUWIES A}
MOUS ] pue SAeINIT

sassaooxd Jurpeax
[eord£ye areys Aoy
SUQIP[IYO paydIew
[9A9]-3uIpear oy}

pue dqg yim uaIp[id

SINOJU0D
juaniuoour
pue
juanisuod Aq
papunoLns
fnums
19139[-opnasd
pue 10119[
Im se)
Suryojewr

JU242ffip-21ng

sk ¢'¢ = (S ‘sIeak § = A :Surjooyos
s1eak ¢'¢1 = S ‘steak 96 = | 98y
Grew p) €1 =N

saID4I1T

SIBIA €°GT = (OS ‘SIeak 86 = N 28V
(Greu ) 61 =N

saIDL]]T

S'LT = dS ‘€08 :(enuddied) O

s1eak ') = S ‘sIedk ¢ = A :3urjooyos
SIBAK 11°0 = S ‘SIeak 70'8 = N 98V
(Grew 6) 81 = N

URPJIYD PaYIIDUL [242]-SUIPDIY

091 = ds ‘L'6L :(emuadrad) Of

s1eak 60 = (S ‘stedk $ = A :Surjooyos
sk 01T = S ‘steak 1001 = N 98V
(erewr £) 81 =N

uapIyd payoput O] puv sy

€91 =ds
‘g°ZL :(dmusazad) O1
s1eak §°0 = S

‘s1eak 4 = I :Surjooyds

sk 01°0 = dS
‘s1eak G0'01 = N 93y
(erew 01) 81 = N
(€1
J01qOT]) suLiou 9peid/age
ay) jo a[nuadrad YT > oYy
UO [9AQ] SUIPBAI ‘SISPIOSIP
PIGIOW-00 OU [IM
BIXQ[SApP [ejuawdo[aAdp Jo
sisougelp snoraaid e (L)

DIxXaISAp yim uapjy)

pooypIIyd
ur urjooyos
ou :3urjooyds
sIeak 091 = S
‘s189A Q% = N 93V
(Grew ) €1 =N
Koexayy
JO [OAQ] YINoj
oy Jo uonadwiod
Y eLIID

S2IDA2I1-X

pooyprIyo
ur urjooyos
ou :3urjooyds

wRISAs paziferoads
19)9] jo juawdo[aaap
oYy 10J 9[qrsuodsar

ST Surures| piom
UM puE J)J[

oy} 1oypoym ‘sdnoi3
[o1uod paydjewr

0] paredwod eIxo[sAp
WA uaIpIyd Aq
Apuarayjip passeoord
QIe SI9)I9[-uou

puE SI0NJ[ IOYIOYM

/3urssaood 190

(Korrm)
ERliET6IN
reyuswdoraasq
reurnol
oy} ut paystqng
[eSmiog

(¥102)
‘Te 19 sopueuloq

ay) 0) peredwod s1eak
3se) uona[Rp Ay} L1 = S ‘s1eak
ur 9SI0M SEM S)[npe 976 = N 98V
ﬁ%ommam%ﬂm ww swak 70 = dS *sxeak 9°L = N P8V (rew o) €6 = N
Jo Kyrxordwiod oy jo (rew ¢1) LT =N s1eak ¢'0 = S juowiure)e
SS9[pIE3aI ‘IOAIMOYH S42pDaA ‘S1BIK §°6 = JN 98V AedYNId
‘SIS Surpear [eordK) Surpudrg pajqusip Suippad pup synpp Cov4aj] (Grew 61) 67 = N W Mww MMH«M”M o3en3ue| juaredsuen (10Sunds)
ynm sdnoi3 jonuoo uonaeg MO] Yynm (DATOYd) 1242] Suippai . : Aqreoydessoyiio Sunup pue
OM) 0 UOSLIRAWOD o oageg W PAYOIDUL UDLPIIYD SuIpDa.L [DULION (OFT10¥d) sxopeis AU} JO [PA3] 2y} we ur APUASRID  3y0noy fewmof
B Ssousieie I Gk ¢ = (1S Sk 176 = W 3By puodas jo ﬁw>2 Y} e spIom Jjensuowap jou SIS AoeIan| o) U1 paUSIIANg
rearSojouoyd uone[os| pea1 41s9) promopnasd PIp INq SISIN0OD armbov BIXa[sAp A ! !
ur syoyap syse) (rew 07) 1 = N B UO G7 > 9I0JS Koe1) Jnpe USIp[IYo puUE S)NpE uredg
POMOYS UDIP[IYD SsoudIRME SUOPDL PIIqVSIP SUIPDIL Y] YN aMmuao1ad ety POPUIME (B - aypyoy1p mo] Jopoym 0102)
ad pue synpe 1. pog [eo1Sopouoyq  28v ui payoipu uap)IYd SUIPDIL [DULION uaapjyo pajqostp Sutpvay  synpp £ovaajr] mo7  [sassadoid [eorSojouoyd ‘e 10 Zouguuif
(@) erxershp  dnois (L.1) pera[r
sdnoi3 1oy eyucwdororsp yim dnoin [euonoung
suorjsanb
s3urpuy A9y] syse], sonseloeIRyd ojdwes yoreasaryordog, 90In0§

pooinpe ur uoneonpd yIm sdnoid eIl [euonouny SUIpN[OUL SAIPNIS Y} Jo Arewwing § dqe],

pringer

As



170

J Cult Cogn Sci (2021) 5:159-179

developmental dyslexia (Tewes and Steffen 2003).
Regarding our research question, this pattern of results
suggests that developmental dyslexia and functional
illiteracy might share perceptual deficits.

Several studies have shown that adults with devel-
opmental dyslexia have poor performance in tasks
underpinned by magno-dorsal pathway (e.g., Living-
stone et al. 1991; Lovegrove et al. 1986), leading to the
suggestion that this pathway plays a crucial role in
reading acquisition and developmental dyslexia (see,
Stein 2018a, b, for a review). On that basis, Flint and
Pammer (2018) investigated whether the magno-
dorsal function is causally related to or a consequence
of the reading disorder. In two experiments the
following groups of participants were examined: (1)
adults with former clinical diagnoses of developmen-
tal dyslexia, (2) illiterate readers, who were not able to
identify even single letters, (3) functional illiterate
individuals (termed as semi-literate readers), who
could read simple sentences but could not decode
complex words or sentences, and (4) skilled readers.
The researchers adopted two tasks underpinned by
magno-dorsal  functioning: random dot kine-
matograms with either coherent motion or coherent
form stimuli, and a binary search task with either
frequency-doubled or fixed gratings. Adults with
developmental dyslexia performed significantly worse
in motion detection and were less sensitive to the
frequency-doubled gratings than all other three
groups. This pattern of results, where dyslexic readers
differ even from the adults without any reading skills,
suggests that magno-dorsal processing deficits are
causally related with developmental dyslexia and are
not just consequence of low reading skills. Moreover,
the groups did not differ on form detection and
sensitivity to fixed gratings, which are related with
ventral visual processing. Regarding to our research
question, it is clear that in magno-dorsal processing,
dyslexic and functional illiterate individuals do not
have this deficit in common.

Another line of research regards the reading-
specific N170 event related potential (ERP) for written
words (in comparison to non-orthographic stimuli; for
a review see Maurer and McCandliss 2007), which is
known to be associated with visual expertise for print
(Maurer et al. 2005). A persistent deficit in left N170
print tuning has been found in developmental dyslexia
(Mahé et al. 2012), however, it was not clear whether it
is the result of poor reading skills or is specific to

@ Springer

developmental dyslexia. Therefore, Mahé et al. (2013)
examined three groups of native French speaking
adults: (1) With former clinical diagnosis of develop-
mental dyslexia, without comorbidity, (2) reading-
level matched functional illiterate individuals (termed
as poor reading adults), and (3) age-matched skilled
readers. When comparing the N170 induced by written
material (words, non-words, consonant strings, and
symbol strings, across categories) during a lexical
decision task (i.e., participants must decide if the
stimulus is a word or not) with that induced by symbol
(non-letter) strings, skilled readers and functional
illiterate individuals differed from each other and
showed a larger N170 for written material than for
symbol strings. Whereas dyslexic adults did not show
any N170 difference between written material and
non-letter symbols. Validating the classification of the
three groups, skilled readers showed faster lexical
decisions than functional illiterate individuals, which
in turn, were faster than adults with developmental
dyslexia. In all groups, the reaction times for non-
words were longer, compared to all the other stimuli,
but dyslexic adults showed a greater difference than
the other two groups. From these results, impaired
N170 print tuning seems to be an electrophysiological
correlate of a deficit specific in developmental
dyslexia and not a mere reflection of low reading
skills. Again, regarding to our research question, it
seems that for neural tuning to print, adults with
functional illiteracy and developmental dyslexia do
not show a common impairment in the electroen-
cephalography N170 print-tuning component.

Functional illiterate individuals with education
in adulthood

As aforementioned, it is well known that reading skills
are intrinsically related with phonological processing
(e.g., Greenberg et al. 1997). Therefore, Jiménez et al.
(2010) aimed to examine the phonological awareness
skills of low literate and matched groups, namely (1)
functional illiterate individuals (termed as low literacy
adults) recruited from an adult basic education center,
(2) primary school children with developmental
dyslexia (termed as children with reading disabilities)
performing below Percentile 25 in word and pseu-
doword reading at the level of Grade 2, and two groups
of primary school children with typical reading skills,
one (3) matched in age with the group of
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developmental dyslexia, and one (4) matched in
reading-level with the functional illiterate and dys-
lexic groups. Phonological awareness was assessed
with four tasks using items with different complexity
in syllable structure: isolation, deletion, segmentation,
and blending (Jiménez 1995). The performance of
functional illiterate adults and children with develop-
mental dyslexia was lower compared to the two groups
of typical readers. Regardless of complexity in the
syllable structure, functional illiterate adults were
worse in phoneme deletion than children with devel-
opmental dyslexia and the reading-level controls.
Thus, both the functional illiterate adults and the
children with developmental dyslexia showed weak
performance in phonological awareness, which were
possibly related with their difficulties in reading
acquisition. Note that, although the reading skills of
functional illiterate adults was matched with one of the
typical reading group, former still showed poor
phonological awareness, suggesting that their results
are not mere consequence of their (low) reading skills.
Regarding our research question, this pattern of results
suggests that developmental dyslexia and functional
illiteracy share difficulties in phonological awareness.

Previous studies have examined the susceptibility
of single letter and non-letter items to surrounding
form-congruent or form-incongruent non-target flan-
ker (cf. Van Leeuwen and Lachmann 2004) and
showed that adult typical readers (Lachmann and van
Leeuwen 2008a), primary school children, and chil-
dren with developmental dyslexia (Lachmann and van
Leeuwen 2008b) show similar congruency effects for
non-letters (i.e., faster and/or more accurate target
recognition, when it is surrounded by a congruent than
an incongruent shape). However, these groups do
differ on congruency effects found for letters, which
depend on phonological decoding skills (non-word
reading). Moreover, primary illiterate adults did not
show differences in the congruency effects found for
letter and non-letter targets (Lachmann et al. 2012). In
order to examine the putative relationship between
letter processing (relative to non-letter visual-control
symbols) and developmental dyslexia, and directly
compare congruency effects for surrounded letters
between groups and individuals with different reading
skills, Fernandes et al. (2014) examined the letter vs.
non-letter congruency effects by (1) children with
developmental dyslexia (with a former diagnosis of
developmental dyslexia without comorbidity and with

reading level below Percentile 10 for their grade/age in
a silent reading comprehension test, TIL: Sucena and
Castro 2008), recruited from the Dyslexia Unit of a
Portuguese university, (2) age and (3) reading-level
matched control children, (4) illiterate adults (without
literacy instruction), (5) functional illiterate individu-
als (termed as ex-illiterate), who completed the final
level of an alphabetization course and (6) schooled
literate adults. All participants were native Portuguese
speakers and the adult groups were matched in age,
sex, socioeconomic, cultural, and residential back-
grounds. All, except children with developmental
dyslexia showed a differential congruency effect in a
same-different classification task: present for non-
letters, absent for letters. Children with developmental
dyslexia showed similar congruency effects for letters
and non-letters, thus differing even from reading-level
matched controls. Note, however, that the locus of the
congruency effect found for letters and for non-letters
by children with developmental dyslexia differed:
whereas the non-letter congruency effect was pre-
dicted by visuospatial abilities, the letter congruency
effect depended on phonological recoding. This
pattern of results suggests that children with develop-
mental dyslexia do have a deficit in letter processing,
whose locus is phonological. Regarding our research
question, this pattern of results suggests that develop-
mental dyslexia and functional illiteracy do not share
deficits in single letter processing.

Due to the methodological heterogeneity of these
studies (see Tables 3, 4), a meta-analysis of the
available data was not possible. Therefore, in the
following sections, a qualitative synthesis is provided
concerning two parameters: (a) definitions, terminol-
ogy and criteria for inclusion, and (b) research focus
and outcome measures.

Definitions, terminology and criteria for inclusion

The definitions and terminologies of functional illit-
eracy and criteria for inclusion in a sample are not
consistent between studies. Regarding definition and
terminology, all the considered articles used different
terms for the group, defined here as functional
illiterate individuals (see Tables 3, 4). For samples
including adults who attended education in childhood,
the terms functional illiterate adults (Riisseler et al.
2011), semi-literate readers (Flint and Pammer 2018)
and adult poor readers (Mahé et al. 2013) were used.
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For those functional illiterate individuals who
acquired literacy skills outside regular schooling in
adulthood, who had no access to education in child-
hood, the terms low literacy adults (Jiménez’s et al.
2010) and ex-illiterates (Fernandes et al. 2014) were
used.

Regarding the inclusion of the participants, Riisse-
ler et al. (2011) and Mahé et al. (2013) did not report
strict ad hoc criteria, but both matched their samples
based either on age and/or IQ, or on reading level,
respectively. Besides these matching variables, Jimé-
nez et al. (2010) and Fernandes et al. (2014) addition-
ally used proficiency levels for adult literacy courses,
not described in detail. In Jiménez et al. (2010), the
functional illiterate individuals failed to achieve a
certificate for the successful completion of an adult
literacy course, while in Fernandes et al. (2014) the
completion of the 4th level of literacy was used as
inclusion criterion. Instead of applying matching
variables, Flint and Pammer (2018) included adults
who could read simple sentences but could not decode
complex words or sentences in the functional illiterate
group. Note, however, that these participants in this
study attended school in childhood in Papua New
Guinea. There, the average years of schooling (2010:
4.26 years, Barro and Lee 2013) and the literacy rate
(2010: 61.6%, UNESCO Institute for Statistics 2019)
are both considerably lower than in the countries in
which the other studies recruited their participants.

The definitions, terminologies, and inclusion crite-
ria adopted for developmental dyslexia are more
consistent across studies than those for functional
illiteracy. Four articles were consistent in adopting the
term dyslexia or developmental dyslexia. These relied
on a diagnosis either in childhood (Fernandes et al.
2014; Mahé et al. 2013; Riisseler et al. 2011) or in
adulthood (Flint and Pammer 2018). Only one study
(Jiménez et al. 2010) applied the term reading
disabled children, which was defined as those who
reached a Percentile score lower than 25 on a
pseudoword reading task and performed at the level
of Grade 2 on a word reading test.

Even though we identified consistency between the
studies regarding developmental dyslexia, we found
great heterogeneity with respect to the groups with
functional illiteracy, which makes it hard to system-
atically compare the results of the studies.

@ Springer

Research focus and outcome measures

The studies either focused on a possible shared causal
deficit at the biological level between the groups (Flint
and Pammer 2018; Mahé et al. 2013), or they
examined information processing, either low level
perception (Riisseler et al. 2011) or cognitive perfor-
mance in the groups (Fernandes et al. 2014; Jiménez
et al. 2010). The outcomes from different perceptual
and cognitive skills were measured in the studies by
using different methods. In two of the studies (Jiménez
etal. 2010; Riisseler et al. 2011) the outcome measures
relevant for the research questions come from stan-
dardized tests, while for the other three studies
(Fernandes et al. 2014; Flint and Pammer 2018; Mahé
et al. 2013) experiments were designed and applied.
Riisseler et al. (2011) applied a large variety of low-
level perceptual tasks, such as visual and auditory
temporal order judgment, auditory direction judg-
ment, auditory discrimination (pitch, duration and
frequency) and auditory-motor coordination. Three
studies used verbal stimuli: Fernandes et al. (2014) ina
same-different matching task with letters and pseudo-
letters, Mahé et al. (2013) in a lexical decision task
with word-like and non-verbal stimuli and Jiménez
et al. (2010) in isolation, segmentation, deletion and
blending tasks. Flint and Pammer (2018) used visual
motion and form detection, and binary search tasks.

Results of the quality evaluation

In order to evaluate the quality of methods and of
reporting, we followed the recommendation by Sir-
riyeh et al. (2012) for quantitative studies, to use 14 out
of the total of 16 items of the QATSDD. Some items
had to be adapted to the typical design of the selected
studies, such as the item about relevance of recruit-
ment information (lab studies vs. data collection in
Papua New Guinea, or about the reliability and
validity of the tools and user involvement: normed
tests vs. experimental tasks).

The evaluation of the five studies resulted in scores
between 59.5 and 76.2% (Table 5). In our view, a
meaningful comparison of the studies based on their
evaluation score is problematic, because the quality of
reporting depends substantially on the scientific field
and on the journal in which the article was published
(e.g., journals with limited length). Thus, if the
authors’ argumentation was revealed to be not detailed
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Table 5 Results of the
quality assessment and
agreement between the

QATSDD overall score (%)

Agreement between the coders

coders

Percent agreement ~ Weighted «
Riisseler et al. (2011) 64.23 78.57 0.835
Flint and Pammer (2018) 71.43 71.43 0.745
Mahé et al. (2013) 59.52 78.57 0.783
Jiménez et al. (2010) 76.19 64.29 0.622
Fernandes et al. (2014) 69.05 64.29 0.608

enough according to the QATSDD scale, it could still
be appropriate and well received as typical in the field.
For instance, in psychology, it is not common to give
detailed descriptions of standardized tests, since these
are well known in the community and when published
are cited and hence detailed information is available
elsewhere. However, according to the QATSDD scale,
this information is expected. Moreover, although all
five studies are dealing with quantitative data, they
varied greatly concerning their research questions,
applied methods, and outcome measures. These dif-
ferences do not allow a meaningful comparison
between the QATSDD scores.

Discussion

The present systematic review aimed at identifying
and summarizing the available evidence investigating
the possible connection and overlap between func-
tional illiteracy and developmental dyslexia. The
search strategy and eligibility criteria were chosen
based on the assumption that only a limited number of
outcomes would result. Therefore, we used a more
sensitive search strategy, i.e., a broad question, a large
number of search terms in two languages, only few and
more liberal criteria (no restrictions on, e.g., study
designs, outcome measures, publication year, or study
quality), in order to decrease the risk of missing
records. The search strategy was developed and
eligibility criteria were chosen in close collaboration
with a group of four international experts from the
field (see: “Acknowledgements”).

The comprehensive search resulted in only five
eligible studies, indicating that scientific work on
systematically investigating the similarities between
functional illiteracy and developmental dyslexia is
rare. Moreover, the identified studies were conducted

in different countries with different orthographic
systems, they used different definitions and terminol-
ogy for the group we termed here as functional
illiterates, and they used different criteria for inclusion
of individuals to this group.

Similarities and differences between functional
illiteracy and developmental dyslexia

Given the heterogeneity across studies in respect to the
group of functional illiterate individuals, conclusions
about similarities and differences between functional
illiterate individuals and people with developmental
dyslexia must be drawn with caution. On the one hand,
the comparison in low level perception revealed
similarities between the functional illiterate and
developmental dyslexic groups, while both performed
worse than skilled readers (Riisseler et al. 2011). This
pattern was also found for phonological awareness
skills (Jiménez et al. 2010). Although the overall
performance of the two groups of our interest was
comparable and only differed in phoneme deletion
(functional illiterate individuals achieved lower), both
groups were characterized by low phonological
awareness and possible phonological impairments.
Please note, however, when referring to similarities
between the groups in the case of Riisseler et al. (2011)
and Jiménez et al. (2010), these similarities indicate
that the studies failed to find differences between their
difficulties (see effect size calculations in Supplemen-
tary Tables 1-6). Although the groups with functional
illiterate and dyslexic individuals performed signifi-
cantly weaker than the skilled reading control groups,
in order to find out whether their difficulties are indeed
the same, stronger statistical analyses are needed.
Whether non-significant differences reflect similarity,
rather than low statistical power or sampling error
cannot be firmly defined (see, e.g., Dienes 2014).
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On the other hand, the other three articles (Fernan-
des et al. 2014; Flint and Pammer 2018; Mahé et al.
2013), instead of similarities, found significant differ-
ences between functional illiterate individuals and
participants with developmental dyslexia. Both exper-
iments by Flint and Pammer (2018) brought the same
conclusion, i.e., a magno/dorsal impairment was
specifically found in people with developmental
dyslexia, which was a likely cause of their reading
disorder, whereas no deficit was found in functional
illiterate individuals. Mahé et al. (2013) revealed that
functional illiterate participants perform better at the
behavioral level compared to adults with develop-
mental dyslexia. Moreover, at the biological level,
functional illiterate individuals’ N170 print tuning was
more similar to skilled readers than to individuals with
developmental dyslexia. This suggests that impaired
N170 specialization is a hallmark of developmental
dyslexia, but not functional illiteracy. In the same
vein, Fernandes et al. (2014) found that functional
illiterate individuals generally performed faster and
more accurate in their recognition task than children
with developmental dyslexia did. They also showed a
similar processing distinction between letters and non-
letters as skilled readers did, whereas children with
developmental dyslexia did not.

Taken together, the results of two studies suggest
that individuals with functional illiteracy and with
developmental dyslexia may share certain common-
alities in low level auditory and visual perception
(Riisseler et al. 2011) and phonological awareness, or
at least on some component of metaphonological
processing (Jiménez et al. 2010). However, regarding
several perceptual and cognitive functions, especially
those related to reading and orthographic processing,
functional illiterate adults do differ from individuals
with developmental dyslexia, more closely resembling
typical readers.

Conclusions and perspectives

The current review could not fully answer how many
commonalities are shared between functional illiterate
individuals and people with developmental dyslexia.
However, the present work is a first step in the
systematic comparison of studies between these
groups. From the scarce research available which
has directly compared these two groups, it is clear that

@ Springer

there are not only commonalities, but there are also
substantial differences between them, especially
regarding reading-relevant basic information process-
ing (e.g., Fernandes et al. 2014; Mahé et al. 2013).
Although, on the surface, the groups seems to have
some similarities in their cognitive profile, it does not
mean that the mechanisms underlying their difficulties
are actually comparable (see also the discussion about
the similarities and differences between developmen-
tal and acquired dyslexia; Snowling et al. 1996).
Nonetheless, there are similarities in the two popula-
tions, they both seem to have comparable deficits in
phonological awareness (Jiménez et al. 2010) and low
level auditory and visual perception skills in comput-
erized tests (Riisseler et al. 2011). From these results,
two aspects must be considered. First, given the major
impact of learning to read in other cognitive skills (for
areview, see, Dehaene et al. 2015), it could be the case
that instead of a common locus, these deficits were
rather a reflection of the consequence that low reading
skills would have on other cognitive domains (for a
discussion, see, e.g., Huettig et al. 2018). Second,
these similarities hold some promise on intervention
programs with functional illiterate individuals. For
children with developmental dyslexia, phonics-based
interventions including auditory-phonological train-
ing have been shown to be effective in fostering
literacy skills (see Ehri et al. 2001; McArthur et al.
2018, for reviews, see also Suggate 2016), which
could also hold true for functional illiterate adults. If it
would, according to the Response to Intervention
approach, this would provide support for a shared
cause or shared consequences of low reading skills.
Regarding the training of isolated, basic, non-linguis-
tic auditory and visual processing, some studies found
transfer effects to literacy skills in dyslexic children
(e.g., Kujalaet al. 2001), whereas the majority of more
recent studies report no transfer (Ise et al. 2012;
Koether et al. 2008). Regarding intervention, gener-
ally a training of isolated perceptual or cognitive
functions is not likely to led to a transfer (e.g.,
Galuschka and Schulte-Korne 2016). However,
including a training of basic perceptual functions in
a modularized, complex literacy training for adults,
that also includes phonics-based reading and writing
instruction has been shown to be effective (Riisseler
et al. 2013).

Systematically collecting and summarizing the
available studies that include both functional illiterate
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and developmental dyslexic groups could not answer
our straightforward research question satisfactorily.
There are not enough studies assessing both groups
simultaneously and the existing ones are rather
heterogeneous in many respects, making a systematic
comparison impossible. This gap needs to be closed by
further and well-designed empirical studies. The
following recommendations could be made to
improve the quality and the comparability of these
future studies. In order to avoid mixing functional
illiteracy with other poor reading groups (e.g., who
had no access to school in childhood, who are second
language learners), studies should offer clear defini-
tions of functional illiteracy and report what criteria
they used for sample inclusion. The description of the
sample should include, for instance, the level of formal
schooling, the socioeconomic background, the reading
level (expressed in grade equivalent score by a normed
assessment measuring reading accuracy, speed or
comprehension), language acquisition (spoken lan-
guage in childhood, migration background) and pre-
viously diagnosed learning disabilities (including the
assessment of family history). In order to learn more
about the commonalities and differences between
functional illiteracy and developmental dyslexia,
studies also need to match participants in reading
level and age with the control groups to differentiate
between cause and effect. As long as such studies
comparing both groups are not available, a promising
approach would be to systematically collect and
summarize studies examining the functional illiterate
group and then comparing the results narratively with
studies testing the same functions in the developmen-
tal dyslexia group (see Lachmann et al. 2020a).
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