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Inference comprehension during reading: influence of
age and education in normal adults

Compreensao de inferéncias durante a leitura: influéncia da
idade e escolaridade em adultos normais

ABSTRACT

Purpose: To determine the effect of age and education on inferential comprehension from written texts in
normal individuals. Methods: A total of 224 normal adults were stratified into nine groups according to age
(young: 18-39 years, adults: 40-59 years, and elderly: 60-79 years) and educational level (low <4 years,
medium: 5-8 years and high >8 years) and were evaluated through the battery La gestion de l'implicite
(Implicit Information Management Test) to determine the ability to make inferences through different types of
questions: explicit, logical, distractor, pragmatic and others. Results: The elderly showed worse performance
for total score and distractor questions. Regarding educational level, all groups differed on explicit, logical,
distractor questions, and on total test score. Subjects with high schooling performed better on pragmatic
inferences and others. Conclusion: Age influence on the comprehension of inferences may be due to difficulties
in attention and executive functions. The strong effect of education can be explained by the interaction of
inferential abilities with other cognitive functions such as working memory, vocabulary span, as well as world
knowledge.

RESUMO

Objetivo: Verificar o efeito da idade e escolaridade na compreensio de inferéncias a partir de textos escritos
em individuos normais. Métodos: 224 adultos foram divididos em nove grupos, de acordo com a idade (jovens:
18-39 anos, adultos: 40-59 anos e idosos: 60-79 anos) e escolaridade (baixa <4 anos, média: 5-8 anos e alta
>8 anos) e avaliados por meio da bateria La gestion de I'implicite (Teste de Gerenciamento do Implicito)
para determinar a habilidade de compreender inferéncias, através de diferentes tipos de questdes: explicitas,
16gicas, distratoras, pragmadticas e outras. Resultados: Os idosos apresentaram pior desempenho na pontuacao
total do teste e nas questdes distratoras. Quanto a escolaridade, todos os grupos se diferenciaram nas questoes
explicitas, 16gicas, distratoras e na pontuacdo total do teste. Os sujeitos com alta escolaridade apresentaram
melhor desempenho nas inferéncias pragmaticas e outras. Conclusao: A influéncia da idade na compreensao
de inferéncias pode estar relacionada a dificuldades atencionais e de fungdes executivas. O forte efeito da
escolaridade deve-se a interacio da habilidade inferencial com diversas fun¢des cognitivas, como linguagem
e memoria operacional, além de conhecimento de mundo.
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INTRODUCTION

Reading comprehension is one of the most important skills
in modern society. Prerequisites for this ability involve a se-
ries of competencies, including the capacity to decode stimuli
and to retrieve the meaning of words and their syntactic and
semantic combinations (phonological, lexical, morphosyntac-
tic and semantic skills)). However, to attain deeper levels of
interpretation, the role of world knowledge and the ability to
perform more complex mental processes such as inferences
are essential®.

Inferences consist of mental representations constructed
by the listener/reader during comprehension of a text, based
on the application of their own knowledge together with the
information contained in the message, allowing relationships
and associations to be formed to enable comprehension of
implicit information®.

Inferential processing is considered a linguistically and
cognitively high demanding task that requires several skills,
including: linguistic and conceptual knowledge, integrity of
attentional processing as well as memory systems (immediate,
long-term and working memories), theory of the mind and
executive functions, as well as the ability to integrate these
skills with prior world knowledge“.

Performance on these linguistic-cognitive tasks related
to the inferential processing is highly correlated with socio-
demographic factors, and the influence of age and schooling
in this tasks is well recognized in the literature®®.

Studying the age variable helps elucidate how different
linguistic-cognitive functions are processed in the course of
normal aging®. The study of the effect of schooling on the
processing of cognitive-linguistic skills has proven fundamen-
tal, since the education variable is associated with better per-
formance on cognitive tasks, and has been shown to influence
brain organization via structural, volumetric and functional
changes, and also to act as a protective factor in the event of
neurological disorders!'?.

Reading inferential abilities are required in several everyday
situations for the correct interpretation of most information
presented in written form, in school, professional, recreational,
and personal environments. It is also essential in the process
of decision-making in which the individual needs to mobilize
resources from judgment, reasoning and interpretation of
information.

Comprehension of textual inferences is a critical component
and a major indicative of a person’s competence in reading
skills. However, studies addressing the inferential processes
are scarce, given the inherent complexity of such ability, which
is intermingled and relies on several other cognitive skills (lit-
eracy proficiency, episodic memory, attention, and executive
functions, to name a few). There are also few studies about the
influence of aging and different levels of schooling in this skill.
Therefore, the aim of this study was to determine the effect of
age and education on reading comprehension of texts demand-
ing inferences in normal adults in an effort to further explore the
influence of these variables in high-complexity language tasks.
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METHODS
Participants

This study was approved by the Ethics and Research
Committee from Hospital das Clinicas of the School of
Medicine of Universidade de Sdo Paulo (CAPPesq n. 0813/09).
After receiving complete information on the procedures, and
as a requisite to enrollment in the study, all participants signed
an informed consent.

The study sample comprised 224 healthy adults of both
genders, all native Brazilian Portuguese speakers, with no
cognitive complaints.

The sample was divided into nine comparable groups ac-
cording to age: young (Y) — 18 to 39 years, young adults (A) —
40 to 59 years and elderly (E) — 60 to 79 years and educational
level: low (LE) — less than four years, medium (ME) — five to
eight years and high (HE) - greater than eight years. Education
was measured by years of formal education in teaching institu-
tions. Age, education and gender characteristics of each group
are presented in Table 1.

To be eligible for study enrollment, participants had to
meet the inclusion criteria for studies in Neuropsychology
described in Mayo Older American Normative Studies
(MOANS)"D. These criteria primarily include an absence of
cognitive complaints or psychiatric/neurologic disorders, no
recent use of psychoactive drugs, and no alcohol dependence.
The participants should also present scores consistent with
normative values for the Brazilian population on the follow-
ing tests: Mini-Mental State Examination'?, semantic Verbal
Fluency Test (sVF) in the animals category"'®, Hamilton
Depression Scale — 21-item"* and the Memory Complaint
Questionnaire (Mac-Q)"¥.

Individuals with non-corrected visual deficits or inability to
decode and comprehend basic written sentences and paragraphs
were excluded. The latter task was verified by a screening test
containing questions taken from the Boston Diagnostic Aphasia
Examination'®, on which participants had to answer at least
85% of questions correctly.

Materials and procedure

Assessment of the ability to comprehend written textual
inferences was carried out using the Brazilian Portuguese
version of the La gestion de I’implicite (Implicit Information
Management Test)!?.

The original instrument in French was previously trans-
lated into Portuguese. The translation process of the test fol-
lowed the recommendations of the International Society for
Pharmacoeconomics and Outcomes Research, according to
the steps described below:

1. obtaining the author’s and publisher’s permissions to use
the test;

2. translation from French into Portuguese by two profes-
sionals with proficiency in both languages, generating two
independent versions;
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3. reconciliation held by a third person with knowledge in both
languages (consensus), based on the original instrument and
the two versions in Portuguese;

4. back translation into French;

5. revision of back translation by two professionals with pro-
ficiency in both languages, independently and

6. application of the test in a pilot sample (20 subjects)
to verify translation inconsistencies that could interfere
in the performance; in this stage, the instrument was
considered suitable for the application in Brazilian
Portuguese speakers.

The rationale for choosing the test was based on the
close linguistic resemblance of the Portuguese and French
languages (both Latin languages), particularly with regards
to syntactic structure. The instrument is designed for use
in adults with neurological impairments such as focal le-
sions, dementia syndromes and in individuals presenting
with cognitive or communication complaints, serving as a
diagnostic aid.

The test consists of 20 short texts, which individuals must
read and then answer three questions for each by responding
with “Yes”, “No” or “I cannot answer”. The texts comprise a
scene involving two speakers or describe a verbal interaction.
These narratives constitute affirmative statements, which define
a fact or present a problematic situation. The texts contain both
explicit and implicit information which are important for cor-
rect interpretation during reading. Questions are subdivided
into five categories (explicit, logical, distractor, pragmatic
and others), which require different types of inferential rea-
soning. Summarized information and examples are present in
Appendix 1.

The evaluation was performed in a silent environment
during a single session for each participant. No time limits
were imposed and the application procedure was as per the
instructions in the original manual, translated into Portuguese.

Data analysis

The participants’ performance was analyzed with regard to
total correct answers and scores on the five question categories
requiring different inferences. Results were compared taking
into account the variables age and educational level.

For the statistical analysis, means, standard deviations and
variation of all demographic variables and performance on the
textual inference test for all nine subgroups were calculated.
Comparison of means for continuous data was performed
using one-way ANOVA given the Gaussian distribution of
the data. In the case of statistically significant difference
among groups, a post hoc (Student’s ) test was applied for
pair-wise comparison.

Factorial analysis of variance (two-way ANOVA) was em-
ployed to analyze the effect of the factors age and education on
making textual inferences. A 5% level of statistical significance
was adopted for all analyses. Analyses were performed using
the statistical software program MedCalc® for Windows, ver-
sion 12.0.3.0.
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RESULTS

There were not age differences among groups when
classified by this variable, i.e., among young individuals
within the three levels of schooling (YLE x YME x YHE);
the same holds true for adults (ALE x AME x AHE), and
the elderly (ELE x EME x EHE). There were not differ-
ences in educational level among groups when classified
by this variable, i.e., among individuals with low educa-
tion within the three levels of age (YLE x ALE x ELE);
the same holds true for medium education (YME x AME x
EME), and high education (YHE x AHE x EHE) (Table 1).
There were not differences in gender frequency among all
groups (Table 1).

Comparison of groups by age revealed that the adult
group had better performance than the elderly group on
distractor questions and on total test score. There were not
differences among age groups on explicit questions, logi-
cal and pragmatic inferences, distractors and others score.
Regarding educational level, all groups differed on explicit
questions, logical inferences, distractors and on total test
score, where high educated individuals performed better
than low and medium educated ones, and medium educated
individuals performed better than low educated ones. In ad-
dition, participants with high educational level had better

Table 1. Demographic characteristics of the sample

Age Schooling

Gender

Group n Mean (SD) Mean (SD) E M
Min—Max Min—Max
28.5 (7.6) 3.7 (0.5)

YLE 12 4 8
18-38 3-4
24.3 (71 7.3 (0.

YME 18 (1) 8009 14 4
18-38 5-8
2 . 15.1 (2.7

YHE 37 5 (5:3) S1(27) 28 9
19-39 10-23
52.7 (5.6 3.8 (0.5

ALE 21 (5.6) (05) 15 6
42-59 2-4
50.6 (4.8) 72 (1)

AME 22 14 8
40-58 5-8
2. A 14

AHE 37 523 (5.1) ) 24 13
40-59 10-24
72 (4.7 . .

ELE 19 672 (4.7) 85(08) 10 9
60-75 2-4
67.7 (4.3) 72 (1.2)

EME 26 21 5
60-79 5-8
65. 14.2 (2.

EHE 32 80 (2.8) 19 13
60-78 10-20

0.174 (YLE xYME x YHE) 0.357 (YLE x ALE x ELE)
0.361 (ALE x AME x AHE) 0.968 (YME x AME x EME) 0.097
0.283 (ELE x EME x EHE) 0.210 (YHE x AHE x EHE)

p-value

Caption: SD = Standard Deviation; Min = Minimum; Max = Maximum; F = Female;
M = Male; YLE = Young, low education; YME = Young, medium education; YHE =
young, high education; ALE = Adult, low education; AME = Adult, medium educa-
tion; AHE = Adult, high education; ELE = Elderly, low education; EME = Elderly,
medium education; EHE = Elderly, high education

CoDAS 2014;26(5):407-14
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Table 2. Performance of groups on textual inference tests by age and educational level

Silagi ML, Romero VU, Mansur LL, Radanovic M

Logical Explicit Pragmatic Distractors Others Total
Group Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Min—Max Min—Max Min—Max Min—Max Min—Max Min—Max
YLE 6.4 (2.1) 8.2(2.1) 12.6 (3.1) 4(4.2) 3(0.9) 34.2 (7.2)
3-1 3-11 7-17 0-13 1-4 24-48
YME 78 (2.7) 9.1(2.1) 12.9 (2.5) 6.8 (4) 3.2(14) 40 (8.6)
2-12 4-11 8-17 0-13 1-5 25-54
YHE 10.5 (1.3) 10.4 (0.9) 14.7 (1.9) 12.4 (1) 4 (1) 52 (4)
7-12 8-11 8-18 9-13 2-6 44-59
ALE 77 (1.7) 8.7 (1.8) 13.9 (2.7) 5.4 (4.8) 3.2 (1.5) 38.9 (7.5)
4-11 5-11 5-17 0-13 1-6 28-53
AME 8.7 (1.9) 9.6 (1.2) 14.8 (2) 8.2 (2.6) 3.4(12) 44.7 (5.1)
5-12 8-11 11-18 3-13 1-6 34-55
AHE 9.8 (1.5) 10 (1.1) 13.9 (2.6) 11.1 (2) 3.7 (1.1) 48.6 (5.8)
6-12 6-11 6-18 4-13 1-6 34-60
ELE 6.2 (1.6) 8.7 (1.7) 13(3.2) 4.3 (3.5) 2.8 (1) 35.1 (7)
3-9 6-11 5-17 0-11 1-4 19-48
EME 76 (2.1) 9.4 (1.8) 14 (2.6) 6.7 (3.8) 3.4 (14) 41 (8.8)
3-1 4-11 8-18 0-12 1-6 24-53
EHE 9.7 (1.7) 10 (1.2) 14.5 (2.6) 9.6 (2.9) 3.6 (0.9) 475 (5.6)
5-12 7-11 10-18 0-13 1-6 32-57
Age factor (p-value) 0.050 0.799 0.204 0-030° 0.542 0.0267
A x E (0.025) A x E (0.025)
Education factor (p-value) <0.001* - <0.001* - 0.027* <0.001 - <0.001* <0.001* -
all differ all differ LE x HE (0.022) all differ LE x HE (<0.001) all differ
Interaction age x education
0.059 0.569 0.079 0.072 0.646 0.008

(p-value)

Caption: SD = Standard Deviation; Min = Minimum; Max = Maximum; YLE = Young, low education; YME = Young, medium education; YHE = young, high education;
ALE = Adult, low education; AME = Adult, medium education; AHE = Adult, high education; ELE = Elderly, low education; EME = Elderly, medium education; EHE =

Elderly, high education
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Figure 1. Mean scores obtained by subjects in each type of inference according to age
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Figure 2. Mean scores obtained by subjects in each type of inference according to schooling

performance on pragmatic inferences and others compared
to individuals with low-educational level. An age versus
education interaction was observed only on total correct
answers (Table 2; Figures 1 and 2).

DISCUSSION

Developing countries (such as Brazil) provide a vast field
for research on the influence of age and schooling variables
in cognitive skills because these nations tend to have an age
pyramid characteristic of demographic transition and an
educational pyramid with a significant contingent of the adult
population having a low educational level (less than nine years
of formal education).

In the following discussion, we will separately address
the effects of age and educational level on the performance of
normal subjects in the inference-making process.

Effect of age on comprehension of textual inference test

With regard to comprehension of texts with inferences,
the main difficulty encountered by elderly compared to
younger individuals appears to be related to the interface
of this skill with other cognitive functions. The decline in
the ability to understand texts and make inferences with age
is attributed predominantly to an impairment in working

memory 319 and the more complex the inference the
greater the demands placed on working memory®”. Working
memory is related to the comprehension of inferences be-
cause individuals must retrieve, maintain, and manipulate
information related to the text.

Another possible explanation for the disparity in per-
formance of elderly in the skill of understanding textual
inferences can be found in attentional skills. According to
this theory, difficulties experienced by elderly in performing
two tasks simultaneously or tasks that place greater demands
(such as making inferences) can be attributed to decline in
the attentional system®".

Decline in the ability to interpret textual inferences with
age may also be justified by a failure to inhibit information
that is irrelevant for comprehension, perhaps as a result of
impaired executive functions®*%.

However, other authors advocate the notion that age-
related differences in reading comprehension may be the
result of decline in a multiple processes as opposed to one
specific process, such as age-associated slowing in various
processes® and difficulties retrieving knowledge held in
long-term memory and integrating this with new knowledge
in order to draw inferences®.

In the present study, poorer performance observed by the
elderly on the distractor inferences corroborates the possibil-
ity of impaired executive and attentional functions in this

CoDAS 2014;26(5):407-14
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population, i.e., of problems focusing attention on relevant
information while ignoring information that is unnecessary or
distracting for comprehension.

This result is corroborated by the findings of McGinnis®?,
who stated that differences understanding texts with infer-
ence in aging occur because of failures in the inhibition of
irrelevant information.

In fact, according to the author of the test used in this
study, problems recognizing distractor inferences expose
susceptibility of the participants in allowing themselves to
follow an interpretative approach and adhere to an incoher-
ent explanation. This reveals mental inflexibility to change
the initial reasoning in such questions, which carries a higher
degree of uncertainty'”, a limitation which may be related to
executive functions.

Hamm and Hasher® showed that older individuals ex-
hibited greater activation of alternative interpretations than
younger individuals in comprehension of textual inferences
and Connelly et al.?” showed that elderly have greater dif-
ficulty in understanding texts containing irrelevant informa-
tion, particularly when unpredictable. McGinnis*? concluded
that old-old adults are more susceptible to distraction during
reading, committing a higher number of comprehension errors
compared to younger individuals, having a tendency to select
distractor items as response to questions.

Effect of education on comprehension of textual
inferences

In terms of educational level, our results showed that indi-
viduals with higher educational level had better performance
than individuals with lower educational level on total score of
the inference test and across all question types.

The education variable has been reported as an impor-
tant factor in neuropsychological processing, particularly in
countries with heterogeneity in schooling levels, as is the case
in Brazil®!9. According to Ardila®, the number of years of
schooling influenced performance on tasks assessing memory,
attention, language and executive functions. Ferreira and Dias®®
reported that inferential processing depends on both the integ-
rity and functioning of these skills, all of which can be acquired
and enhanced through the process of formal education.

Concerning the different categories of questions in the
present test, the poorer performance seen by individuals with
less schooling on explicit questions suggests a primary deficit
in reading comprehension (mediated by linguistic complexity,
vocabulary, mastery of grammar rules and demands on work-
ing memory) and reduced capacity to decode literal concepts,
given that explicit inferences do not require inferential reason-
ing per se.

The difficulty exhibited by individuals with less schooling
on logic inferences points to deficit in deduction ability and
logical reasoning. Handling logical inferences requires formal
reasoning, mental operation strategies for solving logic prob-
lems and more complex cognitive operations‘!”.

The poor performance on distractor questions shown by
the individuals with lower educational level suggests mental

CoDAS 2014;26(5):407-14
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inflexibility to change reasoning and adherence to an incoher-
ent explanation to answer questions, abilities linked to execu-
tive functions, and a phenomenon also observed in the older
individuals. Generally, this behavior was evident throughout
the application of the test, whereby individuals chose the most
predictable, albeit error-inducing, answers, without realizing
that the correct information was not present in the text.

This difficulty regarding pragmatic inferences suggests
ineffective management of contextualization and rules of
pertinence and coherence"”. The superior performance of the
most educated group reflects from the importance of world
knowledge to interpreting this type of inference. It is presumed
that individuals with greater exposure to formal learning
activities have increased contact with situations that call for
pragmatic solutions, have had greater opportunity to experi-
ence a broader variety of sociocultural settings as well as social
situations involving different relationships, and consequently
have more honed world knowledge and greater resources for
drawing inferences.

Marcuschi® noted that individuals with low levels of
schooling tended to base inferential activity on their personal
experience and not on shared knowledge, leading to compre-
hension problems. Studies on the process of understanding a
text and inferential processing have revealed that the type of
inference employed by different readers for the same text can
vary according to individual sociocultural background®3%,
where knowledge on the subject can influence the automaticity
of drawing inferences, since readers with a higher proficiency
on the topic can dedicate greater attention to the details of the
stimulus®®.

On the “others” questions, performance of the groups fol-
lowed the same pattern as for logical and pragmatic inferences,
since “others” questions essentially constitute a combination
of these skills. Thus, participants with a low level of schooling
had worse performance due to difficulties with formal reasoning
and obeying the rules of contextualization as well as limited
world knowledge.

CONCLUSION

A mild influence of age on inference-making from reading
was found in this study, regardless of educational level. The
elderly group had worse performance than adults in total score
on the test and in the distractor questions, possibly as a result
of impaired attentional and executive (inhibitory) functions.

In addition, a strong effect of education on inference-making
was noted, where highly educated individuals performed better
in total test scores and across all categories of questions. This
was expected, since educational level is positively correlated
with the ability to perform high-demanding cognitive tasks.
This difference may also be partly explained by the well known
interaction between number of years of study and performance
involving various linguistic-cognitive tasks such as episodic
memory, attention, reading, vocabulary and executive functions.

The disadvantage presented by low educated individuals
in high demanding tasks poses a challenging regarding the
discrimination between socio-educational disadvantage and
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disease-related impairment, especially in cases of neurodegen-
erative diseases affecting cognition (such as Alzheimer’s dis-
ease).These diagnostic challenges are particularly heightened
in developing countries such as Brazil, due to the heterogeneity
of formal educational achievements in the general population.
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Appendix 1. Types of questions from the Implicit Information Management test

Question type

Explanation

Example

Explicit
(11 questions)

Logical
(12 questions)

Distractor
(13 questions)

Pragmatic
(18 questions)

Other
(6 questions)

Require literal translation of the statement, but no inferential
reasoning per se.

Engage the use of formal reasoning and processes of
deduction.

Questions to which subject should answer with “Cannot
answer, because the information requested does not exist
in the test, explicitly or implicitly. Designed to check whether
subject is able to deviate from an interpretive approach and
provide an explanation not defined spontaneously.

Require knowledge of usual scripts, logical and coherent
action plans and conformance to discursive rules.

Require handling of logic operations together with pertinent
contextualization (combination of logic and pragmatic
competencies).

Nadia called Lucas and told him: “My goodness, have you seen the time?;
and Lucas answered: “Yes, | know, but | can't find my car keys.”
Has Lucas lost the keys to his car?

My neighbor’s cat never meows, except when it hasn't eaten for a long
time. Today, | heard the cat meowing all morning.
Did my neighbor feed her cat this morning?

Rose says to Suzanne: “Stop eating or you'll put on weight!” and
Suzanne replies: “So what, men like it’
Is Rose married?

After the weather report, Brigitte said to herself: “| mustn’t forget my
umbrella tomorrow”
Does Brigitte like getting wet?

Peter says: “It costs a lot of money to go to Canada; | can't go there right now”
Does Peter have a lot of money right now?
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