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Since Gardner suggested that human beings hold multiple intelligences, numerous teachers have adapted and
incorporated the multiple intelligence theory (MIT) into their daily routine in the classroom. However, to date,
the efficacy of MIT-inspired methodologies remains unclear. The focus of the present study was to perform a
systematic review and a meta-analysis to assess the impact of these interventions on academic achievement
through reading, maths, or science tests. The inclusion criteria for the review required that studies should es-
timate quantitatively the impact of an MIT-based intervention on the academic performance and that they
followed a pre-post design with a control group. The final sample included 39 articles comprising data from 3009
pre-school to high school students, with diverse levels of achievement, from 14 different countries. The results
showed that the studies had important methodological flaws, like small sample sizes or lack of active control
groups; they also reported insufficient information about key elements, such as the tools employed to measure
the outcomes or the specific activities performed during training, and revealed signs of publication or reporting
biases that impeded a valid evaluation of the efficacy of MIT applied in the classroom. The educational impli-
cations of these results are discussed.

1. Introduction

In 1983 Howard Gardner published Frames of Mind, where he laid
out, for the first time, the idea that human beings possess not one but
multiple intelligences, each one defined as the ability to solve a specific
problem or create a product which is perceived as valuable in one or
more context-rich settings. According to the initial proposal of the
author, each of these cognitive competencies were independent of each
other, so that the same individual might be strong in one intelligence but
weak in another one. Gardner (1993) established eight basic criteria to
identify an intelligence: (a) potential isolation by brain damage; (b) the
existence of savants, prodigies, and other exceptional people; (c) a
distinctive developmental history; (d) a definable set of expert end—state
performances or professions; (d) support from psychometric findings; (e)
support from experimental psychological tasks; (f) an identifiable set of
operations; and (g) susceptibility to encoding in a symbol system.
Following these criteria, he initially proposed the existence of seven

intelligences: Linguistic, logical mathematical, musical, spatial, bodily
kinaesthetic, interpersonal, and intrapersonal. Fourteen years later, the
original list was enriched with a new one, naturalist intelligence
(Gardner, 1997).

Along with this new approach to the conceptualization of human
intelligence, Gardner also put forward a new way to assess it. In his view,
the prevailing methods at the time were exclusively focused on the
measurement of linguistic and logical capacities. In addition, they usu-
ally consisted in paper-and-pencil isolated tasks, detached from any
culture and frequently unfamiliar to the children (Gardner, 1993). To
overcome these limitations, Gardner suggested what he called intelli-
gence-fair measures. They consisted in a number of culturally mean-
ingful activities, always related to particular professions, which enabled
the assessment of the psychological processes inherent to each intelli-
gence in in one- to two-hour sessions. This proposal would contribute to
demonstrate the existence of independent intelligences and, hence, to
identify the strengths and weaknesses of individuals (Gardner, 1983).
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Due to the high costs of the fair measures in terms of money and effort,
Gardner would later propose a new tool to measure intelligence, the
Modified Spectrum Field Inventory, which sampled several intelligences
in two one-hour sessions (Gardner & Hatch, 1989).

The Multiple Intelligences Theory (MIT) was not originally
conceived to be directly applied to educational settings (Gardner, 1983).
However, Gardner has always declared himself convinced of its poten-
tial contribution to this field. It was his understanding that schools have
traditionally assumed everyone can learn the same contents in the same
way; therefore, they have not tried to associate learning experience to
specific products in the life of the community to enhance a rich under-
standing of knowledge. Additionally, schools have tended to cultivate
almost exclusively the linguistic and logical-mathematical symboliza-
tion and have done so through repetitive and rote learning (Gardner,
1991). As a result, many children fail to discover their gifts or talents
(Gardner & Hatch, 1989). According to Gardner (2011), the educational
system can be notably improved by encouraging teachers to consider the
different preferences and intellectual strengths of students and teach
them in ways consistent with them. In this vein, the adoption of a MIT
curriculum becomes a promising option to foster learning. Although the
author has always defended that MIT can be applied in numerous
manners, he has suggested some specific means to exercise and develop
intelligences (Gardner, 1991). More precisely, the author has high-
lighted the importance of creating opportunities to work intensively
with rich and engaging materials that include societal roles and enhance
the involvement of different human intelligences. To achieve this aim,
the classroom is organised in different corners or areas where children
can freely explore the learning materials and connect with the respective
set of intelligences involved in them. For instance, a classroom may
include a naturalistic corner, where students might examine and
compare biological specimens with other materials (Gardner, 1991).
This kind of intervention allows teachers to identify children’s talents
and unexpected strengths without any specific assessment and to pro-
mote in them attitudes and basic skills through the use of resources in
which they have demonstrated an interest and emerging expertise.
Faced with a plethora of poor pedagogical proposals supposedly inspired
by the theory, Gardner has also established a firm distinction between
positive and not right approaches to applying his theory (Gardner, 1995)
and has highlighted the value of various educational projects as an
example of good practice (Gardner, 1997). In addition, he has collabo-
rated in the publication of different books on how to apply MIT in the
classroom (Chen, Feldman, & Gardner, 1998a, 1998b, 1998c; Chen,
Moran, & Gardner, 2009) and shown support to related works of other
authors (Amstrong, 2009). Finally, he is currently leading Project
Spectrum, an initiative aimed at offering a new approach for assessment
and curriculum development in schools (Harvard Graduate School of
Education, 2016).

To this day, the empirical evidence supporting the existence of
multiple unrelated intelligences is weak. The core elements of the MIT
have been criticised on countless occasions (Geake, 2008; Waterhouse,
2006; White, 2004; Willingham, 2004; but see Gardner & Morgan,
2006). In opposition to Gardner’s assertion about the existence of eight
independent intelligences, the scientific community closes ranks around
the hierarchical nature of intelligence and the existence of a general
factor which explains a notable percentage of individual differences
(Colom, 2018; Hunt, 2001; Jensen, 1998; Lubinski, 2004; Visser,
Asthon, & Vernon, 2006a). Furthermore, a recent study has shown that
many of the tests aimed at measuring the different domains in Gardner’s
framework are not only strongly intercorrelated with each other but also
with external tests of general intelligence (Visser, Asthon, & Vernon,
2006b; but see Gardner, 2006).

Beyond the plausibility of MIT, the aim of the present work is to
assess its impact on schools. Since its formulation, MIT has attracted the
enthusiasm and interest of a growing number of teachers around the
world (White, 2004). Although Gardner (1983) himself acknowledged
that he had employed the term intelligence, and not talent or ability, to
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grab the attention of the audience, the idea that all people could be
smart in some way and that educators should ensure that all in-
telligences are equally exercised among students has been embraced
wholeheartedly by large parts of the educational community and
inspired the creation and introduction of a considerable number of
methodologies and resources in schools (Amstrong, 2009; Collin, 2001;
Gardner, 1997). At the same time, MIT has stimulated the completion of
several studies aimed at measuring the impact of the theory on the ac-
ademic performance of students (Bas, 2016; Batdi, 2017). In general,
these studies have analysed the effect of MIT intervention through the
use of MIT-labelled activities and materials on outcomes such as science,
reading or mathematics, compared to more traditional methods. In most
of the cases, all the intelligences have been addressed in each learning
session. The results collected to date suggest that, in general, students
trained with MIT intervention outperform control groups. However, as
detailed below, not all the studies have found a statistically significant
benefit for MIT-based interventions. These contradicting results might
be partially explained by methodological differences among the studies,
such as the size of the groups or the inclusion of a control group. On the
latter, just one study included an active control group (Modirkhamene &
Azhiri, 2012). The authors of the study checked the effect of MIT-based
intervention on reading comprehension of a sample of 70 secondary
students during two months. In spite of the good results obtained in
favor of the experimental group, the inclusion of various practices
labelled as non-valid by Gardner (1995) himself makes it unfeasible to
consider this work a good estimate of what to expect in this area. Given
the importance of basing educational practices on solid empirical evi-
dence, the focus of the present article is precisely to perform a systematic
review and meta-analysis that allow assessing the impact of
MIT-inspired instructional methodologies on the academic achievement
of learners after a careful examination of any bias or methodological
issues.

1.1. Overview of the present systematic review

Until now, two meta—-analyses have explored the impact of MIT on
the academic performance of students. From our point of view, both of
them present important methodological shortcomings that preclude
their use as a solid reference to inform educational practice. The first
meta-analysis (Bas, 2016) included only master theses (k = 64) and
doctoral dissertations (k = 11) published in Turkey between 1998 and
2014. The second meta-analysis (Batdi, 2017) consisted of 63 articles
and doctoral dissertations conducted around the world between 2000
and2016. Both meta-analyses applied minimal quality criteria for the
selection of studies and made no attempt to measure or control the risk
of bias induced by different aspects of the designs and procedures, such
as blinding or the use of passive control conditions. In the same vein,
none of them analysed the potential impact of publication bias or se-
lective reporting on the results. Given these shortcomings, it is perhaps
unsurprising that both meta-analyses obtained remarkably large
average effects (d = 1.077 and 0.95, respectively). Based on such limited
evidence, it is impossible to assess whether these large effects should be
attributed to genuine MIT-based interventions or to the multiple sources
of bias that could influence the results of the individual studies included
in the meta—analyses. In addition, the procedure and criteria used to
search for primary studies were not defined with sufficient detail to
reproduce the results and none of the reviews offered a list of included
and excluded studies that could be used to confirm and extend their
analyses.

In contrast to previous reviews, the literature search strategy adop-
ted in the present study aimed at locating both studies published in
peer-reviewed journals through the Web of Science and also grey
literature through ProQuest and Google Scholar, by using a well-defined
procedure that any reader with access to these databases will be able to
reproduce. Secondly, one of our main goals was to assess the quality of
each individual study and to identify potential sources of bias. Finally,



Table 1
Articles that met inclusion and quality criteria.
Author, year Country Sample type N (E/ Age Educational level Instructor Duration Dependent variable Tests to measure DV Test to measure MI Results
Q)
Abdi, Laei, & Iran Normal population 40 (20 n.s. 5th grade Teacher 8 weeks Science achievement Achievement test MIT group
Ahmadyan, 2013 / 20) (developed by the outperformed
teacher) significantly control
group
Abdulkader, Egypt Learning disabled 60 (30 11-12 5th grade Researcher 2 months, 3 Decoding and written Word Recognition MIT group
Gundogdu, & students / 30) years weekly comprehension skills test and Reading outperformed
Mourad, 2009 sessions comprehension Test significantly control
(40-45 min group
per session)
Akkuzu & Akcay, Turkey Normal population 75 (38 n.s. High school Researcher 8 weeks Periodic feature’ Periodic Features’ Multiple There are
2011 / 37) variation Variation Intelligences improvements in
Achievement Test Assessment Survey both groups. No
(PFVAT) (MIAS) comparison made
Iran Normal population 60 (30 15-20 Intermediate n.s 17 sessions Vocabulary learning in The Preliminary Name no specified There are
Alavinia & / 30) years education (90 min per English English Test improvements in
Farhady, 2012 session) both groups. No
comparison made.
Al-Balhan, 2006 Kuwait Low academic 410 n.s. 1st, 2nd, 3th and Teacher n.s. Reading skills Reading test Adaptation of MIT group
achievement (210 / 4th secondary Gardner’s Multiple outperformed
students 200) education Intelligences significantly control
Inventory (McKenzie, group
1999)
Jordania Normal population 59 (30 n.s 10th grade Researcher 2 months, Reading skills in English ~ Reading test _ MIT group
Alqatanani, 2017 / 29) 24 sessions outperformed
significantly control
group
Altintag & Ozdemir,  Istanbul Normal population 117 (57  n.s. 5th and 6th grade  n.s. n.s. Mathematical concepts Mathematics Multiple MIT group
2015 and gifted students  / 60) Achievement Test Intelligences outperformed
Inventory (Saban, significantly control
2005) group
Al-Zoubil & Al- Oman Students with 14 (7 / 8-10 3th and 4th grade  Researcher 10 weeks Mathematics Mathematics Test The Multiple MIT group
Adawi, 2019 dyscalculia 7) years (40 min 5 achievement Intelligences outperformed
lessons per Checklist (Nofal, significantly control
week) 2010) group
Anaduaka, 2008 Nigeria Normal population 118 (59  n.s. Senior secondary Teacher 5 weeks Geometry achievement Geometry _ MIT group
/59) students achievement test outperformed
(developed by the significantly control
researcher) group
Bilgin, 2006 Turkey Low socio- 50 (25 14-16 9th grade Teacher 3 weeks Chemical knowledge Chemical bonding _ MIT group
economic status / 25) years (three times achievement test outperformed
students per week) (developed by the significantly control
researcher) group
Delgoshaei & Iran Normal population 40 (20 n.s, Preschool s, n.s. Sequential thinking, Cognitive _ MIT group
Delavari, 2012 / 20) education problem solving skills, development outperformed
basic concepts questionnaire significantly control
formation, memory and group
observation skills, the
five senses
United Low income 213 (n. 3th and 5th grade  Teacher 7 weeks Multiplication skills Multiplication test _ MIT group
Dillihunt & Tyler,  States students s./n. outperformed
2006 s.) significantly control
group
Malaysia Normal population n.s. n.s. 2 months Writing ability

(continued on next page)

‘D 32 0212 W

995101 (120Z) 88 2ouasSa]



Table 1 (continued)

Author, year Country Sample type N (E/ Age Educational level Instructor Duration Dependent variable Tests to measure DV Test to measure MI Results
Q)
58 (28 Secondary Six-Trait Analytic The Malaysian MIT group
Eng & Mustapha, / 30) education Writing Rubric Adolescent Multiple- outperformed
2010 Intelligences Test significantly control
(MAMIT) group
Indonesia n.s. 63 (32 n.s. n.s. n.s. n.s. Maths problem solving Test of The Scale of the MIT group
Fasni, Fatimah, & /31) ability mathematical Multiple outperformed
Yulanda, 2017 problem solving Intelligences Attitude  significantly control
ability (adapted from group
Santrock, 2007)
Turkey Normal population 71 (37 n.s 5th grade Researcher 4 weeks Knowledge about social Social Studies _ MIT group
Giin & Sahin, / 34) contents Achievement Test outperformed
2014 significantly control
group
Giindiiz & Una, Turkey Normal population 50 (25 11-12 6th grade Teacher 3 weeks English writing Two essays _ MIT group
2016 / 25) years (three hours development outperformed
per week) significantly control
group
Turkey Normal population 48 (24 n.s. 7th grade Teacher 2 weeks (4h  Maths knowledge Conceptual _ MIT group
Gurbuz, Birgin, & /14) per week) Learning Test outperformed
Catlioglu, 2014 significantly control
group
Gurcay & Ferah, Turkey Normal population 95 (45 14-16 9th grade Researcher 6 weeks Force and motion Force and Motion Revised Student MIT group
2017 / 50) years (E) and knowledge Achievement Test Multiple outperformed
teacher (C) Intelligences Profile significantly control
Questionnaire (SMIP-  group
24) (Chan, 2006)
Haboush, 2010 Gaza Normal population 97 (65 11-14 8th grade Researcher 6 weeks Reading comprehension n.s. _ MIT group
/32) years outperformed
significantly control
group in some of the
skills tested
Hanley, Hermiz, EEUU Normal population  n.s n.s. 5th grade Teacher and 14 weeks Achievement in social Matching questions, The MI Test MIT group
Lagioia-Peddy, & researcher (two days studies multiple-choice outperformed
Levine-Albuck, per week for questions, and an significantly control
2002 one hour essay question group
each day)
Inan & Erkus, 2017 Turkey Normal population 64 (32 n.s. 4th grade n.s. n.s. Mathematics Achievement test MIT group
/32) achievement (developed by the outperformed
researcher) significantly control
group
Istk & Tarim, 2009 Turkey Normal population 150 (E1  n.s. 4th grade Researcher E 21 weeks/  Maths knowledge Mathematics Teele Inventory for MIT group
37, E2 (E) and C 12 weeks Achievement Test Multiple outperformed
34/Cl1 teacher (C) (MAT) Intelligences (TIMI) ( significantly control
40, C2 Teele, 2000) group
39)
Kaya, Dogan, Turkey Normal population 60 (30/ 13-14 8th grade Researcher 4 weeks Science achievement Achievement test Adaptation of MIT group
Gokeek, Kilic, & 30) years (three days (developed by the Multiple outperformed
Kilic, 2007 per week) researcher) Intelligences Survey significantly control
of Armstrong, 1994 group
Khalghollah, Afsha, Iran Normal population 66 (33 7-8 7th and 8th grade  n.s. 8 weeks Science knowledge Learning Sciences _ MIT group
& Shahidi, 2014 / 33) years questionnaires / outperformed
Science Learning significantly control
lessons group
Indonesia Normal population n.s. 11th grade n.s. n.s. Science knowledge

(continued on next page)

‘D 32 0212 W

995101 (120Z) 88 2ouasSa]



Table 1 (continued)

Author, year Country Sample type N (E/ Age Educational level Instructor Duration Dependent variable Tests to measure DV Test to measure MI Results
Q)

Liliawati, 30 (30 The Concept Multiple There are
Purwanto, / 30) Mastery Test Intelligences improvements in
Zulfikar, & Questionnaires (Xie both groups. No
Kamal, 2018 & Lin, 2009) comparison made

Modirkhamene & Iran Normal population 70 (35 16-23 EFL intermediate n.s. 2 months, Reading comprehension =~ Reading proficiency =~ Multiple MIT group
Azhiri, 2012 / 35) years education 24 sessions skills test Intelligences-based outperformed

(3 sessions Profiling (Armstrong,  significantly control
of 90 min 1994) group
per week)

Mostafa, 2017 Egypt Neurologically 40 (20 n.s. 1th grade Researcher 10 weeks (3 Reading skills Moursd Ali’s Basic _ MIT group
deficient / 20) sessions of Reading Skills Test outperformed
population and 45 min per significantly control
poor reading skills week) group

Nakhbi & Barza, Arab Normal population 53 (27 10-12 6th grade Teacher 4 weeks (30 Science knowledge Science content MI survey (Candler, Achievement of
2016 Emirates / 26) years min per exam 2011) experimental and

session) control group is not
analysed

Nuallaong, Thailand Normal population 62 (31 n.s. 1th grade n.s. n.s. Vocabulary Vocabulary test Teacher assisted MIT group
Nuallaong, & /31) questionnaire about outperformed
Preechadirek, MI significantly control
2015 group

Ozdermir, Giineysu, — Turkey Normal population 70 (35 9-10 4th grade Teacher 7 weeks, 6 Science knowledge Diversity of Living Teele Inventory of MIT group
& Tekkaya, 2006 / 35) years lessons (45 Things Concepts Multiple outperformed

min per Test Intelligences Test significantly control
session) (TIMID) group

Pahlavani, Iran Normal population 43 (27 18-37 Undergraduate Teacher 8 session (1 Speaking ability Nelson Placement Gardner’s Multiple MIT group
Khosravani, & /16) years education h and 15 Test Intelligence outperformed
Zanjani, 2017 min per Questionnaire significantly control

session) group

Safranj & Zivlak, Serbia Normal population 58 (30 n.s Undergraduate n.s One Language skills Students’ language _ MIT group
2018 / 28) education semester knowledge outperformed

significantly control
group

Sanchez-Martin, Spain Normal population 160 (87  12-13 n.s. n.s. n.s. Technology education The exam of the Survey version MIT group
Alvarez-Gragera, /73) years topic designed by Giorgis, outperformed
Davila-Acedo, & 2007 significantly control
Mellado, 2017 group

Sheahan, While, & Ireland Normal population 90 (46 18 to Nursing students Researcher 12 weeks Clinical skills Objective structured A multiple MIT group
Bloomfield, 2015 / 44) 51 clinical examination intelligences outperformed

years development significantly control
assessment scale group
(MIDAS)

Soleimani, Iran Normal population 61 (32 n.s. Undergraduate Researcher 8 weeks English skills Achievement test _ MIT group
Moinnzadeh, / 29) students (developed by the outperformed
Kassaian, & Z., & teacher) significantly control
Ketabi, S., 2012 group

Stanciu, Orban, & Romania Learning disabled 36 (18 n.s. 3th and 4th grade  n.s. 8 weeks Science knowledge Assessment test Checklist MIT group
Bocos, 2011 students /18) (http://www.spannj. outperformed

org/BasicRigh significantly control
ts/appendix_b.htm) group
Turkey Normal population 54 (27 12-14 7th grade Teacher 4 weeks Chemistry knowledge Chemistry _ There are
Ucak, Bag, & /27) years Achievement Test improvements in

Usak, 2006

(CACT)

both groups. No
comparison made

(continued on next page)
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Table 1 (continued)

Results

Test to measure MI

Tests to measure DV

Dependent variable

Educational level Instructor Duration

Age

N (E/
0

Sample type

Country

Author, year

There are

Science knowledge Success test

4 weeks

Researcher

Undergraduate
education

60 (30 n.s.
/ 30)

Normal population

Turkey

improvements in

Yalmanci &

both groups. No

Gozum, 2013

comparison made

There are not
significant

Mathematics test

Mathematics

9 weeks (for
four lessons

Researcher

8th grade

12-13
years

44 (22
/22)

Normal population

Australia

Young, 2003

achievement

differences between

MIT group and
control group

per week per

class)

Note: DV: Dependent variable. MI: Multiple Intelligences. MIT: Multiple Intelligences Theory. (E) Experimental Group. (C) Control Group. (E1) Experimental Group I. (E2) Experimental Group II. (C1) Control Group I. (C2)

Control Group IL n.s.: Not specified.
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unlike previous meta-analyses in this domain, we attempted to detect
and measure the impact of publication and reporting biases.

2. Method
2.1. Search procedures

This systematic review follows the recommendations of PRISMA
(Moher, Liberati, Tetzlaff, & Altman, 2009) and APA’s (Appelbaum
et al., 2018) reporting standards for systematic reviews and meta-
analyses. On May 1st 2019, the first author (MF) conducted a search
on the Web of Science with the term multiple intelligences and on August
20th 2020, she repeated the search on ProQuest and Google Scholar with
the free software Publish or Perish (Harzing, 2007). These searches were
limited to English-language articles published after 1983 (the year in
which Gardner published Frames of Minds). After removing 18 dupli-
cates, the first search returned 937 studies on the Web of Science while
the second search returned 1642 studies on ProQuest and 944 studies on
Google Scholar.

Titles and abstracts of the studies were screened for eligibility by MF.
Studies were only included if they fulfilled the following inclusion
criteria: (c1) the aim was to measure quantitatively the impact of an
MIT-based intervention on the academic performance of students, and
(c2) the study followed a pre-post design with control group. This step
resulted in a total of 38 full-text articles on the first search (Web of
Science) and 232 full-text articles on the second search (197 from Pro-
Quest and 35 from Google Scholar). Then, MF and SPL independently
read these articles to verify that they met the inclusion criteria. As a
result of this screening, a set of 15 articles were selected on the first
search. Thereupon, descendancy searches of articles citing or cited by
these 15 papers were conducted and 129 new studies were identified. As
in the previous stage, the titles and abstracts of these articles were
screened by MF, resulting in 26 additional full-text publications that
were independently read by MF and SPL. Eleven of them complied with
the inclusion criteria. Therefore, the sample of articles reviewed for
inclusion on the first search consisted of 26 studies (15 + 11). Likewise,
the screening of the 232 full-text publications obtained on the second
search resulted in the selection of 13 articles (1 from ProQuest and 12
from Google Scholar). Therefore, the final sample of articles reviewed
for inclusion consisted of 39 studies (26 + 13). Table 1 presents a
summary of the most relevant information of these articles. A PRISMA
flowchart summarizing the literature search process conducted in this
study is shown in Fig. 1. Across all full-text articles assessed for inclu-
sion, MF and SPL reached an initial inter-rater agreement of 94.64%.
Disagreements were discussed until 100% consensus was reached.

2.2. Data extraction and coding

MF and SPL independently coded each of the 39 selected studies,
including the title of the journal, size and characteristics of the sample,
type of experimenter (researcher or teacher), duration of the interven-
tion, dependent variables, and tests employed to measure them (see
Table 1).

As mentioned above, one of the main contributions of this work lies
in the assessment of the quality of the studies and the identification of
potential sources of bias. To achieve this, we elaborated a 17-item
quality scale. For a detailed description of each item, see Table 2. Items
2-3 (randomisation), 4-6 (blinding), 7-8 (similarities between groups),
11 (type of control group, active or passive), 12-13 (information for
replicability), 14 (reliability of tests), 15 (validity of tests), and 16
(availability of statistic data) were partially based on the scale devel-
oped by Physiotherapy Evidence Database (PEDro) and an educational
scale made by Newman (2003) on the basis of CRD guidelines, EPOC
Handbook and the Campbell Collaboration Research Design Policy Brief.
Items 1 (study preregistration), 9 (training of instructor), 10 (interven-
tion fidelity) and 17 (open access publication) were elaborated ad hoc
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Records identified through
grey literature searching

8 Records identified through Dupicated studies
5 WOS database searching excluded
& N=955 N=18
= PROQUEST database Google Scholar database
3 searching searching
= N=1642 N=944
-
Aticles citing or cited by
studiesincluded Records excluded
Records screenedfor N= 103 Records screenedfor Records screened for
- abstract and title N=129 « Nopeerreview (n=59) abstractand title abstractand file
g N=937 + N tat N=1642 N=944
H (n=27)
o + Nowrittenin English (n=4)
S « Differentaim (n=9)
2 « Duplicated (n=2)
+ No found (n=2)
—
Records excluded Fulltextarticles assessed Fulltextarticles assessed Fulltextarticles assessed T — Full-textarticles assessed Records excluded
N=23 for eligibilty for eligibilty Racords sk for eligibilty s for elgibilty N=23
« No measure of academic N=38 N=26 N=15 N=197 o N=3 + No data available (N=1)
= i « No peerreview (n=3) * Nog (n=1) N
= « No quantitative data (n=2) + No controlgroup (n=11) + No control group (n=13)
2 * Noquantitative data (n=8) « No written in English (n=1) « Differentaim (n=13
80 « Differentaim (n=176) =13)
= + Nowittenin English (n=1) + No control group (n=1) flerent aim (n=176) . Difleentoutcome (1=2)
i « Differentaim (n=6) + Nofound (n=2)
+ No control group (n=5) + No found (n=2)
« Differentaim (n=2) * Duplicated (n=2)
+ Noprepost(n=2) « Different outcome (n=1)
« Nopretest (n=1)
- « Different design (n=1)
—
« Different sample (n=1)
Unique studies included Unique studies included Unique studies included Unique studies included
N=15 N=11 N=1 N=12
°
@
°
3
S
=

Unique studies included in final systematic review

N=39

Fig. 1. PRISMA flowchart.

for this study. Each item could be assigned three values: (a) positive,
when the study met the criterion; (b) negative, when the study did not
meet the criterion; and (c) unknown, when the study did not provide
sufficient information. The items that comprise the quality assessment
along with the final values assigned to each of them within each study
are shown in Fig. 2. For each study, MF and SPL independently assigned
a value to each item, reaching an initial agreement of 88.5%. Where
disagreements took place, these were resolved through discussion until
100% consensus was reached. The final values reached by each item
after assessing all the studies are described in Fig. 3. Following criticisms
to the use of quality scores (Jiini, Witschi, Bloch, & Egger, 1999), we did
not attempt to aggregate the items of the scale into a single score.

2.3. Computation of effect sizes and statistical analyses

In addition to collecting the qualitative data reported in the previous
paragraph, we also extracted information to estimate the effect size of
the intervention in each study. Given that all the studies included in the
systematic review were controlled trials with pre- and post-test scores,
we used the standardized mean change difference score recommended
by Morris (2008) to quantify the magnitude of the effect in studies with
this type of design. However, some studies did not report sufficient in-
formation about participants’ performance in the pre-test to compute
this type of effect size. Therefore, we also conducted a secondary met-
a-analysis using the standardized mean difference of post-test scores.

Standardized mean change difference scores, here denoted as g,
were computed with Egs. 8-10 from Morris (2008) and their variance
was computed following Eq. 25 from the same source. In these equa-
tions, only the standard deviation of pre-test scores in both groups is
used to standardize the mean change difference. The computation of the
variance of ga requires an estimate of the correlation between pre- and
post-test scores, a piece of information that is usually missing in most
studies. Following Rosenthal (1991), we assumed a correlation of 0.70
between pre- and post-test scores in all the analyses reported in the
present article. However, we also conducted sensitivity analyses
assuming lower (0.50) and higher (0.90) values that gave rise to similar

results which, for the sake of simplicity, are not reported.

As explained above, some studies did not report sufficient informa-
tion to compute g, but they did report sufficient information to compute
a standardized mean difference of post-test scores. Therefore, we con-
ducted an additional meta-analysis with this alternative effect size es-
timate, which we will denote as g,. This effect size was computed using
Egs. 4.18 and 4.19 from Borenstein, Hedges, Higgins, and Rothstein
(2009) including also the correction factor J computed with Eqgs. 4.22
and 4.23. The variance of g, was computed using Egs. 4.20 and 4.24
from the same source.

Some of the studies included in the systematic review measured more
than one valid outcome. In these cases, we aggregated all the effect sizes
from a single study using the method suggested by Borenstein et al.
(2009), as implemented in the agg function of the ‘MAd’ package for R,
assuming a (default) correlation between effect sizes of 0.50. Unless
noted otherwise, all the statistical analyses were performed with the
‘metafor’ package for R (Viechtbauer, 2010) using random-effects
models.

3. Results
3.1. Description of the studies

Table 1 provides a summary of the 39 studies included in the present
review. Overall, the studies were highly heterogeneous in terms of
sample type (e.g. academic achievement or socio—economic level),
sample size (from 14 to 410 participants), educational level (from pre-
school to undergraduate education), duration of the interventions (from
two to ten weeks), and type of outcomes (e.g. achievement in reading,
mathematics, or science).

3.2. Qualitative assessment
Fig. 2 presents a detailed summary of the qualitative assessment of

the 39 studies included in the systematic review. As can be seen, most
articles fail to report sufficient information to assess the quality of the
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Table 2
Quality scale: Description of the items.

Quality criteria Items description

Study pre-registration 1. The rationale, hypotheses, design, and analytic strategy
are submitted to an open access register before
beginning the study.

Randomisation 2. Each participant is randomly assigned to the
experimental or control group.

3. In quasi-experimental studies, groups of participants
are randomly assigned to the experimental or control
condition.

Blinding 4. Participants do not know if they belong to the
experimental or to the control group.

5. Instructors do not know if they belong to the
experimental or to the control group.

6. People in charge of evaluating the results do not know if
they belong to the experimental or to the control group.

Similarities between 7. Socio-economic characteristics of experimental and

groups control groups are proven to be similar.

8. Pre-test scores on the dependent variable(s) of interest
are proven to be similar in the experimental and control
group.

Training of instructor 9. The instructor receives training and development in
MIT applied.

Intervention fidelity 10. The study does not include “non-valid” practices on

the basis of Gardner’s guidelines (1995).

Type of control group 11. The study includes an active control group (as opposed

to a passive control group).

Information for 12. The information provided is enough to replicate the

replicability intervention.

13. The information about the tool employed to measure

the dependent variable is fully reported.

Reliability of tests 14. The study offers a satisfactory reliability rating of the
tests employed to measure the dependent variable(s).
Validity of tests 15. The study offers a satisfactory validity rating of the

tests employed to measure the dependent variable(s).
Availability of statistic

data
16. Results of at least one key comparison between
experimental and control group are reported.
Open access 17. The study is freely available on-line.
publication

research. To mention just some noticeable examples, Item 4, referring to
the blinding of participants, is only explicitly described in five studies
(12.82%), while Item 15, related to the validity of the tests employed to
measure the dependent variable, is not explicitly addressed in any study.
In addition, most studies fail to meet a substantial number of quality
criteria. For example, Item 11, referring to the use of an active control
group, is only fulfilled by one study (2.56%), while the remaining
studies either use a passive control group that is trained with a tradi-
tional method (87.18%) or do not provide any information on this issue
(10.26%). And Item 12, assessing whether the articles report sufficient
information to replicate the intervention, is only addressed in three
studies (7.69%). Of particular interest is Item 10, related to intervention
fidelity, where the majority of studies (69.23%) do not give any infor-
mation about the activities included in the intervention. Six studies
(15.38%) reported well-described proposals but some of them belong to
the categories labelled as not right by Gardner himself. Only 6 (15.38%)
studies fulfilled both conditions, that is, reporting sufficient information
and comprising sound activities, according to Gardner’s criteria. Just
four quality criteria were fulfilled by more than 50% of the studies: Item
7, referring to the equal socioeconomic variables between groups; Item
8, referring to the analysis of the pre-test scores; Item 14, referring to the
reliability of the tests employed to measure the dependent variable, and
Item 16, related to the availability of information about at least one of
the key comparisons reported in the analysis of results.

3.3. Quantitative meta—analysis

Among the 26 standardized mean change difference scores entered
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in the meta-analysis, the average mean effect was remarkably large, ga
= 1.68, 95% CI [1.13, 2.22], and statistically significant, z = 6.01, p <
.001. The level of heterogeneity was also large and significant, I* =
97.70%, Q(25) = 498.50, p < .001. Similarly, among the 28 standard-
ized mean differences scores that could be entered in the meta—analysis
of post-test measures, the mean average effect size was very large and
statistically significant, g, = 1.25, 95% CI [0.93, 1.57], 2 = 7.72, p <
.001, and the distribution of effect sizes was highly heterogeneous, I =
91.25%, Q(27) = 230.21, p < .001.

The suite of outlier-detection methods implemented in the influence
function of the ‘metafor’ package allowed us to identify an outlier in the
first meta-analysis (with a gy = 7.16) and another one in the second one
(with a g, = 3.76). After removing these outliers, the average effect sizes
declined slightly, g» = 1.49, 95% CI [1.05, 1.93], 2 = 6.66, p < .001, and
and g, = 1.15, 95% CI [0.88, 1.42], z = 8.27, p < .001, and so did
heterogeneity, I = 96.42%, Q(24) = 437.70, p < .001, and I? = 87.76%,
Q(26) = 173.78, p < .001, respectively. Figs. 4 and 5 show the point
estimates and confidence intervals of all the studies included in these
two meta-analyses, together with their meta-analytic averages. As can
be seen, even after removing outliers, both types of effect sizes span a
wide range of values, including a substantial number of effect sizes with
extremely large values.

The funnel plots for both types of effect size, depicted in Fig. 6, reflect
that the distribution of effect sizes with respect to their standard errors is
not symmetric. In general, the largest effect sizes come from studies with
the largest standard errors (i.e. with the smallest samples). The red
regression lines depicted in both funnel plots are statistically significant,
by =6.79,2 =4.57,p <0.001, for g, and b; = 5.05, z=3.99, p < .001,
for g,. With some caveats (Sterne et al., 2011), this asymmetric distri-
bution is usually taken as an indicator of publication bias or selective
reporting and, in any case, suggests that the results of the meta-analysis
should be interpreted with extreme caution because the reported effect
sizes may overestimate the size of the true effects (Egger, Davey Smith,
Schneider, & Minder, 1997).

To further explore publication bias and selective reporting, we
applied four different methods for the detection and correction of bias:
PET, PEESE, trim-and-fill, and Vevea and Hedges (1995) selection
model. PET (Stanley & Doucouliagos, 2013) is based on a regression of
effect sizes on standard errors, like the ones depicted in Fig. 6. Using this
regression, it is possible to predict what would be the expected effect size
for an ideal experiment with zero standard error. PEESE (Stanley &
Doucouliagos, 2013) is based on the same logic, with the only exception
that the regression predicts effects sizes from study variances instead of
the standard errors. Trim-and-fill (Duval & Tweedie, 2000) identifies
which studies contribute most to funnel plot asymmetry and then re-
stores asymmetry by inputing an equal number of missing studies on the
other side of the funnel plot. Finally, Vevea and Hedges’ selection model
assumes that studies with non-significant results might be under-
represented in the meta-analysis and corrects the average effect size
after estimating the likely magnitude of the bias against non-significant
results.

When applied to our data sets, PET detected significant signs of bias
for both types of effect size, z = 4.57, p < .001, for g and 2 =3.99, p <
.001, for g,. The bias corrected estimates were gy = —0.28, 95% CI
[-1.09, 0.53], and g, = —0.26, 95% CI [-0.97, 0.46], respectively.
PEESE also detected significant bias for ga, z = 2.25, p = .002, and for g,
z = 3.67, p < .001, and yielded bias-corrected estimates of g, = 0.93,
95% CI [0.42, 1.44], and g, = 0.60, 95% CI [0.24, 0.96]. Trim-and-fill
estimated that the number of missing studies was 10 for g and 2 for
g The bias-corrected estimates were 0.71, 95% CI [0.17, 1.25], and
1.06, 95% CI [0.76, 1.35], respectively. Finally, the selection model did
not detect evidence of bias in either g, ;{2(1) = 2.49, p = .114, or g,
2%(1) =1.70,p = .193, and yielded bias-corrected estimates of 1.02, 95%
CI [0.04, 1.99], and 0.94, 95% CI [0.43, 1.45], respectively. In sum,
three out of the four tests suggest that the average estimates of our meta-
analyses could be inflated by publication or reporting biases. One of
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Since Gardner developed his theory about the existence of multiple

intelligences, a growing number of teachers have adapted and incor-
porated the theory into their daily routine in the classroom (White,
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Fig. 2. Quality assessment and values assigned to each item.

Sanchez-Martin et al. (2017) © @ 0 e e

Ozdermir et al. (2006)
Pahlavani et al. (2017)
Safranj et al. (2018)
Sheahan et al. (2015)
Soleimani et al. (2012)
Stanciu et al. (2011)
Ucak et al. (2006)
Yalmanci et al. (2013)

Young (2003)

effect might be different from zero although substantially smaller than

significant. PEESE and trim-and-fill, in contrast, suggest that the true
suggested by the uncorrected meta-analytic estimates.

them, PET, suggests that the bias-corrected averages might be non-
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100%
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1. Pre-registration

3. Groups are randomised

4. Participants are blinded

S. Instructors are blinded

6. Analysts are blinded

11. Active control group

17. Open data access

Fig. 3. Graphical representation of the values obtained in the scale of quality.

OYes
34.03%

ENo
41.04

O Unknown
24.93

Intelligence 88 (2021) 101566

2. Participants are randomised

7. Groups are equal in socio-economic variables
8. Pre-test scores are analysed
9. Instructors receive training

10. Treatment adherence is preserved

12. Enough information to replicate the intervention
13. Enough information to replicate the DV

14. Satisfactory reliability of tests employed

15. Satisfactory validity of tests employed

I
[ = 16. Results of at least one key comparison are reported

Study ES 95% ClI
Sheahan et al. (2015) e 0.20 [-0.12, 0.52]
Kaya et al. (2007) —— 0.20 [-0.19, 0.60]
Safranj & Zivlak (2018) o— 0.24 [-0.06, 0.55]
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Gurcay & Ferah (2017) —e— 0.39[0.08, 0.71]
Nakhbi & Barza (2016) R — 0.480.04, 0.91]
All_Balhan (2006) L e 0.56[0.41, 0.72]
Pahlavani et al. (2017) — 0.65[0.01, 1.28]
Stanciu et al. (2011) P e—— 0.81[0.27, 1.36]
Giin & Sahin (2014) L —e— 0.92[0.53, 1.32]
Algatanani (2017). P —e— 0.93[0.50, 1.37]
Ucak et al. (2006) —— 1.07 [0.61, 1.54]
Soleimani et al. (2012) E —— 1.11[0.74, 1.48]
Ozdermir et al. (2006) — 1.12[0.71, 1.54]
Isik & Tarim (2009) : —— 1.73[1.33,2.13]
Modirkhamene & Azhiri (2012) § —— 1.83[1.21, 2.46]
Abdulkader et al. (2009) : —— 2.33[1.82, 2.83]
Yalmanci & Gozum (2013) § PN 2.40[1.81, 3.00]
Gundiiz & Unal (2016) : —— 2.42[1.77, 3.08]
Abdi et al. (2013) i — 2.56[1.79, 3.32]
Al-Zoubi & Al-Adawi (2019) : 2.56[1.15, 3.97]
Mostafa (2017) —e— 2.85[2.13, 3.56]
inan & Erkus (2017) —_— 3.42[2.70,4.14]
Anaduaka (2008) ; —— 3.57[3.03, 4.11]
Nuallaong et al. (2015) o e 3.59[2.83, 4.35]
Eng & Mustapha (2010) :

Bilgin (2006) :

RE Model § - 1.49[1.05, 1.93]

| T T T T
-1 0 3 4

ga

Fig. 4. Forest plot for the meta-analysis of g, scores.

recurrently recognized, there is no solid data about the effectiveness of
applying MIT-inspired interventions in the academic achievement of
students. To date there are only two meta-analyses on this matter and,

as we have discussed above, both of them present important methodo-
logical shortcomings, such as an absence of any assessment of the quality
of the studies included or a lack of control for publication bias. The aim

10
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Fig. 6. Funnel plots for the meta-analysis of g, scores (panel A) and g, scores

(panel B).
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Effect size

EEF
Data set

Fig. 7. Distribution of effect sizes in the present meta-analysis (g and g) and

two data sets of pre-registered studies (EEF and NCEE).
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of the present systematic review was to assess the quality of the studies
testing the impact of MIT-inspired instructional methodologies on ac-
ademic achievement of learners, overcoming the existing flaws of pre-
vious reviews as much as possible.

In general, the qualitative analysis of the results showed that the
studies included in this review have important methodological flaws and
report insufficient information about essential elements to make a crit-
ical appraisal of the methods, such as whether participants and in-
structors were blind to experimental manipulation, or whether the
measures employed were reliable and valid. Perhaps more importantly,
only a handful of studies described the intervention undertaken in suf-
ficient detail to allow its replication. In other words, there is no way of
knowing what the interventions consisted of and how the dependent
variable was measured. When methodological information was given,
many of the studies failed to meet important quality criteria, such as the
randomisation of participants or the inclusion of an active control group.
In fact, only a couple of quality criteria were clearly fulfilled by the
majority of studies.

The quantitative analysis of the data replicates the results of previous
meta-analyses, but with important caveats. As explained in the intro-
duction, Bas (2016) and Batdi (2017) reported large effect sizes for
MIT-based interventions (d = 1.077 and 0.95, respectively). Consistent
with them, we find remarkably large effect sizes of g, = 1.49 and g, =
1.15. The sheer size of these effects should, on its own, be sufficient
reason for skepticism (Pashler, Rohrer, Abramson, Wolfson, & Harris,
2016). To put these effect sizes in proper context, Fig. 7 shows the dis-
tribution of ga and g, from the studies included in the present meta-
—analysis, together with the effect sizes (standardized mean differences)
of two large sets of high—quality educational studies commissioned by
the Education Endowment Foundation (EEF) in the UK and the National
Center for Educational Evaluation and Regional Assistance (NCEE) in
the USA (Lortie-Forgues & Inglis, 2019). It is clear that the effects re-
ported for the MIT-based interventions reviewed here are remarkably
larger than the effects reported by the studies funded by these two in-
stitutions. They are also much larger than the typical effect sizes re-
ported in psychological research (Funder & Ozer, 2019; Rubio-Aparicio,
Marin-Martinez, Sanchez-Meca, & Lopez-Lopez, 2018).

What factors could explain the striking difference between the effect
sizes found in the present studies and those reported in other areas of
educational research? The funnel plots depicted in Fig. 6 offer a plau-
sible response to this question. As can be seen, the largest effect sizes
come from the studies with the lowest precision, that is, with the
smallest number of participants. This pattern of results suggests that the
average effect size is probably inflated by the (large) results of the
lowest—quality studies.

In addition, all the studies commissioned by the EEF and the NCEE
are required to meet the highest methodological standards, including
the use of powerful sample sizes, active control groups, reliable and
valid outcome measures, preregistered methods and analyses, and un-
conditional publication regardless of outcome (Lortie-Forgues & Inglis,
2019). In comparison, Fig. 2 shows that only a handful of the studies
reviewed here complied with these standards. Only one of the studies
included an active control group. This is unfortunate, because the
available evidence shows that educational studies relying on passive
control groups yield grossly overestimated effect sizes (Sala & Gobet,
2017). In fact, the inclusion of an active control group has been
considered a decisive measure to test the efficacy of educational in-
terventions (e.g. Datta, 2007), as long as the expectations of students in
an active control group is guaranteed to be the same as the ones of those
in the experimental group (Boot, Simons, Stothart, & Stutts, 2013).

None of the studies were preregistered, which, again, is an essential
protection against biases in research (Kaplan & Irvin, 2015; Warren,
2018) as it reduces researchers’ degree of freedom and questionable
research practices, such as the selective publication of analyses that
“worked” (Simmons, Nelson, & Simonsohn, 2011). Similarly, measure-
ment error can inflate effect sizes when a population effect size is
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estimated across small sample sizes (Loken & Gelman, 2017), a bias
whose impact on the present studies is difficult to estimate because most
of them failed to report psychometric information about the dependent
measures. Fig. 2 also shows that none of the articles reviewed explicitly
stated that participants and instructors were blind to experimental
manipulation, which means that the results of the interventions could be
entirely due to the positive expectations of participants, as mentioned
above (Boot et al., 2013). Although difficult, it is possible to blind par-
ticipants and instructors through the use of active control groups where
the actors involved do not know whether they are being trained by the
intervention under study or under an alternative one.

Given these caveats (and other problems highlighted in Fig. 2), the
fact that the effect sizes reported in this literature are large is unsur-
prising. In our opinion, this literature should not be taken as evidence
that MIT-based interventions work. All in all, although the majority of
studies included in the present work suggested that MIT-inspired in-
terventions yielded significant improvements in the academic achieve-
ment of students, it is imperative to interpret these results in the light of
critical shortcomings that have emerged in the qualitative and quanti-
tative analyses of the data.

To put these results in context, it is also important to note that the
main tenet of MIT about the existence of multiple intelligences is not
supported by the scientific community. Research in cognitive psychol-
ogy has systematically pointed out the existence of a single intelligence,
or general factor, that explains most of the variance in cognitive per-
formance in different tasks (Lubinski, 2004; Visser et al., 2006a). Most
relevant for this study, the central claim regarding the application of
MIT in schools lacks sound evidence. Presumably, all the intelligences
should be used as channels when presenting new materials so that stu-
dents experience the material via their best intelligence, and thus un-
derstanding will be promoted. However, studies in the field of learning
psychology have shown that the best way to learn something is usually
defined by the content itself, and not by the particular abilities or, in
terms of Gardner, the specific intelligences profile of learners (Willing-
ham, 2004). In other words, according to the best evidence available so
far, teaching should be subordinated to the object of learning, not to the
characteristics of individual learners.

Aside from these important gaps in the theory and its translation into
classroom practice, any attempt to test the efficacy of MIT-inspired in-
terventions in the future should address the methodological flaws of the
existing literature that we have highlighted in the present review.
Ideally, these studies should adopt experimental designs, use large
samples, guarantee the blinding of participants and instructors, include
an active control group, and follow detailed reporting guidelines,
including precise information about the sample, procedure and mate-
rials employed in study, so that the results can be replicated by inde-
pendent researchers.

MIT might have contributed to rethinking some important questions
among educators, such as the fact that children are unique and valuable
regardless of their capacities and that schools are responsible for helping
all of them bring out their best and find their real interests and strengths.
Or the fact that, too often, schools have exclusively focused on purely
academic skills, such as reading or mathematics, at the expense of other
skills, such as music or corporal expression, leading many children to fail
in finding their real interests and strengths. Bearing this undeniable
contribution to education in mind, it is understandable that many
teachers have embraced MIT-inspired interventions in the classroom
with great enthusiasm. However, as shown in the present study, the
evidence gathered to date on the effectiveness of these educational ac-
tions does not allow for a valid assessment of their impact on learning.
Due to the importance of implementing class well-grounded methods of
instruction (Cook & Cook, 2004), it is imperative to perform high-
quality research on the effectiveness of MIT-based intervention before
its use in the classroom can be recommended or promoted.
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