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The jigsaw classroom is a cooperative learning method designed in the late
1970s to improve the academic performance of minority children by reducing
intergroup conflict and increasing self-evaluations. Despite its high popular-
ity, the available evidence for the effectiveness of this method seems scant and
mixed, with neither meta-analysis nor systematic review. To fill this gap, the
authors conducted a systematic review of studies conducted from 1978
through 2022 to assess the effects of jigsaw on both academic performance
and psychosocial variables (e.g., intergroup relationships, self-evaluations).
Sixty-nine studies met the inclusion criteria. This review revealed the research
trends, research gaps, and issues of research integrity of the jigsaw literature.
If the results indicate that the jigsaw classroom overall leads to positive
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effects, findings vary depending on the academic subjects and psychosocial
variables measured. The authors discuss the challenges of jigsaw activities
and the limitations of studies reviewed and conclude with practical recom-
mendations in the context of digital education.

Keyworps:  collaboration, cooperative learning, desegregation, learning
environments, peer interaction/friendship, social class, jigsaw
classroom, social interdependence, academic achievement,
psychosocial factors

Since the 1980s, cooperative learning emerged as an alternative teaching
method to the traditional teacher-guided instruction (also known as lecturing or
passive learning) (for meta-analyses, see Johnson et al., 1981; Roseth, Johnson, &
Johnson, 2008; Springer, Stanne, & Donovan, 1999). Among the various coopera-
tive learning methods that have been developed, the jigsaw classroom (Aronson
et al., 1978) has been largely promoted in the past 40 years. Aronson et al. (1978)
developed this noncompetitive peer-learning technique to reduce racial conflict in
U.S. schools resulting from desegregation, and improve academic learning for all
children. The cornerstone of this method is to split classes into small groups and
assign each group member a specific part of the pedagogical content so that group
members are dependent on each other to learn and transmit the whole lesson. In
doing so, each student becomes, in turn, a learner and a teacher, and is account-
able for both their and other group members’ success (e.g., Aronson & Patnoe,
2011; Ashman & Gillies, 2003; Johnson & Johnson, 1999).

Jigsaw has grown in popularity for its supposed ability to reduce racial conflict
and inequalities among students, to promote better individual academic achieve-
ment and to improve students’ self-evaluations. For example, as of February 14,
2024, the official website www.jigsaw.org reported that “the site has received
5,164,761 page views, and the Jigsaw Basics document has been downloaded
more than 50,000 times.” Even recent scholarly articles advertise the benefits of
the jigsaw method, aiming at “reviving a powerful positive intervention” (Nalls &
Wickerd, 2023). However, rigorous empirical tests are not as numerous as
expected, and findings are far from clear, casting doubt on the effectiveness of the
jigsaw classroom (e.g., Bratt, 2008; Hornby, 2009; Roseth, Lee, & Saltarelli,
2019). In the present review, we provide the first exhaustive synthesis of 40 years
of empirical studies on the jigsaw classroom to clarify the effects of this specific
cooperative learning method on both students’ academic outcomes and psychoso-
cial variables.

The Jigsaw Classroom: Original Method and Evolutions

As originally developed by Aronson et al. (1978), the jigsaw classroom con-
sists in dividing the content of a lesson among the students (just like a jigsaw
puzzle) and structuring students’ interactions in small groups following a four-
step organization (see Supplemental Figure S1 in the online version of this arti-
cle). First, the whole classroom is divided into small groups (i.e., called “home
groups” or “jigsaw groups”). The academic material (e.g., a scientific paper),
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which is divided in advance by the teacher into meaningful segments (e.g., intro-
duction, method, results, and discussion), determines the number of students in
each group (from four to six). Second, each academic segment (e.g., the introduc-
tion) is assigned to only one student in the home group, who must examine their
segment individually to become familiar with it. Third, students from different
home groups who were assigned the exact same segment (i.e., the introduction)
are put together in “expert groups” to master the content and discuss how to teach
it adequately to their home groups. This step is designed to promote understand-
ing of the academic content and self-confidence. Fourth, each student goes back
in their initial home group to teach the other members about the piece of informa-
tion previously learned. This part enables knowledge transmission within the
group to get the whole lesson. Finally, an individual quiz assesses each student
knowledge and understanding of all the segments of the lesson (in our example,
the full paper). Even if learning is operating within groups, no collective test or
group grade is expected at the end of jigsaw.

Six other versions of the jigsaw classroom have been proposed, with the idea of
strengthening some features of the method. In the Jigsaw II version, Slavin (1980)
made two major changes. First, the whole content of the lesson is given to each
team member (the full paper in our previous example) to create “a less extreme
form of specialization” so that students do no depend absolutely on one another
(Slavin, 1983, p. 33). Second, a team score is given to every group by summing up
individual scores (i.e., reward interdependence) to enhance interdependence
among group members and introduce challenging competition between groups. In
Jigsaw III, Stahl (1994) implemented a quiz right after the expert phase, which was
then corrected by the teacher (for an example, see Holliday, 2002) to ensure that
each expert understood their part of the materials before returning to their home
group. However, further details are required about this version, which has been
hardly used. In Jigsaw IV, Holliday (2000) added an introduction of the content
(i.e., teacher’s lectures), quizzes after the expert and jigsaw phases to assess under-
standing of the knowledge, and an optional “reteaching” phase led by the teacher
after the individual assessment (for a full description of Jigsaw IV, see Jansoon,
Somsook, & Coll, 2008). Later, reverse jigsaw (Hedeen, 2003) and subject jigsaw
(Doymus, 2007) were released. Hedeen’s (2003) adaptation is quite similar to the
original jigsaw (home and expert phases), but the jigsaw phase is replaced with a
whole-class presentation, and a “group reporter,” chosen by expert group mem-
bers, must make a report about their own expert topic to the whole class. In con-
trast, subject jigsaw is more complex, as both “subjects and students are jigsawed”
(Doymus, Karacop, & Simsek, 2010). The first part of this activity involves stu-
dents’ working on the same subject (no division of the work, similar subtopic of the
lesson), after which they must present their group work to the class. In the second
part, new groups are formed: Two or three subjects are brought together (e.g., two
students of each subtopic interact), and then, students are asked to make another
presentation to the class. Finally, in the third phase, students do whole-class pre-
sentations of what they have learned. Consequently, there is no traditional “expert
phase” in the subject jigsaw version, and instead the different subtopics of the les-
son are gathered. Jigsaw and Jigsaw II are the most used versions of the method,
whereas the others (Jigsaw 111, Jigsaw IV, reverse jigsaw, and subject jigsaw) seem
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to have been used only by their developers. In this review, we provide a synthesis
of the findings from all of the versions.

Prior Reviews of Jigsaw

As outlined by Roseth et al. (2019), the jigsaw classroom is advocated in many
textbooks of social and educational psychology, and the website jigsaw.org reports
that it has been used with great success in thousands of classrooms since 1971 to
reduce racial conflict among students and promote better academic outcomes.
However, the discrepancy between this reputation and the difficulty in finding
scientific support is striking. Whereas many reviews and meta-analyses are avail-
able on collaborative and cooperative learning methods (e.g., Andrews & Rapp,
2015; Slavin, 2012; Tomcho & Foels, 2012), very few of them included jigsaw
studies. In one of the first syntheses on the efficiency of team-learning methods,
Sharan (1980) provided a brief review of four studies testing the jigsaw classroom
that showed positive effects on academic achievement, social-affective variables,
and ethnic relations. Likewise, Slavin (1983) reviewed 46 studies testing the
effect of cooperative learning methods on academic achievement. Four jigsaw
studies were reported (only one identical to Sharan, 1980), with positive effects
for half and null effects for the other half. In an unpublished meta-analysis testing
eight different cooperative methods across 154 studies, Johnson, Johnson, and
Stanne (2000) reported only 14 studies testing jigsaw. Their results showed a
small effect of jigsaw (d = .29) on achievement variables compared with com-
petitive learning method (i.e., working alone or with minimal interactions but
competing for a reward) and a smaller effect (d = .13) compared with individual
learning (i.e., working alone or with a minimum of interactions, without any
social interdependence or competition for a reward). Furthermore, in the same
meta-analysis, when considering effect size of cooperative learning methods
compared with competitive and individualistic learning methods, jigsaw ranked
among the least efficient relative to seven other cooperative methods. Similarly,
empirical support is scarce for benefits of jigsaw with regard to psychosocial vari-
ables, such as prejudice reduction or improvement of students’ self-esteem, which
is at odds with the aims of the method. Obviously, only a limited number of stud-
ies of jigsaw has been reviewed, resulting in a lack of knowledge about the effects
of this cooperative learning method.

The Present Review

To bridge the gap between popular opinions about the jigsaw classroom and
evidence-based research, in the present study we carry out a critical and system-
atic state-of-the-art review by collating experimental and field studies that have
tested the effects of jigsaw on various academic and psychosocial outcomes.
Because of extreme statistical heterogeneity among studies, it was not possible to
perform a meta-analysis of the studies included. However, it was necessary to
summarize for the first time 40 years of research on jigsaw to provide a clear
picture of its effects. Knowing whether a popular learning method is effective
(and on which outcomes) is important for both researchers and teachers. The aim
of the present review was to provide a meticulous analysis of the available
research on jigsaw as a learning method and its effects on both academic and
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psychosocial outcomes, from its development to the present time. We focused on
two research questions:

Research Question 1: What are the effects of jigsaw on students’ academic
achievement in the various subjects studied (i.e., science, technology, engi-
neering, and mathematics [STEM] fields, language and social sciences, and
vocational subjects)?

Research Question 2: What are the effects of jigsaw on psychosocial variables
such as intergroup relationships and self-evaluations?

Method

We used the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines set for systematic reviews (Moher et al., 2009; Siddaway
et al., 2019) and followed Alexander’s (2020) methodological guidance. Figure 1
illustrates the literature search and screening process.

Literature Search Strategy

The initial search was conducted from October 2017 to June 2018 and was
repeated in December 2022 for the revision of the present review. We used both
traditional (Web of Science, ScienceDirect, and PsycInfo) and more encompassing
(Education Resources Information Center, Google Scholar) databases for the period
from 1976 (the publication date of the first landmark article on jigsaw) to 2022. As
searching only for “jigsaw” was not precise enough because of the multiple mean-
ings of the word, we used more specific search terms, such as “jigsaw” combined
with (using the Boolean operator AND) “cooperation” or “cooperative learning”
and added the following search terms: “interdependence,” “achievement,” “aca-
demic outcomes,” “social skills,” and “social outcomes.” The search was performed
with the “all fields” option maintained (i.e., topic, title, keywords, and abstract) and
targeted studies published in English and in journal article format.

Inclusion Criteria

In the first round of screening, the main inclusion criterion was the following:
Effects of jigsaw were tested. Then, four other inclusion criteria were applied:
experimental or quasi-experimental design, control group (between- or within-
subjects design), report of quantitative results, and publication in peer-reviewed
journals ranked on the Scimago platform.

Study Selection

A total of 8,824 articles were available after the first round of screening, and
after checking their references for any citations that did not appear in our elec-
tronic searches, 23 further articles were added. After removing 4,764 duplicates
across databases, we then refined the results by checking for “jigsaw” in the full
text, which left us with 192 articles. To build an exhaustive database of studies
covering the widest possible spread of jigsaw effects, the first two authors read
and coded all 192 articles to identify dependent variables, experimental designs,
nature of the control groups, characteristics of the populations (sample size, age,
grade level), locations of the studies, and key findings.
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FIGURE 1. Flowchart of the search and screening process.

The first glance at the 192 articles revealed major methodological and/or sta-
tistical limitations. We had to exclude a great number of articles (n = 85; see the
Supplemental Materials for references) that did not follow our inclusion criteria
(with many studies presenting one or more limitations). Among the 85 excluded
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studies, 70 were qualified as “report studies”: devoted to the teaching community
and not supporting any experimental approach. Although such publications were
aimed at introducing the jigsaw method to educational practitioners, the reader
should be warned about several methodological flaws. A number of studies (n =
37) were also conducted in an unorthodox fashion (e.g., Demir, 2012), including
neither a control condition (use of other learning methods) nor a baseline (pretest
or past grades). Other studies (n = 48) did not provide any statistical analyses
(e.g., Kardaleska, 2013) or reported aggregated scores from the jigsaw condition
with other cooperative learning conditions to compare with traditional teaching
instruction, making it impossible to draw conclusions about the efficacy of jigsaw
(e.g., Goudas & Magotsiou, 2009; Gull & Shehzad, 2015; Slavin & Karweit,
1981). Finally, some studies (» = 11) introduced such important changes to the
jigsaw method (e.g., lack of an expert group, possibility to come back to the expert
group, no pedagogical content division), such that it could no longer be consid-
ered as a jigsaw classroom (e.g., Gambari & Yussuf, 2017; Jones, Graham, &
Schaller, 2012). These articles were excluded from the present review (references
are available in the Supplemental Materials). The final criterion (publication in
peer-reviewed journals ranked on the Scimago platform) led us to exclude 43
articles. This resulted in a final sample of 64 articles.

Data Analysis

To achieve a comprehensive understanding of the effects of jigsaw on aca-
demic outcomes (Research Question 1) and psychosocial variables (Research
Question 2), we reviewed findings according to the population (elementary, mid-
dle school, high school, or undergraduate students), jigsaw version, and compari-
son condition (control group, pretest-posttest) that were used. A distinction
between immediate posttest and delayed posttest was made when the performance
test was measured right after learning or after a delay, varying from a few weeks
to 1 year. Two specific elements must be detailed in this review in considering the
duration of each study: (a) the total period covered by the procedure, from a single
shot (e.g., one class session) to a full year of implementation of the jigsaw method
and its control(s), and (b) the length of each class session. For instance, a reported
duration of one trimester, 4 X 50 minutes/week, means that the students took four
class sessions of 50 minutes/week during one full trimester. Findings are explained
according to authors’ argumentation. Additional details are provided for studies
with specific contributions to the field (e.g., the role of the expert phase, compari-
son with other cooperative methods).

Results
Study Characteristics

In total, 69 studies (64 articles) were included in this review. Most studies
came from educational sciences (58%) or psychology (32%) departments, and the
remainder were spread between medicine and language departments. Studies
originated predominantly in Eastern countries, with 20 articles from Turkey, and
North America, with 15 articles from the United States. Most of studies assessed
academic achievement (n = 59), 33 of which also measured psychosocial factors,
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and 10 studies tested exclusively for psychosocial factors. Only two articles con-
ducted a series of studies to replicate their own findings.

Outcomes with the jigsaw classroom were compared with traditional learning
methods (n = 54), other cooperative learning with or without resource interde-
pendence (n = 11), and modified jigsaw scripts (n = 6), and two studies made
comparisons between jigsaw experts and novices. Traditional learning methods
are teaching-as-usual class configuration, in which students learn individually,
with no work in small groups, as teacher-centered classes, lectures, or animation
using computers. Cooperative learning methods include student-centered meth-
ods based on group work and structured with or without resource interdepen-
dence. Modified jigsaw scripts include learning environments inspired by jigsaw
techniques that introduce one or many changes from the original version. See
Supplemental Table S1 for a description of the learning methods with which jig-
saw was compared.

Table 1 provides an overview of the 69 included studies and summarizes
characteristics of the population (sample size, age, grade, and country), experi-
mental design (pretest-posttest, duration of the implementation, version of jig-
saw, type of control condition), main dependent variables, and their associated
results on academic performances and/or psychosocial variables. Table 2 reports
the occurrence of positive, negative, and null effects of the jigsaw classroom
(note that effects resulting from comparisons between two versions of jigsaw do
not appear in Table 2).

Jigsaw Effects on Academic Achievement

Given the diversity of academic fields in which jigsaw was tested, the first
research question is addressed in three distinct parts. The first part describes the
effects of jigsaw in STEM fields (n = 32 studies), the second exposes those in
language and social sciences (n = 21 studies), and the third refers to vocational
fields (n = 8 studies).

STEM Achievement

Thirty-two studies tested performance in physics (n = 6), chemistry (n = 7),
biology (n = 9), mathematics (n = 9), and technology (n = 1). A mixed pattern
of results emerged (see Table 2), with 19 positive effects, 5 negative effects, and
10 null effects according to their respective control groups (i.e., 4 studies yielded
mixed results depending on whether the jigsaw method was compared with a
cooperative or a traditional learning method).

Chemistry. Among the seven studies conducted in this field, with sample sizes
varying from 38 to 122 participants, all showed beneficial effects of the original
jigsaw (Ceron-Garceia et al. 2021; Doymus et al., 2010; Karacop & Doymus, 2013;
Tarhan & Acar Sesen, 2012; Tarhan et al., 2013) and subject jigsaw version (Doy-
mus, 2007, 2008) on students’ performance compared with a traditional learning
group. However, compared with an animation group (see Supplemental Table S1),
jigsaw appeared to be less efficient. This was the case in the study of Doymus
et al. (2010), who observed that animation group outperformed both subject jig-



(panunuod)

mes31l Jo smara aanisod papiodar sjuapmg

mesSif Jo smara
2anisod pue uoHEANOW JISULRUL YSIH

soudradwos jo Fur[aay 10101
© paptodar su3 fdouewiojiad pasoidun
sjuapnys 1daou0o-J[as-mo] doueuriofrad
peoe paroxdur yorgm
J0 douariadxa pasearour :mesSil iy

Awouome

Jo 311235 10§ Jou Inq “2oudjedwod jo

QouaLIadxa 10J o[qeIoAr] sem mesSil

UOBALOW DISULIUI PUE SSIUP3L[aX
[E190S UO SUOIIPUOD USIAIAQ IUAIIIP ON

uonipuod mes3if pawojiadino Dy

doueuwioprad
swapnys pasoxdur mes3if 10algng

JUDWIADIYOR
_s1uopms pasoxdur mes3f 109fqng

UOHIPUOD [BUOHIPEI} PIULIOKIddINO MesFIf

SUONIPUOD UGIMIAG DIUDIAYJIP ON

JUIWIAIIYIE SJUapnIs pasorduwr mesSip
sydei3 Sunejardivjur pue Jurpear
Ul [NJ$S300NS IOW SEA UOHIPUOD
mesSif uatwaAdIyoe sjuapnys pasoxdur
mesSil100[qns pue uonednsoaur dnoid yog

Qourwiiopiad onuapeoe
UO SUONIPUOI UIIMIAQ DUIJIP ON

uondNISUI SJUAPNYS
1adxa jo Kpenb ay) J0 199159 isa01A0U
mesSil ueyy siadxo mesSil 10§ 51008 10ySi{

sa1doy 102[qns
PUE UONIPUOD U22M13q 1031J3 UOHORIAIU]

suonsanb papus-uadQ

pop! do pue asroya-ajdnapy

suonsanb do1oto-opdnny

mes3il premoy
sopmme ‘aneuuonsanb juswssasse-Jag (q)
21005 a5eroAy ()

159 Sura[os
~wiapqoad ‘suonsonb doroyd-adnmy
Mes3If pIemo) SOpmIE fSapmme sse[d
90UAIS ‘UOHEANOW FUILIEI] 2UAIOS (q)
suonsanb aotoyo-adnny (&)

suonsanb sotoyo-adnny

UONEIUILIO
203 o1wapeoe £1daou0d-Jjas J1wapedy (q)
suonsanb papus-uadQ ()

Aypenb Suryoray
‘puewop 9AnIuS0d ‘uoneAnow drsuLnuy (q)
suonsanb papus-uad() ()

(Awouoine pue souajadwiod

J0 20uaLIadXa ‘SSAUPaIRAI [B1D0S)
SPadu dIseq pue uoneAnow dsuu] (q)
suonsanb papua-uad( ()

SSB[O [BUONIPEI} "SA DY
*sA mes31[102[qns :suonipuod ¢ (VN)
syPam ¢ :uoneanp fsod-axd S[euswiniadxg
SSB[O [RUONIPEI)
*sA mes31M10a[qns :suonipuod 7 {(¥N)
sypoM ¢ :uonemp fsansod {[ejuowadxy
ssB[O [PUONIPERI) ‘SA MesTi[
103[qns :sUONIPUOD 7 {(3}99Mm/smMoOY 7)
syPam ¢ :uonemp fsod-axd spejuouiiadxg
PEOYIBIN + SSB[D [BUOTIPE)
*SA peoyIRIN + mes31l :suonipuod
T 'syoam 7 tuoneinp S[ejuauuiadxy

Surueay [enpiatpur sa mesSil
£UOISSOS MOY-7 uonemp ‘ejuswiadxsy
SSE[ [eUOnIpRN)
*sA mes31[ :suonIpuod 7 sy2am
9 :uonenp sod-a1d ‘[ejuawitiadxy
SSE[O [RUONIPRI) "SA
uonegnsaaut dnoid ‘sa mesgil 103qns
SUONIPUOD € (3IM/SINOY f7) SHIIM
 :uonenp 9sod-a1d {[ejuswiLiadxa-1senty

SSB[O [RUONIPEI) ‘SA MEsTI[
SUONIPUOD 7 (SINOY f/€) SUOISSIS T
uonenp ‘sod-a1d ‘[eyuswiiadxa-1send)

s201A0U MESTI[ "SA

spadxo mesSif :suonipuoo g {(smoy

$/€) suoissas g :uonenp 9sod-oxd
uS1sop I9A0SS0I0 S[eudwILIddXa-I1SEN()

O “sA mes3if :suonipuod g i(smoy
/€) suo1ssas g :uoneinp $sod-a1d
‘uS1sop 19A08S0I0 {[ejudWILIddXa-ISEN()

foymp YN

= o3¢ ‘sjuapms
denpeidiopun igg] = U

Aoyng, ‘YN

= a8 ‘sjuopms
aqenpeidiopun (g9 = u

Aong YN

= ofe tsjuopms
ajenpesSropun ‘g0 = u

ureds YN

= a8e ‘sjuopms
aqenpeiiopun g9 = u

Qourly fyN = oFe
ts10peId )19 0] = u

Aoyng <z1 =
a8e topeI3 Y9 6t = U

Kavang,
{61 = aSe ‘syuapnys
ajenpesdiopun (90| = u

Kueuwran
g1-L1 = o5e
fopeIs yigl gl = U

Kuewwan
‘Q1-L1 = aFe
‘opesd iz ‘61 = u

Kueurran
‘g1-L1 = aSe
fopeI3 yig| 987 = U

(0102)
‘e 39 snwkoq

(8007) snwikoq

(£007) snwkoq

(12020

‘[e 12 BIOIRD-UQI)

(ve
Apms) (1202)
‘e 1 yezouRl§
(L100)
ue[3oduan
2 ‘uedry ‘[ein

(0102) 1210 9031

(2002)
J1a310g % ozueHq

(s100)
ozugH % 10810g

(6000)
ozupH % IeSiog

Anstway)y

Sa18KYq
SPleY WHLS

somseow [e100s0ypAsd syNsoy

QouRWLIOJIdd DIWIDPROL IS)NSIY

SOINSEAU DATI2)JEO100S (q)
soueuiofiad orudpeoy (e)
saIseay

uSisop [eyuowLddx

syuedionieg

Apms

seare 102lqng

Ma142.1 S1Y) U1 PaPN]IUI SIIPNIS fO SIINSa.L pUD SJIDIAP [DI1Z0]0POYIIIN

LAT1dVL



(panunuod)

do1pnfaid pue aouesIp

11908 Jo uonodnpai ‘s192d dnoig-jno

pue dnoiS-ut jo Sunyi [ooyos jo Funyi
PUE Wa0)Sa-J[0s JO aseaIoul :MesTIl i

uone[n3ai [euone[al

ur 3se2103p Jnq uone[n3a1 orwaysida

UI 2SBAIOUI U (I PIJRIOOSSE SEA
JUSWIAABIYIE OTLIAPLIE UT AU} IOAO ASERIOU]

A30[01q pIBA0) SIPMIIEL UO IOYIIOU
QJBWI[D WOOISSL]D UO }I3JJd OU ‘SPUSLL}
JO I2qUINU PUB WAIISI-JIAS JO ISLAIOU]

mes31l Jo smara aanisod payiodar sjuapyg

mesTil jo smara aanisod pariodar sjuspmg

1D pouutojrodino mesSip

SUOHIPUOD UIIMIDQ UIIJIP ON

SUONIPUOD UGIMIAQ IUIIYIP ON

SUOPIPUOD UIIMIDQ UIIIP ON

JUSLDASIYDE  SJuopms parodur mesdif
SUODIPUOD UIIMIDQ DUIIYIP ON
501008
JUIWIASIYOE SJUapmIs pasorduwr mes3if
Ke$S$2 OU) UO SUOHIPUOD UMD
20udISIIP ou tsuonsanb aotoyo-odnnur
uo dduewwiograd syuapnys pasordur mesSip
JUIWIAIIYOE SJUPMIS pasorduwr mes3if

Suipuesiopun
[emdoouod  sjuapnys paaoidur mesSip

Burpueysiopun [emdadouod ur sse
[euonipen pawojradino messif 103[qns
pue ‘mes3il103[qns pawiopiadino Dy

suonsanb papus-uod(y

5159) 9S[BJ-10-0N1) 5)59)

mesSif :suonipuod g {(yN) SHoam 6

1OL'sA Aayng, ‘YN
= a8 ‘sjuopms
-1send) P pun ‘zg =

:uonemp 9sod-axd ‘[eruswniod:

SSB[O [RUONIPRI} “SA MESTI[ (SUOISSIS

Suial 1q01d ‘suor toyo-apdnniy

$)59) 9S[2J-10-0N1) ‘5)53)

Jl 06 X T1 ‘uonemp {ejuswiadxg

SSE[d [EUONIPEI) 'SA MesTI[ {SuoIssas

Surajos-wojqoid ‘suor royo-adnapy
s9) SUIA[OS
~wopqoad tsuonsanb ao1oyd-ardnmA

s3dK10019)s oURISIP [RI00S
A9AINS SSE[O JLIIAWOIN0S (WdAS-J[aS (q)
suonsanb aotoyo-adun (&)

sAessa pue suonsanb aotoyd-adnmA

uone[n3al 1IJuod IANIUZ0001008
pue uoneanow ‘uoneiadoo) (q)
sozznd (@)

Qjew|d wooisse[d pue sdiyspuaty
A50[01q pIEAO) SOPMIINE {WAISI-J[AS (q)
‘Kessa tsuonsanb opdniy (e)

SMIIAINUI PAININNSIWAS (q)

suonsanb aotoyo-ajdnjnix ()

SMIIAIUI PAMPINSIWS (q)
suonsanb

papuo-uado pue dd10y-adnm (e)

suonsanb papua-uado pue as10yd-adnniA

J) 06 X T1 uonemp {ejuswiiadxsy
Suruea] [enprarpur “sa mesSil
£UOISSAS INOY-7 :uonemp S[ejuswiadxg
sse[o
[euonipexn ‘sa Sutuied] saneiadood
“sA mesSil :suonipuoo ¢ {(yoam
/Kep 1ad sanuiw ()6—-(9) SNIIM p—¢
:uonemp sod-a1d ‘[eyuswiadxa-1send)
sse[o [euonipes) 'sa messil
SUONIPUOD 7 {(VN) 10189Wds [[nJ |
uonemp 9sod-o1d ‘eyudwiadxo-1send)

SSe[o [euonIpel) ‘sa mes3il

SUOHIPUOD 7 {(SNUIl G/ X §) SHoam

1 :uoneinp $sod-aid ‘[ejuswiiadxy

SSB[O [RUONIPEL)
*sA mesSIl :suonipuod g {(yN) syoom
¢ :uonemp $sod-oxd ‘[ejuswriodxo-send)
SSB[O [RUONIPEI) ‘SA MesF1
SUONIPUOD T {(329Mm/SINOY ) SY29M
Z :uoneanp $sod-a1d ‘[ejuawiniadxa-1send)
SSE[O [RUONIPEL)
*sA mes3Il :suonIpuod g {(yN) uoissas
[ :uonemp 9sod-a1d ‘[pyudwiiadxa-1send)
SSE[d [eUONIPR}
'SA DV 'sa mes31[102(qns :suonipuod
€ “(SUOISSIs SINOY 7 X 9) SYoIM ¢
uonenp fsansod ‘[ejuawiLiadxa-1send)

souel (YN = oFe
‘s1opead 19 (101 =

douely ‘YN = a8e
s1opeId 19 L =
oouel [ = ofe

‘s10peId 19 €1¢ =

erensny [ [—6
= a8k tsopeid
W 01 iy €01 =
SOIEIS PANUN “VN
= a8 ‘sjuopnys
denpeisopun (7 =
saelg
PN HT-81
= a8e ‘sjuopms
aqenpeiiopun gz =
sols
PaNUN 191 =
oFe tsopeid Yz |
pue QI f0Tl =

Kong ‘g1 =
a8e fopei3 19 {19 =
Aoy 61-81
= o8k tsjuopms
ajenpesdiopun 8¢ =

AL VN
= oFe ‘sjuapms
Jenpesdiopun g1 =

u

u

u

u

u

u

u

u

u

u

(8102) NN

O¢

Apms) (1202)
“[B 19 yezourl§

(g¢

Apis) (1202)
‘[B 19 yezourl§

(z Apms) (12027)
‘I8 19 YeZour)§

(8661)
ueSo1)) % 10¥[em

(5002) ysts

(6107) T2 30 Yasoy

(r661) piteg
» ‘ZImoIeze|

~Z)OH ‘ZNMOIRZe] ASojorg

(€102) "[2 10 ueyIRL

(Z107) uaseg
1eJY/ %9 UBYIR],

(€100)
snwko(q % dodereyy

saInseaw [e100soydAsd :s)nsay

douewLIO}Iad JIWAPEIE :S)NSIY

SOINSEAW QATIIAYJLOIN0S (q)
douewioiad orwapeoy ()
saInseajy

uSisop [ejuswLadxsy

syuedionieg

Apmg seale 10alqng

(panunuod) ‘| dqe L

S



(panunuod)

Bururea| poypoNp-J[o§

mes31l jo smara aanisod papodar sjuapms
Wod)SA-J[as
[BI00S 10MO] PaMOYS SK0q W23)Sd
-J[3s 1018218 pamoys s3 :mesSil

aannoduwos ssof se
porodar sem djew]o Woossed doouod
[9S UO 10U SIPNIIE [00YIS U0 193JJ ON

sordoy ayy

Jo uorsuayaidwod jo yoe| paptodar

9%€S LAnpiqisuodsal Jo [oaa] 1oySiy %
mes3il Jo smara aanisod papiodar syuspmg

5159) UONUAII Pake[Op
UO SUONIPUOD UIIMIAG AIUIIFFIP
ou mesil paurtogradino sseo

. ur

U29M]2Q ADUIIAJIP OU :SIIUN [Iew uf

vourwwiopiad  sjuapnys pasoidur mesSip

dourwwiogiad  syuapmys pasoidwr messip
Burpeal uo suonipuod

U22M12q 2IUIDYIP OU SONBWAIEU

ur mes3il pawiopiadino sse[d [euonipel],

JUSWAAIYOE
U0 SUONIPUOD UIIMIAQ IUIJIP ON

SUONIPUOD USIMIAQ AIUIIP ON

doueuwiofrad

IQJSUB)  SIOUIED] dFPA[MOUy

Joud mop pasoxdwr uonIpuod
2ouapuadapiajur 93papmouy-yeam mes3if

SI9ADIYOE S J Y31y

*SA WNIPIUI "SA MO[ UIMIDQ 2IUILIP
OU JUBWAARIYIE ST J paroduwt [] mes3if

Sururea]

[enpratpur i uostedwod ur mesSil

s prol 2AnIuS0d 1oySiy 59} Sutajos

-waqoid uo mes3if pawioyradino

SUONIPUOD [01JUOD $153) UOTIUSIAT T}
UO SUONIPUOI UIIMIAQ DUIJIP ON

suonsanb papus-uadg

aneuuonsanb
Suruieay ‘suonsanb dotoyd-apdnnyy

mesSil premoy sopmmy (q)
159 [endAoU0D pue S1AYSHIOA ()

wWRR1sAYS (q)
1S3 JUOWAAJIYDY pIOJuRIS (B)
[01u09 Jo $no0o| $8109d PIEMO) SOPTUIE
$UW9JSI-J[3S [BI00S PUE DIUOPEIE
{[00YdS PIMO) SOPNIINE (RWI[D
WOOISSE[O deWI[d SUIYora) ANV (q)
1591, JUSWIAAJIYOY pIojur)s (B)

189 Sura[os
-wiaqoud ‘suonsanb aotoya-ardnngy

(Suiajos
wpqoid) 3se) 19jsuen pue 1s3) uoneoriddy

mes3il premo) sapmmy (q)

suonsanb aotoyo-a[dnniy ()

peoy aAn1us0d ‘uondaoiad Sutuiea (q)
Surajos wajqoxd pue uonualy ()

SSE[O [RUONIpRL}
*sA Sururen Suruonsonb 4 mesFil
“sa mesS1f :suonIpuod ¢ {(sanuru
St X 9) SPam g uonenp Hsansod
pakejap fisod-a1d ‘ejuswiiadxa-1send)

(£002)
IaB10quUatory
2% Iowdianog

Aueuwon °g — o3
‘opeid pig ‘807 =

(8102)

p pun igp = u ‘230 eypRIdiLry]

Messil pue[eyL ‘YN

syeam 9 uonemp ‘sod-axd tuSisap = a8k ‘sjuopms
1a(qns-uryim ‘ejudwiLadxo-1sen)

(VN) SIS PANUN VN

160k | :uonemp ‘isod-o1d ‘uSisop
103[qns-urgim ‘[euswadxa-1send)

Sse[o [euonipes) ‘sa mes3il

:SUONIPUOD T *(302M/SINOY 7) SOaM
¢ uoneinp 9sod-aid ‘Jejuswiradxy

SSBIO [RUONIPEI) “SA
mesSil :suonIpuoo g {(om/smoy 7)
182k | uoneinp fsod-a1d ‘eyuswiadxg

Surueay [enpiatpur 'sa mes3il
£UOISSAS INOY-Z :UONRIN {[ejudwiadXy
doudpuadoprajur
-5uons “sA puad

ofpamowy-yeam messil
SUONIPUOD 7 {(SINOY §'7) UOISSIS
1 :uonemp Hsod-aid ‘[euswiniadxyg

SSBJO [RUONIPEI) "SA
11 MesS1f :suonIpuod g {(yN) syoom
6 :uonemp sod-aid ‘ejuswiiadxa-1seng)

Suruies] [enpraipur

‘s Burues] 2a1e1ado0d ‘sa mes3il

:SUOTPUO ¢ {(SAINUIL ()9) UOISSIS
1 :uonenp fsod-a1d ‘[ejuswiadxg

= ofe tsjuopms
Jjenpeidiopun (g¢ = u

sajeIg

panup £ = a%e
‘opeI YIg 8¢ = U

(10020)
SLIBS 2 SUDJId]

(s861)
“Te 12 Z)IMONSON

sapIS
panun 1101
= oFe tsopesd (€861)
W9 pue yig 197 = u “[& 10 Z)IIMONSOIA
Qouel]
111 =98¢ (1 &prg) (1200)

‘s1opeId 19 ‘767 = U ‘[e 10 yezouelg

PUBLIOZ)IMS
‘pg = oSe ‘syuopnys
Jjenpeidiopun g/ = u

(s1020)
N[eyos % 1ew3oq

Aoynp, ‘YN
=ofes|d g =1u

(L002)
wigy 2 Iy

soIRIS pajIun
‘p7 = o8 isyuopnis

Jenpesdiopun ¢/ g = u (6007) Ou2I0]A

Awouonse
pue An3woan

sonsnelS

Surpeor
PUE SONRWAYIRIN

SOnBWAYIRIN

SAINSEAW [B190S0YIASd :SI[NSay

douewLIO}Iad JIWAPEIE (S)NSIY

SOINSEAW QATIIAYJLOIN0S (q)
douewioiad orwapeoy ()
SaInSEAJN

uSisop [ejuswLadxy

suedionieg Apmg

seale 10alqng

(panuyuod) [ Aqe],

11



(panunuod)

suoneIAUL
12130 pue ysi3uz SuruIed] piemo}
smatA aanisod pajodar syuapnis mesSip

mesTil jo smara oanisod pariodar syuspmg
uorssardxa
uanLM pIemo) sapme aanisod pue
mes31l Jo smara aanisod papiodar sjuapg
Awouoine uo 19343 ou ‘s[eod
19110 UO 1091J0 OU (SB[ [BUONIPRI) UBY)
s[eod Aioysew 1oySiy pey sjuopnys mesgip
mesSif Jo smara

aamisod panodal s1ayoea) pue syuapnIg

9SIN0D PIEAMO) SIPMITNE UO JOIJJ ON

Mesil jo smata aanisod paytodar syuopmg

S[Dys Sunyeads pue
Kouaroygord [e10 s1ourea] paroidwr messip

153} pakeap pue jsansod qioq ur
douewiopiad sjuapmys paroidui [ mesSip

ystSug ur vorsuoyadwoo Furpear 1pIo
10ySy syuopmys 7 paroidwi [ mesSip

JUSWIAIIYO.  SJUIpMIs paroidul || mesSip
153) pake[ap pue
1sansod (30q ul uoIssa1dxd uANLIM JNOqe
ofpapmowy  sjuopms paroxduut i mesSip

159) pake[ap

pue jsansod yyoq ut uorssaidxa uapLm
noqe a3pajmowy| parodwr [| mes3ip

SUOHIPUOD [EUONIPEI}

pue ewelp yim pareduwos 1s3) pakejop

pue 1sansod y10q uo uoisusydidwod
Suipear syuopnys porordwr mes3ip

saua3 Areiany jo Suryoeay pasoidwr mes3ip

JUDWAASIYOR
UO SUONIPUOD UIIMIIQ OUBIYIP ON

1duos + messif oy woiy

50w Ay} Payyauaq spupmIs Afiqe Mo (q)
a8paymouy| parejax

-urewop padsueyud 3duos + mes3if (v)

$159) PoAR[Op puE djeIpaWIUL
110q U0 $199739 danIsod pey mesSif

uorsuoydIdwod
Supyeads pue Louaroyyoid e1Q

SHBuY piemos soapmmy (q)
Krejnqeoop (&)

SSB[O [RUONIPEI} 'SA MESTT
SUONIPUOD 7 {(3[99M/SUOISSIS €)
SyPam 9 :uoneanp fsod-axd S[euswniadxg
SSB[O [RUONIPEI)
*SA ] MESSI[ [SUONIPUOD T S(30am
/SI0Y 7) $9M f tuonep fsansod
pakejap ‘sod-aid ‘[pjuswiLadxa-1send)
SSB[O [PUONIPRI) 'SA ] MesTIf

uorsuoyaIdwod 19pI1o 1ySIYy pue [eIo) T

suonsanb aotoya-adnnjy

Mes3if preaoy sopmmy (q)
suonsanb papuo-uad() ()

mes31l premo) sapnie
“U0ISSaIdXa UANLIM PIRAO) SIPMINY (q)
suonsanb papua-uadq (&)
mesSil premoy
sopme ‘AwouoIne S[eog JUdWIANYIY (q)
uorssaidxo
uopLM ‘uotsudyaidwion Surpeay ()

mes31l inoqe smarata] (q)
suonsanb papus-uadQ ()

38INOD PIEMO) SIPMINY (q)
suonsanb aotoyo-afdnnyy ()

sBuIpI02a1 00PIA
4189 [[eoa1 uado tsuonsanb papua-uadQ

Aes3if premo) sopmmy (q)
suonsanb aotoyp-ordniny (2)

HIPUOD T (24/SAINUILL CG X €)
syPaMm ¢ :uonemp fsod-axd spejuowiadxg

SSB[O [RUONIPRI) "SA

11 mes31[ :SUONIPUOD T {(SUOISS3S €)
Yoam | :uoneinp Hsapsod f[ejuswiadxy

SSB[O [RUONIPRI) "SA [[] MESTIf

SUONIPUOD T $$Y20M § :uOnEINp
gsapsod pakefop fsod-oxd Spejuowiniodxyy

sse[o
[eUONIPE) "SA [[ MESSI[ :SUONIPUOD
T 4(sMOYy ¢ X 9) SHPaM 9 uonRINP
fsapsod pakefap ‘sod-aid Sfejuswiiadxyg
sse[d [euoniper) sa dnoid
ewep s mes3il :suonIpuod ¢ ‘(smoy
$ X §) suoIssas ¢ :uonemp gsapsod
pakejop fsod-o1d ‘ejudwiiadxo-1sene)
SSE[ [euOnIpRI)
*sA mes31l :suonipuod g {(yN) syeom
¢ :uoneinp ‘sod-aid ‘[ejuswiiadxg
sse[o [euonipes) ‘sa mes3il
SUOIIPUOD T {(SINOY € X €) SHIM ¢
:uonemp 4sod-a1d ‘[pjuswiadxa-1send)

papoddnsun

1duos + mes3if 'sa paproddns 1duos

+ Mes31[ :SUONIPU0d T ‘SO [
ruonemp sod-a1d ‘[eyuswiiadxa-1send)

SSE[O [RUONIPEL)

“sA mesSil :suonpuod g (sanurw

0ST X 9) $Pam £ :uonemp sansod
pakejop fsod-o1d ‘[ejudwiiodxo-1send)

uell g1

= ofe ynsur

o8enSuey ysiSug
WoLJ SJUIPMIS (7€ =

Kavyan],

{1¢ = 98e tsjuopms
ajenpesdiopun (99 =

uourqaT \61-L1

= ofe tsjuopms
denpeisopun gy =

Ay ‘YN

= a3e ‘sjuapms
enpeidiopun gy =

Koy [ =
ofe topeid yig 1L =

AN ‘YN
= o3e ‘sjuapms
denpeidiopun (g =

eury) 0] = aSe
oprI3 UIG f6LT =

Aoyng L1-91 =
a3e prIS Y] {09 =

Koyang ¢ =
o8e topeid g ‘96 =

SpUBLIaIAN oY)
{11 = o8¢ ‘s1opeid
W9 pue gig \9€T =

WeuaIA
7z = oS¢ ‘syuopnys
senpesSiopun S8 =

=

u

(€100

yopezwLey

P ‘BHUIAR]Y
“MOYIN HuewRy

(L007) Z1s3R[WeD

(¥002)
Ae[eN-(T ¥ WreyD

(€100

ad] 23 wioay (144) ysydug

(1107) utyes

(0107) uryes

(11027) meT
(0102) 12590

QeI

(9107) uejsty
$92UDIOS [B100S pue dFenSue

Iewiweln

(0z07) Buor ap
2 Syuiskg Y uea A3ojouyda
(€100
SIMOT 79 UBLL, SOTRWIYIRI

SaInseaw [e1o0soydAsd :s)nsay]

QourwLIO}Iad OIWIAPERIL (S)NSIY

S2INSBAW 2A1}I3JJLO100S (q)
douewio)iad oruapeay ()
SomSea

uSisap [euawnadxyg

suedionieq

Apmig seare 103lqng

(panunuod) ‘| dqe L

12



(panunuod)

syuaned

sse[o
[euonipexn ‘sa Suruied] sAneIadood

SBIS PANUN VN

[JUSW IOWLIO] PIBMO)} SIPMIIIE dAIRFU 189} [[8991 S)USPNIS UO Ayourwr e premoy sapmmy (q) *sA mes31l :suonipuod ¢ {(smoy g) = 93e ‘sjuopms (1661)
JO 9s512109p :201pnfaid paonpar mes3If  SUONIPUOD 321U} AU} UIIMIIG IUIIJFIP ON 159) [[2oay (B)  uoIssas [ :uoneinp fsapsod ([ejuswiiadxg  jenpeidiopun (g6 = u ‘[e 12 sa310Jsa( QUIOIPIN
[BUONBIOA
SSB[O [RUONIPEL)
$159) UONUIIDI pake[op mesSil premo) opmmy (q) *sA mesSIl :suonpuod g {(pam
pue 1591150d 10q UI SIIUIIOS [BIOOS UL $159) /sIOY €) $Y9M ¢ tuonemp ‘sapsod Koy ‘z] =
mesTil jo smara oanisod pariodar syuapms Qoupuioyiad sjuapnys pasoiduwt mesSip  uopuldl pue suonsanb avtoyd-ardninA (v) pakerop Gsod-axd ‘[ejudwiiadxa-isend)  oe fopeid yiL feg = u (9107) 1o1deg.
SSE[O [euOnIpRN) saelg
Qouewiojtad sanuouru *sA mes31l :suonipuod g ((3pam/Kep panun 101
Jo yuowasoxdwi o) payur| sem mesSil K194 sainuUIW G) SY29M T :UOnRINp = o8k ‘sopeid
— im ouewioyrad ur juswasoiduwy suonsanb papus-uadg  “sod-axd :Apnys pjay ([ejuswLadxa-Isend) 19 pue yig ‘¢0€ = #  (9L61) '[& 10 Jayon Kioysiyg
AKJISIOAIP [2100S sse|o [euonipes) ‘s mesJil :suonipuoo epeue)
PpIemo) apmyme (KoAIms dLOWOOS (q) T {(Pom/sanuIw ()71) syoam § ‘1101 = oSe
sdIyspuaLLy d1ULIa-SS010 JO ASLAIIU] JUSWAAJIYIE  SJuapn)s paAoidur mesSif suonsonb papuos-uad() () cuonemp 9sansod euowodxo-1send)  SopeIS Y19-G 9y = U (1861) 1013017
MesSil pariagard s1oadror SSE[d [RUONIPERI) "SA ueMIBL (YN
MO[ PUB WNIPAW SLAIAYM ‘Fururea| soueuniopiad sjuapmys uraaryor mes31l premo) sopmmy (q)  mesSif :suonIpuod g {(sinoy ¢) uoissas = 93e ‘sjuopms
[enpiarpur pairdjaid sxaaaryoe y3ig -wnipaw pue -mo[ paroidwr mes3ip suonsanb ao1oyo-adnny (e) 1 :uoneinp fsod-a1d ‘[ejuswiiadxyg  dyenpesdiepun g9 = u ($10g) 812 Sueny Kydei3oony
SSE[O [RUOIEL) Koyng, syN
*sA mes31[ :suonIpuod g (syoam [[ny) = a8k ‘sjuopms
— JUSWAAJIYIE  Suapnys paAoidur mesSip suonsanb doroyo-opdnnpy  syeam ¢ uonenp gsod-aid {eyuswiniadxy  SjenpeiSiopun (o8 = u (8007) 211
doys>ptom 'sa 11 mes3if ym doysyom pueSug
doysyzom o pue sarSojens Suruies] premoy apmmy (q) 1SUONIPUOD T {(SINOY 7) UOISSIS 77 = 95e ‘syuapms
mesSil jo smata aanisod payrodar syuapmg douruwioyiad  syuapnys pasoidut [ mes3if suonsanb ao10y0-adnny (&) 1 :uonemp 9sod-a1d ‘[euowiiadxyg  enpeIdiopun = u (6007) Aquio] uoneonpyg
mesSil iy N SAIRIS PN YN
o1doy mes3il paugisse :uonenp ‘sansod pakejap ‘udisap = a8e ‘sjuapms ASojoyohsd
— A Japaq wuoyiad pue 1oyaid syuapmig opesd [euyy ‘zing) 109[qns-uryipy ‘[ejuswiiadxa-isend)  ajenpeisiopun (97| = (8107) I8 12 uBjON. 21008
wWod)sa-§[3S pue SSB[O [BUONIPEI] "SA A[NPAYIS PAONPAL
K0BO1JJ0-J[9S Y)0q PAsLaIdUl [NPAYDS mesSif 'sA onpayos [[ny mesSil S®IS AU
owm-[ny mesSil {yoea) 0y Kiqe J1oy) ur $9100S [eUL U Koeorgjo-jjos orwopesy (q) SUOTIIPUOD ¢ (SAINUI G/ ) I)SOUWDS {9z = o8 ‘syuopnys (£100) ASoroyaksd
90UDPIJUOD 2I0W P3LI0dOI SUONIPUOD MBSSIf  SUONIPUOD JOIY) AY) UIIMIIG IUIIJJIP ON 21005 wexd [eur] (8) | :uonep fsod-o1d {ejudwiiiodxe-isent)  djenperSiopun f = u O[[1I0g 79 QUOI) aanmugo)
SSe[o [eUOnIpE) ‘SA mes31l eISOUOpU]
SUOHIPUOD T {(329M/IN0Y [) S3IM f] fL1-9] = 38e (8107) uewsn
— douewiopiad  sjuapnys pasoidwr mesSip skessg ruonemp sod-a1d ‘[eyuswiiadxa-1send) pRIS I (09 = u  p ‘WalsnIy ‘Yedseq SOIUOU0dH
PEAI 0} UOHEALOW SSB[O
[[e10A0 pue 9doouod-jjas Surpear uorsudyaiduwod [euonIpe) "SA [| MESSI[ SUONIPUOD
“Buipeai Jo anjea ayp jo suondoorod Surpeax pue uonismboe K1e[nqeooa pral 0] uONEBATIOI (q) T {(oom/somurua 09 x () SHIM § uourqaT {711 =
SI0UIRd] I pasearout [] mesSif UO SUONIPUOD UIOMIDG IUIIAJFIP ON suonsanb do1oyo-opdnniy (e) cuonenp 9sansod Sejuowizodxa-isend)  oSe fopeid yig pp = u (9007) ueqeeys
SaInseaw [e1o0soydAsd :s)nsay] QourwIo)1ad OIWAPERIE (SNSIY S2INSBAW 2A1}I3JJLO100S (q) uSisap [euawnadxyg suedionieq Apmg seaIe 102fqng

douewio)iad oruapeay ()
SomSea

(ponunuod) ‘| d[qe],

13



(panunuod)

s[aaa] Ayedwa Jo asearoap
‘sdiysuonear dnoidiaiur uo 93§30 oN

SOYRWISSE[D JO SUD{I] pue ‘[00YdS
JO SunjI] ‘wasa-Jjos paroidwr mes3ip

uonIpuod MesSil ) ur sansst ISNOSIA]

2IM9] [EUONIpE)
1240 poyiow mes3if Ay paloAe) sjuApMg

[ensn uey) [njuoge
Q10w sem 31 pare[dap pue messil jo

smata aanisod papiodar syuspnys fwexs
[euly 0} oduepude JoySiy :mesSil i

SJUOPN)S UIIMIOQ SUOORIINUI [BIOOS
Jo uondooad oy pasearout y(qd messif

SUOBIPUOD USIMIDQ UIIYIP ON

SUONIPUOD UIIMIDQ UIIIP ON

uoneanpa [eonoeid pue dIWAPLIE Yloq
Ul JUSWIAARIYO. Sjudpmys parodur mesSip

159) UONUIAI PIAB[IP UO §10975d dATIsOd
pey uonipuod mes3il ‘aourunioprad
UO SUONIPUOD UIIMIAQ IUIIP ON
A1noasiaqho
N0qe 25pa[MOUY 1Y) PUE SANISIM
JO UONEN[EAD U S[[1S SJUAPN)S
pasoidwit (uoneorjdde sjiqow e se) mes3ip
o Sunyeads [[e19A0 UO 109150
ou ‘oouruLI0fIad 95BIIIIP JOU PIP INq
mes31l s juenoduw 10w sem ORI
[eruaw ‘Furuies] ASUSIDIS PdUBYUD
‘sun) ut Jey) duewiofad p 1 mes3ip

diyspuatyy dnoSiaur Aypedwa
£[O0YDS PUE SIIBWISSE]D PIEMO] SIPIIE
‘sopmyme dnosaur ;[[ pue | saipmig

A[BIS OLIIWOLO0S
£W2ISI-J3S {[00Ys JO SunyIf SuryI 1094

SUONOLIAI [B190S (q)
suonsanb papua-uado pue -paso[) ()

mesSil premo) sopmmy (q)
suonsanb ao10y0-adnny (&)
mesSi premo) sopmmy (q)
2onoexd
[EDIUI[D 3} JO UONBN[EAD SNONUIUOD PUE
$3SBD [BOIUI]D JO UOHN[OSAI ‘suonsanb
papuo-uado pue dd10yd-ajduny (&)

suopnsanb aotoyo-adnnjy

Kessa pue suonsanb ao10yo-ajdnnjA

uoneIoqe[d
pue Suipeal :aouewiiojiad Furwesd
‘Bururea] Kouaroyja peof dAnIu30o

(vad-uou)
woosse]o MesSI [pwFLIO ey
suondoouod dewr 1onaq pey y(d messip

1dxa pue swn Sunyeads [[e19A0
suondasiad suonoesayul
(SIUAPNJS (SIOIABYDG DATDRIOIUI JO
UONBAIISQO SAUIANOR SUILIBS] PIEMO)
SOpNINIE [SUOHIRIUL SHUIPIS

Jo amjeu imesSil premo) sopmmy (q)

sdew 1doouod Suimer(y (e)

SSE[O [euOnIpRN)
*sA mes31l :suonIpuod 7 {(3eam/smoy
710 [) sydam § ] Apmi§ uoneInp
{(oamysinoy 7) sxeam /£ ] Apnig
uonenp $sod-a1d {[ejuswiniadxa-1send)
$SB[O [RUONIPEI) "SA MESSI[ [sUONIPUOd
T {(oom/SANUIW G X €) SYOIM §
uonemp 9sod-o1d ‘eyuswiodxo-1send)

dnoid aane1adood sa mes3il
UOIIPUOD T £(SINUIL ()6) SUOISSIS
9 :uonenp 9sod-a1d {[ejuswiniadxa-1senty

SSBIO [RUONIPEI) “SA
mesSIl :suonIpuod g (YN) 101sowos
1 :uonemp 9sod-aid ‘[euswiniadxa-isend)

SsB[O
[euonipen ‘sa mesSif {(yN) syuow
¢ uonemp 4sansod ‘[ejudwiLadxa-1send)

SS[O [RUOnIPE) "SA MesFi[
1SUONIPU0d 7 {(VN) SY99M ¢ uoneInp
f1sapsod pakefap ‘sod-aid ‘[euswiniadxg

sse[o [euonipes) ‘sa mes3il
SUOIIPUOD T {(SA)nuIl ()| ) UOISSIS
[ :uonemp 9sod-a1d ‘[ejuswiiadxa-1send)

uone1adoos Kreunjop ‘sa mes3il
1 SUONIPUOD T {(SANUIL () UOISSAS
1 :uonenp ‘sod-a1d ‘[ejuswiadxg

(VQd-uou) wooisse[d

mesSil 'sa (Yad) ploypuey uo mesSil

SUONIPUOD 7 {(3[99M/SINOY €) SHIM
¢ :uonemp $sod-oxd ‘[ejuswriadxo-1seng)

femoN ‘p| = o5
opeIs o1 01 iy
91 = u Il Apug

{11 = a8e ‘opeid

09 189 = u ] Apmig (8007) ne1g VN
SIS sonewAYIRW
panup o] = a5e pue

(LL61) 1o 10 Kouelg
AJUuO SaINSBAW [R100SOYOASJ

(1102) Houe

sapeis g pog = U S9OUIIS (21005

snudK) p = ¥ ‘sojuoyoudy
o8e topeid . ig¢ = u ‘BLIRUYORY uSiso(|
samIg
panuq g = ofe
‘syuopmys Aoeuwreyd
Jenpeidopun (g8 = 1 (L107) I8 12 UOS[IM Koruwreyq

uredg ‘YN

= a8k ‘sjuopms

A3ojojuopo
1eA-)S 601 = U

foym ‘YN

= ofe tsjuopms

A3ojojuopo
182A-pIE 0G = U

eiske[e]y (YN

= a8k ‘sjuopms

ajenpesdropun
1e2K-puz i[9 = U

(2100) "1
19 oxianbun)-zareng

(L107) T 12 zos3eg  uoneanpa [eluag

(8107) 1oezoy
» ‘1l ‘yopezesied

SO2UDIS
1ondwoy)

Aueuwran
‘L1 = a8 isyuopnys
10048 431 9§ = u

(L102) 1812 [24aN SOUIRT 09PIA

uemIe], ‘YN = o5e
uopm)s Suismu
1ek-Up 66 = U

(9000) "M % 18T Sursiy

SaInseaw [e1o0soydAsd :s)nsay]

QourwLIO}Iad OIWIAPERIL (S)NSIY

S2INSBAW 2A1}I3JJLO100S (q)
douewio)iad oruapeay ()
SomSea

uSisap [euawnadxyg

suedionieq Apmig seare 103lqng

(panunuod) ‘| dqe L

14



Areyuowapd aanoadsord = 1d

‘JUOWIBUINOY QWeS Wed) = [0 ] ‘Sonewadyjew pue ‘SurodurSud ‘A30[ouyod) oudios = LS ‘19Yoed) [00Yds

Sueysisse [eNSIp [euosiad = yd oqe[reae jou = yN ‘oSen3ue] udraio} e se ysySug = T ‘U0ne)ol [BIIIAd = YD ‘dnoid uonewnue = Hy 270N

sdnoi3
Buowre Ayjenbaur sonpar djay ues
mes31f :dnoi3 112y pajeuriop SUOAWOS
Jet) 2013e 0) A[2Y1] SO 21oM SIUPNIG

SoneWAYIRLL
PIBANO) SIPNIINE UT QOUIIJIP ON.

SAPMINE [RIN[NO UT ADUAIYIP ON

UOHEAIOW JIWAPEoR
pue uoneMmSaI-§[os Y10q paseardur messip

Mmes3i[ Jo smara
2AmIsod pue SUONORIANUI [RIO0S JO ASBAIOU]

Surpeas pue sonewayew

ur A9BOIJJa-J[as JIWAPELIE JO ASLAIIU]

Furuoseal [eIow o $109150
ou :aanoadsiad Fupje; ajo1 jo asearou]

sotueukp dnoid jo uondaoiog

SONBWOYIEW PIEAMO) SOPIITY

SapmIE [eIN[NoIAU]
uoneAow
SISULIUI ‘UOTBATIOW JISULIIXD

1 Twap nenBaI-j|
mes3if premoy

SOPNIINE SUONOBIAUI [€100S JO suondaoiag

Koeolgga-Jjog

SRUIA[IP [RIOW Funye) 9An0adsIog

Ananoe
dnoi3 aj3uis ‘sa mesil :suonipuod ¢
{(yPam/sanuI g X ) J2IsawL |
:uonemp ‘sod-a1d ‘[eyuswiiadxa-1send)
mesSif i(smoy
) uotssas | :uonemp sod-oid
‘uisop joolqns-uryim ([ejuswLddxy

(sre1ap Jayuny ou)
101U 'SA MeSTI[ :SUONIPUOD 7 L1k
1 :uonenp sod-aid ‘[eyuswiiiadxa-isend)
ssed euonipen) 'sa mesSil
SUONIPUOD T ‘SUOISSIS INOY-0M] / |
:uonemp sod-axd ‘[eyudwradxa-send)

mesSil -sa mesSil paseq-Sojq
SUONIPUO T {(329Mm/SIN0Y €) I9ISIWS
1 :uonenp ‘sod-a1d ‘[ejuswnadxg
sse[o [euoniper) ‘sa mes3il
SUONIPUOD T (SINOY T X ) SUOISSIS
 :uoneinp 9sod-a1d {[ejuswiLiadxy

e[

[eUONIPEI) 'SA SUIUIES IATIBAOUUT "SA
MesSil :suonIpuod ¢ {(VN) $oom §
uonemp fsod-a1d ‘ejuswizadxa-isen)

saIg

PN HT-81

= o%e ‘sjuapms

enpeidiopun

18aK-115 01 -1S|
wolq ‘pg9 = U

Koynp SN =
ofe topeid yi, ‘g = u
uredg
p1-C1 = o8¢
syuapnys [00yds
A1epu0das {057 = U

= ofe tsjuopms
denpeidiopun ‘6 = u
ueMIEL SYN
= e ‘sjuapms
Jenpeidiopun (G| = u
Qouely ‘g] = ade
‘syuapnys Sururen
[BUONBIOA S€¢ = U

saeIg
panup o] = a5e
‘opeI3 Ui 071 = U

(L102)
T2 19 p[eqoay L Agojorg
(¥102)
oueney % [nSudS Anowoan
(S002) OPaION
2 039y sojues VN
610T "¢ 10 dreues Sursiny
(1102) & S00UAIOS
29 ‘Sueny ‘Suenyy 1andwo)
(2102) eqseq youaLy

2 ‘syong ‘uoule]  pue SONBWAYIRIN

(1861) uewaSpLg SIOUDIOS [BI00S

saInseaw [e100soydAsd :s)nsay]

douewLIo}Iad JIWIAPEIL (S)NSIY

SOINSEAW QATIIAYJLOIN0S (q)
Qouewioiad orwapeay ()
SaINSEDJN

ugisap [ejuawadxy

suedionieg

Apmg seare 103lqng

(panuyuod) [ Aqe],

15



TABLE 2.

Occurrence of positive, negative, and null effects of the jigsaw classroom on academic
performance and psychosocial variables

Positive Negative Null Total
Outcomes effects effects effects effects
Academic performance
STEM fields
Chemistry 7 2 0 9
Biology 3 1 6 10
Physics 5 0 1 6
Mathematics 4 2 3 9

Total number of effects in STEM 19 (55%) 5 (14%) 10 (29%) 34
Language and social sciences

Language arts 4 0 3 7
English as a foreign language 4 0 1 5
Social sciences 6 0 1 7
Total number of effects in 14 (73%) 0 5(33%) 19
language and social sciences
Vocational achievement 3 (42%) 1 (14%) 3 (42%) 7
Total number of effects for all 36 (60%) 6 (10%) 18 (30%) 60
academic fields
Psychosocial variables
Intergroup relationships 5 1 3 9
Self-evaluations 8 1 3 12
Motivation 6 0 2 8
Attitudes toward jigsaw 15 1 0 16
Attitudes toward subject topic 3 0 3 6
Classroom climate 1 0 1 2
Total number of effects for 38 (53%) 3 (5%) 12 (23%) 53
psychosocial variables
Total number of effects for all 74 (65%) 9 (7%) 30 (26%) 113
outcomes
Digital jigsaw (n = 7 studies)
Academic performance 4 2 1 7
Psychosocial variables 1 0 1 2
Attitudes toward jigsaw 3 0 1 4
Total number of effects in digital 8 (61%) 2 (15%) 3 (23%) 13
jigsaw

Note. This table reports the occurrence of effects, not the number of studies (one study can comprise
several effects). This table excludes effects resulting from comparisons among different jigsaw
versions or jigsaw phases, with the exception of the digital jigsaw section, for which some studies
compared two jigsaw scripts (as seen in studies by Deiglmayr & Schalk, 2015, and Huang et al.,
2011). STEM = science, technology, mathematics, and education.
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saw and traditional control groups. Likewise, Karacop and Doymus (2013), who
controlled for students’ prior knowledge in chemistry (note that the jigsaw group
showed higher prior knowledge level), found that animation group outperformed
both jigsaw and traditional learning groups on the understanding of chemical con-
cepts (open-ended questions). According to the authors, the superiority of the ani-
mation group over the jigsaw method is due mostly to animations (i.e., motion
pictures) that are highly efficient for learning dynamic processes such as chemical
and molecular ones.

Biology. The overall picture is mixed, as three of nine studies indicated beneficial
effects of jigsaw on academic performance (Mutlu, 2018; Roseth et al., 2019;
Walker & Crogan, 1998), and six studies yielded null or negative effects (Laz-
arowitz et al., 1994; Moreno, 2009; Slish, 2005; Stanczak et al., 2022 [Studies 2,
3B, and 3C]). Sample size varied from 52 to 313 participants. Among the three
studies showing positive effects, findings from Walker and Crogan (1998) must
be treated with caution because of several limitations. First, no data were avail-
able from the control groups. Second, experimental and control conditions were
not randomized but rather decided by teachers who took part in the study. Third,
one teacher suddenly decided to apply noninterdependent cooperative learning
instead of the jigsaw procedure, but data for this brand-new group were retained
by the authors as control data. Finally, only 20 participants remained in the analy-
ses for evaluating academic achievement.

Positive effects of jigsaw documented in the two other studies are much
more reliable. In their longitudinal experimental study (n = 258, 14 weeks),
Roseth et al. (2019) found that cooperation and academic achievement (quiz-
zes) increased over time in the jigsaw group relative to traditional learning
method. Moreover, they showed through growth curve analyses that the aca-
demic achievement trajectory of jigsaw was nonlinear over time: Performance
after a delay decreased more slowly compared with traditional classes. In bio-
chemistry, jigsaw was compared with another active learning technique
(Mutlu, 2018), the team game tournament, which is a blend of cooperation and
competition. Although students’ scores increased the same way for both
groups, posttest scores in the jigsaw condition exceeded those of the team
game tournament group.

Null effects were observed in comparison with traditional class (Lazarowitz
et al., 1994; Slish, 2005; Stanczak et al., 2022 [studies 3B and 3C]) or indi-
vidualistic learning (Stanczak et al., 2022 [Study 2]), and one study revealed
negative effects of jigsaw (Moreno, 2009) among preservice teachers in bot-
any in comparison with both individual and cooperative control groups (with-
out resource interdependence). Moreno’s (2009) results revealed an absence
of difference between conditions on retention test, and lower performance on
a problem-solving transfer test (in comparison with both control conditions).
According to Moreno, jigsaw students might have lacked social skills to teach
their peers during learning, focusing more on the transmission of information
than on the elaboration and the co-construction of knowledge.
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Physics. Among the six studies conducted in this field, with sample sizes varying
from 49 to 286 participants, five studies showed positive effects on performance,
either directly or indirectly. Two studies showed direct positive effects of jigsaw
in comparison with traditional individual learning. These beneficial effects were
observed among middle school (Ural et al., 2017) and undergraduates’ students
(Kog et al., 2010), by using either the original jigsaw or subject jigsaw, with a
long implementation period (from 4 weeks to 6 months). The three other studies,
conducted by the same research team (Berger & Hénze, 2009, 2015; Hinze &
Berger, 2007) among high school students (17-19 years old), revealed no direct
effect of original jigsaw but rather mediated or moderated effects, and highlighted
the role of the expert phase within jigsaw method. Finally, null effects were found
among sixth graders when jigsaw was compared with traditional learning (Stanc-
zak et al., 2022 [Study 3A]).

The first study of Hénze and Berger (2007) compared jigsaw with traditional
learning. Findings revealed no direct effect of the instruction method on perfor-
mance but rather an indirect effect through feelings of competence. This mediation
indicated that the jigsaw method led to higher feelings of competence, which in turn
increased physics performance. In their second study, Berger and Héanze (2009)
compared jigsaw to a collaborative method (i.e., cyclical rotation; see Supplemental
Table S1), in which small groups have access to the whole material and work
together without separate responsibilities. Again, no direct effect was found but a
significant moderation by the study topic emerged: Jigsaw outperformed cyclical
rotation setting for the microwave oven learning unit, whereas it was the reverse for
the scanning electron microscope unit. A partial mediation indicated that the jigsaw
method increased interestingness of the microwave oven learning unit, resulting in
better performance. Finally, Berger and Hinze (2015) tested expert-novice differ-
ences in performance during jigsaw learning and found that expert members scored
higher than novices in open-ended questions test, including schematic drawing in
physics. This result deserves attention, as it supports one criticism addressed to the
jigsaw method (Slavin, 1995, 1996; Slavin, Hurley, & Chamberlain, 2003), namely,
that students can achieve on the part of the material in which they have been expert
but not the portions of the material they have been taught by their group members.

Mathematics. The nine studies reviewed revealed mixed results. Four studies
showed positive effects of jigsaw in within-subjects design (Perkins & Saris,
2001; Kritpracha et al., 2018) or in comparison with traditional class (Artut &
Tarim, 2007; Tran & Lewis, 2012). Others revealed null (Moskowitz et al., 1983;
Souvignier & Kronenberger, 2007; Stanczak et al., 2022 [Study 1]) or negative
(Moskowitz et al., 1985; Souvignier & Kronenberger, 2007) effects. Finally, one
study (Deiglmayr & Schalk, 2015) compared two jigsaw conditions by manipu-
lating the degree (weak vs. strong) of knowledge interdependence and showed
greater positive effects of weak interdependence on performance. Sample size
varied from 55 to 384 participants.

Perkins and Saris (2001) found a positive effect of jigsaw after 1 year of expo-
sure among prospective teachers and undergraduate students. They compared
prejigsaw to postjigsaw exam performance and observed that jigsaw contributed to
increase performance. However, null effects were observed among younger
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students. Moskowitz et al. (1983) found no improvement for fifth and sixth graders
who learned mathematics through jigsaw for a year in comparison with traditional
classes. According to the authors, this null effect might be due to the lack of a col-
lective reward structure of jigsaw to strengthen cooperation and interdependence.
Another study (Souvignier & Kronenberger, 2007) compared the effects of two
jigsaw versions (original jigsaw and an enriched version) with traditional teach-
ing—centered method on astronomy and mathematics achievement (n = 208, third
grade students). The enriched jigsaw version comprised a questionnaire that intro-
duced a little nudge for children: Short index cards with five questions to help
children to collect concise information from their groupmates during cooperation
(e.g., “What does...mean?”). Results showed no significant difference among the
three groups in mathematics, but children in the traditional group scored better on
astronomy tests than those in both jigsaw conditions. Souvignier and Kronenberger
(2007) performed further analyses within jigsaw conditions to test whether stu-
dents achieved their own expert subtopic only because of poor quality of the recip-
rocal teaching in the home groups (see Supplemental Figure S1 for the jigsaw
steps). As expected, whereas experts achieved their own part of the materials, nov-
ices lacked understanding about many sections of the lesson, which in turn
decreased the average scores. Jigsaw thus limited achievement to the subsections
in which learners were experts (see also Berger & Hénze, 2015).

Deiglmayr and Schalk (2015) also hypothesized that resource interdependence
settings could prevent learners to access all the information needed to engage in
the co-construction of knowledge. The authors tested triads of undergraduate stu-
dents, who worked on mathematical models either in a strong-knowledge interde-
pendence condition (original jigsaw, each student in a triad is assigned one
mathematical model with three different contexts) or in a weak-knowledge inter-
dependence condition (each student in the triad is assigned three mathematical
models, sharing a similar context). Prior knowledge in mathematics was assessed
before cooperation. The results showed that weaker interdependence led low
achievers to perform better on a transfer task than high achievers of the strong
interdependence condition. This effect can be explained by the co-construction of
knowledge that occurs during cooperation: When the total conceptual knowledge
is given, students can easily engage in discussion about the contents to learn.

Technology. One study (van Dijk et al., 2020) tested the effects of jigsaw on the
learning of technology among fifth and sixth graders. The jigsaw classroom was
supported by a script (i.e., worksheet) to strengthen individual accountability and
social interdependence. The students’ task was to design a house on the moon that
could be inhabited by a family. Performance on knowledge tests was compared
with an unsupported version of the jigsaw classroom (without a script). Results
showed that only low-ability students benefited from the supported intervention,
with gains on performance between pretest and posttest on their assigned topic.

Language and Social Sciences Achievement

We collected 19 articles for language and social sciences. Two other studies
coming from the STEM section that tested for reading performance were also
included (Moskowitz et al., 1983, 1985), resulting in 21 studies. Studies tested
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academic performance in language arts (n = 7) and English as a foreign language
(EFL; n = 5), and assessed social sciences achievement in various fields such as
history (n = 2), geography (n = 2), economics (n = 1), psychology (n = 2), and
educational sciences (n = 2). Overall, a positive pattern was observed, with 14
positive effects, no negative effects, and 5 null effects (see Table 2).

Language Arts. The findings in grammar, reading, and written expression in
native language showed mixed effects of jigsaw learning. Four of seven studies
showed beneficial effects on academic performance in comparison with tradi-
tional learning (Goger, 2010; Law, 2011; Sahin, 2010, 2011). Three other stud-
ies showed null effects among young populations, namely, elementary school
students (Moskowitz et al., 1983, 1985) and middle school students (Arslan,
2016). Sample size varied from 56 to 384 participants. Interesting findings
regarding the effects of jigsaw on reading comprehension were reported by
Law (2011). This study is one of the few large-scale assessment studies that
have examined effectiveness of jigsaw among elementary school students (fifth
graders, n = 279). The design included an original jigsaw condition, a coopera-
tive drama class condition, and traditional whole-class condition. Children were
asked to read and understand a story, then higher order reading comprehension
was assessed (i.e., the ability to make inferences). Results showed that jigsaw
groups outperformed those in the other two conditions on the reading compre-
hension task. In the delayed retest, the jigsaw groups only outperformed those
from the control group. This supports the idea that in language-related sub-
jects, jigsaw contributed to organize information in memory. Regarding written
expression, Sahin (2010, 2011) also showed a better achievement in Turkish
language for jigsaw group relative to a traditional learning class, in both under-
graduate students and sixth graders.

On the contrary, Moskowitz et al. (1983, 1985) tested for reading abilities
among 10-year-old students on the standardized subset of the Stanford
Achievement Test and found no significant effects of jigsaw compared with tradi-
tional teaching. Likewise, Arslan (2016) observed no difference between jigsaw
and traditional class in Turkish grammar (i.e., assessing for punctuation and spell-
ing rules) among 13-year-old children and suggested that prior training in coop-
eration might be necessary for the jigsaw method to be effective among children.

EFL. Jigsaw learning seems to positively influence achievement in EFL class-
room. Four of five studies showed beneficial effects on EFL performance among
secondary school and undergraduate students, by testing for original jigsaw and
Jigsaw II (Evcim & Ipek, 2013; Ghaith & El-Malak, 2004; Gomleksiz, 2007;
Rimani Nikou et al., 2013). One study showed null effects with Jigsaw Il among
fifth graders (Shaaban, 2006). All these studies compared jigsaw with a traditional
learning class, and the implementation period varied from three class sessions to 8
weeks. Contrary to the previous sections, small sample sizes were reported here,
from 28 to 66 participants (M = 47.6).

In line with findings obtained by Law (2011) in Chinese literature (see
“Language Arts” section), Ghaith and El-Malak (2004) found a positive effect of
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jigsaw on higher order reading (i.e., making inferences, critical and interpretative
comprehension of a text) on an adapted version of the Test of English as a Foreign
Language (i.e., a standardized test measuring English language ability). However,
no effect was found either on overall comprehension or on literal comprehension
(i.e., understanding explicit information). Regarding vocabulary and reading
comprehension, Shaaban (2006) showed that jigsaw did not improve EFL perfor-
mance among middle schoolers and put forward some methodological limita-
tions, such as a small sample size (n = 44) and the limited length of the
implementation period (i.e., 8 weeks).

Social Sciences. This section reports studies assessing the effects of jigsaw on
academic performance in economy, teacher education, geography, history, and
psychology, with sample sizes varying from 44 to 303 participants (M = 102.3).
Six of nine studies showed a positive effect of original jigsaw on achievement
compared with traditional learning (Basyah et al., 2018; Huang et al., 2014; Kilic,
2008; Lucker et al., 1976; Yapici, 2016; Ziegler, 1981). Null effects were found in
one study (Crone & Portillo, 2013) that compared the original jigsaw to reduced-
schedule (see Supplemental Table S1) jigsaw and traditional class. Another study
(Hornby, 2009) compared two versions of Jigsaw II in which the scoring system
was manipulated to structure individual accountability and positive interdepen-
dence and showed that structured jigsaw outperformed the unstructured jigsaw.
Finally, one study (Nolan et al., 2020) compared jigsaw experts’ with jigsaw nov-
ices’ performance on assigned (vs. not) topics.

In history and geography lessons, comprehension scores and semantic
knowledge increased after a jigsaw exposure about different subtopics, such
as Canadian demographics (Ziegler, 1981), a unit on colonial America (Lucker
et al., 1976), a “science within time” unit (Yapici, 2016), or ecological envi-
ronment of the water regions in Taiwan (Huang et al., 2014). A study by Nolan
et al. (2020) revealed that students preferred, understood, and performed bet-
ter their assigned jigsaw topic than other portions of the material. This result
is consistent with other analyses made on experts’ and novices’ performance
(see “STEM Achievement” section: Berger & Hénze, 2015; Souvignier &
Kronenberger, 2007; and Slavin’s criticism of jigsaw learning [Slavin, 1995,
1996; Slavin et al., 2003]). Few other studies pointed out longitudinal effects.
When tested 6, 10, or 11 weeks after jigsaw (respectively, in Sahin, 2011;
Ziegler, 1981; and Yapici, 2016), students were able to retrieve more informa-
tion in memory than students instructed with traditional methods. In contrast,
Crone and Portillo (2013) found null effects with a long implementation
period (i.e., one semester). A full jigsaw schedule (regular jigsaw activities on
specific conceptual units) did not improve students’ grades on final exams in
cognitive psychology in comparison with both traditional class and a reduced
jigsaw schedule (i.e., jigsaw activities conducted less frequently and for larger
conceptual units). Finally, we noticed some shortcomings in this section, such
as high variability in sample size across studies (e.g., » = 44 in Hornby, 2009;
n = 303 in Lucker et al., 1976) and a lack of details about the academic
assessment and dependent variables (e.g., Crone & Portillo, 2013).
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Vocational Achievement

We reviewed eight studies assessing the effect of jigsaw on students’ perfor-
mance in vocational education such as nurse training, medical care, dental educa-
tion, computer sciences, engineering, cost accounting management, and video
games. Original jigsaw was applied in all the studies. Positive effects (n = 3), null
effects (n = 3), and negative effects (n = 1) were observed on achievement (see
Table 2), in comparison with either traditional class or other cooperative method.
One study (Lai & Wu, 2006) also compared a modified version of jigsaw in which
students used a concept mapping software program within a personal digital assis-
tant (i.e., a pocket portable computer) to a regular jigsaw classroom. One study
also compared jigsaw to both individual and other cooperative control groups
(Desforges et al., 1991). All these studies tested middle school, high school, or
undergraduate students, but age range was not always reported. Sample size var-
ied from 38 to 109 participants (M = 75.2).

Studies in this section are especially relevant, as they tested for direct effects
of jigsaw in professional careers that often require social skills and teamwork.
The articles we reviewed reported contrasting results (e.g., Arslan, 2016; Shaaban,
2006; Souvignier & Kronenberger, 2007). Positive effects were obtained in stud-
ies conducted among high school and undergraduate students for only one session
or 3-month period of implementation. For instance, Nebel et al. (2017) showed
better gaming performance and learning outcomes among teenagers (M = 17
years old) in the jigsaw group relative to a cooperative condition with no resource
interdependence (all of the materials were available), and where cooperation was
only voluntary. In contrast, no effect of jigsaw in comparison with a cooperative
learning group was obtained in medicine (Desforges et al., 1991) or in design of
ecofriendly houses (Zacharia et al., 2011).

Two other studies reported contrasted effects in pharmacy (Wilson et al., 2017)
and dental care studies (Sagsoz et al., 2017). Wilson et al. (2017) pointed out a
discrepancy between students’ perceptions of the learning method and their actual
performance. Whereas 95% of the participants considered jigsaw an effective
learning method and reported that it improved their communication, problem-
solving, and cooperative learning abilities (i.c., their “soft skills™), actual perfor-
mance was not superior to that seen with traditional teaching. The authors
suggested that jigsaw was perhaps not adapted to learn fundamental contents and/
or would be better suited to students well trained to cooperation or with good
teaching abilities. Another study (Sagsoz et al., 2017) reported no difference
between traditional class and jigsaw on immediate posttest. These authors sug-
gested that the lack of familiarity with the jigsaw procedure and the formation of
initial heterogeneous groups (i.e., the home groups), might have disrupted stu-
dents’ habits. However, results on delayed posttest were better with jigsaw, as a
lower failure rate was reported in comparison with the control condition, a finding
that was not interpreted by the authors but that is similar to that obtained by
Roseth et al. (2019) in biology (see “Biology” section).

Jigsaw Effects on Psychosocial Factors

The majority of the studies included for this review (n = 43 of 69 studies)
tested for psychosocial outcomes related to intergroup relationships (n = 11),
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self-evaluations (n = 12), motivation (n = 7), and attitude toward the jigsaw
classroom and subject topics (n = 24). The majority of studies revealed a benefi-
cial effect, with 38 positive effects, 3 negative effects, and 12 null effects (see
Table 2).

Intergroup Relationships

Eleven studies explored how jigsaw influenced social and intergroup relation-
ships during learning at school. Sample size varied from 66 to 684 participants.
Quality and frequency of students’ social interactions were measured in four stud-
ies (Gomleksiz, 2007; Huang et al., 2011; Lai & Wu, 2006; Theobald et al., 2017)
that reported positive effects among undergraduates. Studies by Huang et al.
(2011) and Lai and Wu (2006) compared enhanced versions of jigsaw (blog-based
jigsaw and jigsaw on a portable handle, respectively), and both showed positive
effects in comparison with original jigsaw procedure, on social interactions
between students. Only one study found unpleasant effects of jigsaw on the qual-
ity of the interactions, as mistrust issues and difficulties for communicating
knowledge were reported by students (Zacharia et al., 2011).

Results were mixed regarding effects of jigsaw on interethnic relationships
(Blaney et al., 1977; Santos Rego & Moledo, 2005; Ziegler, 1981) and reduction of
prejudice toward minorities (Bratt, 2008; Desforges et al., 1991; Walker & Crogan,
1998). All these studies measured interethnic relationships before and after the
intervention by using sociometric surveys (excluding Santos Rego & Moledo,
2005, who used an intercultural attitude scale). Five studies showed a beneficial
impact of jigsaw on intergroup relationships. For instance, Ziegler (1981) found
that jigsaw contributed to enhance cross-ethnic friendships among Canadian chil-
dren immediately after the educational intervention and 10 weeks later. Likewise,
considering another kind of stereotyped population, Desforges et al. (1991) showed
that jigsaw activity decreased medical students’ prejudice toward mentally ill
patients. A third study (Santos Rego & Moledo, 2005) also reported positive effects
of jigsaw on intercultural attitudes between Spanish pupils and other minority
background pupils (Latino American, European, Romanian, Arab, and African),
but the differences between conditions (between pre- and posttest and between
experimental and control groups) were in fact not significant.

However, Bratt (2008) found no effect of jigsaw on attitudes, intergroup
friendships, and empathy in two consecutive studies conducted in Oslo, Norway.
Despite the quality of the experimental design, sufficient sample size (n = 61
and n = 260), two age levels (6th and 8th to 10th grades), and a controlled
implementation of jigsaw, both studies showed no successful changes in stu-
dents’ intergroup attitudes or improvement in empathy levels. Walker and
Crogan (1998) also tested the effects of jigsaw on reduction of ethnic prejudice
by using a sociometric survey, a social distance scale, three ethnic stereotypes
ratings, and reported mixed findings. For European Australian children, the jig-
saw classroom helped decrease social distance and stercotypes toward Asian
Australian children, but also increased negative perceptions of the Aboriginal
Australian children. However, each ethnic group was not equally represented in
this study. There were no Aboriginal Australian children in one of the control
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groups, and European Australians had to answer about stereotypes ratings
regarding Aboriginal Australians, despite the fact there were none in the jigsaw
group. Hence, the results of this study should be interpreted with caution (see
also the “Biology” section).

It is thus difficult to conclude with certainty about prejudice reduction and
positive development of intergroup relationships with such mixed results (n = 5
positive effects and n = 4 negative and null effects).

Self-Evaluations

Aronson and Bridgeman (1979) suggested that jigsaw might have a positive
influence on self-evaluations and perspective taking. In this section we explore
the results obtained in 12 studies testing for self-esteem (n = 4), self-efficacy or
academic self-concept (n = 6), and empathy and perspective taking (n = 3).
Findings are contrasted and appeared to be highly dependent on the sample size,
which varied from 33 to 384 students.

Self-Esteem. The results are mixed for this self-construct, as two studies showed
interaction effects and two others reported a beneficial effect of the jigsaw
method, all of them in comparison with traditional learning. One of the first
experimental study testing for effects of jigsaw in the classroom was conducted
among fifth grade children and measured self-esteem before and after coopera-
tive learning (Blaney et al., 1977). These authors used a composite self-esteem
score based on one question about general self-esteem and three questions about
academic self-esteem. The results revealed that the score significantly increased
after a 6-week period of jigsaw activity. Nonetheless, the authors did not report
any other significant difference between jigsaw and control groups. Later, another
study conducted among high school students showed that self-esteem increased
after cooperation with jigsaw in comparison with a traditional control group (Laz-
arowitz et al., 1994).

In contrast, two other studies (Moskowitz et al., 1983, 1985) conducted with
children in fifth and sixth grades did not confirm such positive effects on self-
esteem. In their first study, the authors observed an interaction effect between
grade level and condition, so that fifth grade children in the jigsaw group had
lower self-esteem levels than those in traditional learning group. In the second
study, an interaction between gender and condition was found, showing that
the jigsaw classroom benefited to girls’ self-esteem but not boys’ self-esteem.
Such inconsistent findings from a small amount of empirical work (n = 4) do
not allow a conclusion about the beneficial effect of jigsaw learning on
self-esteem.

Self-Efficacy and Self-Concept. Self-efficacy can be defined as “a concern
with people’s beliefs in their capabilities to produce given attainments” (Ban-
dura, 1997). Inherently connected to self-efficacy, self-concept is linked to
one’s beliefs about his or her competence in any domain. The subtle difference
between self-efficacy and self-concept is that the former is task-dependent
(for a detailed explanation, see Pajares & Miller, 1994). Both self-efficacy
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and self-concept can linearly predict academic performance (e.g., Pajares &
Miller, 1994).

Six studies tested the effect of jigsaw on self-efficacy and/or academic self-
concept, and most of them found positive effects of jigsaw (n = 5), all in compari-
son with traditional classes. Only one study revealed no difference between
conditions on academic self-concept (Moskowitz et al., 1983). Studies were con-
ducted among elementary school, middle school, high school, vocational, and
undergraduate students. Crone and Portillo (2013) found that students in the jig-
saw condition reported higher academic self-efficacy than those in the other con-
ditions (i.e., reduced-schedule jigsaw and traditional learning). Likewise, Darnon
et al. (2012) observed a marginal positive effect of jigsaw among vocational stu-
dents (M = 18 years old) on a subscale measuring academic self-confidence in
mathematics and French courses adapted from the Patterns of Adaptive Learning
Scales (Midgley et al., 2000). Roseth et al. (2019) also used one of the Patterns of
Adaptive Learning Scales measures, the “perceived competence” scale, and
showed a beneficial influence of jigsaw.

As reported in the “Physics” subsection, Hianze and Berger (2007) showed that
effects of jigsaw on performance were mediated by feelings of competence.
Moreover, Shaaban (2006) found that reading self-concept improved after a jig-
saw intervention among fifth graders and suggested that social interdependence
might have led students to perceive themselves as more competent, which in turn
enhanced their motivation to read. Consequently, all these studies (n = 5) support
the hypothesis of a beneficial impact of jigsaw learning through the development
of a higher feeling of self-competence or self-efficacy, which contributes itself to
improve academic achievement.

Empathy and Perspective Taking. Only three studies investigated the effect of
jigsaw on student’s empathy. On the basis of previous findings showing that
social interaction among peers can increase children perspective taking, Bridge-
man (1981) hypothesized that jigsaw interventions might enhance students’
role-taking ability. As expected, the results showed that 5th graders in the jigsaw
condition outperformed both controls (traditional class and cooperative control
without resource interdependence) on a task involving taking the role of a cartoon
character. In contrast, Bratt (2008 [Study 1]) reported in a similar population (6th
graders) a negative development of empathy after jigsaw activity compared with
traditional classes. This result was replicated among older students, from 8th and
10th grades (Bratt, 2008 [Study 2]).

Motivation and Achievement Goals

Students” motivational levels were evaluated using motivation scales and
achievement goal orientations (n = 7 studies). Positive effects of jigsaw were
observed in two studies measuring motivation for reading (Shaaban, 2006) and
science (Ural et al., 2007). Although two other studies reported that both extrinsic
and intrinsic motivation (Hénze & Berger, 2007; Sanaie et al., 2019) increased
after jigsaw intervention in comparison with traditional learning, studies by
Berger and Hinze (2009) and Roseth et al. (2019) reported null effects of jigsaw
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on intrinsic motivation (i.e., measured through perceived competence, interest,
and relatedness). According to Roseth et al. (2019), this null effect can be related
to jigsaw’s two-group composition (expert and jigsaw groups) that stimulates
mixed perceptions of motivation (respectively independence and interdepen-
dence) among students.

Two other studies reported mixed effects on achievement goals (Hénze &
Berger, 2007; Law, 2011). Achievement goals constitute dynamic and cognitive
motivations to pursue an achievement task according to one’s personal standards
of competence. In the literature (e.g., Elliot & Murayama, 2008), two forms of
competence are distinguished. Mastery goals are concerned with the acquisition
of new knowledge and skills, while performance goals refer to comparison with
peers. Law (2011) showed evidence that jigsaw students tended to report higher
mastery goals than students from the traditional group. Hanze and Berger (2007)
reported a main effect of mastery orientation on experience of competence (i.e.,
self-efficacy) but no significant interaction between mastery and instruction (jig-
saw vs. traditional class) on experience of competence. Both studies raise inter-
esting questions about the role of mastery and performance orientations on
academic achievement during cooperation.

Attitudes Toward the Learning Context

Students were asked to report their attitudes regarding the characteristics of
teaching in their class (n = 24 studies), such as attitudes toward the jigsaw activ-
ity (n = 19 studies), subject topics (n = 6 studies), and/or classroom climate (n =
2 studies). In most of the studies we reviewed, students reported positive views
and attitudes about the jigsaw methods (n = 15). For instance, Perkins and Saris
(2001) tested the effects of the jigsaw classroom among undergraduates in a sta-
tistics class for a year and assessed students’ ratings of jigsaw. The results showed
positive attitudes toward the method, as jigsaw was found to be a proper alterna-
tive to lectures for the teaching of statistics (88% of students choose the most
positive scores on the rating scale).

Preferences about instructional method can also depend on student achieve-
ment level: Huang et al. (2014) showed that students who learned with jigsaw
were more satisfied than students in traditional groups, and that low achievers
liked jigsaw activity better than medium and high achievers. On the contrary,
high achievers preferred individual learning to learn at their own pace. Regarding
attitude toward subject topic, three studies reported positive effects (Gomleksiz,
2007; Sahin, 2010; Shaaban, 2006), whereas three others (Arslan, 2016;
Lazarowitz, et al. 1994; Sengul & Katranci, 2014) showed null effects. For
instance, Sengiil and Katranci (2014), who conducted a within-participants
study, found no effect on attitudes toward mathematics after a jigsaw exposure
on geometry learning among a younger population (i.e., seventh grade).
Although a general positive view of the jigsaw method is observed, participants
also declared mistrusts issues during jigsaw activities (Zacharia et al., 2011),
lack of comprehension of the topics (Artut & Tarim, 2007), and found learning
with jigsaw effortful (Suarez-Cunqueiro et al., 2017). Finally, Moskowitz et al.
(1983) showed that classroom climate was reported as less competitive follow-
ing jigsaw intervention, while Lazarowitz et al. (1994) reported no difference
between conditions.
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TABLE 3.

Summary of research trends, research gaps, and research integrity in 40 years of
research on the jigsaw classroom.

Category

Description

Research trends

Research gaps

Research integrity

Research focused somewhat more on jigsaw effects on academic outcomes
than on psychosocial variables.

Among academic outcomes, effects of jigsaw were predominantly
investigated in STEM fields relative to language, social sciences, and
vocational fields.

Among psychosocial variables, effects of jigsaw were predominantly
investigated on attitudes toward the learning method and context,
followed by self-evaluations and motivation, with only a minority of
studies addressing intergroup relationship and racial conflict.

The jigsaw classroom was more frequently compared with traditional
learning methods than with other cooperative learning methods.

The effects of the jigsaw classroom were tested mainly among
undergraduates, with only a minority of studies conducted on children.

Little research has been conducted on the underlying mechanisms of the
effects of jigsaw (mediating and moderating variables) to understand
why, under what circumstances, and to whom this method can be
beneficial. Both cognitive, psychosocial, and contextual variables could
play a significant role and help understand negative and null findings.

The few studies comparing the jigsaw classroom with other cooperative
learning methods do not allow to understand what characteristics of each
method drive the findings.

Further research is needed to clearly understand the contribution of the
expert phase of the jigsaw method to the whole academic performance.
No study to date has examined the effect of jigsaw on cooperative skills, by
measuring the development of students’ social skills (e.g., cooperating,

negotiating, sharing information).

Important information necessary for reproducibility is lacking in many
studies: (a) contents of the lesson or the procedure (timing phases), (b)
instructions for the control groups (i.e., working phases, material, role
of the teacher), (c) characteristics of the sample (i.e., grade, age, level),
and (d) size and composition of the working group (i.e., homogenous or
heterogeneous groups).

Most of the studies reviewed did not use parallel forms (different tests),
so that the interpretation of posttest scores can be biased by a “testing
effect” phenomenon.

A limited number of details were provided regarding the required statistical
parameters to compute mean effect sizes (i.e., sample size, standard
errors, test mean scores on pre- and posttest, pre-post correlations) so
that meta-analyses cannot be performed.

Note. STEM = science, technology, mathematics, and engineering.

Discussion

The goal of this study was to provide a systematic review of the effects of the
jigsaw cooperative learning technique (Aronson et al., 1978) on the ground of 40
years of research conducted either in the field or in laboratory. This review first
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revealed a rather small number of empirical studies (according to our inclusion
criteria) on the jigsaw classroom (n = 64 articles, n = 69 studies), supporting
previous criticism about the gap between the popularity of this method and the
available scientific evidence (e.g., Roseth et al., 2019). Such a small number not-
withstanding, the review also contributed to highlight research trends, research
gaps, and issues of research integrity in this literature (see Table 3 for a complete
presentation). Although the jigsaw classroom was originally designed to improve
academic performance of minority children by reducing intergroup conflict and
increasing participation, empathic role taking, and self-esteem (e.g., Aronson &
Bridgeman, 1979), most studies focused on undergraduate academic perfor-
mances, predominantly in STEM fields, with only little interest in intergroup rela-
tions and other underlying mechanisms of the jigsaw method. In particular, as far
as research integrity is concerned, it appeared that the results presented in many
studies we reviewed had to be interpreted cautiously because of several method-
ological limitations; they had already been pointed out in previous research (see
Bratt, 2008; Moskovitz et al., 1983; Roseth et al., 2019), and here they emerge in
a systematic manner. Below, we summarize for the first time since its creation the
effects obtained with jigsaw on academic achievement (Research Question 1) and
psychosocial factors (Research Question 2). Next, we discuss the challenges of
Jjigsaw activities and the limitations encountered in this literature. Finally, we con-
clude with some practical implications.

Beneficial Effects With the Jigsaw Classroom

Results revealed at first sight beneficial effects of jigsaw (see Table 2) on
academic performances (60% of the studies) and a mixed pattern for psychoso-
cial variables (53%). However, beyond a quite positive global picture, findings
are in fact rather mixed. Indeed, if positive effects of the jigsaw classroom on
academic achievement were predominant in language arts and social sciences
(73%), they were less or slightly better than chance in vocational (42%) and
STEM fields (55%). These results support the idea that the jigsaw method could
be more adapted for teaching subjects with narrative or textual contents (Aronson
& Patnoe, 2011; Mattingly & Van Sickle, 1991). One can assume the semantic
knowledge related to literary subjects to be more appropriate to learning with
jigsaw methods than reasoning or cognitive demanding tasks (e.g., resolving a
first-order equation in a mathematics worksheet). This hypothesis might explain
the modest advantage of jigsaw in literary subjects but should be documented by
more empirical studies assessing both problem-solving and semantic knowl-
edge-related tasks.

Interestingly, the few studies reviewed that tested whether jigsaw improved
academic achievement over time showed benefits on retention of knowledge on
performed delayed tests (eight of nine studies). Jigsaw appears to slow down clas-
sic decline effects usually observed on academic outcomes such as motivation
(e.g., Linnenbrink-Garcia et al., 2018; Otis, Grouzet, & Pelletier, 2005) and aca-
demic performance (e.g., Wijsman et al., 2016). Although the jigsaw classroom
does not always demonstrate immediate effects on academic achievement, it is
likely that gains can be observed further away from the learning process. Although
these costs may be detrimental pose challenges for some students, it is also likely
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that working with jigsaw could be seen viewed as a “desirable difficulty” (Bjork
& Bjork, 2020): in the sense that the high levels of organization, coordination, and
cognitive costs demands could trigger stimulate encoding and retrieval processes
that support enhance learning, comprehension and memory. In this regard, previ-
ous research showed that group work can enhance individual memory under spe-
cific circumstances (Congleton & Rajaram, 2011; Rajaram & Pereira-Pasarin,
2007), resulting in gains on recall and recognition performance. Researchers and
teachers should consider this delayed effect when using the jigsaw classroom.
However, we should note that, when observed, the positive effects of jigsaw on
academic outcomes were obtained in comparison with individual learning. Among
the small number of studies that have compared jigsaw with other cooperative
learning (n = 11), the jigsaw method, whatever its version, was not superior. This
raises the question of the added value of jigsaw relative to other cooperative learn-
ing method.

Regarding psychosocial variables, an important part of the observed positive
effects of jigsaw comes from measures of students’ attitudes toward the learning
context. The pattern from other and more important variables for the understand-
ing of jigsaw efficiency is less clear. Although jigsaw displayed, on average,
beneficial effects on self-efficacy (or feeling of competence) and motivation, it
was associated with mixed effects on self-esteem and prejudice reduction, which
does not support Aronson and colleagues’ main assumptions (Aronson et al.,
1978; Aronson & Patnoe, 2011). It is possible, however, that the instruments
administered in the studies to assess self-esteem were not optimal as they mea-
sured global self-worth. Multidimensional instruments, measuring for domain-
specific self-concepts such as academic self-esteem, would be more appropriate
for investigating whether jigsaw methods affect self-esteem perceptions in edu-
cational contexts. More important, no study to date has contributed to supporting
evidence for an effect of jigsaw, as initially assumed by Aronson and Patnoe
(2011), on cooperative skills, by measuring the development of students’ social
skills (e.g., cooperating, negotiating, sharing information). Finally, students from
elementary to college grades reported positive perceptions of jigsaw as a method,
while attitudes toward subject (e.g., biology, reading, mathematics) after jigsaw
exposure were more mixed.

The Challenges of Jigsaw Activities

The overall picture in terms of outcomes is, as noted, rather mixed. We argue
that such diversity of results is due—besides the specific methodological short-
comings of some studies—to the fact that the jigsaw method is challenging for
students. The challenge is both cultural and cognitive. As far as the cultural chal-
lenge is concerned, it should be recognized that cooperative learning methods in
general, and the jigsaw classroom in particular, are not mainstream approaches in
regular teaching, which renders them rather unusual and difficult to understand to
most students (Buchs, 2020). This state of affairs comes with two consequences.
On the one hand, students lack a culture of cooperation, and the interest and goals
of positive interdependence need to be explained and trained (see also Sagsoz
et al., 2017; Wilson et al., 2017). For example, Buchs et al. (2016) deployed a
classroom intervention with university students, in which they introduced three
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conditions: individual, cooperative learning, and cooperative learning with
instructions explaining why and how to cooperate in the task at hand. The results
on learning outcomes revealed a linear trend, showing that the positive effects of
cooperative learning can be improved if its reasons and underpinnings are
explained. On the other hand, students lack the skills that render a cooperative
structure effective. Indeed, several researchers suggested that students lacked the
social skills (i.e., coordination) that are necessary to cooperate with their peers
(Arslan, 2016; Moreno, 2009; Shaaban, 2006; Souvignier & Kronenberger, 2007).
According to Johnson et al. (2009), interpersonal and small-group skills are pre-
conditions for effective cooperation, but these skills need to be taught and devel-
oped (Buchs & Butera, 2015).

One promising avenue of research lies in the preparation of students for col-
laboration prior to learning, both in terms of skill development (Buchs & Butera,
2015) and representation of the value of cooperation (Buchs et al., 2016).
Preparation tasks may consist in short periods of group activities (dyads, triads)
during which students are encouraged to organize information transmission, peer
interactions and note taking, in a way that is analogous to further cooperative
work (see Zambrano et al., 2023 for a recent review) to provide task-specific
experience to students. For instance, Zambrano et al. (2023) showed that provid-
ing students with rules to support collaboration before group learning was favor-
able for learning and performance and reduced the perception of the cognitive
load. Furthermore, other cooperative methods, such as Think-Pair-Share (Lyman,
1992) and Learning Together (Johnson & Johnson, 1999), have been demon-
strated to enhance social skills (see Buchs & Butera, 2015). We suggest that com-
bining these methods (preparation to collaboration and use of other collaborative
techniques) before the jigsaw classroom would be a way of addressing this cul-
tural challenge.

Certainly, the absence of a cooperative culture cannot solely be attributable to
the individual capacities of students, whether they be cognitive or social. Instead,
it extends to a general orientation toward competition of the educational system
(Butera, Swiatkowski, & Dompnier, 2021) and, as a consequence, the pedagogi-
cal practices used by educators (Butera, Batruch, et al., 2021). From our perspec-
tive, proactive measures initiated at an earlier stage, starting with teacher training,
are also imperative to manifest the advantages of collaborative work. It is undeni-
able that, in the current educational landscape, particularly in the Western context,
the teaching profession serves not only an educational purpose but also plays a
role in student selection. Furthermore, the process of teacher training perpetuates
and upholds competitive values (Butera, Batruch, et al., 2021). In our opinion,
exposing teachers to cooperative values, cooperative learning methods, and mas-
tery goals are the next step for the successful implementation of (jigsaw) coopera-
tive intervention.

As far as the cognitive challenge is concerned, the jigsaw classroom is a com-
plex device that requires students to understand both the method and the partners.
On the one hand, despite jigsaw’s specific characteristics (e.g., resource interde-
pendence, task specialization) likely to promote a better use of individual cogni-
tive resources, little research has investigated the underlying cognitive processes
of this learning method. Only two studies (Moreno, 2009; Nebel et al., 2017) have
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examined the link between the jigsaw classroom and the learner’s subjective men-
tal load. First, Moreno (2009) predicted and found that students in jigsaw groups
reported higher levels of perceived cognitive load than students learning individu-
ally, because of the cooperative activities (i.e., sharing, elaborating ideas) that can
impose additional (extraneous) load on learners. Second, following the assump-
tions of a “collective working memory effect” (Kirschner, Paas, & Kirschner,
2009, 2011), Nebel et al. (2017) assumed that the individual cognitive load would
decrease among jigsaw members, because of division of the task costs between
group members. However, results did not support this hypothesis, with jigsaw
participants rather showing higher amount of invested mental effort. Further stud-
ies should continue to investigate the potential cognitive load effects imposed on
learners, not only by examining the perceived load, but also any real system load,
for example, by measuring students’ individual and collective working memory
capacities (see Vives et al., 2024). Although these costs may be detrimental for
some students, it is also likely that working with jigsaw could be seen as a “desir-
able difficulty” (Bjork & Bjork, 2020), in the sense that the high levels of organi-
zation, coordination, and cognitive costs could trigger encoding and retrieval
processes that support learning, comprehension, and memory.

On the other hand, the positive interdependence on which jigsaw groups are
built makes all group members dependent on the quality of the work conducted
by the partners and the ability to understand them. In an experiment with univer-
sity students, Buchs, Butera, and Mugny (2004) manipulated positive resource
interdependence (vs. independence) and measured delayed learning outcomes.
Their results showed that in the positive resource interdependence condition, but
not in the resource independence condition, learning increased as perceived part-
ner’s competence increased (see also Buchs et al., 2021). In other words, under
positive resource interdependence understanding one’s partner is a crucial deter-
minant of learning.

In summary, the jigsaw method confronts students with both a cultural and a
cognitive challenge that require students to learn how to function in such a peda-
gogical environment, in addition to learning their course materials. Such learning
may require time. We have noted that eight of nine jigsaw studies with delayed
tests displayed benefits on retention of knowledge, but more studies with inter-
ventions and longitudinal designs are needed (Harackiewicz & Priniski, 2018).

Among the studies collected, we observed 5 positive effects when implement-
ing the jigsaw classroom for one or two sessions (n = 15 studies), 6 positive
effects for a duration of 2 to 3 weeks (n = 9 studies), and 18 positive effects for a
duration spanning from 4 to 5 weeks up to 1 year (n = 45 studies). We will main-
tain this pattern of results purely descriptively, as drawing conclusions regarding
an optimal intervention length would be misleading because of the unequal distri-
bution of papers across these categories. Currently, a compelling need persists for
a critical evaluation of the jigsaw classroom using randomized and controlled
experimental designs. We recommend that future studies address these method-
ological inquiries by directly testing the implementation length (e.g., hours,
weeks, months, year), frequency (e.g., twice a week), and the culture of coopera-
tion (e.g., one class, one course, the whole scholarship course) required for effec-
tive learning with the jigsaw classroom. Interventions would be instrumental to
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introducing the method in such a way as to allow students to familiarize them-
selves with a new way of working, but most of all with a new set of values and
skills (Buchs et al., 2016). Longitudinal studies—with several points of measure
making it possible to compute growth curves—would be essential to document
the possible evolution over time of learning outcomes and psychosocial factors.

The present article is the first to review the effects obtained with the jigsaw
method on academic achievement and psychosocial factors in a conjoint manner,
and the review points to the potential interest in promoting research that docu-
ments the interplay between these two classes of factors. Future studies should
therefore extend process-oriented research in cooperative learning (Janssen et al.,
2010) by arising interest in mechanisms occurring during jigsaw learning instead
of conducting product-centered research (that answers exclusively to the question
of whether jigsaw is better than other learning instructional methods). Following
Janssen et al.’s (2010) proposition to dismantle the cognitive “black box” of coop-
erative learning, one could expect more direct evaluations of well-known cogni-
tive mechanisms involved in learning. For instance, future work might consider
addressing student’s working memory capacities during jigsaw intervention, as
this executive function plays a critical role for learning and handling complex
cognitive tasks (Cowan, 2014; Vives et al., 2024), by measuring potential cogni-
tive load during learning (e.g., Kirschner et al., 2011).

As suggested by Roseth et al. (2019), another fruitful way to disentangle jig-
saw effects could be breaking down the different stages of jigsaw to clarify the
processes occurring when students are in the experts or jigsaw group. As our
results suggest, the expert phase appears to be primarily responsible for the ben-
eficial effects of jigsaw on academic performance. Future research could explore
the use of repeated expert phases for learning an entire piece of educational con-
tent over an extended period, possibly spanning several weeks. This could allow
students to master each section of the material, addressing concerns raised by
critics of the method regarding the lack of learning experience for novices (Slavin,
1995; Slavin et al., 2003). Another advantage of breaking down the different
stages would be, as also noted by Roseth et al. (2019), to focus to the various
forms of sociocognitive conflicts that may arise during interactions at different
stages of the jigsaw procedure. The theory of sociocognitive conflict (Doise &
Mugny, 1984) posits that disagreement between opposing points of view may be
regulated in two different ways. Relational regulation occurs when partners stick
to their point of view and try to demonstrate that they are right and the others are
wrong. Epistemic regulation occurs when partners consider the others’ points of
view and try to integrate them with their own (for more recent and differentiated
models, see Butera, Sommet, & Darnon, 2019; Lee & Roseth, 2022). As Roseth
et al. found that “increases over time in jigsaw students’ cooperation and epis-
temic regulation were associated with larger increases in academic achievement
(quiz scores) compared with business-as-usual” (p. 161), training teachers and
students to use epistemic conflict regulation during interactions would be a the-
ory-based recommendation that might boost the effect of the jigsaw procedure.

A culture of cooperation can also foster an error-friendly environment, namely,
a positive error climate (following the conceptualization of perceived error cli-
mate in the classroom by Steuer, Rosentritt-Brunn, & Dresel, 2013). Importantly,
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recent research has shown that a positive error climate in the classroom can pro-
mote learning (see Soncini et al., 2022). In line with our previous suggestion of
breaking down the different phases of the jigsaw classroom, we offer a practical
suggestion to educators. Evaluating students’ progress should extend beyond rely-
ing exclusively on overall scores and should instead involve a thorough analysis
of their errors. To quote Bastien and Bastien-Toniazzo (2016), students do not
always do what we think they are doing. Their errors provide a valuable array of
indicators, shedding light on cognitive aspects that may require attention, such as
encoding or knowledge acquisition. During the return phase within the jigsaw
groups, it is acknowledged that errors may arise as experts convey information to
their novice peers. Teachers can identify these errors to enhance their pedagogical
materials, possibly by incorporating worked examples, strengthening conceptual
connections, minimizing the level of interaction between elements, and so forth.
Such an approach can substantially support students in their learning process. To
address both cognitive and cultural challenges, we finally urge future studies to
focus on the exploration of interindividual differences to get a better picture of the
true efficacy of the jigsaw classroom, by measuring individual characteristics
well-established in the educational literature to play an important role on learning
(e.g., such as working memory capacities, self-esteem, and self-efficacy) and
structural features of learning (e.g., previous knowledge, group composition,
quality of the transmission).

Limitations

Several reservations must be expressed regarding clarity and trustworthiness
of the results we collected. First, we noted in many articles the glaring omission
of information about populations, measures, and procedures. We were surprised
by the lack of details about (a) the contents of the lesson or the procedure (timing
phases), (b) the instructions for the control groups (i.e., working phases, material,
role of the teacher), (c) the sample (i.e., grade, age, level), and (d) size and com-
position of the group (i.e., homogenous or heterogeneous groups). Another limita-
tion was the use of identical assessment instruments to measure pre- and posttest
students’ achievement. Most of the studies we reviewed did not used parallel
forms (different tests), so that the interpretation of posttest scores can be biased by
a “testing effect” phenomenon (for an example applied to certification test, see
Zhou & Cao, 2020). Multiple exposure to the same material can enhance recall
and recognition during achievement that in turn can artificially enhance learning
scores. Therefore, the usual recommendation is to use parallel forms to avoid such
psychometric bias.

Furthermore, an important issue was the lack of information usually collected
to perform meta-analyses. There was a limited number of details regarding the
required statistical parameters to compute the mean effect sizes (i.e., sample size,
standard errors, test mean scores on pre- and posttest, pre-post correlations).
Effect size is straightforward to compute and allows researchers to get concise
and pragmatic information about the magnitude of the difference between experi-
mental and control conditions on a response variable (e.g., academic achieve-
ment). Moreover, there was a risk for statistical heterogeneity (inconsistency
among studies) across the studies we collected. According to Higgins et al. (2021),
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in the presence of considerable variation in the direction of the results, it might be
misleading to compute a global effect size for one intervention effect. Therefore,
performing a meta-analysis on jigsaw articles could reflect a biased effect size
(not the true effect), as effect size only reflects findings from the publications
included in one’s meta-analysis. Additionally, for a number of moderators (e.g.,
control condition, intervention design, population, jigsaw version) the variability
was small, suggesting weak clinical heterogeneity (see Higgins et al., 2021). For
instance, the tested population was mainly undergraduate students, and the origi-
nal jigsaw version was the most used across studies. Altogether these issues can
account for the fact that no past or recent meta-analysis about jigsaw method has
been conducted yet.

We should also mention the limited number of studies performing appropriate
statistical analyses to examine data in this literature. Most of the authors per-
formed ordinary least squares models such as one-way analyses of variance or
independent ¢ tests, with instruction learning as independent factor and academic
achievement (or psychosocial factors) as response variable. Surprisingly, gender,
age, academic level, and socioeconomic status were barely tested as potential
moderators of academic performance. Yet linear models testing for interaction
between instruction learning condition and these factors would bring light on con-
ditions of success and failure of jigsaw method, explaining for whom and in which
circumstances jigsaw is efficient. Moreover, mediation and path analyses that
allow to test for inferences as regards mechanisms responsible for the observed
effects were scarcely used by researchers testing for jigsaw interventions. To date,
group processes and individual mechanisms (be they cognitive or social) associ-
ated with jigsaw learning are still unknown and deserve further investigation.

A final caveat emerging from the present literature review is that basic
assumptions of the ordinary least squares models, such as homoscedasticity,
independence of cases, and normality of the distribution are often violated with
data collected in classrooms (Bliese & Hanges, 2004; Bressoux, 2007). Because
data are nested, every observation (i.e., student) can be influenced the same way
by environmental macro-units (teacher, classroom, school). One recommenda-
tion is to apply multilevel models that are appropriate to analyze the effects
from a global environment and the links between interindividual observations
and factors of interest (for an application to educational data, see Bressoux,
2020). Faced with such a limitation, the legitimate question that arises is to
know which are the findings in the jigsaw literature that scholars but also teach-
ers and educational practitioners can trust. There is clearly a need to strengthen
research integrity on this topic.

Conclusion: Practical Implications in the Context of Digital Education

Limitations aside, the jigsaw method revealed that the introduction of social
interdependence in the classroom can have positive effects on both academic
and psychosocial outcomes. Now, the question is whether such benefits are
linked to the division of the pedagogical material, the resource interdependence,
the individual accountability, the expert phase, or all these jigsaw components
at once. More generally, the in-depth study of collaborative methods, their
effects, and exact conditions of their effectiveness still represent a challenge.
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This challenge is perhaps even more important today because of a digital transi-
tion that affects all spheres of our personal and professional life. Digital tech-
nologies offer unprecedented opportunities for collaborative learning and
real-time support for class management (e.g., forming student groups, monitor-
ing the engagement of learning, deciding when and how to intervene in their
learning activities; see Chen et al., 2018; Clark, Tanner-Smith, & Killingsworth,
2016; Dillenbourg, 2021; Jeong, Hmelo-Silver, & Jo, 2019). However, as
sophisticated as they can be, the digital tools in support of collaborative learning
methods can only be effective if the methods themselves are well understood
and guided by a detailed knowledge of the cognitive and sociocognitive pro-
cesses they activate (see Noetel et al., 2022). Digital tools in the service of col-
laborative learning do not guarantee anything in themselves and therefore do
not dispense with solidly constituted scientific knowledge on collaborative
learning per se. On the contrary, we have never needed this knowledge so much,
because of the rise of the digital transition in education. The present review
invites us to continue the effort initiated for decades to precisely identify the
optimal conditions for collaborative learning and avoid technologizing methods
without any scientific basis (Leroux, Monteil, & Huguet, 2017).

Our review also indicates that several studies successfully implemented jigsaw
cooperative scripts on different media, such as computers (Deiglmayr & Schalk,
2015; Huang et al., 2011; Moreno, 2009; Nebel et al., 2017; Zacharia et al., 2011),
mobile phones (Parsazadeh et al., 2018), and tablets (Huang et al., 2014) or in
combination with engineering math software (e.g., Mathcad; Ceron-Garcia et al.,
2022). The consistent finding across these studies was a greater level of social
interactions among students, which contributed to positive views about the
instructional procedure and a crucial role in learning gains for different age groups
(middle school, high school, and undergraduate students). These findings are
encouraging but say nothing about the reasons why the jigsaw method does not
systematically produce the expected results, particularly in terms of academic
performance—another reason not to abandon research on the method itself before
trying to digitize it.
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