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Mathematical Learning in Fractions

Abstract: In primary school, learning fractions is a central mathematical objective. However, the mas-
tery of basic procedures involving fractions presents a difficulty for many students. The aim of the current inter-
vention is to introduce structured cooperative learning as means to improve students’ learning, particularly for
average achievers. Previous research has underscored that heterogeneous groups might be deleterious for aver-
age achievers because they are excluded by the teacher learner relationships that is likely to take place between
low and high achievers students. This intervention proposes structuring interactions in order to boost the learn-
ing of average achievers in heterogeneous groups. We hypothesize that highly structured cooperative learning
should improve average achievers’ understanding of the content-targeted in group work as well as progress in
terms of fractions learning, when compared to low-structured cooperative learning.

In this intervention, 108 fifth graders worked cooperatively in heterogeneous triads (a low, average, and
high achiever). The triads had to express the length of one segment using three rulers with different sub-units
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and respecting three mathematical skills regarding fractions. Triads were randomly assigned to a low-structured
or high-structured cooperative learning condition. In the low-structured condition, no specific structure was
provided. (i.e., they organized their cooperative work as they wished). In the high-structured condition, each
student became an expert for one part before working in the triad and endorsed different responsibilities.

The results indicated that highly structured cooperative learning favors the understanding of the targeted
task, especially for average-ability students. Moreover, students at all levels progressed from the baseline test
to the post-test. Indeed, low and high achievers had the same progression in both conditions, whereas average
achievers progressed more in the highly structured condition. Results are discussed in terms of new teaching
methods that could efficiently increase average achievers’ performances.

Key words: Cooperative learning, structure, fraction learning, average achievers, mathematics.

Introduction

In most countries, mathematics is considered
one of the most important topics to learn in prima-
ry school (Joét, Usher, & Bressoux, 2011; OECD,
2009; Yusof & Malone, 2003). Fractions represent a
fundamental cornerstone for the understanding of
advanced mathematical concepts, such as algebra,
geometry, and statistics (Bailey, Hoard, Nugent, &
Geary, 2012). Learning fractions requires deep pro-
cedural and conceptual knowledge (Rittle-Johnson
& Alibali, 1999) that enables students to thorough-
ly understand and distinguish between the prop-
erties of whole numbers and rational numbers (Ni
& Zhou, 2005). Previous work (Siegler et al., 2012)
has demonstrated that knowledge of fractions in el-
ementary school predicts competence in general
mathematics and algebra in high school.

Despite their undoubted importance in math-
ematics, fractions remain one of the toughest con-
cepts. The mastery of basic procedures about frac-
tions still represents a difficulty for many students
(Carette, Content, Rey, Coché, & Gabriel, 2009; Lin,
Wenli, Lin, Su, & Xie, 2014). The National Council
of Teachers in Mathematics (Martin & Strutchens,
2007) reported that only 50% of American 8" grad-
ers are able to put a series of fractions in the correct
order. Furthermore, it seems that the obstacles and
deficiencies in fraction knowledge are persistent
(Mazzocco & Devlin, 2008). In the present research,
we focus in particular on fractions learning among

5% graders of different abilities (low versus average
versus high).

To address these difficulties, it is particular-
ly important to design teaching methods and in-
tervention programs that could enhance students’
understanding of fractions and tackle low school
achievement (e.g., Gabriel, Coché, Szucs, Carette, &
Rey, 2012). The aim of the present intervention is
to test cooperative learning as a way to improve the
understanding and learning of fractions. Moreover,
we intended to compare two different forms of co-
operative learning—namely, low versus high struc-
tured—with respect to the level of students work-
ing in heterogeneous teams. Regarding this issue,
the prevailing recommendation for the implemen-
tation of cooperative learning involves wide range
heterogeneous grouping (with high, average, and
low achievers in the same group; see Abrami et al.,
1995; Sharan, 1999). Nevertheless, research under-
scores that working in wide-range heterogeneous
groups might be problematic for the average stu-
dents. Indeed, average achievers tend to be less ac-
tive in this particular group composition (Webb,
1991). It is thus essential to consider a way of maxi-
mizing the benefits of cooperative learning in het-
erogeneous groups for all students. We argue that
highly structured cooperative learning might stimu-
late all students’ involvement in wide range group-
ing and be especially positive for average achievers
(Saleh, Lazonder, & de Jong, 2007).
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Cooperative Learning

Basic Principles for Cooperative Learning

Cooperative learning is a teaching method in
which students work cooperatively in small groups
in order to enhance their own and their peers’ learn-
ing (Abrami, Poulsen & Champer, 2004). A substan-
tial body of research has pointed out the benefits of
this practice on students’ learning, productivity, so-
cial relationships, motivation, and self-esteem (Gil-
lies, in press; Johnson & Johnson, 2009; Johnson,
Johnson, Roseth, & Shin, 2014; Slavin, 2014).

Cooperative learning work—compared to
unstructured group work—should be organized to
ensure its effectiveness (Gillies, 2003, 2007; John-
son, Johnson, & Holubec, 2008). Two principles are
essential in all cooperative methods (see Sharan,
1999): positive social interdependence and individ-
ual responsibility. Positive social interdependence
implies that students” outcomes are affected by their
own and others’ actions (Johnson & Johnson, 2005).
This interdependence can be structured in various
ways within a group (Johnson & Johnson, 1989;
Johnson, Johnson, & Holubec, 1998). It requires
students to work towards a common goal, and they
perceive that they can achieve this goal only if all the
members of their group attain their individual goals.
This positive goal interdependence can be defined in
terms of either a joint product or the mastery/learn-
ing of all members. Positive interdependence can be
reinforced by other dimensions (Johnson, Johnson,
& Holubec, 1993), such as sharing complementary
resources, being responsible for a delimited part of
the task, or endorsing a specific responsibility. Indi-
vidual responsibility involves each member contrib-
uting and being held accountable for his/her own
learning and that of others (Johnson et al., 2008; Ka-
gan & Kagan, 2000). Assigning specific roles to team
members, identifying each other’s contributions,
and assessing individual learning are some of the
ways that individual responsibility can be increased
(Bennett, Rolheiser, & Stevahn, 1991).

Finally, both positive interdependence and
individual responsibility favor the development of
constructive interactions (Davidson, 1994; Johnson
& Johnson, 2009). Students are required to exchange
ideas as well as share knowledge and learning strat-
egies (Leikin & Zazlavsky, 1999). They should en-
courage and teach each other (Battistich, Solomon
& Delucchi, 1993), discuss their agreements, and
elaborate on their conflicts (Buchs, Butera, Mugny,
& Darnon, 2004). These interactive processes favor
understanding and learning (Johnson et al., 1998;
O'Donnell & King, 1999). Working cooperative-
ly with other peers, students have to verbalize and
make visible their knowledge and their reasoning
(Mercer, Wegerif, & Dawes , 1999). Based on this,
peers are likely to detect what is not understood by
their partners and to give understandable explana-
tions (Gillies & Ashman, 1998) that are positively
related to gain in sciences understanding (Howe et
al., 2007) and performance in mathematics (Webb,
1991). ; Argumentation permits students to reach a
shared understanding and favors emergent learning
during argumentative talk as well as learning follow-
ing argumentative interactions (Schwartz, 2009).

Benefits of Cooperative Learning for Mathematics

Over the last few decades, cooperative prac-
tices have gained significant grounds in mathemat-
ics achievement. Several studies have indicated the
superiority of cooperative learning in mathemat-
ics over traditional practices—namely, individual
work and competition (e.g., Zakaria, Chin, & Daud,
2010). Cooperative learning is linked to positive at-
titudes toward mathematics and achievement (Za-
karia et al., 2010; Tarim & Akdeniz, 2008; Walmsley
& Muniz, 2003), problem-solving strategies (Duren
& Cherrington, 1992), and fractions learning (Lin,
Chen, Lin, Su, & Xie, 2014).

Cooperative learning is supposed to be par-
ticularly beneficial for learning mathematics be-
cause it supports thinking rather than producing
answers, develops multiple representations, accom-
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modates different learning styles, and reduces stu-
dents’ anxiety (Bassarear & Davidson, 1992). Leikin
and Zaslavsky (1997) pointed out that cooperative
settings facilitated students’ activeness and math-
ematical communications (e.g., asking questions,
giving explanations, and requesting help). Giving
related-content explanations and observing other
group members interacting are positively related to
mathematic achievement (see Webb, 1991, for a re-
view). Furthermore, receiving elaborated help con-
tributes to the learning of mathematics on the con-
dition that the received explanations are elaborated
on and used subsequently in a constructive problem
activity (e.g., problem-solving; Webb, Troper, & Fall,
1995).

Importance of Structuring Cooperation
in Heterogeneous Groups

The implementation of cooperative learn-
ing has been inextricably linked to heterogeneous
group composition by a significant number of re-
searchers and manuals (e.g., Davidson, 1990; Abra-
mi et al.,, 1995; Sharan, 1999). Nevertheless, schol-
ars do not agree on the benefits of heterogeneous
grouping (e.g., Lou et al., 1996). Taking into account
the interactions that occur in groups can help better
understand the effect of group composition (Fuchs,
Fuchs, Hamlett, & Karns, 1998). Indeed, empirical
evidence suggests that grouping influences the de-
gree to which different achievers (low, average, high)
respond and participate within a group (Saleh, La-
zonder, & De Jong, 2005; Webb, 1991). For instance,
low-ability students perform well in heterogeneous
groups in which they have the possibility of interact-
ing with more competent individuals, asking ques-
tions, receiving explanations, and filling in the gaps
in their knowledge (Lou et al., 1996; Hooper & Han-
nafin, 1991). As far as students with high ability are
concerned, they can benefit from both heterogene-
ous and homogenous groups (Lou et al., 1996; Saleh
et al., 2005). Finally, average-ability students seem
to be the least favored in wide range heterogeneous

groups. They tend to stand back, participate less,
and are excluded from the peer-tutee relationship
that often takes place between high- and low-ability
students (Saleh et al., 2005; Webb, 1991).

Interestingly, however, research has shown
that average achievers working with only low achiev-
ers (low and average students) or with high achiev-
ers (average and high students) are more active and
perform better compared to when they work in
wide-range heterogeneous grouping with low, aver-
age, and high students (Hooper, 1992; Webb, 1991).
Moreover, Saleh and colleagues (2007) indicated
that additional support is needed to strengthen ver-
bal interactions and the learning of average-ability
students in wide-range heterogeneous groups. In
their study, they provided ground rules for help-
ing to facilitate elaborate explanations in the groups.
More importantly, they introduced rules to prevent
the same students from initiating all explanations.
The objective was to force average achievers to take
a more active role in explanations in heterogeneous
groups (1 high achiever, 2 average achievers, and 1
low achiever). This structure favored learning for all
students and enhanced the motivation as well as the
participation of average students.

Thus, taken together, these results suggest
that wide-range heterogeneity might be detrimental
for students in an intermediate position while acti-
vating the peer-tutee interactions between low and
high achievers. However, they point to the fact that
the intermediate position is not an obstacle per se.
Indeed, when these students have the opportunity to
exchange ideas with their peers (for example, when
they only interact with a low- or high-ability part-
ner or when cooperation is highly structured), they
can benefit from cooperation. Thus, a crucial ques-
tion emerges: How can cooperation be organized to
make sure each student, including average students,
can actively participate in the discussion and benefit
from cooperation?

Many researchers have underscored the need
to structure carefully cooperative learning (Gillies,
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2004, 2008; Webb, 2009) and help students coop-
erate (Blatchford, Kutnick, Baines, & Galton, 2003;
Tolmie et al., 2010) in order to promote construc-
tive interactions. Notably, it is important to estab-
lish positive norms for cooperative work and con-
structive behaviors (Webb, Farivar, & Mastergeorge,
2002) and create conditions for simultaneous inter-
actions that foster contributions from all team mem-
bers (Kagan & Kagan, 2000). Proposing scripts for
interactions (O’Donnell & Dansereau, 1995; Schel-
lens, Van Keer, De Wever, & Valcke, 2007), explicit
trainings regarding interpersonal and collaborative
skills (Gillies, 2003), or rules for stimulating partici-
pation and helping (Saleh et al., 2007) can be effec-
tive ways to stimulate interaction and learning. Gil-
lies and Ashman (1995) found that the effect of abil-
ity composition is minimal in structured coopera-
tive groups. The present study aims to test whether
highly structured cooperative learning can boost av-
erage achievers’ learning in cooperative groups.

Overview of the Present Research

Considering that fractions remain a major
difficulty for pupils in primary school, the first pur-
pose of our intervention was to introduce coopera-
tive learning as a way to favor learning in fractions.
We argue that a general cooperative framework can
offer a good opportunity for students to increase
their mastery of fraction procedures and permit
some progress in terms of fraction learning. Thus,
in all groups, primary pupils were led to work in tri-
ads on a fraction exercise. The instructions involved
three cooperative principles: positive interdepend-
ence, individual responsibility, and constructive in-
teractions. Indeed, pupils were asked to help each
other to master three mathematical skills in order
to reach a common answer and to ensure that all
the team members understand. They were informed
that they would answer an individual learning test
after the group work. In the low-structure cooper-
ative learning condition, no additional instruction
was provided.

To address the issue of wide heterogeneity in
groups (with low, average, and high achievers), an-
other condition was designed. Indeed, starting from
the premise that average achievers might be less ac-
tive in such groups and that taking an active role in
giving explanations is a crucial element in mathe-
matics, the highly structured cooperative learning
condition intended to ensure that all students in
the teams would be engaged in mathematical dis-
cussions and group decisions. To that end, positive
interdependence was reinforced through resource
distribution, complementary expertise, and alter-
nated responsibilities during the exercise. We hy-
pothesized that highly structured cooperative learn-
ing should improve all students’ understanding and
learning of fractions and should be particularly ben-
eficial for average achievers, compared to low-struc-
tured cooperative learning.

Method

Participants

One hundred eight 5" graders from seven
primary schools participated in this intervention
study. Pupils were divided into 36 working groups
of three. Preliminary analyses revealed one influen-
tial group that could be considered as deviant and,
thus, was dropped from the analyses (Cooks’ D >
.14; Snijders & Berkhof, 2008).> The final sample
comprised N = 105 pupils, embedded in k = 35
triads and [ =9 classes (49 girls and 56 boys, M, ,
=10.66, SD = 0.58).

Procedure

Parental consent was requested, and ano-
nymity was guaranteed. Teachers were present ex-
cept during group work. The intervention took place
over two sessions in pupils’ classrooms (see Table 1).

2 It should be noted that the hypothesized results remained
roughly the same when keeping this influential group—namely,
x* (2, N=104) = 7.04, p =.029 for understanding, and x* (2, N=
104) = 7.04, p = .086 for learning.
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The didactic objective proposed for the group work
was derived from a standardized national evaluation
on fractions (see, French Ministry of National Edu-
cation, 2008). The mathematical task involved three
skills: 1) understanding fraction reasoning (the ad-
dition of a whole number + fraction, the addition of

Table 1. Summary of the procedure

fractions, the fractional writing); 2) figuring out the

equivalence of the writings for different reasonings

1+2),(A+2+21412 and(1+f);and3) being
3/’\3 73 3'3 3

able to use adequate vocabulary. In order to work on

fraction notions, we proposed typical exercises used
in the national curriculum.

Session 1
Baseline test (9 fraction exercises).

Lessons and exercises with three mathematical targeted skills:
- explaining the three reasoning
- verifying the equivalence of the writing

- communicating with appropriate vocabulary

Low-structure condition

15 min.: Each pupil of the triad worked
individually with the three rulers G) , (l) , ( L )

8/’ \16

10 min.: Pupils worked in triad. They organized
the group work as they wished in the respect of
the three mathematical skills and the three social

responsibilities.

Session 2
General cooperative learning instructions. The three mathematical targeted skills are reminded. A
visual support introduced the three social responsibilities
Pupils worked in heterogeneous triads, randomly assigned to one or the other of the experimental

conditions.

10 min.: Each pupil of the triad worked

5 min.: pupils were grouped with others who get

10 min.: Pupils worked in triad. Each pupil of

High-structure condition

individually with one of the three rulers.

the same ruler in order to get a common solution

(expert groups).

triad was responsible of one mathematical skill
and one social responsibility at time;
responsibilities rotated so that all pupils endorsed

all skills at one time.

Individual understanding (pupils individually performed a fraction exercise, similar to those carried
out in their triads but with a new ruler).

Standardized post-test measure (9 fractions exercises).
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First session. In the first session, pupils in-
dividually performed the baseline test covering the
whole notion of fractions. After this test, the experi-
menter made a lesson on fractions and gave two spe-
cific fraction exercises for the pupils to solve collec-
tively. Three relevant mathematical skills identified
by the National Mathematics Program (Ministere
de I'Education Nationale, 2008) were targeted in
this exercise: explaining the reasoning, verifying the
equivalence of the writing, and communicating with
appropriate vocabulary. The lesson allowed the ex-
perimenter to provide the exact same amount of in-
formation about fractions to all pupils. This includ-
ed oral explanations and visual supports (displayed
on the board during the entire intervention).

Second session. One week later, pupils
worked in triads on fraction exercises. In both con-
ditions (low- and high-structure conditions), the
experimenter started by reminding the students of
the three mathematical skills (explaining reason-
ing, checking the equivalence of writing, using ad-
equate vocabulary) through visual supports, which
remained available throughout the session in the
classroom. The experimenter then introduced gen-
eral cooperative learning instructions for all pu-
pils: She asked pupils to work in triads with a focus
on learning and mastery. Pupils were instructed to
work cooperatively, taking care of their own learn-
ing and their partners’ learning. Three social re-
sponsibilities were also enhanced: checking that ev-
eryone understood; verifying that everybody agreed
on the common answer, and reporting the common
answer. Pupils reported their consensual answer on
the group sheet (positive goal and resource interde-
pendence). They were asked to encourage each oth-
er and explain their reasoning (constructive inter-
actions). They were also informed they would com-
plete an individual learning test after the group work
(individual responsibility). These cooperative in-
structions were provided in both conditions.

Pupils were assigned to the different triads ac-
cording to their performance on the standardized
baseline test. Specifically, within each class, each pu-

pil was placed in a heterogeneous triad with one low,
one average, and one high achiever. The task consist-
ed of one exercise on fractions adapted from two ped-
agogical books for 5™ grade (Briand, Vergnes, Ngono,
& Peltier, 2009; Charnay, Douaire, Valentin, & Guil-
laume, 2005). These exercises had to be solved in tri-
ads and consisted of presenting a segment to pupils.
They were asked to use a standard measure in order
to express the length of this segment in terms of frac-
tions of a standard measurement.

The standard measure was graduated with
different syb-units, respectively representing 1)

(g) and 16) which we named “the three rulers”

Pupils had to write the length of the segment using
as many writings as possible while using adequate
vocabulary. They also had to check that all writings
were equivalent. They were required to use all rul-
ers to measure the segment. During this phase, the
degree of structure varied depending on the condi-
tions: low- versus high-structured cooperation (see
Independent Variables).

After the exercise in triads, individuals’ un-
derstanding was evaluated (see Dependent Vari-
ables), and then pupils resolved an individual post-
test covering the whole notion of fractions (see De-
pendent Variables).

Independent Variables

Initial level of achievement. The baseline
test consisted of nine fraction exercises extract-
ed from French standardized national assessments
and from a previous study (Carette et al., 2009). This
baseline test lasted 20 minutes. Theoretically, scores
can range from 0 to 20. Depending on their score at
the baseline test, pupils were considered low achiev-

ers (Mpm_test = 523, SD = 2.65), average achievers
(M et = 10.65, SD = 3.04), or high achievers
(M =14.94,SD =2.98).

pre-test

Structure of cooperation. In each class, half
of the pupils were randomly assigned to a low-struc-
ture cooperative learning condition, whereas the
other half was assigned to a high-structure coopera-
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tive learning condition. In the low-structure condi-
tion (n = 51, k = 17, | = 9), material was distribut-
ed to all pupils (i.e., each pupil had the three differ-
11
4’8’16
mathematical skills (explaining reasoning, checking
the equivalence of writing, and using adequate vo-
cabulary). They individually worked on the exercise
for 15 minutes with the three rulers. After this work,
they had to discuss their answers in their triads, us-
ing all skills and rulers; they had to make sure that
everybody understood and then report their con-
sensual answers. They organized their group work
however they wished (10 minutes).

In the high-structure condition (n = 54, k =18,
I = 9), materials were divided among the pupils in
each triad (i.e., one ruler per person), reinforcing the
positive resource interdependence. Pupils worked
alone with one ruler for 10 minutes. They were then
grouped with other pupils with the same ruler (i.e., in
“expert groups”) for 5 minutes; they interacted with
all the pupils from their session who had received
the same ruler as they did. Their goal was to find a
common solution. After this expert group work, pu-
pils returned to their original triads and had to ex-
plain their acquired skills to their peers. We intro-
duced specific responsibilities based on the targeted
mathematical skills and the targeted social responsi-
bilities introduced in the general cooperative frame-
work and we proposed that pupils alternate these re-
sponsibilities during the exercise. Thus, when work-
ing with the first ruler, one of the pupils was respon-
sible for explaining his/her reasoning (mathemati-
cal skills) and for ensuring that everybody under-
stood (social responsibility); the other pupil was re-
sponsible for checking writing equivalence (math-
ematical skills) and that everybody agreed (social
responsibility); and the third pupil was responsible
for checking that all partners used adequate vocab-
ulary (mathematical skills) and for reporting the
common answer on the group sheet (social respon-
sibility). For the second and third rulers, responsi-
bilities were rotated so that each pupil was required

ent rulers ( )). Pupils had to apply the three

to endorse all responsibilities at one time. In order
to help pupils organize their responsibilities, they
could rely on a summary card (see Appendixes A,
B, and C). Each card contained the visual support
for mathematical skills (those proposed in the col-
lective lesson and displayed on the board in all con-
ditions) and some words to help pupils with social
responsibility. This procedure was proposed to rein-
force both individual responsibility and positive in-
terdependence.

Dependent Variables

Individual understanding. After the group
work, pupils individually performed a similar frac-
tion exercise as those carried out in their triads, but
with a new ruler (adapted from Briand et al., 2009;
Charnay et al., 2005). In this application exercise,
they were asked to measure the length of a segment

1
with a new ruler graduated in (g) Mean grades

could range from 0 to 3 (M = 1.88, SD = 1.29). Zero
points were assigned for a non-answer or a false or
incomprehensible answer. One point was allocat-
ed for correct answers without using fractions, two
points for at least one correct answer using frac-
tions, and three points corresponded to several cor-
rect answers using fractions.

Individual progress in fractions learning.
Individual progress in fraction learning was meas-
ured by assessing the evolution from baseline test
to post-test. The baseline test and the post-test cov-
ered the whole notion of fractions. They consist-
ed of 9 fraction exercises extracted from standard-
ized national assessments and from a previous study
(Carette et al., 2009). The two tests were the same
except that all mathematical values were changed.
They were corrected by the experimenter, who re-
mained blind to the experimental conditions. The
same standardized evaluation matrix was used to
compute an individual’s score, theoretically rang-
ing between 0 and 20 (mean scores for baseline M
= 10.31, SD = 4.88; mean scores for post-test M =
13.52, SD = 4.52; observed mean progress M = 3.21,
SD = 3.38).
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Table 2. Coefficients estimating and statistical tests of the multilevel models testing the effect of the initial level
of achievement and the structure of cooperation on individual level of understanding (first set of analyses) and

learning (second set of analyses).

First set of analyses: Understanding

Second set of analyses: Learning

B CI Test B CI Test
Level 1 Intercept, dooo 1.85 1.50,2.20 Z=10.33** 3.19 2.60,3.77 Z=10.70"*
Initial level of achievement (IAch), die n/a n/a +2 = 44,00** n/a n/a +2=21.40**
Age (A), dano -0.55 -0.88,-0.22 Z=3.25% -0.97 -2.03,0.09 Z=-1.79%
Level 2 Structure of cooperation (Coop), doo: 0.42 0.07,0.77  Z=2.33* 0.65 -0.51,1.82 Z=1.10
Cross-level Initial level of achievement x structure of cooperation, din n/a n/a +2=7.96* n/a n/a +2=6.27*
Residuals  Level-1 variance, dj 0.79 0.59, 1.05 n/a 8.76 6.26,12.26 n/a
Level-2 variance, @ 0.00 n.s. n/a 0.01 ns. n/a
Level-3 variance, @ox 0.21 0.06, 0.78 n/a 0.12 n.s. n/a

Notes: The formula of each model is Y = ooo + Broo * TAchij + Baoo * Ajik + foor * Coopi + Bror ¥ TAchi * Coopi + (o + Lo + € the effects of the

initial level of achievement (i.e., a categorical variable with three modalities) were obtained using dummy variables; n/a means "not applicable",

and n.s. “non significant”; ** p < .01, * p <.05, T p <.1.

Results

Overview of the Multilevel Regression Analyses

A summary of the results is presented in Ta-
ble 2. Observations consisted of pupils (i.e., level 1)
nested in triads (i.e., level 2) nested in classrooms
(i.e., level 3). Given the hierarchical structure of the
data, three-level multilevel modeling was employed
(Rabe-Hesketh & Skrondal, 2012). Specifically, a
first set of multilevel regression analyses was per-
formed using individuals’ understanding as the de-
pendent variable; a second one was conducted using
individuals’ progress in fraction learning as the de-
pendent variable.?

In each set of analyses, our dependent vari-
able was regressed on three predictors: (i) the initial

3 As far as individuals’ understanding is concerned, intraclass
correlation did not differ from zero to level 2, indicating that the
variance of understanding was not due to between-triad differ-
ences, and was p = .15 at level 3, indicating that 15% of the vari-
ance of understanding was due to between-class differences. As
far as the learning is concerned, intraclass correlation did not
differ from zero to level 2 and was p = .09 at level 3. However, as
recommended by Barr, Levy, Scheepers, and Tily (2013), all ran-
dom intercepts were included in the final model.

level of achievement (i.e., a level 1 categorical varia-
ble: low versus average versus high achiever), (ii) the
structure of cooperation (i.e., a level 2 dichotomous
variable: coded -0.5 for low structure and +0.5 for
high structure), and (iii) the cross-level interaction
between the two. It is worth noting that, in prelimi-
nary analyses, the pupil’s age was found to be nega-
tively associated with both individual understand-
ing and learning (cf. Table 1). Hence, grand-mean
centered age (i.e., a level 1 continuous variable) was
always statistically controlled.

Initial level of achievement, structure of co-
operation, and understanding. First of all, a main
effect of the initial level of achievement was found,
x* (2, N = 104*) = 44.00, p < .001. Notwithstanding
the structure of cooperation, low achievers (M =
1.15,95% CI [0.72, 1.58]°) obtained a lower score of
individual understanding than average achievers (M
=1.82[1.38,2.25]), who themselves obtained a low-
er one than high achievers (M = 2.58 [2.15, 3.00]).

4 The sample size is N = 104 (rather than N = 105) because of
one missing value on our dependent variable.

5 From here on, the 95% CI is omitted. Hence, all square
brackets signal a 95% confidence interval.

23



Céline Buchs, Virginie Wiederkehr, Dimitra Filippou, Nicolas Sommet, Céline Darnon

Second, a main effect of the structure of co-
operation was observed, B = 0.41, [0.07, 0.77], Z =
2.33, p = .02. Compared with the pupils in the low-
structure cooperation condition (M = 1.64 [1.25,
2.04]), the pupils in the high-structure cooperation
condition (M = 2.06 [1.67, 2.45]) gave an average of
0.41 (out of three) more correct responses. In oth-
er words, higher structure was beneficial for all pu-
pils’ understanding, regardless of their initial level of
achievement.

Third and more importantly, analyses re-
vealed a cross-level interaction effect between the
initial level of achievement and the structure of co-
operation, x* (2, N = 104) = 7.96, p = .019. In oth-
er words, depending on the initial level of achieve-
ment, the effects of the structure of cooperation
were not the same. Average achievers benefitted the
most from structured cooperative learning, B=1.11
[0.51, 1.72], Z = 3.62, p < .001. Average achievers in
the high-structure cooperation condition (M = 2.38
[1.85, 2.90]) gave an average of 1.11 (out of three)
more correct responses than those in the low-struc-
ture cooperation condition (M = 1.26 [0.73, 1.80]).
However, the effect of the structure of cooperation
was significant for neither low achievers, B = 0.01
[-0.59, 0.60], Z < 1, n.s., nor high achievers, B=0.13,
[-0.48, 0.73], Z < 1, n.s. These results indicated that
low achievers did not provide more correct answers
when cooperation was highly structured (M = 1.15
[0.63, 1.68]) than when it was not (M = 1.16 [0.63-
1.68]). Similarly, for high achievers, no differences
were observed between the low-structure coopera-
tion condition (M = 2.51 [1.98, 3.04]) and the high-
structure one (M = 2.64 [2.12, 3.15]. In sum, in line
with our hypothesis, and as can be seen in Figure 1,
structuring cooperation was particularly beneficial
for average achievers’ understanding, relative to low
and high achievers.

Initial level of achievement, structure of co-
operation, and individual progress in fractions
learning. As far as the second set of analyses is con-
cerned, we aimed to test our hypothesis using pro-

gress in learning as a dependent variable. Hence, we
subtracted the performance on the baseline test from
that on the post-test; the more positive the comput-
ed variable, the higher the improvement. Progress
was then regressed on the same predictors as be-
fore—namely, (i) the initial level of achievement, (ii)
the structure of cooperation, (iii) the cross-level in-
teraction between the two, and (iv) age.

First, the intercept was significantly different
from zero, B = 3.18, [2.60, 3.76], Z = 10.70, p < .001.
Irrespective of both the condition or the initial level
of achievement, it pertained to the fact that pupils
progressed an average of 3.18 points (of 20) from the
baseline test (M = 10.27 [8.89, 11.65]) to the post-
test (M = 13.45 [12.87, 14.04]).

Second, a main effect of the initial level of
achievement was found, x* (2, N = 104°) = 21.40, p <
.001. This result indicated that, overall, low achiev-
ers made more baseline-to-post-test progress (B =
5.12 [4.11, 6.14]) than average achievers (B = 2.45
[1.44, 3.47]), who themselves made more progress
than high achievers (B = 1.98 [0.97, 2.98]). Such a
finding might simply reflect that lower achievers
have greater room for improvement (due to starting
from a lower level). Hence, mechanically, the low-
er the initial achievement, the stronger the effects of
cooperation—be it poorly or highly structured—on
improvement.

Finally, an interaction effect between the ini-
tial level of achievement and structure of coopera-
tion was once again observed, x> (2, N = 104) = 6.27,
p = .044. Simply put, as a function of the initial lev-
el of achievement, the effect of the structure of co-
operation was different. As far as average achievers
are concerned, the structure of cooperation predict-
ed a progress of 2.64 extra points, B = 2.64 [0.66,
4.62], Z = 2.61, p = .009. Indeed, from the baseline
to the post-test, the average achievers in the low-
structure condition progressed by B = 1.14 [-0.29,
2.56] points, whereas in the high-structure condi-

6 Once again, there was one missing value on our dependent
variable; it is not the same participant as before.

24



Structured Cooperative Learning as a Means for Improving Average Achievers’ Mathematical Learning in Fractions

tion, they progressed by B = 3.77 [2.37, 5.18] points.
However, the structure of cooperation did not pre-
dict differences in terms of progress for low achiev-
ers B=-0.79 [-2.77,1.19], Z < 1, n.s. It indicated that
low achievers progressed the same when coopera-
tion was highly structured (B = 4.73 [3.32, 6.14]) or
not (B = 5.52 [4.09, 6.94]). Furthermore, the struc-
ture of cooperation did not predict progress for high
achievers, B = 0.11, [-1.92, 2.15], Z < 1, n.s. In oth-
er words, once again no differences were observed
between the low- (M = 1.92 [0.45, 3.39]) and high-
structure cooperation conditions (M = 2.04 [0.65,
3.42]). In sum, in line with our hypothesis, and as
seen in Figure 2, structuring cooperation triggered
particular improvements for average (versus low or
high) achievers.

Discussion

As mentioned in the introduction, learning
fractions remains one of the toughest concepts to
learn at school. This paper focused on cooperative
learning as a tool to foster learning fractions, espe-
cially for average-ability pupils in largely heteroge-
neous groupings. We argued that, although general-
ly positive for learning, cooperative learning might
not be beneficial for intermediate position achievers
in heterogeneous groups (low-, average-, and high-
ability students). Indeed, these students might suf-
fer from being excluded from the discussion. In the
present paper, we argue that structuring cooperation
can actively engage each pupil in the group discus-
sion; as such, highly structured cooperative learn-
ing might be particularly beneficial for average-abil-
ity pupils compared to weakly structured coopera-
tive work. In both conditions, the experimenter in-
troduced cooperative instructions (with positive in-
terdependence, individual responsibility, and con-
structive interactions). The group work was built
around common material (three rulers), mathemat-
ical skills (three specific skills), and social responsi-
bilities (three social roles). The main difference be-

tween the two conditions was that, in the low-struc-
tured condition, pupils organized their work as they
wished whereas, in the high-structure condition,
materials were divided among pupils and each of
them had to endorse specific responsibilities at dif-
ferent moments in the group work. Thus, the present
study tested whether high- and low-structure condi-
tions affect individual understanding and individual
progress in terms of fractions learning and whether
this impact depends on the pupil’s initial level.

First, the results indicated that the high-struc-
tured condition increased pupils’ understanding
more than the low-structured condition. This point
is important. Indeed, from a pedagogical perspec-
tive, this result sustains that structured cooperative
learning is more beneficial for mathematical un-
derstanding than unstructured cooperative learn-
ing, specifically for fractions learning topic. More
importantly, statistical analyses demonstrated that
more structure mainly increased the understand-
ing for average achievers but did not affect the un-
derstanding of low and high achievers. Thus, high-
ly structured cooperative learning seems to be espe-
cially efficient for average achievers’ understanding.

Regarding individual progress in fractions
learning, positive progression is observed in both
low- and high-structured conditions for all pupils.
Thus, cooperative learning offers some benefits for
mathematical (Zakaria et al., 2010) and fractions
learning (Lin et al., 2014). This progression is even
stronger when pupils’ initial level was low. Moreo-
ver, as for the understanding variable, the interac-
tion indicated that more structure increased indi-
viduals’ progress in learning fractions mainly for av-
erage achievers. Once again, the degree of structure
did not affect individuals’ progress for low and high
achievers.

Taken together, these findings underscore
that more structure (versus less) appears to be more
effective for average achievers than for low or high
achievers, who might benefit from cooperation
whatever its level of structure. The other important
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point underscored by the present study is that the
degree of structure has no effect on either the under-
standing or the progression of low and high achiev-
ers.

These findings suggest that a structure that
imposes all students to be socially and cognitively
engaged during group work is a crucial component
that enables average achievers to benefit from coop-
eration. This appears to be particularly important
in elementary school, where teachers are likely to
compose heterogeneous groups (Saleh et al., 2005).
Our results indicated that building heterogeneous
groups in a class requires special attention on aver-
age achievers. Indeed, they underscored the benefits
of highly structured cooperative learning for aver-
age achievers. Although often excluded from social
interactions in classic heterogeneous group work
(Saleh et al., 2005; Webb, 1991), cooperative struc-
ture might be a solution to balance the interactions
among group members. As such, this study propos-
es an interesting pedagogical cooperative learning
method that can be used in classrooms to improve
the organization of these interactions in heterogene-
ous work groups.

Our results suggest that participation in con-
structive social interactions in cooperative heter-
ogeneous groups may be important and that the
structure introduced may favor active involvement
from all partners in the group. However, in the pre-
sent study, pupils’ actual participation was not di-
rectly measured. Future research could integrate
video-taping of the different group work efforts to
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Figure 1. Individual level of understanding as a function of initial level of achievement and
structure of cooperation. First set of analyses.

Notes: Error bars represent 95% confidence intervals of the estimated means.
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Figure 2. Baseline-to-post test progress as a function of initial level of achievement and
structure of cooperation. First set of analyses.

Notes: Error bars represent 95% confidence intervals of the estimated means.
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Appendix A. Card rule 1: “Responsible of reasoning”
Responsible of reasoning
EXPLAINING THE THREE REASONING

“I want to share equitably 4 identical pizzas in 3 guests”

Reasoning 1 Reasoning 2 Reasoning 3

We can give everyone a pizza and then cut| We can ot each pizza into three parts and distribute a | We can out all the pizza in three pans
thelast one and give a partto each ofthem | portion ofeachpizzato every guest. and give thres parts, represerting a
whole pizza and a part of another pizza
to each guest.

Y REEEEIE

+ 2
3

w e

+

ol |

+

Wl

11 =
+3 3

Addition of whole number and fractions Addition of fractions Fractional writing

+ [ explain my reasoning for writing.

» Imalke sure that evervone understands :
o “Did yvouhave some questions?”
o “Isthatis enough clear to yvou?”

Appendix B. Card Rule 2: “Communicate with appropriate vocabulary”.

Responsible of vocabulary

COMMUNICATE WITH APPROPRIATE VOCABULARY

1

3

One-anthrec

= A third

* [ write the common response on the paper.

» [ make sure thatmy friend uses the appropriate vocabulary.
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Appendix C. Card rule 3: “Responsible of writing equivalence”.

Responsible of writing equivalence

VERIFYING THE EQUIVALENCE OF WRITING

“Equivalent writing are writing which represent all the same number™

YREEEEIEE

+

+= +

e
|
Ay
|

1+1
3

3

Addition of whole number and fractions Addition of fractions Fractional writing

s Imake sure that writings are equivalents.
s Imake sure that everyone is agree:

o “Are vou agreeing?”
o “Canwe write it on the paper?”
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ap Cenun Bykc

Yuusepsuret y ’Kenesu, llIBajapcka

ap Bupxxunu Bugepxep

Yuusepsuret Knepmon Osepw, OpaHiycka

Mmcp. Jumurpa @unumy

Yuusepsuret y ’Kenesn, llIBajapcka

ap Hukona Come

Yuusepsuret y JKenesu u Yausepsurer y Jlosann, llIBajuapcka

ap Cenun [lapHo

Yuusepsuret Knepmon OBepwn 1 OpaHIycKy YHUBEP3UTETCKU MHCTUTYT, PpaHIiycka

CTpYyKTYypaJHO KOOIIEPAaTUBHO YUeH-e Ka0 cpeacTBO YHanpelewa npoceuynux nocrurayha
YUeHHKa NPUIHKOM y4erha pa3jioMaKa u3 MaTeMaTuke

Y OCHOBHOj IIKOMN y4Yeme pasjioMaka je HajBaKHUja 00/1acT y HacTaByM MaTeMaTuKe. YCaBpIIaBame
OCHOBHUX IpoOLieflypa Koje ce TUJy pasjoMaka IpefcTaB/ba Temkohy 3a MHore ydyeHuke. IImmp oBor
UCTPaKMBabha je [1a Ce MPEACTaBU CTPYKTYPATHO KOOIIEPATUBHO Y4eIhe Ka0 CPEACTBO KOje MOXKe /la yHaIlpelu
yderme y4eHNKa, a OBO ce IOCeOHO OHOCH Ha IpoceyHe hake. Y MpeTXOHOM MCTpaKuBamwy yTBpheHo je ma
XeTeporeHe rpyre (y KojuMa Cy y4eHUIIV KOjJ IOCTYDKY Masiy, IPOCEeYaH ¥ Be/IMKM YCIIeX) MOTy Aa Oymy IITeTHe
3a yYeHMKe KOjI MIMajy IIPOCeYHa OCTUTHYNA, jep Cy OHU MCK/bY4eHM Y3 OFHOCA HACTABHMKA VM YUCHMKA KOjU
uMajy noua win fobpa nocruriyha. OBo McTpaKuBame Mpeiaxe Ja ce CTPYKTypullle MHTepaKLuja pagn
no60/bIIamka IOCTUTHYha IPOCEeYHNX yYeHNKA Y XeTepOreHUM IpyIiama.

IIpunmMKoM OBOT UCTpaKMBamwa, CTO OCaM y4Y€HMKa IIeTOT paspefa Pafuo je 3ajefHO Y XeTepOreHNM
TpUjajjlaMa Koje Cy caumibeHe IIpeMa pes3yaTaTMMa Ha MHUIMjATHOM TeCTy (jefaH YYeHMK ca HUCKUM
HIMBOOM IOCTUrHYha, jeaH ca CpegmUM U jefaH ca BUCOKMM). Tpujage cy HaCyMMYHO Omie M3TIOKeHe
HUCKOCTPYKTYPMCAaHVMM M BMCOKOCTPYKTYPMCAaHMM YCIOBVMa KOOIEpaTMBHOT y4ema. Y CBUM TpHjajlaMa
ydIeHNIIMMa je 6110 HaloXXeHO J1a pajie 3ajeiHO, Bofehy padyHa o CBOM yuelby U yUerYy CBOjMX ITapTHepa.

MareMaTn4K 3aJaTaK je yK/by41O TPM BEIITIHe: 1) pasyMeBatbe pa3/IoMadyKor pe3oHOBamwa (cabupame
esior 6poja u pasoMKa, cabuparme paszoMaka, IIcambe PasoMaKa); 2) CXBaTame eKBUBaJIeHIUje MICamba
pasimke; 1 3) ciocob6HOCT Kopuinhema ajjeKBaTHOr BoKabyapa. [Ja 61 ce pajuiio Ha IOMMalby pasioMaKa,
IPeJIOKIIN CMO TUIIMYHE BeXXOe Koje ce KOpUCTe y HAalMOHa/IHOM Kypukynymy. Tpujase cy Mopane fa
u3pase AYXKMHY je[HOT CerMeHTa, Kopucrehu Tpy jemupa ca pasaMauTvM HOAjeAyMHMULaMa 1 mowmTyjyhm
TPU MaTeMaTM4Ke BEIITHHE Koje ce OfHOce Ha pasnoMke. CTaHapAHO Mepeme je OMI0 3arapaHTOBaHO
PasIMYNTUM IIOfIjefHUIIaMA TI0]] UIMEHOM ,, TPM JIe1pa“. YUeHNUIIN Cy MOPAJIM [ia HAIIMIIY TY>KUHY CerMeHTa
kopuctehn mro je moryhe Buine uspasa, y3 ajiekBaTaH pedHuk. Takobe, Mopau cy u fa mposepe fia u Cy
cBU M3pasy 61 exkBuBaneHTHN. OF BUX Ce 3aXTeBaJIO Jja KOPUCTe JIemupe Aa 6u usMepymm cerMeHT. Tpn
coljasHe OATOBOPHOCTH Cy Takohe obyxBaheHe: mpoBepaBame f1a 1 Cy CBM pasyMen, HOTBphuBame ma ce
CBU CJTaXKy OKO 3ajeIHIYKOT OffrOBOpa 11 06aBelITaBame O 3ajeJHIIKOM OATOBOPY. Y YEHNIN Cy U3BelITaBaIN
0 3ajeHIMYKOM OATOBOPY Ha TPYIHOM /MCTY (IIOSUTMBAH IW/b M HE3aBUCHOCT). bumm cy samMobeHn ja
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IIOJICTAKHY jeTHN IpyTe U [ja 06jacHe pe3oHOBame (KOHCTPYKTUBHA MHTepaKIyja). Takobe, 6mmo uM je pedeno
ma he paguTy MHAVBUYaTHM TECT IIOCIe paja y rpynu (MHAMBMZYalHa oAroBopHocCT). OBa KOOIEpPTMBHA
YIyTCTBa Cy fiaTa y 06a caydaja.

Y ycnoByMa HICKe CTPYKTYPMCAHOCTY MaTepUjall je MOfie/beH CBUM YYeHUIMa (TO jeCT CBaKM YYeHUK
je MMao TPy pas/IunTa emypa). YYeHMIV Cy MOpaj fja IpYMeHe TPY MaTeMaTiyKe BelTrHe (06janrmaBarmbe
pe3oHOBama, IpoBepaBambe eKBUBAIEHTHOCTH U3pasa U Kopuinheme aleKBaTHOT pedHNKa). Mopanu cy fa
IPOJIUCKYTYjy O OATOBOPMMA y TpMjajiama Kopuctehy cBe BeITIHE U JIeWmUpe; MOpaM Cy ia Oyly CUrypHM
la Cy CBM pasyMe/y U Jja OHJIa CAaOoIllITe 3ajelHNYKe ofropope. OpraHmnsoBamm Cy pajj y Tpylu KakKo rof cy
JKETIETN.

I[Tomasm ce o mpemuce fa yYeHUIM KOjU MMajy IIpocevyHa mocturayha mMory aa Oyny Mambe aKTUBHU Y
XeTepOreHoj IPYIN 1 Jja Ipey3uMarbe aKTYBHE y/Iore IPVINKOM objalllbaBatba IPeCTaB/ba [TTABHY eJIeMEHT
y MaTeMaTUIM ¥ BeoMa BelIMKM CTPYKTYpa/lHO-KOOIEpPAaTHBHM YC/IOB 3a y4eme KOji MMa 33 L/b Ja CBU
yYeHMLIM Y TUMY Oy YK/bY4eH) Y MaTeMaTIIKe AUCKYCHje ¥ TPYIIHE OfTyKe. Y3 TO, yBe/M CMO AUCTPUOYLVjy
Marepujana, KOMIUIEMEHTapHY eKCIIepTH3y U Memakbe OATOBOPHMX YYeHMKa TOKOM Bexbe. Y ycmoBuMa
BIICOKE CTPYKTYPUCAHOCTHM, MaTepujamu ¢y 6mmm nope/beHy Mehy ydeHummma y cBakoj Tpujagu (TO ject
jemaH emyp Mo 0cobM) M CBAKO OM ITOCTA0 €KCIIEPT 3a Taj JIeHUp Mpe Hero WITO 00jacHU CTedeHe BeIITHHe
BpiIanuMa y oppehennm rpujagama. Iloce6HO cMO HampaBuIM MUCTY OATOBOPHOCTH Koje Cy ce 6asupare
Ha LM/BHUM MaTeMaTMYKUM BeHITMHAMa ¥ IM/bHMM COLVjaTHUM OATOBOPHOCTMMA ¥ MPEMJIOKIIN UM Ja
yYeHMLIM Hau3MEHMYHO BpIle AY>XHOCTU TOKOM BexxOe. OBa Ilpolefypa je IpemIoKeHa fa 61 ce ojadana
VHIVBUIya/THa OfTOBOPHOCT 1 TIO3UTMBHA Mel)y3aBUCHOCT.

[Tocne Bexxbe y TpujajjlaMa IPOLEHMBAHO je MHAMBMUAYATHO pasyMeBame ¥ OHZIA Cy YYeHWIIU
pacmpaB/bany O MHAMBUYaTHUM 3aBPUIHMM 3aflalluMa ca pasnomiuma. OmcepsanujoM cyobOyxsahenn
ydeHnuu (To ject HuBo 1) Koju cy 6mmm y Tpujagama (To jecT HMBO 2) M OHUM KOjU Cy OMIM Y YYMOHMIIAMa
(To ject HMBO 3). PesynTaTu Cy mokasamy Aa BMCOKO CTPYKTYPMCAHO KOONEPATUBHO ydeme Jaje MpyMar
pasymeBamy 3alaTOT 3a/jaTKa, HAPOUMTO 32 y4YeHMKe MpoceyHux crmocobnoctu. IllTaBumre, yyeHMIu Ha
CBMM HMBOMMA CY HAIPeIOBa/M Off MHUIIMjaTHOT TECTA /IO 3aBPLIHOT TeCTa. 3allpaBo, YUYEHUIN Ca MMM U
BeJIMKUM TIOCTUTHYhMMa Cy TofIjefHaKO HaIIpejoBasIy Ko 06 yCloBa, oK Cy TPOCEeYHM HaIlpeoBasIl BUIle
KOJI BYICOKO CTPYKTYPMCaHMX yC/IOBa.

Kapa ce ysmy 3ajegHo, oBu pesynraru noTsplyjy fa Buie cTpyKTypucannu (y OZHOCY Ha Mambe) OuBajy
eeKTHMjU 3a IpOCeYHe yYeHMKe HEero 3a OHe KOjyi IOCTIDKY rope mmy 6ojbe pesyiTare Off IPOCEYHNUX, 1
KOjU MOTY Jia MIMajy KOPMUCTM Off capajiibe 6e3 0031pa Ha CTPYKTYPHM HUBO. JOII jefHa Ba>KHA UMbEHMIIA
mo6yjeHa OBOM CTYAMjOM je /ia HMBO CTPYKType HeMa edeKTa Ha pasyMeBame MM Ha HalpeJoBame YIeHNKa
ca Ma/IMM U Be/MKUM nocturayhuma. OBy Hazmasy roBope Jja CTPYKTYpa Koja IoApasyMeBa a CBY Y4eHNIIN
Oyny colMjasHO ¥ KOTHUTUBHO YK/bY4eH) TOKOM TPYIHOT pajia IpefcTaB/ba KPYLjalHy KOMIIOHEHTY Koja
omoryhaBa y4yeHMIIMa IPOCEYHMX IOCTUTHYha fla MMajy KopucTtu of capagme. Hama cryamja npemaxe
IeJaroK) KOOIIePaTYBHU METOJ] y4era KOjii MOXKe fla ce KOPVCTU y YYMOHMIM Ja 61 ce moOosbluaja
OpraHmu3aIMja colyjajHe MHTePaKIMje y XeTepOreHNM TpynamMa 1 fia 61 ce MOfIpKajio pa3yMeBambe 1 ydermhe
CBIX yYEHMKa KOjy y4eCTBYjy y rpylama.

Kmyute peuu: KOOIIEPATUBHO y4elbe, CTPYKTYPA, Yuelbe pasjoMaka, y4eHIIM IPOCeYHOr octuruyha,
MaTeMaTHKa.
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