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Abstract: (1) Background: The objective was to analyze if cooperative learning (CL) can have
benefits compared to direct instruction (DI) in learning, behavior, and subjective experience of
pupils. (2) Methods: An intervention was performed with a counterbalanced within-subjects design.
To perform the intervention, 75 schoolchildren aged 10 to 12 from four primary classes were divided
into two groups, and two units were taught in each one, namely “games of the world” and “traditional
games”, exchanging the methodologies CL and DI. Dependent measures were learning and retention
over time, behavior, interest-enjoyment, value—utility, and affiliation. They were measured after each
unit. Six months later, conceptual retention was also evaluated. (3) Wilcoxon signed-rank tests were
conducted to analyze differences between methodologies. CL resulted in greater conceptual learning
and retention. Likewise, CL students communicated with each other to a greater extent, although the
time spent doing the activity were similar for both methodologies. No significant differences were
found for the psychological variables. (4) Conclusions: The study confirmed the higher ability of CLs
to improve cognitive learning and retention, as well as improved communicative behavior with peers
and teachers.

Keywords: education; communication; observation; switching replications design

1. Introduction

The question of sustainable development and teaching skills to solve problems cooperatively
has become a priority. Goal 4 of the 2030 Agenda for Sustainable Development, and specifically
Target 4.4 [1], aims to increase the number of people with skills for autonomous and effective
entrepreneurship and development of decent jobs. To do this, it proposes to develop high-level
cognitive and non-cognitive/transferable skills, such as problem solving, critical thinking, creativity,
teamwork, communication skills, and conflict resolution. Therefore, it is convenient to study which
teaching methodologies are most suitable for achieving this objective and what effects they have on
different variables of the learners, such as conceptual and behavioral learning and subjective experience
of the educational process. Pedagogical models determine the approach a teacher may take to achieve
the learning objectives. Although they may be classified in different ways, several authors [2-5]
distinguish three models in participation theory: teacher-centered (adult-run); student-centered
(children-run); and cooperative or community-centered.

Direct instruction (DI) is one of the most widely used teacher-centered methodologies and has
proven effectiveness in providing information and developing step-by-step skills. Its central purpose
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is promoting student on-task behavior through explicit instruction, ongoing support, and student
engagement in successful practice, being focused on the interaction between teachers and students [6].
Its key components include modelling, reinforcement, feedback, and successive approximations.
The instructional design principles include framing of learner performance into goals and tasks, breaking
these tasks into smaller component tasks, designing training activities for mastery, and arranging
the learning events into sequences that promote transfer and achievement of prerequisite learning
before moving to more advanced learning. Essentially, DI is “modelling with reinforced guided
performance” [7]. Several studies have underlined the efficiency of DI in promoting student learning,
some of them indicating that it is more effective than discovery, i.e., when the teacher does not provide
instruction or feedback [8,9].

Cooperative learning (CL) was developed in the 1970s following concerns that students rarely had
the opportunity to use their interpersonal skills in the traditional competitive and individual learning
environments of schools [10-12]. Metzler [13] (p. 273) described it as taking “one large step beyond
just learning next to one another to learning with, by, and for each other”. To emphasize positive
interdependence, in CL the teacher creates small, structured, and heterogeneous groups for the duration
of the unit [14]. This allows students to become comfortable with one another and therefore more
capable of helping each other to grasp the learning objectives of any given lesson [12,13,15-20]. Thus,
CL shifts the focus for learning on the students, seeking to encourage them not only to learn from the
experience in which they are involved, but also to help their peers share in this learning experience [21].

Five elements are essential to implementing CL successfully: (a) group goals; (b) interpersonal
skills and small group skills; (c) individual accountability; (d) face-to-face promotive interaction;
and (e) group processing [22]. Group goals refers to the need of team members to coordinate the
efforts to achieve the team’s objectives. Interpersonal skills and small group skills include listening,
sharing decision-making, taking responsibility, learning to give and receive feedback, and learning
to encourage each other. Individual accountability is the need for each student to account for the
achievement of the objectives. These three elements consistently appear in most research studies [12,23].
Moreover, face-to-face promotive interaction refers to the existence of discussion within the group while
members are in close proximity to each other. Finally, group processing is the opportunity to discuss,
in a reflexive dialogue, the achievement of objectives and the maintenance of good relationships by
group members [12,13,16,20,24].

A strong body of literature has explored the effectiveness of CL in increasing achievement in
schools [21]. Johnson et al. [25] analyzed 164 studies conducted at all levels of schooling (46%)
in elementary, 20 in middle, 11 in high, and 24 in post-secondary and adult settings). Of them,
46% included 30 sessions or more, 52% lasted for 2 to 29 sessions, and 2% consisted of one session
only. They had an inter-subject design, and the technique used to assign participants or groups to
conditions varied: random assignment of participants (45%), random assignment of groups (25%),
and non-random assignment of participants or groups (30%). Overall, the authors reported positive
effects of CL on academic achievement (ability to apply and understand content), interpersonal skills
and relations (communication skills and peer relations), enhanced participation (engagement with
learning tasks), and psychological health (self-esteem and motivation). They also found it reasonable
to hypothesize that the effectiveness of CL would tend to increase more where cooperation was the
foundation on which classroom and school life was based. If CL would be used within a primarily
competitive or individualistic school, for example, its effectiveness would be dampened by the overall
culture of the school.

Furthermore, several studies analyzed CL in physical education (PE). In a review, Casey and
Goodyear [26] analyzed 27 empirically-based interventional studies published in peer-reviewed papers
written in English. Relative to the duration of the units, they reported that more than 50% used
units lasting less than 10 lessons. They also reported that judgments about students’ learning were
made using different methodologies, namely qualitative (14 studies), quantitative (11), or mixed
(2), quantitative studies being the only ones that compared student learning to a control group.
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Subsequently, in over half of the studies, student learning in CL was not compared to other learners in
different pedagogical approaches.

With regard to conceptual learning in PE, several studies showed that CL provided students with
an enhanced game-related understanding of strategies and skills, and that they transferred them to
other activities [17,27-33]. Regarding social learning in PE, several studies reported that CL developed
interpersonal skills such as listening to team members, sharing ideas and beliefs, and constructing new
understandings together [14,16,17,27-30,32,34-37]. In this line, Darnis and Lafont [36] highlighted the
benefit of communication between peers for those who were initially less skilled, who could benefit
from the information provided by those with more skills.

On the other hand, a number of studies showed that CL promoted students’ active participation
in PE, staying on task most of the lesson time [29,31,33,37]. Moreover, as units progressed, students
increasingly spent more time in learning tasks and working together to learn without waiting for
instructions from the teacher [16,17,27-29,31].

Finally, effects of CL on affective learning in PE were rarely considered in the reviewed studies,
as there was limited evidence [38]. Some authors [38-42] suggested that affective learning in PE
was largely associated with psychological components of self-confidence, self-esteem, motivation,
and self-worth. Goodyear et al. [38] showed that students described as often being enthusiastic learners
in traditional lessons became more motivated during CL. Other study [43], reported that CL produced
an increase in intrinsic motivation and perception of cooperative learning climate compared to ID.

The objective of this study was to compare both methodologies, namely DI and CL. We were
interested in conducting an integrated analysis of the cognitive, behavioral, and experiential benefits
of each methodology. It was hypothesized that the unit conducted with CL would produce greater
conceptual learning and retention, more negotiation and communication behaviors, and an emotional
experience as good as or better than the unit carried out with DI.

2. Materials and Methods

2.1. Participants

The research was carried out with 75 primary education children aged between 10 and 12 from
a state school, which performed two teaching units, one with CL and the other with ID. To apply a
counterbalanced technique, participants were divided into two groups. Group 1 included children
from two classes: 5th grade—class B, with 22 students of both sexes (12 boys and 10 girls); and 6th
grade—class A, with 14 students (9 boys and 5 girls). Group 2 also consisted of two classes: 5th grade—
class A, with 16 students of both sexes (10 boys and 16 girls); and 6th grade—class B, with 23 students
(11 boys and 12 girls).

2.2. Design

Quantitative studies that analyzed the effect of CL in PE generally used non-equivalent groups
designs, structured like a pretest-posttest randomized experiment but lacking random assignment [21].
The common procedure in this design is to pick two comparable classrooms as the treatment and
control groups, which cannot assure that groups were comparable. That is, the non-equivalent group
design is especially susceptible to the internal validity threat of selection. Any prior differences between
the groups may affect the outcome of the study and, under the worst circumstances, this could lead
authors to conclude that their programme did not make a difference when in fact it did, or that it did
make a difference when in fact it did not.

Within-subject designs are an alternative to improve internal validity. They prevent the threat
of biased selection given that all participants are submitted to all values of the independent variable.
Moreover, the effect of order may be controlled with a counterbalanced procedure. In the present
study a within-subject design was followed to analyze differences between two methodologies.
We hypothesized that although the usual methodology in a school was DI, CL would have differential
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effects on the behavior of students and the teacher, as well as on the retention of concepts and cognitive
aspects such as interest-enjoyment, value-utility, and affiliation. The study was also characterized by
using an observational methodology to analyze students’ behavior. It was coded into several categories
and the time taken by students to perform each of them in the session was quantified.

2.3. Procedure

The Ethics Committee of the University approved the study. The authors assured parents that
study data would be anonymously presented, and they agreed in writing to participate.

The authors prepared two 7-session units for “traditional games”, one with DI and the other with
CL. Likewise, two 7-session units were prepared for “games of the world”, one with DI and the other
with CL. The two classes assigned to Group 1 received the “traditional games” unit with DI, and the
“games of the world” unit with CL. On the other hand, the two classes assigned to Group 2 received
the “traditional games” unit with CL, and the “games of the world” unit with DI (Figure 1).

Unit 1. Games in the World (DI) ‘ ‘ Unit 2. Traditional games (CL) ‘ Conceptual
Group 1 - - - .
Behavioural Learning/ Behavioural Learning/ Retention
Analysis Cognitions Analysis Cognitions
5th B 4 x 10 min + 4 x 15 min Tests 4 x 10 min + 4 x 15 min Tests Tests units
N=22 100 min 100 min 1&2
6th A 4 x 10 min + 4 x 15 min Tests 4 x 10 min + 4 x 15 min Tests
N=14 100 min 100 min
Unit 1. Games in the World (CL) ‘ ‘ Unit 2. Traditional games (DI) Conceptual
Group 2 .
Behavioural Learning/ Behavioural Learning/ Retention
Analysis Cognitions Analysis Cognitions
5th A 4 x 10 min + 4 x 15 min Tests 4 x 10 min + 4 x 15 min Tests Tests units
N=16 100 min 100 min 1&2
6th B 4 x 10 min + 4 x 15 min Tests 4 x 10 min + 4 x 15 min Tests
N=23 100 min 100 min
i 7 sessions (3.5 weeks) Vo 7 sessions (3.5 weeks) :6 months !
TIME g

Figure 1. Characteristics of the experimental groups, methodologies, and duration of the units
performed by each group, and characteristics of the behavioral, cognitive and learning measures
(DI direct instruction; CL: cooperative learning).

When the unit was taught with DI, sessions were arranged as follows: (1) the teacher gathered the
students, explained the game, sorted the groups and distributed the materials; (2) the children played
the game while the teacher observed, corrected, and solved doubts; (3) once the children learned to
play, the teacher gathered them again to explain the next game; and (4) the process was repeated with
the next game. During the seven sessions, pupils played eight games; two were classified as having
high difficulty, two as medium, and four as low.
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When the unit was performed with CL, three captains were chosen in the first session; together
with the teacher, they formed three heterogeneous teams. The teacher then gave the teams the following
information: (a) the objective of each team was to play at least five games properly, a high-difficulty
one, a medium-difficulty game, and three low-difficulty games; (b) instructions were printed on plastic
laminated cards, their color being related to the difficulty level; finally, (c) the materials needed to
practice were made available on the playground porch so that each team could take them at any time.

After these explanations, in all sessions except for the last one, teams worked as follows:
(1) they freely chose a game and read the rules; (2) they chose an area to play, picked and placed the
materials and allocated roles according to the game; (3) they practiced the game, being able to reflect
and investigate on the rules to modify them if they considered it appropriate to improve it and make
it more fun, the teacher acting as a guide; (4) when they thought they had managed to master the
game, they asked the teacher to be evaluated. The teacher watched them practice for a few minutes,
asked questions, and if they were positively evaluated, they could move on to another game and repeat
the process. If they were unsuccessfully assessed, they could continue practicing or change games.
Both teacher and students played active roles.

In the final session, each student suggested a game, depending on the unit. Each team chose a
game from those proposed by their members. Afterwards, each team explained the rules of their game
to the other groups, who then played the games.

The behaviors carried out by the students during the classes were recorded and codified.
Moreover, conceptual learning and cognitive variables were measured after each unit. Finally, retention
of conceptual learning was also measured after a six-month period. The measuring instruments
are described in the following section. To avoid unconscious influence on students by the teacher,
tests were administered by a different teacher.

2.4. Measures

2.4.1. Measurement of Students’ Behavior during Classes

Students’ behavior was recorded with a video camera. A total of 800 min were analyzed, in which
the behavior of 32 students was coded. The distribution of observed students and time can be seen on
Figure 1. Fifteen minutes of each session were recorded in the morning and 10 min in the afternoon
due to the shorter duration of classes. Recordings were distributed in the first, second, or third part of
the class.

The following categories were defined for coding student behaviors: (1) “Adopting agreements”,
when the child was in dialogue with other classmates to reach a common understanding; (2) “Reading/
listening”, when the child listened to the reading of a game by another classmate or read the game;
(3) “Preparing materials”, when the child prepared the materials to start a game; (4) “Doing the
activity”, when the child practiced the game; (5) “Talking to the partner about the activity”, when the
child dialogued with peers; (6) “Talking to the teacher about the activity”, when the child talked to
the teacher about the activity; (7) “Talking to the teacher about social relationship issues”, when the
child talked to the teacher to ask for help in solving problems with his/her classmates; (8) “Listening to
the teacher”, when the child listened to the teacher’s explanations; and (9) “Playing something else”,
when the child engaged in playing a game that had nothing to do with the unit.

The score obtained in each variable was calculated through the expression:

(M (behavioral variable) = (time (in seconds) / Total observed time (in seconds)) x 100)

Coding reliability was verified with a repetition of the coding of 4 students three months later,
differences smaller than 5 percent being found for all variables.
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2.4.2. Measurement of Subjective Experience of Practice

The intrinsic motivation test (IMI) was utilized. Used in multiple studies [44—49], this multidimensional
measure seeks to assess the subjective experience of participants in an activity. It is composed of seven
subscales that measure interest-enjoyment, perceived competence, effort, value-utility, pressure-tension,
perceived choice, and affiliation. To facilitate questionnaire completion by children, three items for each
dimension were selected and the seven response options were replaced by five options represented by
expression faces. Alpha values slightly inferior to 0.70 may be accepted with a small number of items
or participants [50]. Thus, reliability was acceptable for interest-enjoyment subscales (alpha = 0.67),
value-utility (alpha = 0.61), and affiliation (alpha = 0.73). Moreover, the confirmatory factorial analysis
of the three dimensions was acceptable (Xz/gl = 2.62; IFI = 0.90, TLI = 0.83, CFI = 0.90, NFI = 0.85,
RMSEA = 0.10).

2.4.3. Measurement of Conceptual Learning after the Units

A test was used to evaluate the conceptual learning after each unit. It consisted of four free
open-ended questions. In the first question, children were asked to list the materials needed to
play a particular game. The second question required students to enumerate the rules of a game.
The third called for the rules of another game. Finally, the fourth required adequate behaviors to avoid
interpersonal conflicts in a third game.

The questions were evaluated as follows: one point was awarded for each material, rule,
or behavior properly associated to the specific topic by the student. Therefore, a test could be marked
with X points depending on the right concepts the student managed to include. The number of points
to be obtained was not limited.

2.4.4. Measurement of Conceptual Learning after Time

In order to evaluate the students’ retention of learning, a test composed of two free open-ended
questions was administered six months later. In the first question, they were asked to enumerate
games, materials, rules, and behaviors to avoid conflicts, and they had to remember the “popular
games” unit; in the second one, they were asked what they remembered about the “games of the world”
unit. The reliability of the two measures was analyzed through the comparison of the intra-evaluator
agreement, which assessed the tests twice with a time of two months of interval, with the differences in
score being less than 5%.

2.5. Data Analysis

To check for normality in the distributions of scores for each type of methodology,
Kolmogorov-Smirnov or Shapiro-Wilks normality tests were performed depending on number
of students. As the distributions were not adjusted to the normal, non-parametric tests (Wilcoxon
signed-rank test) were conducted to analyze differences between methodologies. Finally, the effects
size were calculated.

3. Results

For the behavioral analysis, significant differences were found in preparing materials,
reading/listening, paying attention to the teacher, talking to partners about the activity, and adopting
agreements. CL was characterized by students spending more time preparing materials,
reading/listening, talking to partners about the activity, and adopting agreements. On the other
hand, DI students devoted more time to paying attention to the teacher. No differences were found in
talking to the teacher (about the activity or social relationship problems), doing the activity, or playing
a different game. For the cognitive variables, significant differences were not found for any of the
variables analyzed. Finally, in both the exam and the reminder, the scores obtained by CL students
were higher than those of their DI peers (Table 1).



Sustainability 2020, 12, 4893 7 of 11

Table 1. Descriptive of behavioral, cognitive and conceptual variables, normality tests according N, results of Wilcoxon tests, and effect sizes.

Variables N M SD Max Min K-S! S-w?2 Sig z3 Sig Abs (1)
: : 7 - -

giﬁgiﬂﬁg :ﬂi 22:22:} EBB) 5 gg 13(.)9?5 . 22(.)80 76(.)67 8 0663 <0001 o016 <0001 0440
EZZ?iﬂZﬁZﬁEﬂiﬂﬁ EjDLI)) gi 7.91§ . 6.(;2 18(.)83 8 0.900 0006 4286 <0001 053
Atending the fencber () 3 2090 28 7m0 os7n oo ST <0001 0565
Tk oo activiy €)% 1188, 709 27 036 oo omy  ChS <0001 0568
Ao e (CL) 32 47+ 47 & 0 0877 oo B8 <000 0dss
Tlking feocher sctivity C) 3 497, 38 168 0 os oo 25 <0001 0s9
Tiking tencher probloms 1) 32 101 28 81 0 oas oo 1S 029 01y
Dot the sctvity (CL 2 i, B 10 16 0o oo 1 o2 01y
Flyins somethine oo (CL) 3 25, 604 33 0 oase  oom 06 0571 007
bt enoyment €L 7 4zL oM 5 17 o Soo 08T o3 oom
Valve—utility (CL) » iwe os 5 e o Tom 1 o1 0109
Afflidion (co0p) 7 4y 0w 5 1% o oo 03 073 002
Comcorlloming €)1 28, 3% 2 s oo ol1  O%I6 <001 03
Conceptodl tention C) 71 15, 508 9 4 0o oo A2 <0001 048

1 Kolmogorov-Smirnov; 2 Shapiro-Wilks; 3 Z (Wilcoxon sign ranges test); 4 Direct Instruction; ° Cooperative learning; , Percentage of observed time; , between 1 and 5; . Equal to or
greater than 0.
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4. Discussion

The present study compared the effects of DI (teacher-centered) and CL (community-centered)
on students’ behaviors, cognitions, and conceptual learning (immediate and after a period of time).
The main contributions of the study lie in the methodology used and in the analysis of students’
behavior. The within-subject design allowed the internal validity threat of selection to be controlled,
since all students participated in the two experimental conditions. Moreover, a counterbalanced
procedure was performed to control the effect of order.

Observational methodology was used to measure students’ behavior. CL students spent more time
preparing materials, reading/listening to rules, talking to peers, and adopting agreements, while DI
students spent longer listening to the teacher. It is worth noting that the practice time for the activity
was high and similar in both methodologies (around 50 percent of the observed time); no significant
differences being found. The same applies to the time dedicated to playing games other than those
prepared for the session, which was short and similar (around two percent of the observed time),
which indicates that students worked properly in both methodologies.

In a meta-analysis [51] that compared the effects on learning of minimally guided discovery
methods and explicitly guided techniques, the authors concluded that optimal teaching methods
involved some kind of meaningful guidance, instruction, or feedback, and proposed that a key point
was to analyze the role that peers may develop in the process, and how mutual help could contribute
to learning. In this study, relationships with peers comprising reading/listening to rules, talking,
and adopting agreements comprised 23.61% of the observed time in CL, and 2.56% in DI. These results
illustrate that CL promotes social interaction between peers related with understanding and playing the
games, which could promote a deeper analysis of them and a facilitation of acquisition and retention,
which are discussed later.

Another study [8] compared conceptual learning in DI and autonomous practice, reporting an
advantage to DI over discovery that was lost when performance was measured after a 12-week period.
They explained their results arguing that engagement with task was the main contribution to retention
of performance. In the present study no differences were found between DI and CL in motivation
since the values in the cognitive variables interest-enjoyment, value-utility, and affiliation were similar.
These results could be attributed to the contents of the subject, “games”, with a high motivational
power in itself.

Finally, in terms of conceptual learning and its retention over time, results showed significantly
greater learning with CL, in line with previous studies reporting a positive relationship between
conceptual learning and the use of CL [17,27-32]. It was assumed that having to read and understand
the rules of the game in an autonomous and cooperative way would cause children to generate their
own knowledge and better understanding of it, which would facilitate memorization. In addition,
the possibility of modifying the rules allowed students to explore relations between them and the
technical-tactical dynamics of the game, enriching their knowledge. The generation effect [52],
according to which memory is improved when the learner generates the learning materials, could help
to explain the effect of CL on conceptual learning.

Similarly, the results showed that the retention of conceptual learning with CL compared to DI
was much greater—up to four times. These findings were in agreement with the belief that greater
involvement and participation of students in their own learning occurred in CL. Students working
in cooperation not only learned from the teacher but also from each other, from the context and
by reflecting about themselves. The learning situations provoked by CL allowed students to be
more engaged in their tasks and to better implement their senses, and they also generated spaces for
individual and group reflection. The authors believe all this contributed to greater learning retention.

Finally, the results of the study provided support to indicate CL was an effective methodology
to improve students’ conceptual learning and behavior, although the methodology students were
accustomed to was DI. Thus, the hypothesis by Johnson et al. [23] according to which the effectiveness
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of a CL unit would be dampened by the overall culture of the school was not confirmed in our study,
since a single unit of CL produced significant effects on learning and behavior.

Thus, the results of the study support the assertion that CL is an appropriate methodology
for achieving the skills proposed in Target 4.4 of the 2030 Agenda for Sustainable Development [1],
since in this study, in which the intra-subject design controlled the threat to the validity of the study by
differential selection, CL led to greater learning and retention of concepts over time; while students
developed a greater number of behaviors related to communication and negotiation skills, the motor
practice time remained similar and the experience was equally positive.

Furthermore, the student’s behavioral assessment instrument was shown as a useful tool,
which could be used by teachers to assess the development of the unit, as well as to identify needs
and deficiencies of students. CL methodology frees the teacher to be able to specifically attend to the
students who may need some individualized attention.

Future research could be directed to carry out individualized interventions on the specific needs
identified with behavioral observation. Likewise, it would be convenient to analyze differences
between methodologies in behavior, cognitive variables, and conceptual learning in more arduous
contents such as the acquisition of technical skills, whose learning requires a greater amount of practice
that may be boring or cause fatigue. Moreover, student interviews could provide information about
their subjective opinions to understand how interactions with peers contribute to learning.

5. Conclusions

The study supported the educational potential of CL in comparison with DI, linking it directly
with student behaviors related to self-management and autonomous improvement of the knowledge
of the game, which resulted in greater conceptual learning and retention.
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