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Abstract
High-quality helping behavior is essential for effective peer interaction and learning.
This study focused on ethnic group composition and the quality of group interaction as predictors of individual mathematics performance. Video-observations of 92
fifth-grade students working in groups balanced on mathematics performance level
were analyzed. We expected a difference in the quality of interaction and test scores
of native and non-native students. Multilevel analysis identified process regulation
and giving answers as positive predictors of mathematics performance, whereas
giving or applying explanations contributed negatively. Non-native students generally had lower achievement scores than native students. Non-native students working in ethnically heterogeneous groups performed better than did students working in homogenous groups. Homogeneous groups used more high-quality helping
behaviors and engaged more often in task-oriented behavior. Heterogeneous groups
engaged more often in low-quality helping behaviors. Working with native students
may have been conducive to non-native students’ understanding of word problems in
realistic mathematics education.
Keywords Cooperative learning · Interaction · Helping behavior · Mathematics
performance · Group formation · Ethnicity

1 Introduction
Irrespective of governmental attention paid to the desegregation of socioeconomic
and ethnic minorities, it seems that in many countries there still is a strong concentration of ethnic minorities located in economically disadvantaged areas such as
large cities and conglomerations (Di Bartolomeo 2011; Zhan 2015). This concentration leads to high proportions of ethnic minority students in the schools situated in
these economically disadvantaged areas. This pattern of segregation occurs in many
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European countries, such as the Netherlands, Great Britain, and Sweden (Schönwälder 2007), but also in the United States (United States Government Accountability Office 2016).
The language abilities of many students from ethnic minorities lag behind their
national or native peers already at the start of primary school (e.g., Kieffer 2008).
These students are often confronted with the task of learning subject-specific information by reading in a language that they do not fully master. Limited language
proficiency in the national language partially explains lower academic performances
of non-native students as compared to their native peers OECD 2010). In the current article, the term native refers to students whose parents are both of Dutch origin (i.e., non-migrant; those who speak Dutch as a native language), whereas nonnative designates those students of whom at least one of his or her parents were
born in other, often non-Western European countries (i.e., first or second generation
migrants; those who speak Dutch as a minority language; Karssen et al. 2017).
Oortwijn et al. (2005) found that non-native students’ lack of proficiency in the
national language is especially detrimental for their performance on contextualized mathematics tasks when compared to native students. In the present study, we
focus on native and non-native students’ mathematical performances in the context
of cooperative learning. Specifically, we will examine if ethnic group composition
and the quality of group interaction are predictors of individual mathematics performance. In addition, we examine if ethnically heterogeneous and homogeneous
groups engage in different types of cooperative behaviors during peer interaction.
1.1 Test performance for realistic mathematics
Since 1970, a reform of mathematics education, characterized by an increasing
emphasis on the application of contextualized mathematical skills and solving realistic mathematics problems, has taken shape internationally (e.g., Kilpatrick et al.
2001). Realistic mathematics problems are strongly connected to the real world and
are contextualized so that students can imagine the problem context. For example,
students see a drawn piece of land and are given the size of the area. Students are
then asked what size each parcel will have if 20 houses are built on this land, given
that all parcels need to be of the same size (Hickendorff 2013a). These types of contextual problems have become the core in both everyday mathematics lessons and
assessments in elementary schools (Hickendorff 2013a), and in recent international
comparative PISA-studies (Program for International Student Assessment; OECD
2010).
In several countries, mathematics education evolved towards the predominant use
of contextual problems. Because these contextual problems can be characterized
by realistic assignments presented in a narrative, they strongly call on (elementary)
students’ language proficiency (Hickendorff 2013a, b). Not only do students need
to understand the contextual problems correctly, but preferably, they also vocalize
their solutions, listen to classmates’ ideas, and discuss appropriate problem-solving
strategies (Freudenthal 1973). This places heavy demands on students’ vocabulary and communication skills (Hickendorff 2013a, b). More importantly, language
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proficiency and mathematical competence are related. For example, Bradby (1992)
examined the mathematics performance of students who learn English as their second language and found a strong relation between their English proficiency and
mathematics performance. Especially the linguistic challenge entailed in contextual
problems negatively affects the mathematics performance of non-native students
(e.g., Walzebug 2014). For instance, Abedi and Lord (2001) reported that contextual
problems are more difficult to non-native speakers if these problems (a) incorporate
many abstract representations and relative or conditional clauses, (b) are written in a
passive voice, (c) use relatively long sentences, and (d) contain a high level of unfamiliar vocabulary.
1.2 Reducing the gap in mathematics performance through cooperative learning
Reducing the gap in educational achievement between non-native students from
ethnic minorities and native students from the national majority is of great importance for all countries that face an increase of schools with high concentrations of
students with immigrant backgrounds, especially considering that the percentage
of non-native school-going students will keep growing (e.g., Statistics Netherlands
2003; US GAO 2016). Over the past decades, research has consistently shown the
potential of cooperative learning to overcome educational disadvantages, improve
interethnic relations, and enhance academic performance (e.g., Johnson and Johnson
2009).
During cooperative learning, a learning situation is created in which students
interact, give and receive information, and construct knowledge collaboratively
(Johnson and Johnson 2009; Webb 2009). Many schools use cooperative learning in
their mathematics classes to improve learning outcomes (e.g., Norenes and Ludvigsen 2016), with the added benefit for multi-ethnic schools that cooperative learning
creates a learning environment in which students are challenged to actively practice
and develop their language skills (Zakaria et al. 2010).
In order for cooperative learning to reach its full potential, students need to help
each other by giving and receiving explanations. Hence, students’ helping behavior
is essential for establishing effective peer interaction (e.g., Webb et al. 2002). However, the quality of students’ helping behavior can vary to a large extent and can
be placed on a continuum of levels of elaboration ranging from low to high (Webb
2009). Low-quality helping behavior is often characterized by nonresponse to questions, or giving and receiving unelaborated help, such as solutions or calculations
without further explanation (Webb et al. 2002). Webb and Mastergeorge (2003)
examined the helping behaviors of seventh-grade students working in small groups
on mathematical problems. Analyses of students’ collaboration showed that receiving low-quality help is less beneficial for learning gains because it implies fewer
opportunities for clarifications and cognitive restructuring.
High-quality helping behavior comprises asking for, giving, receiving, and
applying elaborate explanations, which are conceptualized as detailed or descriptive problem-solving strategies (Webb et al. 2002; Webb and Mastergeorge 2003).
Giving elaborate explanations stimulates cognitive restructuring. For example, by
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explaining to a peer how he or she can calculate the size of each parcel after having
built 20 houses on a piece of land of which the area size is given. The help giver
then elaborates his or her thinking and rehearses and internalizes (mathematical)
procedures (King 2002; Webb 2009). Similarly, receiving elaborate explanations
positively predicts achievement if the explanations are timely, relevant, and understandable (Nelson-Le Gall 1992), and if students have the opportunity to apply these
explanations (Vedder 1985).
1.3 Language competences, group composition, and helping behavior
Because many non-native students have problems with the linguistic challenges
entailed in contextual mathematics problems (Abedi and Lord 2001), working
together in groups can be conducive to their understanding of the task. Students can
help each other by actively sharing their ideas and mathematical knowledge. Even in
groups homogeneous in mathematical competence there are many opportunities for
cognitive restructuring, particularly for students of non-native origin who are stimulated to vocalize their thoughts and ask questions to their peers. Provided that the
cognitive gap of mathematical competence between students is not too large (e.g.,
a high-ability student paired with a medium-ability student), working in groups
with students varying in mathematical competence can be beneficial for mathematics learning (Cohen 1994; Gillies and Haynes 2011). In such groups, students with
lower mathematical proficiency may benefit from help provided by students that are
more competent. The current study, therefore, investigates groups in which students
vary in mathematical competence. We assume that the beneficial effect of heterogeneous group composition is similar for students of native and non-native origin. This
is important because the current study was conducted in ethnically mixed schools
and classes. Given that many students of non-native origin have limited proficiency
in the native language, working in groups could benefit these students even more if
they would have the opportunity to work together with students with different mathematical competences and with native students highly proficient in the national language. Students of native origin can support non-native students’ understanding of
word problems in realistic mathematics education.
In a cooperative learning context, students proficient in the national language
(e.g., mostly students with native backgrounds) ideally take on a tutor-role whenever they experience that less proficient peers (e.g., students with non-native
backgrounds) have difficulties in understanding contextual problems. Proficient
students may provide linguistic scaffolds such as rephrasing the contextual problem at an understandable level (Vedder 1985). In addition, they can give explanations to make sure the students of non-native origin understand the contextual
problems, monitor whether or not their peers understood the explanation, and
try to elaborate their peers’ prior knowledge (Roscoe and Chi 2007). If students
achieve this type of tutoring, they engage in high-quality helping behaviors. Both
students of native and non-native origin working in groups in which students vary
in their proficiency of the national language are expected to grow in mathematics
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achievement because both giving and receiving explanations is considered to be
beneficial for learning (Webb 2009; Webb and Mastergeorge 2003).
A first general aim of this study is to examine which types of students’ helping
behavior enhance mathematical learning gains. Our second goal is to examine
whether participating in either ethnically homogeneous or heterogeneous groups
affects individual mathematics achievement. Given the paucity of studies examining the interaction processes of ethnically, and consequently linguistically, heterogeneous and homogeneous groups, it is not clear whether the assumed relation between these different group compositions and mathematics performance
is linked to the fact that heterogeneous groups use more high-quality helping
behavior during group work than homogeneous groups, or that other processes
are involved. Therefore, this study seeks to answer the following questions:
1. What is the relation between the quality of students’ helping behavior and individual mathematics performance?
2. Does mathematics performance vary for (a) students of native and non-native
origin, and (b) for ethnically heterogeneous and ethnically homogeneous groups?
3. Do ethnically heterogeneous groups use more high-quality helping behaviors
during group work than ethnically homogeneous groups?
Regarding the first question, the general hypothesis is that the quality of help
given to other students is a good predictor of mathematics achievement, both
for students of native and of non-native origin: Higher quality corresponds to
higher achievement. High-quality helping behavior is expected to predict higher
achievement, whereas low-quality helping behavior is not. Following Bradby
(1992) and Abedi and Lord (2001), we expect that the mathematical performance
of native students is better than that of non-native students. In addition, we expect
that non-native students collaborating in ethnically heterogeneous groups (i.e.,
with students of native origin) perform better than students of non-native origin working in ethnically homogeneous groups (i.e., groups with only students
of non-native origin). Regarding the third question, we hypothesize that students
working in heterogeneous groups (with a combination of students of native and
non-native origin) more often initiate high-quality behaviors than students in
homogeneous groups (with only students of non-native origin).
The current study’s relevance is that it seeks to address the understudied relation between the nature and emergence of helping behavior in cooperative learning and group characteristics such as the group’s composition. Moreover, the
relation between the quality of students’ helping behavior, group composition,
and learning gains hitherto has mostly been examined by means of aggregating
individual scores for each team and performing analyses (t tests and ANCOVA’s)
at the group level (e.g., Gillies and Khan 2008; Webb and Farivar 1994). The
present study, instead, takes into account the hierarchical structure of the data:
Multilevel analysis is performed to examine the interplay between helping behavior, ethnicity, ethnic group composition, and mathematical learning gains. In
doing so, our research clarifies mechanisms underlying effective student helping
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behavior and subsequent learning gains, while taking into account ethnicity at the
student level as well as the role of ethnic group composition.

2 Method
The data for this article originated from a study by Oortwijn et al. (2008a) that
focused on student background characteristics (i.e., prior mathematical knowledge
and motivation for cooperative learning) and teacher stimulation as key factors in
the effectiveness of a mathematics curriculum implementing cooperative learning.
An informed consent procedure was followed: Parents or caregivers received an
information letter that explained the goal, methods, and procedures of the study. Parents could withdraw their children from participating in the study.
2.1 Participants
The original study (Oortwijn et al. 2008a) took place in 10 multiethnic fifth-grade
classes from 10 schools in the Netherlands where a nine-lesson mathematics curriculum was implemented. Based on their prior mathematics performance, 172 students were placed in either of two types of heterogeneous mathematic competence
groups each composed of three to four students (high and average competence or
average and low competence) before the start of the curriculum. Without prior notification, each group was videotaped during two lessons, preferably once during lessons 1–4 and once during lessons 5–9. The original research team (Oortwijn et al.
2008a, b) randomly chose and wrote down which lessons were videotaped. Based on
this description, we have selected episodes suitable for further analyses for the current study. We decided to use video recordings taken in the 5–9 lessons, because students were expected to have adjusted to the presence of the audio-visual equipment
by then and were supposed to have learned (and used some of) the implemented
rules for cooperative learning.
Based on these criteria, video-observations of 25 groups consisting of 46 boys
and 46 girls (Mage = 135.2 months, SD = 6.4), qualified for the current analysis. The
selected subsample consisted of 35 students of native origin and 57 students of nonnative origin from eight fifth-grade classes from eight different schools. Group composition was based on mathematical performance level: The ethnic composition of
the groups was not manipulated. In 11 of the groups, all students were of non-native
origin (i.e., homogeneous groups), whereas both students of native and non-native
origin collaborated in 14 groups (i.e., heterogeneous groups).
2.2 Measures
2.2.1 Pretest
In the Netherlands, a curriculum-independent test developed by the Dutch National
Institute for Educational Measurement (CITO) is widely used in primary schools to
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monitor students’ learning progress in mathematics. This national CITO-test (α = .94;
Evers, Van Vliet-Mulder, and Groot 2000) was used to assess students’ prior knowledge of the mathematical domains measurement, time, and numbers and operators.
This open-ended test was administered and scored by the teachers, as it is part of the
National Curriculum Testing System.
2.2.2 Posttest
Students filled out a curriculum dependent posttest at the end of the curriculum. The
posttest consisted of seven multiple-choice items covering five mathematical areas
treated in the curriculum (i.e., percentages, fractions, pie charts, scale, and area). For
example, children had to decide which of the three drawn islands was the biggest
using a grid or they had to calculate how much money painting a house would cost.
A point was given for each correct answer. Resulting scores were converted to correspond to grades on a ten-point scale ranging from 1 (poor) to 10 (excellent). Reliability analysis revealed satisfactory internal consistency (α = .75), and Pearson’s correlation test showed a significant correlation (r = .77, p < .01) between the pre- and posttest
(Oortwijn et al. 2005).
2.2.3 Student helping behavior
The observation scheme used to gather information on the quality of student’s helping behavior was based on frameworks originally developed by Gillies (2006), Webb
and Mastergeorge (2003), and Vedder (1985). In the present study, several types of students’ helping behaviors such as asking for help, giving help, and applying help have
been combined into one coding scheme (presented in Table 1). Different types of highquality helping behavior are grouped in four categories: Ask explanation (i.e., asking
for help or elaboration), give explanation (i.e., giving or complementing explanations
with reasons or arguments), and apply explanation (i.e., summarize, paraphrase, or use
explanation in solving a problem). We added process regulation as a fourth category of
high-quality helping behavior to compile information on the regulation of activities at
the highest level of social interaction, that is, at the group level (Saab 2012). Process
regulation comprises activities such as planning (i.e., posing new questions, disagreements, and proposing strategies), monitoring (i.e., checking if peer understands and
reminding each other of basic rules), and evaluating (i.e., positive feedback). Similarly,
four types of low-quality helping behavior have been coded: Ask answer, give unelaborate answer (i.e., give mathematical procedure without further explanation), give
answer (i.e., merely give solutions or confirmation), and apply answer (i.e., mechanically echoing or adopting answers). The last two codes, on-topic process and on-topic
organizational, were included to examine other (individual) task-oriented behaviors.
2.3 Coding procedure
The Multiple Episode Protocol Analysis tool (MEPA, version 4.10; Erkens 2005)
was used to code the transcripts of 25 video-observations and resulted in 7267
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Both task related monitoring like checking if peer understands. Social monitoring related
to ground rules

Give positive feedback or compliments on process or product. Evaluation of other’s correctness indicated by a positive tone

Monitoring

Evaluation

Questions that are an (in) direct call for an answer. Request for a recap of what has been
said

Give unelaborate explanations or (mathematical) procedure without giving arguments or
reason

Only give answer or confirmation.
Give directions without explaining why.

Apply, repeat, adopt, or echo previously given answers without comprehension. Check if
the answer is correct

Ask for answer

Give unelaborate answer

Give answer

Apply answer

Low-quality helping behavior

Stimulate focus and engagement by posing new questions, statements, disagreements, and
proposing strategies

Planning

Process regulation

Summarize process, procedure, or strategy as explained by peer (in own words) and/or give “He explained I should start with….”
directions for using it. Show process of transfer or association
“So, I should find the size by measuring it
like this.”
“I always thought I need to do it like this, but
now I see why that’s not true.”

Apply explanation

“So, b is 4?”
“I’ll write down 8 if you say so.”

“Question b is 8.”
“Write down, 6.”

“Just calculate the square meters.”
“It’s length times width.”

“Is this 8?”
“How much is this?”
“What did you say?”

“That was a good thing to think of!”
“Nice work!”

“Do you understand?”
“What do you think you should do first?”
“We need to do it together!”

“That doesn’t seem right! Because if you…”
“Are you sure?”
“Why don’t we do it like this?”

“First you need to find out how…”
“It is 77, because if you look here…”

Give elaborate explanations, reasons, and/or arguments for this explanation. Complement
explanation to make it more clear

Give explanation

“How do you know?”
“How should I do this?”

Example

Request for help or expressions indicating need of further elaboration

Description

Ask explanation

High-quality helping behavior

Code

Table 1  Coding scheme student helping behavior
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Organizational

Process

Other task-oriented behaviors

Code

Table 1  (continued)

Task-relevant utterances of organizational nature such as reading the assignment aloud
and monitoring (individual) progress. Utterances concerning materials needed for group
processes or that are part of a groups’ strategy

Other utterances relevant to the task, often thinking aloud and counting. Evaluating difficulty or individual processes

Description

“Wait…”
“You’ll do A, I’ll do B.”
“I’ve already finished this.”
“Let’s get some tracing paper.”

“1, 2, 3, 4. Told you so.”
“This is difficult.”
“I’ve done it wrong.”

Example
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utterances (Mlength transcript = 290.68, SD = 133.88). Two coders (i.e., the first author
and an independent researcher blind to the purposes of this study) practiced the coding schemes by coding two transcripts. The inter-rater reliability (κ = .85) was calculated on approximately 10% of the transcripts coded independently by the coders
and turned out to be of sufficient quality (Strijbos et al. 2006).
2.4 Procedure
The pretest was administered prior to the cooperative mathematics-learning curriculum, and students were placed in narrow heterogeneous groups. Teachers received a
2-h training that focused on the correct implementation of the mathematics curriculum and on using rules for cooperative learning effectively (Oortwijn et al. 2008b).
The teachers introduced these ground rules to their students during two training lessons. Such ground rules as “everyone listens to each other”, “everyone cooperates”,
and “everyone shares their knowledge”, together with rules concerning high-quality
helping behavior like “ask precise questions” and “give help when needed”, were
practiced and written on a poster (Oortwijn et al. 2008a, b). This poster was displayed in the classroom and remained there throughout the curriculum as a memory
aid for the students. In addition, video fragments were shown in which two actors
demonstrated both the correct and incorrect application of each rule. After two
training lessons, students worked in groups on authentic assignments adapted from
the regular mathematics curriculum. Their teacher supported students during the
cooperative group work. Student cooperation was videotaped during two out of nine
1-h lessons. Students filled out the posttest at the end of the curriculum.
2.5 Statistical analyses
Because our study concerned individual students working in groups (Hox 2010),
multilevel analysis was conducted to examine which types of students’ helping
behavior enhance mathematics performance. Even though our sample was relatively
small, it was large enough to estimate the final model. Because we were primarily
interested in utterances exchanged during peer interaction, all intervening teacher
utterances were removed from the analysis. Students’ absolute numbers of each type
of helping behavior were added as student-level predictors. Converting the number
of utterances into percentages would inevitably violate the assumption of (multi)
collinearity, and produces inflated error term-sizes (Tabachnick and Fidell 2007).
The variable ‘number of contributions’ was included to control for variance between
students. Extreme positive skewness was noted for three variables (apply answer,
give explanation, and process regulation), as five students disproportionally often
engaged in (either one of) these behaviors. After applying a square root transformation on all helping behavior variables and excluding the cooperative behaviors
of these five outliers, the assumption of normality was met. It should be noted that
these five students were all allocated to different groups, and the decision not to
include their behavioral data did not result in loss of data on the group level.
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Both mathematics achievement and verbal interaction are confounded with
gender (Chizhik 2001). Therefore, we controlled for gender and the pretest scores
(CITO mathematics test) by adding them as student-level predictors. Ethnicity was
also added as a predictor at the lowest level. Table 2 depicts the summary statistics of all student-level variables included. At the group level, the dummy variable
group composition was added. By distinguishing between ethnically heterogeneous
(i.e., students of native and non-native origin) and ethnically homogeneous groups
(i.e., all students with non-native backgrounds), we examined whether participating in heterogeneously composed groups positively affected individual mathematics
achievement. In addition to the multilevel analysis, a MANOVA was performed to
test whether ethnically heterogeneous and homogenous groups differed in the quality of helping behavior they used during group work.

3 Results
3.1 Research question 1: types of helping behavior as predictors of mathematics
performance
First, a multilevel analysis was performed to examine the relation between types of
student helping behavior and individual mathematics performance. The estimates
of variance in the intercept-only model are presented in Table 3, column Model
1. The corresponding intra-class correlation indicated an unexplained variation at

Table 2  Summary statistics student-level variables
Variable

n

M (SD)

Range
Minimum

Z-distribution
Maximum

Skewness

Kurtosis
− 0.78

Math posttest

92

5.28 (1.88)

1.00

9.20

− 0.16

Math pretest

48

104.33 (9.60)

76.00

120.00

− 3.32

2.61

Number of contributions

87

12.00

140.00

1.61

− 1.32

68.91 (34.01)

High-quality helping behavior
Ask explanation

87

1.70 (0.95)

0.00

4.24

0.62

0.10

Give explanation

87

2.11 (1.39)

0.00

6.71

3.07

1.96

Apply explanation

87

1.04 (0.88)

0.00

3.32

1.53

− 0.82

Process regulation

87

2.68 (1.32)

0.00

7.00

2.17

3.08

Low-quality helping behavior
Ask for answer

87

3.02 (0.99)

0.00

5.74

− 0.11

1.36

Give non-elaborate answer

87

1.70 (0.96)

0.00

3.87

− 0.74

− 0.35

Give answer

87

4.11 (1.26)

1.73

6.93

− 0.38

− 1.62

Apply answer

87

0.82 (0.83)

0.00

3.74

2.87

0.80

Other task-oriented behaviors
Process

87

2.39 (1.01)

0.00

4.69

− 0.57

0.10

Organizational

87

2.44 (1.27)

0.00

5.57

1.28

− 0.41

13

394

J. M. Mouw et al.

the second level of 32.89% among students on their posttest scores, and supported
the use of multilevel analysis. A full model comprising all first- and second-level
predictors fitted the data significantly better compared to the intercept-only model,
χ2(14) = 251.24, p < .01. Although the full model (Model 2) provided a good fit to
the data, a stepwise deletion was performed to generate a model that included only
significant predictors. The final model (Model 3) fits the data equally well as the full
model (Model 2), χ2(6) = 1.98, p > .05. Following the parsimony principle, the simpler model (Model 3) is preferred. Model 3 explained 38.89% of the total variance in
students’ mathematics achievement scores on the posttest.
The significant intercept in Table 3 predicts, when controlling for all other variables, a value of 4.91 for the mathematics posttest. Further examination of Table 3
shows that, on average, higher scores on the pretest bring about a 0.13 point increase
Table 3  Model parameter estimates of student- and group-level predictors of math posttest scores
Parameter

Model 1

Model 2

Model 3

5.16*** (0.28)

4.79***(0.70)

4.91*** (0.66)

Ethnicity

− 1.11** (0.39)

1.19** (0.37)

Gender

0.31 (0.28)

Math pretest

0.13*** (0.02)

0.13*** (0.02)

Number of contributions

− 0.02 (0.02)

− 0.02* (0.01)

Ask explanation

− 0.08 (0.21)

Give explanation

− 0.35* (0.19)

− 0.35* (0.15)

Apply explanation

− 0.83** (0.27)

− 0.85*** (0.23)

Process regulation

0.26 (0.20)

0.34* (0.17)

Ask for answer

0.16 (0.21)

Give non-elaborate answer

0.002 (0.18)

Give answer

0.34 (0.21)

Apply answer

− 0.19 (0.23)

Process

− 0.05 (0.22)

Fixed effects
Intercept
Level 1 (student)

0.38* (0.17)

0a (0a)

Organizational
Level 2 (group)
Group composition

1.72* (0.87)

1.80* (0.83)

Random parameters
Level 1 (𝜎e2)

2.53*** (0.43)

0.41***(0.10)

0.45*** (0.11)

2
Level 2 (𝜎u0
)

1.24* (0.55)

2.00*(0.92)

1.87* (0.82)

− 2 * log likelihood

378.45

127.21

129.19

Standard errors are in parentheses. Regression coefficients of all student helping behavior variables are
estimated after applying a square root transformation. Continuous student-level predictors were added
grand mean centered
a

Grand mean centering square-root transformed variables gave rise to a strong correlation between the
task-oriented variables. Resulting redundant parameters were set to zero
*p < .05; **p < .01; ***p < .001
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in posttest scores. Students who on average gave more answers scored 0.38 points
higher on the posttest. Likewise, students who more frequently used process regulation scored 0.34 points higher. However, the negative regression coefficient for
‘number of contributions’ implies a 0.02 decrease of posttest scores when students
contributed more. Similarly, with each scale point higher on both giving and applying explanations, the posttest score is expected to decrease by 0.35 and 0.85 scale
points, respectively.
3.2 Research question 2: ethnic background and group composition as predictors
of mathematics performance
With this same multilevel model, presented in Table 3, we also tested whether mathematical learning gains vary (a) for students of native and non-native origin and (b)
for groups with a multi-ethnic heterogeneous or homogeneous composition. The
regression coefficient for ethnicity at the individual level indicates that, compared
to students of native origin, students with non-native backgrounds on average scored
1.19 points lower on the posttest. Furthermore, we tested whether the mathematical
learning gains vary for students working in heterogeneous or homogeneous groups.
Results show that working in an ethnically heterogeneous group yields an increase
of 1.80 in the posttest scores, as compared to groups in which only students of nonnative origin cooperated.
3.3 Research question 3: quality of helping behavior in ethnically heterogeneous
and homogeneous groups
A MANOVA was performed to test whether ethnically heterogeneous and homogenous groups differed in the quality of helping behavior they used during group work.
To this end, student’s absolute frequencies in which they used a certain type of helping behavior were merged, resulting in an absolute group frequency.
There was a significant difference in the types of helping behavior used based
on group composition, F(1, 81) = 14.14, p < .001; Wilk’s Λ = 0.36, η2p = .64. As can
be seen in Table 4, group composition had a statistically significant effect on the
frequency in which groups gave explanations, F(1, 90) = 6.27, p = .014, η2p = .07,
gave non-elaborate answers, F(1, 90) = 4.89, p = .03, η2p = .05, and engaged in individual (process related) task-oriented behavior, F(1, 90) = 19.62, p < .001, η2p = .18.
The mean scores in Table 4 show that ethnically heterogeneous groups less often
gave high-quality explanations when compared to homogeneous groups, and is considered a medium-sized effect (Cohen 1988). Heterogeneous groups used low quality helping behavior in the form of giving non-elaborate answers more often than
homogeneous groups. This is a small effect (Cohen 1988). Homogeneous groups
more often engaged in task-oriented behaviors related to students’ individual processes (e.g., utterances indicating students are thinking aloud while working on parts
of the assignment individually), and can be considered a large effect (Cohen 1988).
The groups did not differ in terms of all other types of helping behavior presented in
Table 4.
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Table 4  MANOVA on absolute frequencies of helping behavior used in heterogeneous and homogeneous
groups
Variable

Heterogeneous groupsa

Homogeneous groupsb

M

M

SD

F value

p value

SD

High-quality helping behavior
Ask for explanation

14.67

8.23

14.27

10.61

0.04

.840

Give explanation

22.52

13.38

32.75

25.23

6.27

.014

Apply explanation

6.90

6.96

7.88

4.88

0.56

.454

Process regulation

37.25

17.19

32.78

20.16

1.32

.254

Low-quality helping behavior
Ask for answer

38.92

17.37

38.70

21.17

0.00

.956

Give unelaborate answer

18.77

16.36

13.23

8.01

4.89

.030

Give answer

73.87

31.10

69.48

35.76

0.40

.531

Apply answer

6.54

7.46

5.55

4.72

0.54

.466

Other task-oriented behaviors
Process

20.63

9.97

31.87

14.36

19.62

.000

Organizational

27.33

19.69

31.42

23.68

0.82

.367

a

n = 14 groups; bn = 11 groups

4 Discussion
The first general aim of this study was to examine which types of students’ helping behavior enhance mathematical learning gains. We expected that high-quality
helping behavior would predict higher posttest scores, whereas low-quality helping
behavior would negatively affect the posttest performance, and we expected that this
would apply to both students of native and those of non-native origin. Regarding
high-quality behaviors, the only positive relation was found between process regulation and the posttest scores. This is in line with recent studies on team regulation
of social activities and group processes, both of which can lead to better learning
results (e.g., Janssen et al. 2012; Saab 2012). Hadwin and Oshige (2011) argue that
sharing the responsibility of monitoring, evaluating, and regulation of the task process eases the cognitive demands of completing the task and facilitates learning.
However, in contrast to previous studies (e.g., Gillies and Khan 2008), a significant negative relation was found between the posttest scores and giving explanations. The high-quality helping behavior of asking for elaborate explanations did
not significantly predict posttest scores. Similarly, the previously reported relation
between applying explanations and mathematical posttest scores (e.g., Webb and
Mastergeorge 2003) was not corroborated by our findings. This implies that asking for and applying high-quality helping behavior does not improve mathematical performance, whereas giving explanations can result in lower mathematical
achievement.
In addition, the data from our study suggest that effective helping behavior (i.e.,
types of behavior positively predicting mathematics performance) cannot always
be equated with high-quality helping behavior. Contrary to our expectations and
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previous research, we found that low-quality helping behavior in the form of giving answers is beneficial for the learning process as it positively predicts mathematics performance. Whereas it is widely acknowledged that low-quality answers are
less beneficial for the help receiver (e.g., Webb and Mastergeorge 2003), the current
study adds to previous works by examining this effect from the perspective of the
help giver. From this perspective, being able to give correct answers can reflect a
good understanding of the subject matter.
One explanation for these findings could be that without some external guidance,
students do not give elaborate explanations, ask stimulating questions, or use relevant prior knowledge (Gillies and Khan 2008; Webb et al. 2006). In our study, the
teachers trained the students to cooperate effectively and intervened during group
work if students did not follow the cooperative learning ground rules. Even though
all students engaged in some form of high-quality helping behavior during group
work, it may be that especially the students of non-native origin needed more external modeling in order to fully engage in effective high-quality helping behaviors that
are thought to promote mathematical learning gains. For example, Webb and Farivar
(1994) found that, when placed in an experimental condition in which structured
high-quality teacher stimulation was given, students with non-native backgrounds
benefitted substantially from high-quality teacher stimulation and outperformed the
students of non-native origin in the control condition who only received basic communication skills training.
Another explanation for our findings (i.e., a positive relation between giving
answers and the posttest scores and the non-corroborated effect of all high-quality
helping behaviors) could be that process regulation served as some sort of a compensation for some low- (i.e., giving answers) and high-quality (i.e., giving explanations) helping behaviors. Our results show that students who engaged in planning,
monitoring, and evaluating behaviors on average scored higher on the posttest. In
addition, a post hoc analysis showed a positive correlation between process regulation and giving explanations (r = .65, p < .001), and between process regulation
and giving answers (r = .30, p = .008). This could imply that merely giving answers
incites a peer’s high-quality helping behavior in the form of process regulation,
which at its turn may boost individual mathematics performance.
The second question in this study sought to determine whether mathematics performance varies for (a) students of native and non-native origin and (b) for groups
with an ethnically heterogeneous or homogeneous (i.e., all non-native) composition.
The results from the multilevel analysis indicate a difference regarding the role of
ethnicity in mathematics achievement when included at the student- and the grouplevel. At the student-level, a significant negative relation between ethnicity and the
mathematics posttest scores was found. Students of native origin performed better
on the mathematics posttest than students of non-native origin. This is in line with
other studies reporting non-native students’ lower performance on contextualized
mathematics (e.g., Hickendorff 2013b).
In our study, students with slightly different mathematical competence levels
worked in groups of three to four. Cohen (1994) and Gillies and Haynes (2011)
have shown that this method may be conducive to students’ learning process. Our
study is one of the first to show that when heterogeneous ethnic group composition
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is modeled as a group-level predictor, it can positively predict mathematics performance. The key finding of this study is that working in heterogeneous groups based
on ethnic backgrounds also can be beneficial for learning, for both students of native
and non-native origin. Working together with students of native origin with higher
levels of Dutch proficiency possibly helped students with non-native backgrounds
to overcome difficulties in understanding the meaning of word problems in realistic mathematics education (e.g., Hickendorff 2013a, b). The conceptual rewording
of mathematical word problems may have facilitated understanding and subsequent
performance (Vicente, Orrantia, and Verschaffel 2007).
Our third question addressed whether ethnically heterogeneous groups used more
high-quality helping behaviors as compared to homogeneous groups. We found that
heterogeneous and homogeneous groups indeed differed in the types of helping
behavior used. Interestingly, even though the multilevel analysis showed that working in heterogeneous groups is beneficial for mathematics performance, this finding
cannot be attributed to more frequent use of (a specific type of) high-quality helping
behavior. On the contrary: We found that homogeneous rather than heterogeneous
groups more often engaged in high-quality helping behavior in the form of giving
explanations. Heterogeneous groups gave more answers (i.e., low-quality helping
behavior) than homogenous groups. Even though the results must be interpreted
with some caution given the small-to-medium-sized effects, the reported differences
between heterogeneous and homogeneous groups in terms of the quality and types
of helping behavior might explain why working in a homogeneous group is less beneficial for individual mathematics learning. After all, the results of our study indicate that giving explanations can in fact negatively predict mathematics scores.
The results of this study do not support our initial hypothesis that higher proficiency levels of the Dutch language enable students of native origin to take on a tutor
role and to engage in high-quality helping behaviors. Instead, we found that students
in heterogeneous groups more often give non-elaborate answers (i.e., low-quality
helping behavior) than students in homogeneous groups. When retrospectively
examining the utterances we have categorized as giving non-elaborate answers, it
seems that students of native origin in heterogeneous groups helped group members
with non-native backgrounds by making contextual problems more understandable.
They conceptually rephrased the contextual problems, simplified the problem-solving strategy, and focused on relevant aspects of the problem. For instance, when
a student of non-native origin asked for an explanation, one of her peers of native
origin replied by explicitly mentioning the strategy (“It is length times width.”),
pointed out which numbers she should use, and wrote down the equation for her. It
could be that the help giver was well aware that a more elaborate explanation might
have proven to be too difficult for the student of non-native origin and instead broke
the strategy down by rephrasing it into easy-to-comprehend chunks of information.
Behaviors such as conceptually rephrasing contextual problems could, therefore,
also be considered as a specific type of high-quality helping behavior, as this could
positively affect individual mathematics performance (Vicente et al. 2007).
The last finding is that, when compared to heterogeneous groups, ethnically
homogeneous groups more often engaged in task-oriented behaviors related to students’ individual processes such as thinking and counting out loud and evaluating
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individual difficulties. Even though this type of individual-level regulative behavior
was not a significant predictor of mathematics performance (in contrast to regulation
of processes at the group level), it is possible that process regulation on the individual level also positively contributes to effective cooperative learning, albeit in an
indirect manner. Interaction processes underlying engagement and effective cooperative learning are continuously regulated at both the individual and social (i.e.,
group) level. The articulation of regulation of individual students’ processes possibly helped other group members to regulate their processes as students change the
contexts and groups in which they regulate their motivation, cognition, and behaviors (Hadwin et al. 2011).
4.1 Limitations
Even though teachers filled out self-reports to indicate to what extent they had
implemented the ground rules (see Oortwijn et al. 2008a, b), this provided limited
insight into how teachers actually intervened (i.e., what they said during group
work) and whether this intervention actually was in line with the ground rules and
the intended high-quality helping behavior. Another limitation of this study is that
we did not examine sequences of interactions (i.e., examine which type of helping
behavior is followed by what response). Future studies using sequential analysis
(see Jeong 2005) may offer an additional perspective and help interpreting our findings. For example, a sequential analysis would enable us to examine which types of
helping behavior are often followed by process regulation, which our analyses pinpointed as a positive predictor of students’ mathematics performance.
4.2 Conclusions
The message emphasized by this study is simple but important: The widely acknowledged potential of cooperative learning is not only inextricably interwoven with
the quality of helping behavior but also with multi-ethnic group composition. The
implications for everyday classroom practice are twofold. First, our results suggest
that teachers should not underestimate the importance of instructing their students
to regulate their peers’ learning processes, offer explanations, give answers, and
rephrase contextual problems. Teachers should model these behaviors during classroom instruction and stimulate them during group work. Second, it is recommended
to take into account the ethnic composition of groups, because working in ethnically
heterogeneous groups can be conducive to learning for both students of native and
non-native origin. The findings of this study suggest the importance of making sure
groups are not only heterogeneously composed regarding mathematics performance
level but also regarding ethnicity and language proficiency.
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