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Abstract

This study was conducted to examine peer tutoring models in collaborative learning
of mathematical problem solving (MPS) in flipped classrooms and their effect on
group achievement. Quantitative data collected include 32 videos of eight groups
of students in four MPS periods that were designed based on a simplified version of
Polya’s four-stage model, and their worksheets completed in each period. The video
data were coded based on a framework with low-level and high-level cognitive
behaviors as well as management behaviors and were analyzed using lag sequence
analysis from which three types of peer tutoring models were determined: organiza-
tion-oriented, cognitive-supported, and cognitive-guided. ANOVA analysis showed
that the groups with cognitive-guided tutors performed significantly better than the
groups guided by cognitive-supported and organization-oriented tutors, between
which the performance difference did not reach a significant level. The results of
this study suggest that training provided to peer tutors should focus more on how to
stimulate high-level cognitive thinking skills than on organization skills.

Keywords Collaborative Learning - Flipped Classroom - Lag Sequence Analysis -
Mathematical Problem Solving - Peer Tutoring Models

1 Introduction

The flipped classroom, a comparatively new teaching model, provides an interactive
and flexible learning environment for developing students’ problem-solving skills
(Hwang & Chen, 2019). Indeed, collaborative learning is one of the appropriate
teaching methods for the in-class portion of flipped instruction (Bishop & Verleger,
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2013; Foldnes, 2016; Hwang & Chen, 2019). In a flipped classroom, students can
have more face-to-face interaction, collaboration, and discussion with their peers,
which allows them to form a deeper understanding of the content (Hwang & Chen,
2019) and to improve their performance (Foldnes, 2016). Peer tutoring or peer
mentoring behaviors are often studied for their impact on the effectiveness of col-
laborative learning activities (Berghmans et al., 2013; Chu et al., 2017; De Smet
et al., 2008; Nawaz & Rehman, 2017). A peer tutor is one who takes responsibility
for organizing collaborative learning activities and often plays a leadership role in
a group (Goodrich, 2018). They might, for example, actively promote the group’s
development through asking questions, providing suggestions, supporting and help-
ing team members, and promoting problem-solving procedures (Goodrich, 2018).
The positive effects of peer tutors have been found in a variety of subjects includ-
ing mathematics (Chu et al., 2017) and, in particular, mathematical problem solving
(MPS; Zulaiha et al., 2020). Chu et al. (2017) proposed a formative peer-tutoring
approach in which a student whose performance is better on one learning activ-
ity can take the leading role in the next learning activity. They found that this new
approach not only significantly improved students’ achievement, but also reduced
their cognitive load while discussing, providing hints, and guiding the group to
solve the mathematics problems. However, it was also revealed that it is a big chal-
lenge for peer tutors to lead their groups in collaborative learning (Chu et al., 2017).
Therefore, further research is needed to investigate peer tutoring models. This study
examined an instructional model for a flipped classroom with group collaborative
learning of MPS. The goal was to investigate peer tutoring models and to explore
their impact on the effectiveness of group learning. In particular, this study explored
what roles played by peer tutors are more important to the group’s performance in
collaborative learning of MPS. The findings will therefore inform the training pro-
vided to peer tutors so that they can play their roles more effectively in collaborative
learning.

2 Literature review

In order to provide an understanding of the context on the peer tutors’ role in col-
laborative learning of MPS in a flipped classroom, the literature review will cover
the following four aspects: flipped classrooms, collaborative learning, peer tutoring
models, and MPS.

2.1 Flipped classroom

The flipped classroom is defined as “a new pedagogical method, which employs
asynchronous video lectures and practice problems as homework, and active, group-
based problem-solving activities in the classroom” (Bishop & Verleger, 2013, p.1).
Traditionally students come to class to listen to teachers’ lectures and do the practice
at home; these two activities are flipped in the new approach.
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The flipped classroom has been promoted in education in recent years because
it can increase student engagement (Wang & Zhu, 2019) and motivation to learn
(Zheng et al., 2020). It can also enhance teacher-student interaction (Sun & Wu,
2016) and student—student interaction (Galway et al., 2014) in classes. It enhances
learners’ problem-solving potential (Hwang & Chen, 2019), promotes positive emo-
tions (Jdaitawi, 2020), and helps develop students’ computational thinking (Gong
et al., 2020) and creativity (Al-Zahrani, 2015). In addition, it enables collabora-
tive learning (Erbil, 2020), personalized learning, and flexible learning (Gonzalez-
Gomez et al., 2016; Nguyen et al., 2016). It is also widely used in mathematics
instruction (Bhagat et al., 2016; Lai & Hwang, 2016; Sahin et al., 2015). For exam-
ple, Bhagat et al. (2016) compared the flipped classroom and traditional teaching
methods to teach trigonometry. They found that the students who used the flipped
classroom method performed better, particularly the low-achievers.

The flipped classroom has become an innovative teaching model in China’s new
wave of educational reform (Wei et al., 2020). Therefore, this study adopts the
flipped classroom teaching model to teach MPS. In the use of the flipped classroom,
there are normally three stages: before, in, and after class. Before class, students
watch a micro video about MPS and complete a worksheet independently. The video
and the worksheet are designed by the mathematics teacher. In class, groups are
formed to discuss their solutions to the questions in the worksheet through collabo-
rative learning activities, including individual presentation and explanation, group
discussion, summarization, evaluation, and reflection. After class, students revise
their own solutions to the questions in the worksheet and reflect on and summarize
what they have learned. In the whole process, the teacher mainly provides guidance,
assistance, and other support for students and groups.

2.2 Collaborative learning

Collaborative learning methods are often used in the in-class session of the flipped
classroom (Bergmann & Sams, 2012; McLaughlin et al., 2013; Tucker, 2012).
Research has indicated that the use of collaborative learning approaches in flipped
classrooms has a positive impact on learners’ academic achievement (Foldnes, 2016;
Shi et al., 2020), attitudes (Qiang, 2018), and behaviors (Munir et al., 2018). It can
also improve the effectiveness of the teaching and learning process (Erbil, 2020).

Collaborative learning can enhance students’ learning only when teachers care-
fully plan collaborative learning activities and help students use collaborative learn-
ing skills appropriately in the classroom (Johnson et al., 2000). To guide students’
collaborative learning activities, a four-phase model proposed by Tong (2017) based
on the collaborative knowledge construction process model was adapted in the cur-
rent study. In particular, the four phases are: (a) Information-sharing phase, (b) Con-
flict-negotiating phase, (c) Consensus-reaching phase, and (d) Reflecting phase. This
study combined the third and the fourth phases into one as the consensus-reaching
phase, and a preparation phase was added at the beginning for students to upload
their worksheets to the cloud. How the collaborative learning was organized into the
four phases is described in more detail in the method section.
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To be effectively involved in collaborative learning, students also need to learn
the rules for collaboration (Munir et al., 2018). Therefore, the researcher and the
mathematics teacher worked together to develop a collaboration and communica-
tion guidelines including thinking independently, speaking softly, learning to listen
and to provide help, daring to ask questions and doubting authority, learning how
to encourage and praise, and so forth. Before the experiment began, the researcher
provided training to the students so that they had developed the basic collaboration
and communication skills.

2.3 Peer tutoring models

A peer tutor is one who is selected or assigned as the leader of a group for the imple-
mentation of collaborative learning. The interaction patterns led by the peer tutors
are directly related to the groups’ engagement level and achievement (Berghmans
et al., 2013; Madaio et al., 2017). Therefore, it is necessary to provide training to the
peer tutors to improve their ability to play a leading role. The training is intended to
help them to develop an understanding of their roles as peer tutors, to improve their
communication skills on how to develop and maintain good relationships with the
team members, and to improve their ability to manage time, and so forth (Colvin &
Ashman, 2010).

Researchers have used a variety of approaches to explore peer tutoring behaviors
or models (Berghmans et al., 2013; Capstick & Fleming, 2004; De Smet et al., 2008;
Sun et al., 2021). For example, De Smet et al. (2008) used cluster analysis to clas-
sify peer tutors into three types: informers, motivators, and knowledge constructors.
Informers tend to spread and explain knowledge while motivators focus on encour-
aging and motivating peers to participate. Knowledge constructors play the roles of
both informer and motivator when necessary, which means that they are able to pay
more attention to inspiring and promoting peers’ learning, and give peers’ greater
responsibilities. Sun et al. (2021) used lag sequence analysis (LSA) to analyze the
differences in knowledge-construction behaviors between high and low-performing
groups in a mobile learning environment. They found that all the learners moved
smoothly from lower to higher phases of knowledge construction and the high-per-
forming group attained a deeper level of knowledge construction through the nego-
tiation of meaning. In our study, we used LSA methods to analyze and visualize
the tutoring behaviors of peer tutors in collaborative learning, to identify the poten-
tial tutoring models of different groups imbedded in behavioral data, and finally to
examine the effects of different peer tutoring models on students’ MPS performance.

2.4 Mathematical problem solving (MPS)

MPS has become one of the main objectives of mathematics education in schools
in different countries (Curriculum Planning and Development Division [CPDD],
2019, 2020; National Council of Teachers of Mathematics [NCTM], 2000). Items
related to MPS account for 75% of the mathematical domains in the Program for
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International Student Assessment (PISA) 2021 (Organization for Economic Co-
operation and Development [OECD], 2018).

Polya’s four-stage model was widely used for teaching and research in MPS
(Hembree, 1992) for its importance in helping one tackle non-routine tasks system-
atically and effectively (CPDD, 2019). This study used a modified version of Polya’s
mathematical problem-solving model as a scaffolding tool (Fig. 1) with Polya’s sec-
ond and third steps combined. In particular, the worksheets that we designed for
use with the students included the following three steps: (a) read and understand
the problem, (b) analyze and solve the problem, and (c) look back and reflect. In
the first step, the students read the problem to find out (a) what are the givens in
the problem and the relationship among the givens, and (b) what is the unknown.
The second step includes Polya’s second and third steps. In Chinese mathematics
education, Polya’s second step, “Devise a plan,” has been renamed as “analyzing
the problem,” which normally refers to find the way from the initial state to the
goal state (Anderson, 1993). This step was facilitated with a variety of representa-
tion tools including line models, which are similar to the model-drawing approach
used in Singapore primary mathematics (Jiang & Chua, 2010). The output of Polya’s
“carry out the plan” step is the problem solution. In this study, the presentation was
taken as an unseparated part of the solutions. In the last step, solution approaches
together with the related mathematical knowledge and skills were summarized. In
the before-class stage, the students tried to solve the problems independently fol-
lowing the steps. In the in-class stage, the students worked in groups to solve the
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Fig. 1 Modified Polya’s Mathematical Problem-solving Model
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problems collaboratively. As an example, a worksheet used in one of the four peri-
ods was included in Appendix’s Figure 6.

In summary, this study was conducted to investigate peer tutoring models in the
in-class discussion stage of the flipped classroom of MPS guided by a modified Pol-
ya’s model. Specifically, this study was intended to address the following research
questions:

(a) What are the characteristics of peer tutoring models in collaborative MPS learn-
ing in the flipped classroom?
(b) How do different peer tutoring models affect groups’ MPS achievement?

3 Methodology
3.1 Research context

The study was conducted in two fifth-grade mathematics classes taught by the same
teacher in a primary school in Xiamen, China. The participants included 95 stu-
dents (45 boys and 50 girls) whose average age is ten years. Ethical permission was
obtained from the school before the study.

Instruction was carried out in a smart classroom which was linked to a cloud
learning platform developed by the authors’ team. The platform includes three cli-
ents: the teacher client, the student client, and the group client, which allows interac-
tion and collaboration between the teacher and the students, between two students,
and among students within a group. In addition, the following items were presented
in the classroom: (a) five interactive screens, including one for the teacher and one
for each group with a total of four; and (b) one tablet for each student so that they
could access online learning resources and upload their work to the cloud.

This study took place over five weeks. In the first week, a 40-min technical train-
ing session was conducted for the students to familiarize them with the smart class-
room environment and the methods of collaboration and communication with peers.
The students in each class were then grouped into four groups by their mathematics
teacher based on their performance on the last mathematics test they took before the
study to ensure that each group had a spread of different performance levels. Mean-
while, we performed an ANOVA on the eight groups and found no significant dif-
ferences among them (F(7,87) = 2.249, p=0.111). Each group consisted of 11-12
students, one of whom was assigned to be a peer tutor by the teacher. The peer tutor
did not only perform well in the mathematics test concerned, but also was able to
communicate well with the group member. The eight groups were labeled G1, G2,
..., G8, and the corresponding peer tutors were labeled T1, T2, ..., T8. As men-
tioned above, we also provided training for peer tutors to help them understand their
role and the importance of communication skills as leaders.

Flipped classroom instruction was carried out from the second to the fifth weeks
with one MPS period (80 min) on two tasks each week. The activities before and
after the classes were as described above in the review of literature on flipped class-
rooms. Here, we shall describe the in-class activities in detail according to the
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four phases: (a) Preparation phase. Students sat around the group screen and took
pictures of their worksheets through the student clients and uploaded them to the
group client to share information. (b) Information-sharing phase. Group members
explained and shared their solutions standing in front of the group screen one by
one, and they could use annotation to highlight the main points in their solution
through the group client. At the same time, they tried to answer questions raised by
their own group members. (¢) Conflict-negotiating phase. Students compared their
solutions as a group, identified conflicting or different ideas, and made arguments
through questioning, evaluating, dialogue, and so forth to negotiate meaning or co-
construct knowledge. (d) Consensus-reaching phase. Students tried to synthesize the
group’s views to propose final suggestions and solutions to build consensus. Finally,
the group solutions were submitted to the teacher client to end the class. In the last
three phases, the group worked together through the group client. Throughout the
in-class period, peer tutors were responsible for the smooth running of the collabo-
rative learning activities, which is the main focus of the current study.

3.2 Datasources

To answer the two research questions, two sets of quantitative data were collected:
(a) 32 videos of the collaborative learning process with four videos for each of the
eight groups. The videos recorded the entire learning process of each group as well
as the communication behaviors of both peer tutors and tutees. (b) The participants’
MPS performance, which consisted of the scores obtained on the revised worksheet
after each period. The marking was done by the teacher. For one task, a maximum
of 10 marks, 30 marks, and 10 marks were given to the first, the second, and the last
step of the modified Polya’s stages, respectively. Therefore, the total marks for one
task was 50 marks, and the total for each MPS period was 100 marks. The scores in
each period and the mean score in the four periods were used to determine whether
there were significant differences among students under different tutoring models.

3.3 Data coding

This study used a modified coding scheme of learner interaction behaviors devel-
oped by Wang et al. (2016). Wang et al. (2016) divided the interaction behaviors
into two dimensions: verbal and non-verbal behaviors. Verbal behaviors include
restating one’s own solutions, questioning and answering, doubting, commenting,
evaluating, and so forth. Non-verbal behaviors include observation, taking notes,
doing experiments, and any other action behaviors. We further classified the ver-
bal behaviors into low-level cognitive (LC) and high-level cognitive (HC) behaviors
(Table 1). Non-verbal behaviors like observing, taking notes, and doing experiments
were not found in the current study. Instead, two new categories (i.e., solution sub-
mission and IT support) related to management behaviors were found in the current
study. Therefore, the non-verbal behaviors were renamed as “management-related”
behaviors. The coding scheme used for analyzing peer tutoring behaviors in collabo-
rative learning of MPS is shown in Table 1.
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Table 1 Coding Framework for Peer Tutoring Behaviors

Behaviors and Codes Description

Low-level Cognitive (LC) Behaviors

(C1) Explain or Elaborate Peer tutors provide facts/insights, express opinions, elaborate
solution procedures and explain the reasons behind

(C2) Question Peer tutors ask questions

(C3) Answer or Comment Peer tutors answer questions raised by group members or make

comments on the solutions provided by tutees
High-level Cognitive (HC) Behaviors
(C4) Doubt Peer tutors doubt the tutee’s points of view

(C5) Feedback Peer tutors correct the tutee’s misconceptions, make suggestions
for improvement, and modify the comments or ideas presented
by the tutees

(C6) Evaluate Peer tutors organize tutees to evaluate learning content and effec-
tiveness; praise/encourage the tutees

(C7) Extend Based on the previous discussions, peer tutors initiate a new topic
and/or extend it to other related areas

Management Behaviors

(M1) Command Peer tutors ask a tutee to follow the collaboration rules and/or to
submit the worksheet, to present their solutions, etc

(M2) Guide or Assist Peer tutors provide guidance/assistance when tutees encounter
problems or difficulties

(M3) Demonstrate Peer tutors use multimedia presentations, showcase individual/
group work, or demonstrate to tutees how to present their work
on the learning platform

(M4) Submit Peer tutors submit individual/team members’/group learning work

(M5S) IT support Peer tutors provide technical support for tutees related to the use
of the learning platform

The unit of analysis in this study was a learning event, which is a peer tutor’s con-
tinuous behavior for a specific purpose. For example, during the consensus-reaching
phase of the first period, T5 gave an opinion: “I think what you just said is wrong.
This task mainly examines how to find out electricity bills for which different for-
mulae will be used under different conditions, rather than simple decimal multipli-
cation.” This was coded as a feedback behavior. When organizing group members to
share their solutions one by one, T2 said: “Your summary is great! Now, let’s invite
another classmate to present his solutions.” Here T2 did two things, giving feedback
to the peer who just made the presentation and giving a command to the next peer.
Therefore, her behaviors were coded as feedback behavior and command behavior.
A learning event can be a few words or a series of actions of the peer tutor; it may
also be a single word. Nvivol1l (Dalkin et al., 2021) was used to analyze the video
data. To ensure consistency in coding, each video was coded by two authors of this
paper separately. The coding results were tested for consistency using SPSS 23.0,
and the Kappa value was 0.81, indicating good consistency. For any inconsistencies,
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the two researchers watched the video together and reached an agreement through
negotiation.

3.4 Data analysis

Quantitative methods including LSA and ANOVA were used in the current study
for data analyses. LSA was used to estimate the probability of one behavior occur-
ring after another for each of the peer tutors of the eight groups. This method has
been widely used by educational researchers to identify sequences that occur more
frequently in learning behavior data in order to identify learning behavior sequences
that can promote learning effectiveness (Chiang, 2017; Wang et al., 2020). LSA
was performed using Generalized Sequential Querier software GSEQS5.1 (https://
www.mangold-international.com/en/products/software/gseq). The results obtained
include behavioral frequency conversion tables, residual tables, and conversion plots
with arrows to show the significant behavior sequences with a z-score larger than
1.96 (Bakeman & Quera, 2011) and Q not less than 0.30 (McComas et al., 2009).
The use of LSA opens up the “black box™ of the peer tutoring process and models,
which allows us to further explore the effects of different tutoring styles on students’
achievement. To answer the second research question, ANOVA was conducted to
compare the performance of groups under the leadership of tutors with different
tutoring models.

4 Results

The results include: (a) descriptive statistics of the tutors’ behaviors; (b) three types
of tutoring models based on conversion plots obtained from LSA; and (c) the per-
formance differences in MPS among the groups with tutors using the three different
tutoring models.

4.1 Descriptive statistics of the tutors’ behaviors

Table 2 shows the frequency of each behavior category for all the peer tutors. In
total, the eight peer tutors made 1,141 tutoring behaviors. Data in the last column of
Table 2 revealed that the tutors engaged in management behaviors most frequently,
followed by low-level cognitive behaviors, and, least frequently, high-level cogni-
tive behaviors. This was true for each individual tutor as well, except for T1, who
engaged in low-level and high-level cognitive behaviors equally frequently (38 ver-
sus 39 instances, respectively). More than half (53.81%) of the tutoring behaviors
were related to management matters. In particular, the peer tutors tried to give com-
mands in 35.14% of the learning events and to provide guidance and assistance in
15.07% of the learning events. Regarding the cognitive behaviors, there were more
LC behaviors (27.96%) than HC behaviors (18.23%). Among the LC behaviors, ask-
ing questions (21.56%) accounted for the largest proportion, while answering ques-
tions (4.38%) and explaining behaviors (2.02%) were less frequent. Among the HC
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Table2 Frequency of Peer
Tutoring Behaviors in Different
Categories

Code TI T2 T3 T4 T5 T6 T7 T8 Total

Low-level Cognitive (LC) Behaviors
Cl 3 1 1 1 7 1 2 7 23 (2.02%)
C2 25 31 17 13 62 9 41 48 246 (21.56%)
C3 10 8 8 1 4 9 1 9 50 (4.38%)
Sub-total 38 40 26 15 73 19 44 64 319 (27.96%)
High-level Cognitive (HC) Behaviors
C4 10 2 7 5 6 1
C5 4 1 8 13 2
C6 23 2 4 34 10 26 105 (9.20%)
C7 2 1 1 1 1 5 12 (1.05%)
Sub-total 39 6 20 54 14 10 57 208 (18.23%)
Management Behaviors
M1 76 34 33 41 50 29 47 91 401 (35.14%)
M2 28 13 9 5 24 11 29 53 172(15.07%)
M3 1 6 1 3 3 4 3 4 25 (2.19%)
M4 4 2 0 1 1 0 0 1 9(0.79%)
M5 1 1 0 0 o0 2 1 2 7 (0.61%)
Sub-total 110 56 43 50 78 46 80 151 614 (53.81%)
Total 187 102 89 73 205 79 134 272 1141 (100%)

11 43 (3.77%)
15 48 (4.21%)

o o W o
— W n o=

C1=Explain or Elaborate; C2=Question; C3 =Answer or Comment;
C4=Doubt; C5=Feedback; C6=Evaluate; C7=Extend; M1=Com-
mand; M2=Guide or Assist; M3 =Demonstrate; M4 =Submit;
MS5 =IT support

behaviors, evaluating behaviors (9.20%) was most frequently exhibited, and extend-
ing behaviors (1.05%) were least frequently exhibited.

The data in Table 2 revealed great differences in the number of behaviors among
the eight peer tutors. Firstly, the total numbers of behaviors showed great differ-
ences, with T1, T5, and T8 as the top three and T3, T4, and T6 as the bottom three.
T8’s total number of behaviors was the highest and was 3.73 times T3’s total. Sec-
ondly, the distributions in the three categories of behaviors across the eight tutors
were not consistent. For example, management behaviors accounted for 68% of T4’s
total behaviors, and his HC behaviors accounted for only about 11% of the total. In
contrast, T5’s management behaviors accounted for 38% of her total, and her HC
behaviors accounted for slightly more than one-fourth of her total. In terms of the
percentages of the behaviors in the three categories, T4 was the highest and TS5 was
the lowest in management behaviors; T2 was the highest and T1 was the lowest in
LC behaviors; TS was the highest and T2 was the lowest in HC behaviors. Again,
there were also great differences in each sub-category. For example, T4 tried to give
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commands in 56% of the learning events whereas TS tried to give commands in only
24% of the learning events.

4.2 The three peer tutoring models

To describe the peer tutoring models of the eight groups, we first needed to draw the
behavior sequence transition (BST) diagram for each tutor. Here, we use T1 as an
example to show how that is done. Firstly, a table (Table 3) was made to show the
BST frequencies where a cell shows the frequency that a column behavior occurred
immediately after its corresponding row behavior and its corrected residual result.
Finally, the BST diagram for T1 (Fig. 2) was drawn with each arrow to show the
transition from an initial behavior to its sequential behavior together with its z-value.

One BST diagram was drawn for each tutor. Therefore, eight diagrams were
obtained, and they can be further classified into the following three types from the
least to the most complex:

(a) Type-I tutoring model, which only included T2 (Fig. 3), where transitions only
existed between the management behaviors, and the LC and HC behaviors were
all isolated. For these reasons, this type can be named as an “organization-
oriented” peer tutor.

(b) Type-II tutoring model, which included T3, T4, T6, and T7 (Fig. 4), where
transitions existed among LC and management behaviors, but the HC behaviors
were isolated. Because the cognitive level of this type is supportive of the group
members’ learning, but it is not as high as that of Type-III, we labeled peer tutors
who used this model “cognitive-supported” peer tutors.

(c) Type-III tutoring model, which included T1, TS5, and T8 (Fig. 5), where the HC
behaviors were not isolated and the transitions among LC, HC, and management
behaviors were more complex. Therefore, we labeled peer tutors who used this
model “cognitive-guided” peer tutors.

Organization-oriented peer tutor As shown in his BST diagram (Fig. 3), T2
asked the tutees to explain something after assisting them in submitting their work
(M4 —M1), offered help to the tutees when they encountered difficulties (e.g., not
knowing how to use the software) (M1 —M2), and provided assistance to the tutees
continuously (M2 — M2).

Cognitive-supported peer tutors The BST diagram for T3 (Fig. 4) revealed that
he actively responded to the tutees’ questions while they were demonstrating their
learning work (M3 — C3) and he explained or elaborated in more detail until the
tutees understood (C3 —C1).

The BST diagram for T4 (Fig. 4) indicated that she offered help to the tutee(s)
when they encountered difficulties after giving them instructions (M1 —M2). She
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Fig.2 The Behavior Sequence Transition (BST) Diagram of T1
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Fig.3 The Behavior Sequence Transition (BST) Diagram of T2

demonstrated how to use the platform to present individual work after helping tutees
to submit their work (M4 — M3) and then asked the tutees whether they had learned
how to use the platform (M3 — C2). However, the tutees still did not know how to
use it, so she performed the demonstration again (C2— M3) until they fully mas-
tered it.

The BST diagrams for T6 and T7 (Fig. 4) are very similar in that there were tran-
sitions between management behaviors and between LC behaviors. In particular, T6
preferred to explore the learning software independently and demonstrated to the
tutees how to use the platform to assist in presenting their learning work (M5 — M3).
Also, he answered the tutees’ questions several times in succession (C3 — C3). T7
offered help to the tutees with difficulties after giving them instructions (M1 — M2),
explained his solution to the group and answered questions from the group members
(C1—C3), and provided further explanations until the tutees understood (C3 — C1).

In summary, the peer tutors in these four groups provided support to their team
members on how to use the platform when they had difficulties and gave their
answers and/or explanations in response to the questions from the group members at
low (but not high) cognitive levels.

Cognitive-guided peer tutors Since the leadership role of the peer tutors in this type

is more complex than those in the previous two types, we shall follow the four-phase
model of collaborative learning to organize the following discussion.
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Fig.4 The Behavior Sequence Transition (BST) Diagram of T3, T4, T6, and T7
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The BST diagram for T1 (Fig. 5) indicated that in the preparation phase, T1 did
the submission on behalf of the team members after issuing the command to sub-
mit their worksheets (M1 —M4). In the information-sharing phase, he answered
the questions from the group members regarding the solution he had just presented
(C1—C3). In the conflict-negotiating phase, he initiated the discussion in depth
with questions to the tutees (C2— C4) and took the responsibility to provide further
explanations (C4— C3) or to talk with the group members individually to resolve
the conflicts when there were controversial issues (C4— C7). In the consensus-
reaching phase, he led the group to summarize the various solutions and the methods
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Fig.5 The Behavior Sequence Transition (BST) Diagram of T1, TS, and T8

used for solving a problem. Meanwhile, he linked the methods with individual solu-
tions (C7—Cl1) or extended the new knowledge and/or methods to related topics
(C7—C7) in more depth and breadth.

The BST diagram for T5 (Fig. 5) revealed that she repeatedly demonstrated how
to use the platform to display the worksheet in the preparation phase (M3 — M3). In
the information-sharing phase, she answered questions from the team members and
made links to the related mathematics knowledge applied in the problems through
a series of questions (C3 —C2). In the conflict-negotiating phase, she helped the
team members to correct their wrong answers, made suggestions for improvement,
and presented the correct solution (C5 — M3). At the same time, she led the group
to evaluate the problem-solving procedures (M3 — C6) and summarize the related
knowledge (C6— C1). In the consensus-reaching phase, she acted similarly to T1
(C7—C1).
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The BST diagram for T8 (Fig. 5) revealed that he provided IT support (e.g., he
showed how to use the whiteboard, paintbrush, spotlight, and other tools in the plat-
form) to group members through demonstrating how to use the platform to display
the worksheet (M5 — M3) in the preparation phase. Then he asked team members
one by one to present their solutions and provided help to group members when
needed (M1 —-M2 and M2— M1). In the information-sharing phase, he showed
his solutions and organized group members to ask questions or questioned him-
self about his solution (M3 — C2) and answered those questions (C2— C3). In the
conflict-negotiating phase, he organized his group to summarize and evaluate the
solutions and the related mathematics knowledge, and he resolved conflicts through
discussion and debate (C6 — C7). He also extended new knowledge and/or methods
to related topics similarly to T1 (C7— C7).

In summary, the peer tutoring behavior sequences of T1, T5, and T8 were more
complex than the other two types in the following ways: (a) Their peer tutoring
behavior sequences covered the four phases of collaborative learning; (b) they all
contained transition behaviors linking extending behaviors (C7) with low-level
cognitive behaviors (C1) or from C7 to C7; (c) as group leaders, they often asked
questions to the team members or themselves, and they provided answers and/or
explanations to the questions (C2— C3 or C2—Cl); (d) and they either did the
management work themselves or showed the group members how to use the plat-
form for presentation and discussion after issuing commands. The data in Table 2
also revealed that the total number of behaviors of Type-III peer tutors was the high-
est, and their number of behaviors in the HC category was also the highest. This
means that the Type-III peer tutors did play a very important guiding role in the
collaborative learning of MPS. The other two types of peer tutors were usually busy
with maintaining group discipline or focusing on low-level cognitive activities.

4.3 Effect of different peer tutoring models on students’ achievement

The second research question was to examine the impact of the three peer tutoring
models on the groups’ MPS performance. The mean scores and standard deviations

Table 4 Mean (Standard Deviation) of Students with Three Types of Peer Tutors

Peer Tutoring Models Four Periods Polya’s MPS Steps

Period 1 Period 2 Period 3 Period4 Mean Step1 Step2 Step3

Type-I: Organization- 48.82 52.64 69.64 46.91 5450 553 16.84 3.88
oriented (29.49) (27.94) (26.61) (22.00) (21.01) (1.56) (6.87) (2.44)

Type-II: Cognitive-sup- 50.23 64.46 68.54 65.35 62.15 6.64 1975 4.67
ported (23.82) (22.87) (18.72) (24.82) (17.74) (1.45) (6.70) (1.86)

Type-1II: Cognitive-guided  63.61 72.17 72.19 70.94 69.73 732 2196 5.8
(22.39) (16.34) (20.23) (20.62) (14.22) (1.15) (4.83) (1.95)

F value 3.635%  3.800% 0.336 4.600%  4.092* 2996 3.316% 3.990*

“p<.05
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of students under the three types of peer tutoring models in the four MPS periods
and in the three steps of Polya’s MPS are shown in Table 4.

Students’ performance in the four MPS periods ANOVAs were conducted to com-
pare the mathematics performance in each of the four periods. It was found that the
performances among the students under the three types of tutoring models were
significantly different at the 0.05 level except in Period 3. Post-hoc pair-wise com-
parisons were conducted for each period. In Period 1, the significant performance
difference only existed between students under the Type-II and Type-III tutoring
models (mean difference=-13.38, p <0.05). In Period 2, the significant difference
was between students under the Type-I and Type-III tutoring models (mean differ-
ence=-19.53, p<0.05). In Period 4, there were significant differences at the 0.05
level between students under the Type-I and Type-III tutoring models (mean differ-
ence =-24.04) and between students under the Type-I and Type-II tutoring models
(mean difference =-18.45).

Students’ overall performance As shown in Table 4, the ANOVA analysis results
showed that the mean scores of students under the three tutoring models were sig-
nificantly different at the 0.05 level. Post-hoc pair-wise comparisons on the mean
scores of students showed that there were significant differences between students
under the Type-I and Type-III tutoring models (mean difference =-15.23, p <0.05)
and between students under the Type-II and Type-III tutoring models (mean differ-
ence=-7.58, p<0.05). There was no significant difference between students under
the Type-I and Type-II tutoring models (p >0.05).

The data in Table 4 revealed that the mean score of students under Type-III peer
tutors was higher and the SD was lower than those of students under tutors of the
other two types. This means that the Type-III tutors not only helped their groups
perform better but also helped them close the performance gaps between members.

Students’ performance in the three steps of Polya’s MPS Table 4 shows the means
and standard deviations of students under the three tutoring models in the three steps
of the modified Polya’s MPS model. ANOVAs were conducted to compare their
mathematics performance in each step. It was found that the performances among
the students under the three types of tutoring models were significantly different in
Steps 2 and 3 at the 0.05 level. Post-hoc pair-wise comparisons were also conducted
to compare the performance of students under the three different types of tutoring
models. In Step 1, a significant performance difference only existed between stu-
dents under the Type-II and Type-III tutoring models (mean difference=-0.68,
p <0.05). In Step 2, only the difference between students under the Type-I and Type-
III tutoring models was significant (mean difference =-5.12, p <0.05). In Step 3, the
differences between students under the Type-I and Type-III tutoring models (mean
difference=-1.71) and between students under the Type-II and Type-III tutoring
models (mean difference=-0.91) reached a significant level (p <0.05). There was
no significant difference between students under the Type-I and Type-II tutoring
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models. In summary, the students under the Type-III peer tutoring model performed
better than the students under the Type-I peer tutoring model in Steps 2 and 3, and
better than the students under the Type-II peer tutoring model in Steps 1 and 3.

5 Conclusion and Discussion

This study examined the in-class portion of flipped classroom instruction that was
designed for group collaborative learning of MPS in a technology-enhanced learn-
ing environment. The study focused on the peer tutoring behavior patterns and the
effect of those patterns on students’ performance in MPS. We used the LSA method
to visualize the peer tutoring behavior patterns. The main contribution of this study
is the establishment of a coding framework that classifies the tutoring behaviors of
peer tutors into LC, HC, and management behaviors, which made it possible to iden-
tify the three types of tutoring models based on the BST diagrams. Another contri-
bution of the study is its examination of the effect of different peer tutoring models
on students’ performance in the different steps of Polya’s MPS model rather than
simply on their mean scores.

The results showed that the tutors’ most frequent behaviors were management
behaviors (53.81%). This finding is consistent with the findings of Berghmans et al.
(2013) in that face-to-face tutoring in small groups might require more organiza-
tional and management behaviors. In terms of cognitive behaviors, peer tutors pre-
ferred to use questioning and evaluation strategies, but had much less HC behaviors
(e.g., doubting, providing feedback, and making extensions). The cognitive level of
peer tutors’ guidance behaviors was generally low. Though we cannot expect fifth-
grade tutors to consistently achieve high-level cognitive guidance, we can still do
some work to enhance their leading role in collaborative learning activities, which
will be further discussed in the next paragraphs.

This study identified three types of peer tutoring models: organization-oriented,
cognitive-supported, and cognitive-guided. In the organization-oriented peer tutor-
ing model (exhibited by T2), significant behavior sequences only existed between
management behaviors (e.g., issuing commands, providing help, etc.). T2’s LC and
HC behaviors were isolated, although 40% of his behaviors were in the LC category
(in particular, he frequently asked team members questions; see Table 2). He made a
great effort to maintain classroom discipline and manage group activities. Compared
with organization-oriented peer tutors, the cognitive-supported peer tutors’ (T3, T4,
T6, & T7) behavior sequences were not limited only to management behaviors, but
included transitions between management and LC behaviors. However, their HC
behaviors were still isolated from their management and LC behaviors. They did
exhibit 8-20 HC behaviors with an average of 13, but this was much less than the
number of HC behaviors exhibited by cognitive-guided peer tutors, whose average
was 50. In the cognitive-guided peer tutoring models (T1, T5, & T8), the transitions
between HC and management behaviors and between HC and LC behaviors were
more complicated, especially in the case of TS. In addition, to make sure the collab-
orative learning activities moved forward smoothly, the cognitive-guided tutors also
led the group discussion with both LC (e.g., explaining, questioning, and answering
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questions) and HC behaviors (e.g., doubting tutees’ views, correcting their errors,
evaluating and extending the learning topics, etc.). They made transitions among the
three categories of behaviors frequently whenever it was necessary like real teachers.

Cognitive-guided peer tutors didn’t only exhibit more HC behaviors, but also
made more complex transitions among LC, HC, and management behaviors, which
was advantageous for their group members. Students under the cognitive-guided
tutoring model performed significantly better than those under the organization-ori-
ented and cognitive-supported tutoring models. The students under the cognitive-
guided peer tutors performed better than those under the organization-oriented peer
tutors in the modified Polya’s second and third steps, and better than those under
the cognitive-supported peer tutors in steps 1 and 3. The cognitive-guided tutors led
their groups to improve their MPS skills through expanding the breadth and depth
of collaborative discussions, which provided a good model for the peer tutors of the
other two types to learn from.

The current study has some significant implications for classroom practice.
Firstly, enough training needs to be provided to peer tutors. The peer tutors in the
current study received 40-min of training in the first week, and only three of them
showed the full range of behaviors and made transitions among the three catego-
ries of behaviors. Simply establishing a peer tutoring or peer-assisted learning envi-
ronment will not guarantee a positive impact (Berghmans et al., 2014). Secondly,
the training can be guided by Polya’s four-step model so that the tutors can lead
their groups to move smoothly from understanding the problem, through devising
and implementing a solution plan, to reflecting on the solution methods and making
extensions. As shown in the study, the cognitive-guided peer tutoring model had a
significantly better impact on students’ overall performance in MPS and the indi-
vidual steps of the modified Polya’s model. Another way to help peer tutors see their
weaknesses and make improvements might be to watch videos of their own group
and groups with cognitive-guided tutors and to compare the peer tutors’ behaviors
in the different phases of collaborative learning so that they know how to do better.

Although this study obtained some meaningful conclusions, there were still some
limitations. Firstly, this study was conducted in the context of a flipped classroom
with one peer tutor for each group of ten or eleven students. This ratio might cause
a lot of challenges for the peer tutors. Further research could be conducted with
smaller group sizes. Secondly, this study focused on the behaviors of peer tutors
and the effect of their tutoring models on students’ MPS performance. Exactly how
the tutors’ behaviors affect the group members needs further research that can iden-
tify the mechanism of this effect. Thirdly, the current study investigated the impact
of tutoring models on the students’ performance in different steps of Polya’s MPS
model. Future studies can be conducted to investigate the effect of tutoring behav-
iors at different Polya’s steps on the performance of group members. Fourthly, the
study intervention lasted only five weeks. Longitudinal studies could be designed to
investigate the long-term effect of different tutoring models on students’ mathemat-
ics achievement and their attitudes towards mathematics.

In summary, this research identified three types of peer tutoring models based on
the BST diagrams drawn from LSA: organization-oriented, cognitive-supported, and
cognitive-guided. ANOVA analysis revealed that the groups with cognitive-guided
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tutors who exhibited more HC behaviors performed significantly better than the
other two groups. Furthermore, the students with cognitive-guided peer tutors per-
formed better than the students with the organization-oriented peer tutors in Steps 2
and 3, and better than the students with the cognitive-supported peer tutors in Steps
1 and 3. This research provides a feasible path for the exploration and interpreta-
tion of peer tutoring models, which has practical implications for the organization of
group learning activities in real classrooms.

Appendix. A worksheet for group discussion

Worksheet for Group Discussion (Translated from Chinese)

Name: Class: Group No.:

Tasks: To discuss the solution approaches to the two problems. The group tutor is for organizing the group di ion, in Time: 20 minutes
particular, making sure that each member has time to present his/her own solutions.
Rules: Think independently; Communicate in a clear and low voice; Listen carefully and provide your kind help when necessary; Dare to raise questions; Appreciate

others” work and give your praise: Reflective thinking; Solve group problems on your own first and ask for advice from others when needed.

Tips for the presentation:

Read the problem first, and then to determine what arc the givens, what are the unknowns?

What intermediate results can we obtain from the givens?

What topics are involved in solving this problem?

What are the key points in the solutions? What are the crucial steps in the solutions?

e. What have I learnt from solving this problem?

Problem 1: Xiaoming and Xiaogang start at the same time from the stadium to the city of universities along the same way. After 1.3 hours, Xiaogang arrived at the

[SIR =

destination, then Xiaoming still has 0.26km left. Xiaoming’s speed is 3.2 km/h. How long is the distance Xiaogang travelled?

Analyzing approaches
(b) Analyze

olve =

the problem
Solution procedures
(c) Look
Refle Related knowledge &
skills

Fig.6 A worksheet for group discussion

(a) Read and
understand
the problem

Problem 1—
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