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Peer tutoring is a form of structured peer learning technique. This study develops and tests a new
form of peer tutoring technique, ‘Interdependent Cross-Age Peer Tutoring’ (ICAT). The method is
informed by the ‘what works literature’ within peer tutoring and brings together crucial elements
which have been shown to provide high effect sizes. Specifically, ICAT consists of an
autonomous/informative structure, with students setting their goals in a cross age peer tutoring
mathematics context. ICAT was implemented for six weeks in three different schools across England,
with teachers concentrating on teaching their planed topics. School A (n=95) Year 8 students tutored
Year 6, school B (n=65) Year 9 tutored Year 7, and school C (n=44) Year 10 students tutored year 8.
Schools A and B adopt a pre/post-test quasi-experimental design and school C adopts a single group
pre/post-test design. Research made instrument were applied to measure tutees performance gains.
Classroom and paired observation were conducted for each school and the ICAT lesson materials for
the six weeks were analysed to establish intervention fidelity. School A showed the highest ICAT
implementation and effect size, 0.92, significant at (p<.001). However the findings should be
interpreted with caution due to a weak research design.
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1.Introduction
Meta-analyses have continually shown that cooperative group learning is an effective educational intervention
(Johnson & Johnson 1989; Roseth, Johnson & Johnson 2008, Rohrbeck, Ginzburg-Block, Fantuzzo & Miller,
2003; Ginzburg-Block, Rohrbeck & Fantuzzo, 2006). Also, meta-analyses for students of ages 4-18 in peer
tutoring have also shown to provide high effect sizes (Cohen, Kulik & Kulik, 1982; Leung, 2014; Zeneli).
Topping and Ehly (1998) provide elaborative peer tutoring typology. However, it can be broadly defined as a
specific branch of peer learning in which students work on academic subjects in small groups, in which one
or two students take the tutor or the tutee roles.

Abrahami et al., (1995) conclude that overall theories have tried to explain cooperative learning by
concentrating on two elements: on students’ motivation or on students’ learning, and they provide an
extensive ‘organisational model’ to understand and implement cooperative learning effectively. At the heart
of the ‘organisational model’ is Social Interdependent Theory. The theory states that although having a peer
learning strategy which concentrates on learning process is necessary to raise students’ outcomes, - as Web
(1989, 1992) and Topping and Ehly (2001) have argued, - motivating the peers to cooperate together and to
learn is a precondition (Johnson, 1990; Johnson & Johnson, 1987; 1989; 2005; Johnson, Johnson, Holubec & Roy,
1984).
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Johnson, et al., (1984) identify four main cooperative skills levels that students need to be taught when working
together; 1) forming, 2) functioning, 3) formulating and 4) fermenting skills. While the first and the second
level deal with classroom arrangements, social and communication skills and motivation the last two levels
concentrate mainly on learning skills such as seeking help, providing explanations, cognitive construction or
knowledge reconstruction. At the heart of the theory are the ideas that formulating and fermenting skills are
difficult to achieve without forming and functioning skills as well as applying social interdependent elements,
such as reward interdependence, goal interdependence, task interdependence, role and interpersonal
interdependence.
The following are some popular peer tutoring interventions:
1.1 Class-wide peer tutoring (CWPT)
There are at least 8 elements in a CWPT method; 1) Same-age and 2) similar-ability pairing, 3) reciprocity
between peers, 4) structure, 5) method training, 6) group goal, 7) group contingency, and 8) scripts with
instructions and answers (Arreaga-Mayer, Terry & Greenwood, 1999). Beyond these 8 elements, CWPT has
incorporated elements such as ‘praise’ and different cognitive or meta-cognitive strategies. The next two
methods, RPT and PALS derive from CWPT:
1.2 Reciprocal peer tutoring (RPT)
Reciprocal Peer Tutoring is similar to CWPT, its main difference lies in the pairing format and the form of goal
and reward structure. Whereas in CWPT the pairs are assigned randomly and then allocated to one of two
groups and compete against one another for a reward set by the teacher, in RPT the pairs are not randomly
created, rather it is the pair who chooses the type of goal and reward from a list (Fantuzzo, King & Heller,
1992).
1.3 Paired-assisted learning strategies (PALS)
Paired-assisted learning strategies contain all the above CWPT characteristics, however it is different to CWPT
in at least four characteristics: 1) Even though same age, the pairs are cross ability, 2) PALS incorporate a
modelling characteristic, in which the higher ability student leads the way, 3) emphasis is placed on praising,
4) cognitive and meta-cognitive strategies of learning are applied (Fuchs, Fuchs, Karns, Hamlett, Katzarokt &
Dudka, 1998).
1.4 Cross-age peer tutoring
In a cross-age peer tutoring the tutor and the tutee differ from one another in terms of age, and consequently
in ability level, with the older peers possessing a more advanced knowledge of the materials. Also, due to its
nature, cross-age tutoring is always fixed role, with the older student acquiring the role of the tutor (Sharpley
& Sharpley, 1981). Beyond these three characteristics, age, ability and role, the method can have any
combination of the remaining characteristics associated with peer tutoring.
Many studies and suggestions exist on simplistic cross age peer tutoring (Fitz-Gibbon, 2000; Thurston 2014;
Tymms, Merrell, Thurston, Andor, Topping & Miller, 2011; Tymms & Merrell 2015)
1.5 Significance
Cross-age peer tutoring according to Fittz-Gibbon is superior to cross-ability same-age peer tutoring, as this
method threatens the student who seeks help, whereas help from an older student is more accepted (Fitz
Gibbon, 1992). One of the earliest studies to look into this is that by DePaulo et al., (1989), concluding that a)
students tutoring same-age peers feel threatened by the task, b) cross-age tutors are also threatened if they are
of similar ability, and that c), tutees can feel threatened to ask for help in a same-age context. Studies have
shown that cross-age peer tutoring is supervisor than same-age peer tutoring in improving students’ attitude
(Miller, Topping & Thurston, 2011) and performance (Cohen, et al., 1982; Tymms, et al., 2011). Moreover,
meta-analyses in peer tutoring have shown that peer tutoring informed by the social interdependent approach
yield positive attainment results (Leung, 2014; Zeneli, Thusrton, Roseth, 2016). Specifically, studies with goal
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interdependence set by students provide higher effect size=.99, as opposed to those on which the teacher sets
the goals ES=.30, as do studies with autonomous structures ES=.94, without autonomy ES=.30 (Rohrbeck,
Ginsburg-Block, Fantuzzo & Miller, 2003). Also, meta-analysis in peer learning in general by Roseth, Johnson
and Johnson (2008) have shown that positive peer relations predicts outcome performance on peer learning,
R²=.40.
Positive results for the impact of an interdependent cross-age peer tutoring (ICAT) on tutees’ attitudes have
been illustrated (Zeneli, Tymms & Bolden, 2016). However to date researchers have not looked at applying
important social interdependent elements to cross-age peer tutoring to measure its impact on attainment
results, specifically important elements such as social skills training, goal/reward interdependence and
autonomous/informative structure interdependence (Zeneli & Tymms, 2015).
Aim and research questions
This paper aims to apply key social interdependent elements to cross age peer tutoring in mathematics.
Specifically it tries to answer the following research questions:
A). Does cross age peer tutoring raise tutee’s mathematics attainment when incorporating crucial social
interdependence elements such as goal, interpersonal training and resource interdependence, academic/social
guidance scripts and autonomous structure?
B) To what extent was the intervention implemented successfully across the schools?
3. Method:
3.1 Participants
There were in total 550 students from three schools across England that participated in this study; two in the
North East of England and one in the South East. The schools in the North East involved Year 8 tutoring Year
6, (School A), and the Year 9 tutoring Year 7 (School B). The school in the South East involved Year 10 tutoring
Year 8 (School C).
The schools for the project were chosen as follows. Emails reporting the opportunity for the project were sent
to the school authorities of three different English county councils, North Tyneside, Leeds, and Medway, as
well as the secondary schools working with the Centre for Evaluation and Monitoring (CEM) at Durham
University. Over 70 schools were contacted. The response rate of schools who expressed the wish to
participate in the project was 9 schools, 13% of the total contacted. Out of the 9 schools only 3 agreed to the
terms and conditions in respect to design and time frame.
Tables one provides more information regarding the school characteristics and group gender context.
Although Special Education Needs students participated in the project they were not included from the
analysis in order to keep a homogeneous sample.
Table 1. School characteristics
Mean Age For Each

Age

Year
Schools
A
B
C

6

7

11.7

8

9

National Average

Students

%
Boys

%

%

Girls SEN*

%

% Free

Average

ESL*

School

KS2 Point

Meal

10

14.2
13.2

Total

Range

13.4

12.3

School

15.4

9 -13

478

50.6

49.4

5.2

7.9

26.6

28.8

11 – 16

415

53

47

11.3

0

54.5

28

11 – 19

1301

55.1

44.9

13.7

1.6

28.5

26.5

978

51.0

49.0

7.7

15.9

16.8

28.4

*SEN=special educational needs. ESL=English as second language
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For an expected effect size .55, which is the average effect size found in peer tutoring interventions in
mathematics (Zeneli, 2015) significance level of .05 (one tailed T-test), and a power of .8, the total sample
requirement for each school is 84, or 42 per each group. In order to account for attrition rates it was necessary
to have just over 50 participants per each group, however for school B the numbers were smaller as there were
not enough students.
3.2 Design
Initially all the schools agreed to participate on a quasi-experimental design intervention, however, school C
decided to drop the control group and applied the intervention to the entire age group, without conducting
any post-tests on the control classes. Table two presents the design and the data collected, and table three next
page presents the gender composition in each group.
Regarding group characteristics in terms of free school meal (FSM), for school A the control group consisted
of 8 FSM students, and 6 for the peer tutoring group. For school B, the control group contained 17 FSM
students, and the peer tutoring group of 15 students. Finally, for school C there were 19 FSM students.
Table 2. Design and data collected
Schools

A

B

C

Length &
control groups.

Performance

Attitude Data*

Observation

Lesson scripts

Six weeks, prepost-test quasi
experimental
design.

Pre-post for
all Year 6s.

Pre-post, for all
Year 6s and
Year 8s.

Two classes.

Two classes out
of four.

Six weeks,
pre/post-test
quasi
experimental
design.

Pre-post for
all Year 9s
and Year 7.

Pre-post, for all
Year 9s and
Year 7s.

Two classes.

Yes.

Six weeks, prepost-test single
group design.

Pre-post for
the Year 8s.

Pre-post, for
peer tutoring
Year 10s and
Year 8s.

Two classes.

Yes.

*Attitude data are not reported in this paper
Table 3. Gender composition for each group by school and year

Year
6

Year
8

School A
Control
Girls
Boys
Peer
Girls
Tutorin
Boys
g
Control
Girls
Peer
Tutorin
g

Boys
Girls
Boys

24
34
22
32

Year
7

41
21
25
29

Year
9

School B
Control
Girls
Boys
Peer
Girls
Tutorin
Boys
g
Control
Girls
Peer
Tutorin
g

Boys
Girls
Boys

22
17
23
13
18
24
15
21

Peer
Tutorin
g

School C
Girls
Year
8
Boys

Year
10

31
43

Girls

36

Boys

44
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3.3. Intervention Procedures
Organisation. Every school agreed to 35-40 minutes of cross age peer tutoring for six weeks, as well as 45
minutes of student training prior the intervention. The project started at the last term of the 2013 academic
year. A timetable with all data-collection times was provided to each school. The short tests were administered
and collected by the teachers together with all peer tutoring lesson scripts. The observations were conducted
by the first author.
Materials/exercises. The topics of the materials were chosen by the schools in order to reflect their lesson plans,
hence the control group also concentrated on the same topics. The exercises were created by the mathematics
teachers from each school, together with the researchers. Many of the exercises were influenced by
MathsLinks, 1, Year 7 Practice Book (Allan, 2008), for it provides a good illustration how to range mathematics
exercises in different complexity levels, a crucial component in the interdependent cross-age peer tutoring
(ICAT) framework.
Table four next page provides additional information on the exercises covered by each school:
Table 4. Lesson topics by schools
1.

School A
Number patterns and
sequence

1.

School B
Mean, median, range, mode

1.

School C
Measurements

2.

Data interpretation and

2.

Probability

representation

3.

Transformation

2.

Fractions

3.

Understanding

3.

Factors, multiply, fractions

4.

Enlargements

measures

4.

Sequences

5.

Area

4.

Properties of shape

5.

Mental methods,

6.

Equations

5.

Data interpretation
and representation

6.

multiply/divide
6.

Equations

Written methods

Pair and Class set up. The pairings were conducted by the mathematics head teachers based on previous
classroom individual assessments. The pairings of the students were conducted in the following way: The
highest performer of the older age was paired with the highest performer of the younger age, and so on down
the line on the same sex. This form of pairing on ability is consistent with previous cross age tutoring
interventions (Fitz-Gibbon 2000; Topping, K. J., Campbell, Douglas & Smith, 2003; Tymms, et al., 2011), and
has also been recommended by Thurston’s (2014) peer tutoring manual supported by ESRC and Tymms and
Merrell (2015). Also meta-analysis have illustrated that same sex grouping provide higher effect size
(Rohrbeck, et al., 2003). Once the students were paired, they worked together for the duration of the project.
3.4. Training
Mathematics head teachers and in-house facilitators, teacher and students all received ICAT training. The
training for the mathematics head teachers and facilitators concentrated on the following three areas:
Theory. Why and how peer tutoring works, and the literature that exists on peer tutoring.
Practice. Individual role-play on the ICAT framework.
How to train the teachers and the students to concentrate on academic and social interaction skills:
Specifically how to give praise correctly and synchronise the tone of voice with the body language and the
context overall. The head teachers and the facilitators were advised to carry out role play with the teachers
and the students on both: the academic framework and interpersonal communication skills. In other words
the training was conducted in a cascade top-down model.
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Prior to the intervention the students received one full training session of 45 minutes, working on simple
mathematics materials. Studies have found that training of the students is essential in peer tutoring (Harrison
& Cohen, 1971; Barron & Foot, 1991).
The 45 minutes student training was divided as following:
The first 20 minutes of the training concentrated on interpersonal communication skills development.
Specifically, the pairs were asked to do role playing: First they were required to sit far away from each other,
interrupt and maintain a neutral face, - the pair then sat close to each other, smile, and be nice to one another,
- and finally to discuss why the second option is better and the importance of synchronising body language
with the tone of voice.
The remaining 25 minutes of the training, concentrated on the peer tutoring scripts, going through with their
teacher what to do at each stage.
3.5. ICAT intervention framework
ICAT framework developed here consisted of four parts: As it can be seen in the ICAT framework, figures
one, two and three,
The steps that the students took in order to complete the work were as following:
Part 1, Goal Setting. In the first part, Goal Setting, the students chose together in pairs a number threshold
that they wished to reach, a threshold which become their performance goal.
Part 2, Practice-Test. In the second part, Practice-Test, the tutor prompted the tutee to answer a range of
mathematics questions. This was the part in which new mathematics concepts were introduced to the tutee
for the first time, ranging from very easy to very difficult. Maximum interaction was expected at this stage, as
the tutee would struggle with new concepts, and the tutor was expected to provide help in different ways,
first implicitly then explicitly.
Part 3, Connect. High interaction was also expected at the third stage, ‘connect’. At this stage the tutee was
prompted by the tutor to connect the new concepts to previous mathematics concepts and to real life events.
This part ensured advanced cognitive and meta-cognitive engagement, and the tutor was also asked to provide
help in different ways; again first implicitly then explicitly.
Part 4, Turn-Taking Test. The final part, contained less verbal interaction and more tutor written modelling,
as the students were required to take turns to complete the exercises in order to determine whether they had
achieved their self-set performance goals. By making the tutor engage in exercises in the end as well, it was
expected that the tutor would have to take stages 1, 2, and 3 seriously, as he/she would need to have a good
engagement with the mathematics concepts as well.
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Figure 1. Parts one and two
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Figure 2. Parts three and four

Figure 3. Part four
The intervention adopted here was different from other cross-age peer tutoring interventions when considered
as a whole. The following are some of ICAT’s strengths:
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Academic goal interdependence. Unlike most cross-age peer tutoring interventions, which rely only on the role
and social skills training as means of positive interdependence, the framework here also incorporates
academic-goal interdependence.
Autonomous-Structural interdependence. This was achieved by combining guidance sheet, exercises and praising
cards all in one. This is unique to the ICAT framework. An evident problem in peer tutoring is that tutors give
the answer to the tutee too early (Harrison & Cohen, 1971), therefore the timing of when the answer be given
is very crucial according to Topping (2001); similarly the timing of praising is also important (Johnson, 1990).
Advanced cognitive and metacognitive engagement. ICAT explicitly engages students in meta-cognitive discussion
by providing a section entitled ‘connect’, in which the students are asked to engage into two different, yet
similar, ways of thinking: First to connect what they just covered to previous Mathematics classes or subjects
in order to provide some kind of categorisation (Kramarski & Mevarech 2003; 2004), and second to relate the
topic to real life events, as in the case of “link it up” in Shared Maths peer tutoring (Tymms, et al., 2011). Both
relating it back to current knowledge or to real life are emphasised and advised by Thurston (2014) peer
tutoring manual.
It familiarises students with tests by providing a test-like peer tutoring environment. This was achieved by naming
two out of four peer tutoring sections as; “Practice-Test” and “Turn-Taking-Test”. Again this is similar to
Fantuzzo, Polite and Grayson (1992) Class-wide Peer Tutoring or to RPT in general, however, with three major
differences. Firstly, the exercises, for both parts, range hugely in the level of complexity, hence aiding the
students to reach their true ZPD; this is important since in cross age peer tutoring the teachers very often do
not know what level the tutors or tutees are at, teachers often find it hard to provide the students with the
correct exercise levels. Secondly, the final test is a turn-taking test, hence the students carry on working
together, rather than alone. They do so, however, in such a format that the tutee and the tutor both watch how
their partner solves the exercises, so that there is room for peer modelling in the process.

3.6. Implementation indicators
The table below shows the attrition rate for each group and data analysis type for each school:
Observations: Observations were conducted at two levels, overall observations and student pair observations.
Overall observations: This concentrated at the classroom level, ensuring that basic elements were met, those
were: Spacious classrooms, teachers knowledgeable in terms of ICAT elements, teachers helping students,
desks organised appropriately, necessary materials were present, and same sex pairings.
Pair observations: The observation instruments, table five, have been influenced by various thinkers, items 13 by Argyle, (1976); Allen and Feldman, (1976), Johnson (1990) measuring the level of interdependence, while
the remaining items have been influenced by Fitz-Gibbon (2000), Roscoe & Chi, (2007); Topping, Miller,
Murray & Conlin (2011), measuring the level of cognitive and meta-cognitive engagement.
The structure of the observation is influenced by Topping, et al., (2011). Observations were conducted in the
following way: Each pair of students was observed through five windows. For the Year 8 tutoring Year 6, and
Year 9 tutoring Year 7 each window lasted approximately 30 seconds, 5 seconds to adjust, 15 seconds to
observe and 10 seconds to record. For the school of Year 9 tutoring Year 7 the window was longer, as there
were only 9 pairs per class. Therefore for the Year 9 tutoring Year 7 each window lasted around 42 seconds.
Lesson Materials: Lesson materials were collected for most of the 6 lessons, including the training lessons for
school B and C.
The lesson materials concentrated on measuring different areas such as: first, the level of interdependence, by
paying attention to the number of students setting goals, second, cognitive and meta-cognitive elements, by
paying attention to the quantity of exercise attempted at each level, the quality of answers and the quantity of
different feedback types.
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Table 5. Implementation indicators by method
Lesson Materials
1

Observations

Amount of peer tutoring lessons scripts
including training.
Set goals by the students
Quantity of exercises attempted in the
practice test section
Quantity of exercises attempted in the
connection section
Quantity of exercises attempted in the turntaking test
Quality of answers in the practice test
section
Quality of answers in the connection section,
such as negative, broad or specific
statements
Quality of answers in the turn-taking test
Total types of feedback
Feedback by ticks/crosses in the practice test
Feedback by ticks/crosses in the turn-taking
test
Checking if goal is achieved.

2
3
4
5
6
7

8
9
10
11
12

1

Goal Interdependence

2
3

Tutor B-Language/T-Voice
Tutor Praises Correctly

4

Tutor M/C Questions

5

Tutee Self Corrects

6

Tutee Connects/Categorises

7

Tutor Questions

8
9
10

Tutee Answers
Tutee Questions
Tutor Explains

3.7. Instruments
Since this was a short intervention, it was decided that in order to capture the effect of the intervention the
instrument needed to be newly designed as oppose to a standardised test which would have been too broad
to capture the impact of the intervention.
Also, since the students worked at different levels due to the difference in age across schools and different
topics, three different instruments were created. Each instrument measured mathematics performance of the
topics covered during the 6 weeks that took place in the experimental and the control groups. The following
were the Cronbach’s Alpha reliability levels presented in table 6:
Table 6. Cronbach's Alpha reliability coefficient for performance measurement
Schools

A
B
C

Year
Year 6 Pre-test
Year 6 Post-test
Year 7 Pre-test
Year 7 Post-test
Year 8 Pre-test
Year 8 Post-test

Cronbach’s Alpha Based on
Standardized Items
.70
.67
.66
.70
.36
.59

n of
Items
6
6
5
5
6
6

n
98
97
64
63
49
46

3.8. Analysis
Performance was analysed by using SPSS 20:
Analysis of Covariance (ANCOVA) was used for schools A and B, the pre/post-test quasi experimental
designs. ANCOVA controls for pre-test score differences.
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For school C, the single group design a dependent t-test was applied. SPSS does not conduct one sided tale ttests, which was required when testing rather than exploring hypothesis; therefore in order to take account of
this shortfall the p value was multiplied by 2 for the dependent t-test.
The Effect Sizes for the quasi-experimental designs was manually calculated by taking the ANCOVA
coefficients and using Cohen’s d technique with the square root of the MSerror as the denominator. Hedge’s
g pooled standard deviation was used to calculate the effect size for school C as the design differed from
schools A and C.
3.9. Results
3.9.1 Attrition rate
Table 7 reports the attrition rates by data collection type:
Table 7. Attrition rate % for each data collection type by group and school for the tutees
Schools
School A
Year 6
students

Groups
Peer Tutoring

Control

Performance tests %*
9 missing
9/54=17%
9 missing
9/58=16%

31 missing
students
31/54=57%

1 missing student
1/36=3%

School B

Peer Tutoring

1 missing
1/36=3%

Year 7
students

Control

13 missing
13/39=34%

School C

Lesson materials %*

30 missing
Year 8
Peer Tutoring
30 missing
students
students
30/74=41%
30/74=41%
*In order to arrive at the attrition percentage the number of missing students was divided by the total number of
students within each group for each data collection type.
In terms of performance data the highest attrition rates were for school B the control group, 34%, and school
C with 41%. In terms of lesson materials, more than half of school A students, 57%, did not provide their names
in the ICAT lessons therefore they did not enter the analysis; and 41% of students in school C did not do so.
3.9.2 Implementation fidelity
Observations
Overall school/classroom observations experience. For school A the observations of the set up overall corresponded
to the planned intervention. The classes were spacious, and there was enough space between the pairs.
Teachers directed the pace of the peer tutoring as they were trained to do, guiding the pairs through each peer
tutoring part. The lessons scripts indicated that the schools made use of the training lesson. The pairing of the
students was conducted as planned, i.e. same sex and the best performer of the older age was paired with the
best performer of the younger age.
School B showed few problems: One of the classrooms was slightly small. Even though there were only nine
pairs the students sat very close to one another. Although the teacher did try his best to guide the pairs
through each peer tutoring part many of the students did not remain seated, hence causing noise. The pairing
of the students was only partly conducted as planned, specifically the school did not entirely managed to
secure same-sex pairing. Also, the school teachers were trying Information Communication Technology (ICT)
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and formative feedback teaching strategies in order to improve students’ performance, therefore the context
in this school was not normal.
School C the observations revealed that overall the classroom sizes and pair’s seating were spacious.
However, there were other issues: Firstly, this school had entirely split the boys from the girls so as to be sitting
in different rooms, this was not an issue, however, for the boys’ observation, there were three teachers in the
room: the appointed teacher, the mathematics head teacher and the school’s head teacher; showing extra effort
in implementing peer tutoring. Later, however, it became evident that on that same day the school had been
inspected by Ofsted, who are usually keen on peer tutoring interventions. Therefore, the schools’ effort to
manage peer tutoring effectively is very likely to have been an extra effort in light of the Ofsted inspection
rather than a genuine attempt.
Table 8 next page provides an overall picture of the general school observations:
Table 8. General school observations
Observations topics
Classrooms space
Teachers knowledgeable
with ICAT
Teachers aiding students
Desks organized
appropriately
Materials (pencils, rulers,
etc.)
Same sex pairing

School A
Enough space
Yes

School B
One classroom too
small
Yes

School C
Enough
space
Yes

Yes
Yes

Yes
Mostly

Yes
Yes

Yes

Yes

Yes

Yes

Mostly

Yes

Pair observations: Figure four shows the extent to which student pairs implemented ICAT according to
programme specifications.
Overall the pair observations illustrate that the indicators least implemented were goal interdependence, tutor
praises correctly and tutee connects/categorises. Also, indicator ‘tutee self-correct’ was removed from the
analysis since this activity did not materialise within the pair. The indicators with the highest observed
frequency were: tutor adopts a correct body language and tone of voice, tutor explains, tutor asks questions
and tutee provides answers/explanations.
In terms of comparing the schools to one another, for most of the indicators no major differences were detected,
with the exception of school A in which more goals and correct praising were observed; and in school C the
tutors seemed to ask more questions compared to other schools.
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Clasroom Pair Observations For Each School
School A Class A (N=13 Pairs)

Average points per pair out of 5 windows

3

2,5

School A Class B (N=13 Pairs)

2
School B Class A (N=8 Pairs)

1,5
1

School B Class B (N=9 Pairs)

0,5
School C Class A (N=11 Pairs)

0

School C Class B (N=10 Pairs)

Figure 4. Classroom pair observation by school

Lesson materials: In terms of ICAT lesson materials, school A came the closest to implementing the
programme according to its specifications, 85%. Schools B and C showed an implementation of 63.5% and
64.88% respectively. Table 9 provides the results.
Overall the element least implemented was ‘lessons with student set goal’, 58%; and the element implemented
the most was ‘lessons in which all exercises in the practice-test section were attempted’, 79%.
Table 9. Percentage of implemented lessons according to programme specifications for the students with
their names on the ICAT materials.
Lesson Materials

School A %

School B %

School C %

Total peer tutoring lessons attended
with students names on.
Lessons with student set goals
Lessons in which all exercises in the
practice-test section were attempted

149/161=93

152/245=62

206/308=67

Average %
per indicator
74

145/149=97
116/149=78

60/152=39
120/152=79

80/206=39
164/206=80

58
79
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Lessons with attempted exercises
connect section

105/149=70

85/152=56

154/206=75

67

Lessons in which all exercises in the
turn-taking section were attempted
Correct answers for practice test
Specific answers connect section
Correct answers turn-taking section
Average per school

121/149=81

106/152=70

120/206=58

70

779/957=81
363/382=95
785/942=83
85

632/986=64
92/130=71
651/967=67
64

1410/1759=80
124/256=48
819/1132=72
65

75
71
74

3.10. Performance
Statistical assumptions: There were two statistical assumptions which were not met when conducting the
ANCOVAS. The violated assumptions were found in school A, when comparing the mathematics
performance of the Year 6 peer tutoring group to the Year 6 control group; those were normality assumption
for the peer tutoring group on the pre-test and the homogeneity of variance between the groups. However,
when the number of participants is over 30, as was the case here, assumption violations do not have a huge
impact on the findings (Howell, 2010).
Pre-test differences: Table 10 suggests that there were significant differences for the pre-test data for school A.
Hence to ensure that there was no regression to the mean, a condition in which a particular group falls within
the extreme side of the sample mean in the pre-test and then equalises in the post test, the formula
recommended by (Trochim, 2012) was applied: 100(1-r), where r is the correlation between the pre and posttest data within each group. The higher the correlation, the lower the percentage of the regression to the mean
(Trochim, 2012).
All groups showed a 20-30% regression to the mean. However, since this phenomenon appeared for both
groups, control and peer tutoring, the threat to inflating the effect size is extremely small, as regression to the
mean for any variable has cancelled itself out, and therefore poses no major danger to the results.
Effect sizes. Table 11 provides details on the findings. The highest ES was that of year 6 tutees within school
A as compared to the control group within that school, ES=.92, significant at (p<.001). This was followed by
Year 8 tutees within school C, comparing the peer tutoring pre-tests scores to the post-tests, ES=.79, also
significant at (p<.001). Finally the lowest ES was that of Year 7 tutees within school B as compared to the
control group within that school, ES=.22, non-significant.
Tables 10 and 11 next page provide additional data:
Table 10. Pre-test score differences
Student Performance

Year 6 (Tutee) School A
Year 7 (Tutee) School B

Pre-test
mean peer
tutoring
20.02
11.54

Std.

n

Std.

46

Pre-test
mean
control
23.51

5.94
5.09

n

5.4

Sigtwo
tailed
49
.004

35

13.69

5.49

26

ns

46
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Table 11. Pre/post-test gain differences
Student Performance

Quasi Pre-post Experimental Design
Peer
Tutoring

Std. Error

Control Est. Mean

Std.
Error

MSE

ES

Est. Mean
Year 6 (Tutee)School A

25.90(n=46)

.485

22.95(n=49)

.470

10.32

.92**

Year 7 (Tutee)School B

15.37(n=35)

.702

14.46(n=26)

.817

16.93

.22

Year 8 (Tutee)School C

Singe group pre-post experimental design

Pre-test mean

Sd

n

Post-test mean

Sd

n

ES

8.50

2.81

44

11.45

4.46

44

.79**

** p<.001.
Testing for classroom differences within groups: this was conducted to investigate whether a particular
classroom showed to be performing much lower or much higher than other classroom, which would have
inflated the overall findings by increasing or reducing the total group mean. When testing for class effect via
an ANOVA Residual Analysis of Quadratic Regression slope for school A there was a significant main effect,
F(3, 92)=5.34, p=.002. However, post-hoc comparison showed that the significant main effect was mainly
evident between the treatment and the control classes, as oppose to classrooms within the treatment group,
which would have inflated the findings.
Also, when testing for class effect in school B via an ANOVA of Residuals from a Cubic Regression slope, there
was no main significant effect on the performance scores of different classes, F(3,57)=.87, (p=.46.)
No such analysis was undertaken for school C, since the design was weak to support any claims regarding the
impact of ICAT.
4.Discussion
This study has tested a new form of cross age peer tutoring intervention, influenced mainly by Social
Interdependence Theory. In order to compensate for design shortfalls, two additional safeguards were
applied: regression to the mean analysis and investigations on classroom effects were carried out.
The findings for school C can be viewed with scepticism due to the lack of a treatment group, in other words
the gain could be simply due to the maturation effect.
In terms of the findings for school A, the findings from this study correspond with those by Rorbeck, et al.,
(2003) and Leung (2014), that peer learning interventions work better on younger ages. With the younger
school also having a better implementation overall. Apart from a high implementation of ICAT, at least three
additional factors can be discussed to help understand the findings for school A:
Firstly, ICAT combines within it elements of the most effective peer tutoring interventions. Hence the first
explanation would be the peer tutoring framework adopted here, which was informed by the ‘what works’
literature.
Secondly, unknown research design issues steaming from the weak design could have also biased the findings,
meta-analyses have shown that in peer tutoring the chosen research design influences the magnitude of the
ES (Zeneli, et al., 2016). Specifically, a) issues such as the Hawthorne effect, which is the case with short
interventions, b) student and teacher demoralisation in the control groups, and c) teachers in the experimental
group teaching to the test considering that all the school were keen to see peer tutoring work.
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The final reason why the effect size was high in school A is that the instrument was developed to evaluate the
topics covered during the ICAT intervention. If a national test was used, this would not have captured the
true impact of the intervention and the effect size would have been much smaller. The high effect size in school
A is consistent with peer tutoring interventions in mathematics using research made/modified instruments
for the context, (Fantuzzo, Polite & Grayson, 1990; Ginsburg-Block, & Fantuzzo, 1998; Menesses & Gresham,
2009).
This research consists of major methodical limitations such as, lacking random sample selection, random
participants allocation, a short time-frame, a weak instruments and many other elements necessary for a strong
research which measures impact as identified by Zeneli (2016). Therefore the findings cannot be generalised
to any population.
Largely, there is a need for a strong external validity design, such as clustered, at the school level as conducted
by Tymms, et al., (2011), stratified random selection (Torchim, 2012); and strong internal validity, such as blocked
randomisation allocation of schools to groups (Lachin, Matts & Wei, 1988), as well as established instruments
(Slavin & Maden, 2008, 2011). Such designs are the way forward to shed more light on the effectiveness of the
intervention developed here; as well as other education interventions in general. Also, if the intervention is
lengthy enough, research needs to measure tutors’ attainments, especially when considering the idea that
tutors learn more than tutees (Fitz-Gibbon, 1985), which has also been established by one of the most crossage peer tutoring robust trials (Tymms, et al., 2011). In terms of method, a better design would have been to
have a four way factorial design; one group concentrating on cross-age elements, emphasising learning
processes, one on interdependent elements, emphasising motivational processes, the third group emphasising
both learning and motivational and a control group.
Furthermore, future research needs to go one step further and also incorporate reward interdependence.
Especially when considering that the latest meta-analysis in peer tutoring has shown that studies which
incorporate reward interdependence as chosen by students in peer tutoring provide that highest effect size
(Rohrbeck, et al., 2003). This would further strengthen a cross-age peer tutoring framework and increase the
level of interdependence and consequently motivation within peer tutoring pairs or triads.
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