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Abstract: This paper reports on the initial outcomes
of a study to develop a model to identify the
relationship between technological facilities such as
iPad, MacBook, Apps and software etc., pedagogy
(that can be defined as any conscious activity by one
person designed to enhance learning in another
(Watkins and Mortimore, 1999 [1])), curriculum and
learning. The new model can be called CPT Model.
This is a new area of study. The model will test the
difference between the observed learning outcomes
and the learning outcomes predicted. This model can
predict the outcomes for assessing the students’
progress. Using a three-dimensional vector space in
the form of 3D equations, after the integration
between the ICT and the education, students’
observed and predicted progress (that was calculated
using the CPT model) were compared. These rates
were very close to each other. Therefore the null
hypothesis, “there is not a significant difference
between the observed (actual) and expected
outcomes”.

1. Introduction

Research into the effect of technology on the
learning process, using various mobile devices such
as mobile devices is relatively new (e.g., Wong,
Chin, Tan, & Liu, 2010 [2]). More specifically, the
use of pocket PCs (e.g., Wong & Looi, 2010[3]), and
Apple iPhones (e.g., Jong, Specht, & Koper, 2010
[4]) have been investigated. These researchers have
found that involving the mobility and connectivity of
mobile devices may lead to innovation in the
learning for students across different environments
(Looi et al., 2010 [5]; Tai, 2012 [6]). For instance, it
has been shown that mobile telephones are
increasingly used for improving both content
knowledge and communication skills (Stockwell,
2010 [7]; Zhang, Song, & Burston, 2011 [8]).

Using mobile technology devices for educational
purposes is becoming a common expectation of
learners (Lan & Huang, 2012 [9]). For instance,
Valk, Rashid, and Elder [10] demonstrated how
mobile telephone-facilitated learning can give

students in developing countries increased access to
educational materials and services, particularly in
rural and remote regions. However, the innovation of
learning based on technology (referred to in this
study as users Learning Technology using Mobile
Technologies [LTMT]) continues to challenge
educators to develop new teaching and learning
pedagogies.

2. The Study

This study was carried out in the Institute of
Applied Technology (IAT) — UAE. The study
consists of two stages: the first stage (sample of
teachers) was used to design the model and the
second stage (sample of 124 students) was used to
test the model and to check the validity of the CPT
equations.

The study reported in this paper investigates the
use of a predictive model for the learning outcomes
through the integration of technology in the learning
process. The model developed treats the Curriculum,
Pedagogical approach and Technology integration as
the three axes in a pseudo-vector space. In the model,
which is to be known as the CPT model, the axes run
as:

Curriculum:
C1: purely theoretical;
C2: theoretical and practical;
C3: theoretical, practical and interactive;

Pedagogical approach:

This axis draws on the work of Lin et al [11] who
argue the case for four dimensions of pedagogy,
direct teaching, cognitively active learning,
constructive learning and social learning, in this
paper the pedagogy dimensions will be distributed as
follows:

P1: the teacher only applies one dimension;
P2: the teacher applies two dimensions;

P3: the teacher applies three dimensions;
P4: the teacher applies four dimensions.

Technology integration:
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This axis considers the percentage of lesson
content integrated with appropriate technology.

T1: 20% of the content integrated with
technology;

T2: 40% of the content integrated with
technology;

T3: 60% of the content integrated with
technology;

T4: 80% of the content integrated with
technology;

T5: 100% of the content integrated with
technology.

This allows the three dimensional vector space to
be constructed as shown below (see Figures la and
1b), using a standard (X, y, z) co-ordinate system
plotted as (C, P, T):

This allows the resultant vector, R, to be
calculated from:

R= P 4CT+T?

If no technology is integrated into the lesson then
then:

R=4P? +(?

Hence Equation 1 calculates the technology
enhanced vector

Rennanced = WP CITETI—4Pr £

In this study the technology enhanced vector is
taken to be the predicted enhanced progress for the
learners.

The predicted enhanced learning for all CPT
combinations can be calculated and these are given
below (see Table 1, Table 2, Table 3 and Table 4):

Table 1. Predicted enhanced learning, P=1 series

_-h-—--—-_"‘-—
3““’/ R P C T Renhanced
250 1 1 0.2 0.014
200 1 1 0.4 0.055
CRES 1 1 0.6 0.122
100 1 1 0.8 0.211
s 1 1 1.0 0.318
wﬁi::::::;% 1 2 02 | 0.009
O ta LN 300 o s 40 . 1 2 04 0.035
P ! 1 2 0.6 0.079
1 2 0.8 0.139
1 2 1.0 0.213
1 3 0.2 0.006
Figure 1a. The 3D vector space used in the model 1 3 04 0.025
showing the points (0, 0, 0) and (4, 3, 1) 1 3 06 0.056
1 3 0.8 0.100
1 3 1.0 0.154
y \
e % Table 2. Predicted enhanced learning, P=2 series
o4
y P C T Renhanced
[ 2 1 0.2 0.009
2 1 0.4 0.035
S 2 1 0.6 0.079
F e 7%7ﬁ[x 2 1 08 0.139
Ci Pedagosy (7) 2 1 1.0 0.213
ey 2 2 0.2 0.007
2 2 0.4 0.028
A8 2 2 0.6 0.063
2 2 0.8 0.111
Figclj::uz(t) The 3D vector space used in the model 2 2 L0 0.172
showing the point (C3=3, P4 =4, T4=0.8) 2 3 0.2 0.006
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2 3 0.4 0.022 curriculum outcomes).
2 3 0.6 0.050 3. Learning Resource Center (LRC) has many
2 3 0.8 0.088 multimedia resources to support curriculum
2 3 1.0 0.136 implementation, and promote student’s
literacy and research skills such as report
Table 3. Predicted enhanced learning, P=3 series writing, analyzing lots of information from
different sources, finding information off the
p c T Rernanced Internet, _crltlcal thinking etc. _
3 1 0.2 0.006 4. EIectronlt_: resources were _pro_\/lded for
example iBooks, academic animation movies
3 1 0.4 0.025 d PDE fil
3 1 0.6 0.056 an ties.
3 1 0.8 0.100
3 1 1.0 0.154
3 > 02 0.006 4. Methodology
3 2 0.4 0.022 .
Using a pre and post-test approach, a content
3 2 0.6 0.050 . '
knowledge had been delivered using a selected set of
3 2 0.8 0.088 : .
3 > 10 0.136 CPT variables. In order that the environment and the
: : integration of technology could be controlled:
3 3 0.2 0.005 . .
3 3 04 0.019 e A learning environment was created to
3 3 0'6 0'042 simplify the use of mobile devices for the
3 3 0'8 0'0 students;
: 075 e Students were able to post responses to
3 3 1.0 0.116 prompts provided by the instructor;

Table 4. Predicted enhanced learning, P=4 series Class assignments were designed with the

following criteria:

P ¢ T Renhanced e Assessment required the use of mobile
4 1 0.2 0.005 technology:;
4 1 0.4 0.019 e Assessment must allow the use of
4 1 0.6 0.043 technologies familiar to the learners;
4 1 0.8 0.077 e Assessment must allow the learner to give
4 1 1.0 0.120 both quantitative and reflective responses.
4 2 0.2 0.004
4 2 0.4 0.018
4 2 0.8 0.071
4 2 1.0 0.110 Case 1, N=35, P=3, C=3, T=0.6.
4 3 0.2 0.004
4 3 0.4 0.016 This represents 60% of the content being
4 3 0.6 0.036 delivered through the integration of technology.
4 3 0.8 0.064
4 3 1.0 0.099 Rennanced = 0.042 or 4.2% (see Table 3 and Table
5).
3. Tools Were Used in This Study Table 5. Pre and post-test results for P =3, C = 3 and
T=06
1. The teachers have MacBook Pro laptops and i
iPads, provided by their institution — the pre-test | post- | . observed _ predicted
institute of applied technology (IAT). These % test 05 | IMProvement | improvement
devices come with packages of software % %
applications and apps meeting the 9 85 6.0 4.2
expectations of the one-to-one technology 56 64 8.0 4.2
integration plan, and curriculum requirements 40 43 3.0 4.2
of IAT. 61 66 5.0 4.2
2. Classrooms, workshops, and laboratories are 90 93 3.0 4.2
equipped with projectors, audio systems, and 76 80 4.0 4.2
smart boards (technologies to serve the 85 91 6.0 4.2

Imperial Journal of Interdisciplinary Research (IJIR) Page 1207


http://www.onlinejournal.in/
http://www.onlinejournal.in/

Imperial Journal of Interdisciplinary Research (JIR)

Vol-2, Issue-5, 2016
ISSN: 2454-1362, http://www.onlinejournal.in

56 60 4.0 4.2 80 88 8 75
52 60 8.0 4.2 80 87 7 75
42 48 6.0 4.2 80 89 9 75
89 96 7.0 4.2 95 100 5 75
61 68 7.0 4.2 90 100 10 75
86 92 6.0 4.2 96 99 3 75
91 93 2.0 4.2 95 96 1 75
53 60 7.0 4.2 94 100 6 75
66 71 5.0 4.2 90 100 10 75
48 52 4.0 4.2 82 95 13 75
70 77 7.0 4.2 90 100 10 75
50 57 7.0 4.2 90 95 5 75
75 69 -6.0 4.2 90 98 8 75
22 33 11.0 4.2 100 95 -5 75
69 71 2.0 4.2 70 90 20 75
61 68 7.0 4.2 90 95 5 75
60 68 8.0 4.2 90 78 -12 75
23 30 7.0 4.2 80 88 8 75
34 39 5.0 4.2 72 95 23 75
77 84 7.0 4.2 50 70 20 75
87 89 2.0 4.2 90 95 5 75
31 37 6.0 4.2

30 37 7.0 4.2

53 60 7.0 42 Case 3,N=28,P=2,C=2,T=0.8

51 62 11.0 4.2

66 73 7.0 4.2 This represents 80% of the content being
70 72 20 4.2 delivered through the integration of technology.
43 40 -3.0 4.2

Case2,N=35,P=3,C=3,T=0.8

This represents 80% of the content being
delivered through the integration of technology.
Rennanced = 0.075 or 7.5% (see Table 3 and Table 6).

Table 6. Pre and post-test results for P=3, C = 3 and

T=0.8
observed predicted
pre-test | post- | . .

% test % |mpr03/ement improvement

% %
90 100 10 7.5
95 100 5 7.5
80 85 5 7.5
75 90 15 7.5
90 94 4 7.5
90 100 10 7.5
90 100 10 7.5
80 90 10 7.5
80 85 5 7.5
80 90 10 7.5
80 88 8 7.5
85 89 4 7.5
75 90 15 7.5
77 90 13 7.5

Renhanced = 0.11 or 11% (see Table 2 and Table 7)

Table 7. Pre and post-test results for P=2, C = 2 and

Imperial Journal of Interdisciplinary Research (IJIR)

T=08
pre-test | post- observed predicted
% test % | improvement | improvement
% %
80 88 8 11
63 73 10 11
50 47 -3 11
60 39 -21 11
64 94 30 11
50 72 22 11
77 88 11 11
64 73 9 11
70 90 20 11
40 60 20 11
84 94 10 11
74 91 17 11
77 86 9 11
60 70 10 11
78 87 9 11
45 60 15 11
97 80 -17 11
64 75 11 11
60 80 20 11
50 83 33 11
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44 52 8 11
90 75 -15 11 P: v § .
7 o1 14 11 C 2§ §
66 72 6 11 g £ ;g'g ]
54 64 10 11 S8 | F53
87 67 20 11 22 |58
88 94 6 11 EE | 5%
77 81 4 11 50 | b8
=] Q"’ 8
:oegt
6. Analysis
T EHENES
For each of the cases 1 to 3 the null hypothesis W R IR B
can be stated as: 3 SR U
H,. there is no significant difference between the - 2122
means of the predicted and observed improvement ¥ volw |
Using a two-tailed paired t-test gives the
following for p = 0.05 (see Table 8) ™
A
Bl
Table 8. Two-tailed paired t-test results ;,5
Case N tsta’( tcritical = '_:'.
1 35 1.93 2.03 g
2 35 0.53 2.03 o+ "g“ g =
3 28 1.01 2.05 g |s|= |
E +
Ss
gS
Hence in no case can the null-hypothesis be e
rejected. = g
The effect size for each intervention can also be
calculated giving (see Table 9):
-
] ) ) ] CEE | Q2|5
Table 9. Effect size for the integration of mobile ﬁ A = O I e
technology E2a|°|°|°
Case N d Level
[11]
1 35 0.3 Medium = E E E
2 35 0.9 Large ] HHE
3 28 0.6 Large ‘-’ gl 3l
5y
From the below figure (see Figure 2) it is possible é E AR A
to see and compare all three cases in regards to the 2 &
observed progress, predicted progress and Py and
chi square test. *
g — (o] [3a]
&

Figure 2. The summary of observed improvement
against the expected improvement in different cases of
CPT Model.

The array of tables and figures below illustrates
the expected and the actual results of improvement,
their average and comparison. (See Tables 10 -11
and Figures 3 - 5). Expected improvement values
were calculated using Equation 1 (for more on
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equations refer to sections 2 and 7) and the Observed
improvement was taken from students’ assessments
results (see Tables 5-7).

Table 10. Observed improvement against the
expected improvement in different bands: band 3 (B3):
C3, P3, T3and C3, P3, T4; band 2 (B2): C2, P2, T4 and

band 1 (B1): C1, P1, T1.

Expected
Band, Tn _ Observed improvement
improvement (calculated from
the formula)
C1,P1,T1 0.020 0.014
C2,P2, T4 0.107 0.111
C3,P3,T3 0.053 0.042
C3,P3, T4 0.080 0.075
AVG 0.065 0.060
(average)

Observed improvement
0.12
0.1
0.08
0.0 “ Observed improvernent

0.04

0 | .

C1,P1,T1 C2,P2, T4 C3,P3,T3 C3,P3, T4
Figure 3. Observed improvement in different bands:
band 3 (B3): C3, P3, T3 and C3, P3, T4” band 2 (B2):
C2,P2, T4and band 1 (B1) C1,P1, T1

Expected improvement
(calculated from the formula)
0.12
0.1

0.08 -+

0.06 M Expected improvement
' (calculated from the
0.04 - formula)
0.0z I

o . Il

C1,P1,T1C2,P2, TAC3,P3,T3C3,P3, T4

Figure 4. Observed improvement in different bands:
band 3 (B3): C3, P3, T3 and C3, P3, T4” band 2 (B2):
C2,P2, T4and band 1 (B1) C1, P1, T1

Table 11. Average expected improvement and the
observed improvement

Expected
Observed improvement
improvement (calculated from
the formula)
Average 0.065 0.060

Average

0.07
0.06 -
0.05 -
0.04
0.03 -
0.02 -
0.01

M Average

Observed improvement  Expected improvement
(calculated from the
formula)

Figure 5. Average expected improvement and the
observed improvement

7. Mathematical findings

The technology enhanced vector {Rzppmgnce2 ) CaN be
given in other forms, which give exactly the same
results, these forms are given below in equations 2
and 3.

Equation 2. The technology enhanced vector
Her!f':r:r!ced: R.. (n)2

The value of R. can be calculated using the
following Equation 3
R=+Cn?4+PnT £ 0.27 -4/Cn? £ Pnt

“n” can take values from 1 to 5.
There for, T1=0.2, T2=0.4, T3 = 0.6, T4=0.8, T5=1

Example:
C1, P1, T1: the curriculum is purely theoretical,
20% of the content integrated with technology; the
teacher only applies one dimension of pedagogy.

The point being (1, 1, 0.2)

The technology enhanced vector:

Reonhanced = WC12 + P12 +T12.4/C1% + P12

Rennanced = Y12+ 17 £ 0.27 —17 ¢+ 12
Rer!?:r:r!ced = 0.014

Which can be calculated also using equations 2
and 3 as shown below.

The technology enhanced vector

Rer!i:r.'m:ed: R. (n) 2
From equation 3:
R = 4124124022 —412+ 12
R.=0.014
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In this case n=1, so that:
Rennanceg= 0.014 X (1)2: 0.014

It gives the same value at point (1, 0.2, 1) that is
calculated from equation 1.

For more examples about the technology
enhanced vector {Ramnance2), Which is calculated
using The CPT model equations (1, 2 and 3) refer to
the table below (see Table 12).

Table 12. The technology enhanced vector Repnianced
calculated using The CPT model equations (1, 2 and 3)

- with different values of n.

Cn, Tn, The technology The

Pn enhanced vector technology
Richeneza = +I07 +F07 #1027 | enhanced
— +/Cn? + Pn? vector
Renhanced=
R. (n)?

C1, P1, 0.056 0.056
T2

C2, P2, 0.007 0.007
T1

C2, P2, 0,028 0.028
T2

C3, P3, 0.042 0.042
T3

C3, P3, 0.075 0.075
T4

C2, P2, 0.111 0.111
T4

C1, P1, 0.014 0.014
T1

8. The CPT Model Contribution to the
Future Studies

This model can be considered, as an entrance for a
new research area that can be called the mathematics
behind the education, in other words the integration
between the mathematics and the education.
Furthermore, it can be developed to involve the
psychology, by studying the student’s psychological
attitude towards learning; therefore this model can be
a rich research area for researchers in different
departments: Education, Psychology and
Mathematics to create eventually a developed model
consisting of all of these subjects.

9. The Usefulness of the CPT Model

The developed model (CPT) can predict the
learning outcomes for assessing the students’
progress. Using a three-dimensional vector space

(see Figures 1a and 1b). The potential impact of this
research will be felt predominantly by curriculum
designers and policy makers, by allowing outcomes
from learning scenarios to be predicted in advance.
The vigorous testing that will be done is intended to
make this a predictive model. Authors believe that if
the future researches will manage to develop the CPT
model to be integrated between Education,
Psychology and Mathematics then in this case this
model will serve the humanity all around the world
by helping the educators to improve their students’
level and performance by choosing the proper CPT
strategy suitable for each student individually.

10. Conclusion

At the group level, the authors claim that:

This pilot study has shown that a pseudo-vector
space, where the resultant vector is taken to be the
learner progress, can have predictive power. As
demonstrated in Figure 2.

This pilot study has further shown that the
integration of mobile technology into the learning
environment has a positive effect on the learning
outcome. As demonstrated in Table 9.

CPT model can be considered as an entrance for a
new research area that can be called the mathematics
behind the education.
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