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Abstract  The study sought to identify the effectiveness of 3E, 5E learning cycle and the conventional approaches 
in teaching a Biology lesson. The mixed method approach was used for this study. Three science classes in three 
Senior High Schools were randomly selected. For the quantitative aspect, a pre-test-post-test non-equivalent quasi-
experimental design with two experimental groups was used. The qualitative part constituted an interview to find out 
students’ views with regards to the 3E and 5E teaching approaches. The students in the experimental groups were 
instructed through 3E and 5E learning cycle whilst those in the control group were instructed on the same concept 
through conventional approach. ANCOVA and independent t-test were used to analyse the data. The results of the 
study showed that the experimental groups performed better on the post-test as compared to the control group. The 
results also revealed that the learning cycle approach was more effective in teaching the biology concepts than the 
conventional approach. The 3E learning cycle was found to be more effective for improving the performance of low 
achievers. The students exposed to the 3E and 5E approaches showed positive attitudes towards learning cycle when 
they were interviewed. Teachers should be encouraged to learn and use the learning cycle approach in the teaching 
and learning process of Biology concepts. 
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1. Introduction 

Education seeks to bring essential change in the life of 
learners. This is achieved through the provision of 
appropriate and desirable learning experiences to the 
learner. These appropriate learning experiences are 
provided through teaching [1]. The duty of the teacher 
therefore is to select appropriate teaching approaches and 
techniques that can facilitate the delivering of the subject 
matter to the understanding of the learner. It is not 
farfetched to indicate that desirable changes in learners 
can best be achieved through the use of appropriate 
teaching methods. Reference [2] therefore noted that what 
teachers do affect their students’ learning. Reference [3] 
asserted that teaching methods work efficiently mostly if 
they are aligned with the needs of learners since every 
learner interprets and responds to issues and experiences 
in an exceptional way.  

Due to its importance in the educational set up, several 
teaching methods and strategies have been developed to 
bring about effective delivering of content by teachers and 
easy and meaningful understanding of concepts by 
students [4,5,6]. These teaching approaches are developed 
through theories of learning which serve as their 

philosophical underpinnings. In its broadest sense, two 
distinct categorizations can be ascribed to the various 
teaching approaches- teacher-centred and student-centred 
approaches. The teacher-centred approaches are built on 
behavioural learning theory which focusses on the 
provision of appropriate stimuli that would generate the 
expected and desired outcome in learners [2,7]. Students 
are passive and become reactive to the teacher’s 
instruction instead of taking active role in the teaching and 
learning process. Student-centred approaches on the other 
hand are built on constructivist theories which emphasize 
the active involvement of students in the construction of 
their knowledge through interactions with their peers and 
shaped by their experiences in the environment [8,9].  

Constructivist theories have been one of the biggest 
influence on education in general and science education in 
particular since the early 1980s [2]. These theories have 
had impact on educational policies and classroom 
practices and have become the yardstick for effective 
teaching [10]. Countries and institutions are therefore 
emphasizing the use of various constructivists’ approaches 
as the required instructional strategy. 

The developers of the SHS Biology syllabus in Ghana 
have therefore advocated for constructivists approaches 
that emphasize student-centred and activity-oriented 
approaches to be used to teach Biology lessons [11]. This 
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was recommended because it is believed that these 
approaches promote understanding and development of 
skills needed by the student to meet the demands of the 
21st century. The Biology teachers unfortunately find 
themselves in a dilemma as the syllabus does not spell out 
the specific student-centred and activity oriented methods 
to be employed since there are a lot of activities and 
approaches one can use which fall under student-
centeredness.  

It will be appropriate if teachers can be made aware of 
the effectiveness of the various student-centred 
approaches so that they can make informed decisions as to 
which one they should use. It is in the face of this lack of 
clarity that this paper seeks to explore the effectiveness of 
such student-centred approaches in a Biology lesson. The 
study therefore sought to:  

1.  determine if there is significant difference in 
achievement among students instructed through 3E, 
5E and the conventional approach. 

2.  determine if there is significant difference between 
the post-test scores or performance of low achievers 
and high achievers when instructed using the 
conventional approach. 

3.  determine if there is significant difference between 
the post-test score or performance of low achievers 
and high achievers when instructed using 3E 
learning cycle. 

4.  determine if there is significant difference between 
the post-test score or performance of low achievers 
and high achievers when instructed using 5E 
learning cycle. 

5.  identify students and teacher’s perception of the 
learning cycle as instructional strategy. 

Thus, the following hypotheses and research question 
guided the study: 

1.  there is no statistically significant difference in 
achievement among students instructed by 3E, 5E 
and the conventional approach. 

2.  there is no statistically significant difference 
between the post-test of low achievers and high 
achievers when instructed with 3E 

3.  there is no statistically significant difference 
between the post-test of low achievers and high 
achievers when instructed with 5E 

4.  there is no statistically significant difference 
between the post-test of low achievers and high 
achievers when instructed with conventional 
approach. 

5.  what are students and teacher’s perceptions of the 
learning cycle as an instructional approach?  

2. Theoretical Framework  

Teaching approaches or methods are learning scaffold 
activities consisting of a sequence of teaching strategies, 
techniques, and routines designed to represent the content 
to the understanding of the learner [2]. The teaching 
approach a teacher will employ will determine the 
classroom interactions and discourse between the teacher 
and the students [12]. This makes the teacher’s teaching 
approach very pertinent to his practice as well as his 
students’ learning. There are plethora of teaching 

approaches and these are mostly based on the various 
teaching and learning theories [12]. 

The constructivist teaching approaches have been found 
to be very student-centred and foster student collaboration 
and increase achievement. Although there are various 
constructivist teaching approaches [2], the learning cycle 
has been found to be one of the predominant constructivist 
teaching approaches. Learning cycle is an inquiry base 
teaching strategy and therefore seeks to promote learning 
through investigation and hands on activities. Reference 
[12] notes that the proponents of this approach of teaching 
advocates that instruction should be sequenced into phases.  

The learning cycle comes in different phases and 
lengths. The first version included 3 phases from which 
different versions of the model generated as four [13], five 
[14] and even seven [15] have evolved. Of the different 
learning cycles, the 5E learning cycle has been found to be 
the most popular in the teaching and learning process [16]. 
Nonetheless, this study sought to investigate the 
effectiveness of both 3E and 5E. 

The 3E learning cycle consists of exploration, concept 
development (explanation), and expansion [17]. The 
exploration phase seeks to allow students to investigate 
into a scientific concept that has been initiated by the 
teacher. The students collect appropriate data that will 
help them solve the problem at stake. At this phase, the 
teacher makes all the necessary tools, equipment and 
materials learners will need available so that the exploration 
will go on smoothly. The concept development (explanation) 
phase is the next phase. Here, teachers facilitate discussion 
on students’ findings. Students are expected to explain  
the underlying principles of scientific concepts. The third 
phase of the 3E learning cycle is the expansion  
phase. This is where students are allowed to extend and 
extrapolate the concepts to different contexts and 
situations. Students may engage in further investigation 
during this phase. Teachers should be cautious so as not to 
introduce new ideas unknown to students at this phase 
[17]. Aside the 3E, another popular learning cycle 
approach is the 5E. 

The 5E model consists of five phases of instruction 
within the learning cycle: engagement, exploration, 
explanation, elaboration, and evaluation [18]. At the 
engagement stage, the teacher is provided with an 
opportunity to find out what the students already know as 
well as their misconceptions. Reference [19] indicated that 
this phase should be used to improve students’ motivation 
in order for them to develop in-depth desire to learn more 
about the issues to be discussed. The exploration phase 
provides students with first hand experiences of investigations 
into scientific concepts. Students engage in activities that 
will generate investigative ideas. Reference [2] highlighted 
that this step aims to facilitate students’ understanding of 
the scientific principles underlying concepts.  

Reference [20] accentuated that at the explanation 
phase students are provided with the opportunity to 
demonstrate their conceptual understanding of the 
scientific principles they are dealing with. Teachers are 
expected to guide learners to make meaning out of their 
discoveries as well as point out inconsistencies in students’ 
arguments to them. The fourth phase which is the 
elaboration phase seeks to provide students with further 
opportunity to fine-tune their understanding of the 
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scientific concepts under discussion. There is the 
possibility of students undertaking further investigations 
at this phase. The last phase (evaluation) seeks to provide 
students with the avenue to evaluate their own learning. 
The evaluation can be done by the teacher or the whole 
class can assess each student. 

Third teaching approach in this study was the 
conventional method of teaching. A lot of research studies 
on conventional approach have established that lecture is 
still the most popular and widely used teaching method 
today employed by teachers in teaching and learning [21]. 
With the conventional approach of teaching, students 
simply obtain information from the teacher without much 
engagement with materials. This approach emphasis on 
lectures, regurgitating of scientific facts with less inquiry-
based activities. Reference [22] point out that students 
being instructed with the conventional approach simply 
regurgitate information which has been transferred from 
the teacher that has been imbibed passively.  

Most studies conducted on learning cycle indicate that 
the learning cycles enable the learner to develop positive 
attitudes and curiosity toward science as well as increase 
their level of self-concept [23,24,25,26]. There has been 
evidence of improved conceptual understanding of 
concepts when students are instructed through the learning 
cycles [24,27,28,29,30]. In terms of student achievement, 
[31,32,33] all highlighted that learning cycle increased 
students’ achievement in science. Aside student 
achievement, [34] accentuated that learning cycle is 
capable of encouraging students to more critical in their 
thinking. There is overall mastery of concepts when 
students are taught with learning cycle [20] as well as 
improvements in teachers’ attitude towards teaching [35]. 

The learning cycle does come with its issues however. 
Reference [26] and [35] found out that the learning cycle 
is time consuming. In addition [36] believed that 
standardized tests restrict curriculum leaving no time for 
inquiry because teachers are expected to teach everything 
stated in the curriculum. Since the learning cycle is 
typically an inquiry process, it falls victim to this problem. 
Again, it has also been found that low ability students who 
most often are dependent on teachers for all information 
and directives may experience some difficulties using 
learning cycle approach for learning [37]. 

The Conventional method on the other hand has been 
found to have the advantage of covering a wider area 
within a short time. Studies conducted by [38] suggested 
that college students like it and have a great value for the 
traditional approach when he studied college students’ 
perceptions of the traditional lecture method. Reference 
[39] indicated that the traditional approach tend to be 
more effective in terms of performance for high achievers 
than low achievers. Aside these seemingly positives, 
research has found out that little student activity and 
involvement occur when the conventional approach is 
used [40]. 

Several key studies have compared the learning cycle 
approach with conventional approaches. The outcome of 
these researches shows that the learning cycle is effective 
in improving student achievement than the conventional 
approaches. Reference [41] reported that students 
instructed with the 5E learning cycle demonstrated greater 
understanding of the information covered especially on 

questions that required interpretation as compared to 
students instructed through the conventional approach. 
Reference [31] also found out that pre-service teachers 
instructed with learning cycle out performed their 
colleagues who were taught with the conventional 
approach. This indicates that the learning cycle is  
also effective at the tertiary level. At the lower levels  
of educational ladder, [42] found out that students’  
critical thinking improves steadily when they are 
instructed with the learning cycle as compared to the 
conventional approach. Reference [24] also reported that 
the learning cycle was superior in eliminating students’ 
misconceptions than traditional instruction when he 
studied 66 grade 9 students. Reference [27] explored the 
effectiveness of the learning cycle method when teaching 
direct current (DC) circuits to university students. The 
findings revealed that the learning cycle method is likely 
to be successful for both females and males, and led to the 
better understanding of the DC circuit concepts than did 
traditional method. 

3. Research Methodology 

The research followed a mixed methods paradigm 
combing both quantitative and qualitative approaches in 
the data collection and analysis [43]. The quantitative part 
of the research was a non-equivalent control group pre-
test- post-test quasi-experimental design. The design was 
used to find out whether there was any significant 
difference between the academic achievement of student 
taught by learning cycle and those instructed with the 
conventional method. Three schools were randomly 
sampled from the total number of Senior High Schools in 
Cape Coast Metropolis. Within the three selected schools, 
simple random sampling method was used to select the 
two experimental groups and one control group. The 
school that was selected first was called the control group 
and the second (3E learning cycle) and third (5E learning 
cycle) constituted the experimental groups. From each of 
the selected schools, one science class was selected 
randomly from Form 2 science classes since each school 
had more than one Form 2 science class. The teaching 
strategies (Learning Cycle and Conventional approach) 
were independence variable while the academic achievement 
of the students were the dependent variable. The study 
employed three treatments, the experimental groups were 
treated with 3E and 5E learning cycle and the control 
group was taught with the conventional method of 
teaching. The content to be learnt was the same for all the 
groups but the mode of teaching varied from one group to 
the other. Lesson plans were develop for all the groups 
based on the same content and enacted by the same 
teacher in all the groups. This was done to ensure that 
teacher effect will be minimized. The teacher was a 
regular Biology teacher in one of the selected schools and 
was trained on how to use the learning cycle to teach. The 
teacher used two weeks to teach the topic in the various 
schools using the assigned teaching approach. 

Before the start of the treatment, a pre-test was 
conducted in all the three groups. The pre-test was used to 
categorize students within each as high or low achievers. 
Students whose scores in the pre-test were above the 
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group mean was identified as high achievers and those 
whose performance was below the mean were categorized 
as low achievers. After teaching in all the groups ended, 
post-test was conducted. In the experimental groups some 
of the students were randomly selected and interviewed. 
The teacher was also interviewed to share his experiences 
when using the learning cycle.  

The subject for the study comprised of 145 senior high 
school year two science students from three randomly 
selected schools in the Cape Coast Metropolis in the 
Central Region of Ghana. These students were automatic 
members of the study when their classes were selected for 
the study. Thus, the study used intact classes of students. 
There were 50, 48 and 47 students in 3E, 5E and 
conventional groups respectively. The Form 2 students 
were chosen for the study because by the time the study 
was undertaken they had not yet been taught the topic 
(content) that was used in this study.  

The instruments for this study were two teacher made 
tests (pre-test and post-test) and semi structured interview. 
The pre-test was developed from the topic ‘cell’ which 
was taught in Form 1 while the post-test was based on 
what was taught during the experiment. The pre-test was 
conducted to find out if the three groups were performing 
at the same level before the study and also to categorise 
student into achievements that is low and high achievers. 
On the other hand, the post test was developed based on 
the cell division topic, which was taught during the 
experiment. Both the pre and post- tests consisted of 30 
multiple choice items. To ensure content validity of the 
test, table of specifications for the lesson plan was used to 
develop the test items. The instruments were reviewed by 
two Biology teachers. The reliability of the test was 
established by the use of Kuder Richardson (K- R 20) 
because the test was scored dichotomously. The reliability 
of the test was found to be 0.78. 

In addition, semi-structured interview was conducted 
on the experimental groups to gain in-depth view of 
students’ perceptions of the learning cycle as an 

instructional strategy. Eight students each from the 3E 
group and the 5E group (total 16) were randomly selected 
for the semi-structured interview. 

4. Results 

The Analysis of Covariance (ANCOVA) was used to 
test the first hypothesis because there were differences 
among the groups when they were pretested before the 
experiment. Thus, the pre-test scores were used as 
covariates in the analysis of the post-test. The ANCOVA 
showed statistically significant difference at p < 0.01 
between the means of the post-tests of the students in the 
3E, 5E learning cycle and conventional approach. From 
Table 1, it could be seen that there was significant 
difference among the post-test scores of the students in the 
3E, 5E learning cycle and conventional approach. 
Therefore, the first null hypothesis was rejected. A post 
Hoc analysis was therefore conducted to identify where 
the differences lie.  

The Post Hoc analysis revealed that students in both 5E 
and 3E groups out performed their counterparts in the 
conventional group. However, there was no statistical 
difference between the performances of students in the 5E 
and those in 3E. 

The second hypothesis sought to indicate that there was 
no significant difference between high achievers and low 
achievers on the post-test when they were taught with 
Conventional approach. The independent sample t-test 
was used and the results have been presented in Table 3. 
The test was significant (p<0.01) on the pre-test scores 
with means 17.47 and 12.65 for high achievers and low 
achievers respectively. The scores suggest that the low 
achievers were more spread out than the high achievers. In 
the post-test scores, the performance between the High 
and low achievers in the Conventional approach was still 
statistically significant. Therefore, the null hypothesis was 
rejected. 

Table 1. Results of ANCOVA for Post -test for CA, 5E and 3E  

Source Type III Sum of Squares Df Mean Square F Sig. 

Corrected Model 881.726a 3 293.909 29.233 .000 

Intercept 1120.405 1 1120.405 111.439 .000 

Pre-test 23.027 1 23.027 2.290 .132 

Group 555.080 2 277.540 27.605 .000 

Error 1417.612 141 10.054   

Total 51501.000 145    

Corrected Total 2299.338 144    

a. R Squared = .383 (Adjusted R Squared = .370) 

Table 2. Post Hoc Analysis of the groups using Bonferroni 

(I) Groups for CA,5E, and 3E (J) Groups for CA,5E, and 3E Mean Difference 
(I-J) Std. Error Sig.b 

95% Confidence Interval for Differenceb 

Lower Bound Upper Bound 

CA 
5E -4.449* .740 .000 -6.241 -2.657 
3E -4.970* .700 .000 -6.666 -3.273 

5E 
CA 4.449* .740 .000 2.657 6.241 
3E -.521 .645 1.000 -2.085 1.043 

3E 
CA 4.970* .700 .000 3.273 6.666 
5E .521 .645 1.000 -1.043 2.085 
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Table 3. Results of Independent Samples t-test on Pre-test and Post-test scores of high and low achievers in the Conventional approach 

 Achievement levels N Mean SD t df p 

Pre-test Scores 
 

High achievers in CA 30 17.47 1.50 -9.29 45 0.00* 

Low achievers in CA 17 12.65 2.03    

Post-test Scores 
High achievers in CA 30 15.47 3.60 -1.72 45 0.00* 

Low achievers in CA 17 13.94 0.66    

*Significant, since p < 0.05  

Table 4. Results of Independent Samples t-test on Pre -test and post-test scores of high and low achievers in the 3E group 

 Achievement levels N Mean SD t df p 

Pre test Scores 
High achievers in 3E 20 22.55 1.76 -10.33 48 0.00* 

Low achievers in 3E 30 16.73 2.07    

Post test Scores 
High achievers in 3E 20 21.20 1.06 -1.87 45 0.07 

Low achievers in 3E 30 19.70 3.47    

*Significant, since p < 0.05  

Table 5. Results of Independent Samples t-test on Pre- test and Post-test scores of high and low achievers in the 5E group 

 Achievement levels N Mean SD t df p 

Pre test Scores 
High achievers in 5E 26 22.38 1.39 -8.84 46 0.00* 

Low achievers in 5E 22 17.18 2.61    

Post test Scores 
High achievers in 5E 26 21.85 3.97 --4.86 46 0.00* 

Low achievers in 5E 22 17.59 1.14    

*Significant, since p < 0.05  
 
The third hypothesis sought to indicate that there was 

no significant difference between high achievers and low 
achievers on the post-test when they were taught with 3E 
approach. From Table 4, high achievers performed better 
than low achievers in the pre-test conducted before the 
experiment. However, in the post-test after the experiment, 
the performance of the low achievers significantly 
improved to a level whereby there was no difference them 
and the high achievers. The null hypothesis was therefore 
not rejected. 

The fourth hypothesis sought to indicate that there was 
no significant difference between high achievers and low 
achievers on the post-test when they were taught with 5E 
approach. The independent sample t-test was used to 
analyse the scores with the results presented in Table 5. 
The results show that the pre-test conducted before the 
experiment was significant between high achievers and 
low achievers. The high achievers performed significantly 
better than the low achievers. On the post-test scores also 
the high achievers significantly performed better than the 
low achievers. Therefore, the null hypothesis that there 
was no significant difference between the Post-test of low 
and high achievers when instructed with 5E was rejected. 

The interview data conducted to help answer the 
research question revealed that students enjoyed the 
learning with the learning cycle approach. The students 
accentuated that the approach made learning fun and 
understandable. They also noted that the approach made 
them active participants in the teaching and learning 
process which helped to increase their curiosity. Students 
highlighted how the approach made them “motivated to 
learn since it is involving”. Some students asserted that 
the learning cycle “was more exciting, because it was full 
of activities”. The students further argued that they 

believed they really learnt because they “did the searching 
and presented the information”. Student found the 
cooperative nature of the learning cycle very useful. 
Students agreed that the learning cycle was a very 
effective approach “since our group share (sic) a lot of 
ideas together to be able to have a good presentation”. 

The teacher also noted how useful the learning cycle 
was to the teaching and learning process. He highlighted 
the cooperative nature of the approach and argued that it 
“made students to learn from their peers”. He was of the 
view that the approach facilitated “active engagement and 
participation of students in the lesson”. The learning cycle 
made “students to own the knowledge they produced since 
they searched and presented the information themselves” 
as argued by the teacher. The teacher however alerted that 
the learning cycle approach ‘was too time consuming”. 
According to him, he could have used less time to 
complete the same amount of content if he had used the 
conventional approach. 

5. Discussion 

The results of this study have revealed that those 
students who were taught with 3E and 5E learning cycle 
(experimental groups) performed better than those taught 
in the conventional approach (control group). This 
significant difference of the post-test of the experimental 
groups clearly demonstrated the effectiveness of the 
models in enhancing learning outcome of cell division at 
the SHS level. This is in agreement with earlier research 
by [31] which indicated that the learning cycle prove 
superior to those who used Conventional Instruction in 
improving achievement in biology concepts.  
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The result of the study also shows that when 3E 
learning cycle is used to instruct students the performance 
of the low achievers in the group would be enhanced and 
at the end both the low and high achievers will perform 
better. This therefore seems to disagree with [37] that 
learning cycle does not support low achievers. However, 
when 5E learning cycle was used to instruct students, the 
performance of the high achievers outperformed that of 
the low achievers. This finding agrees with [37] who 
indicates that learning cycle does not support low 
achievers.  

In addition, when conventional approach was used to 
instruct students, the performance of the high achievers 
becomes better than that of the low achievers. This agrees 
with the study of [39] when they also found out that high 
achievers out performed low achievers in the conventional 
group when they compared conventional instruction with 
computer -assisted instruction. The outcome of this study 
and others reported seem to suggest that when CA was 
used to teach, it creates an achievement gap between high 
and low achievers. 

The views of the students who were interviewed seem 
to correlate with their performance in the post test since 
they outperformed their colleagues who were instructed 
through the conventional approach. From the responses of 
the students interviewed, it can be seen that the students 
showed interest in the learning cycle although it was the 
first time they were being taught with the learning cycle 
approach. This agrees with [24] who asserted that the 
learning cycle enables learners to develop more positive 
attitudes towards learning.  

The teacher’s views on learning cycle was consistent 
with [35] argument that teachers’ attitude towards 
teaching improves when they use learning cycle as the 
teaching approach. Again, just as [26] and [35] found that 
teachers’ argue that learning cycle is time consuming, this 
study also encountered similar opinion from the teacher 
who used the learning cycle approach.  

6. Conclusions  

Based on the findings of the study, it can be concluded that 
the learning cycle approach has a better chance of improving 
students’ academic achievement than the conventional 
approach. It can also be concluded that when it comes to 
bridging the gap between high and low achievers within a 
class, the 3E instructional approach does a better job than 
the 5E and the conventional approach. Moreover, the 
study has brought to the fore that students have positive 
attitude towards the learning cycle approach and they find 
it engaging as a teaching and learning strategy. 

Due to the effectiveness derived from the use of the 
learning cycle approaches, it is being recommended that 
teachers should be encouraged to learn and use the 
learning cycle approaches in the teaching and learning of 
Biology concepts. The advocacy for the use of the 
learning cycle approaches stems from the fact that they 
enable students to search for information, discuss, test 
their previous ideas and also develop and sustain their 
interest throughout the lesson with little teacher-assistance. 
In addition, in order to bridge achievement gap between 
high and low achievers, teachers should endeavour to use 

the 3E learning approach in their teaching process. 
Although the outcome of this study looks promising, it is 
appropriate that other researchers also replicate this study 
with different biology concepts and to a large extent in 
other science related subjects.  
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