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ABSTRACT
 This research aimed to compare the effects of learning socioscientiÞc issues using              
the mixed methods bused on the scientiÞc method and the 7E – learning cycle approach on 
argumentation and critical thinking of 58 second year vocational certiÞcate students with                        
different science learning outcomes. They were obtained using the cluster random sampling 
technique and divided into 2 groups: the Þrst group of 29 students learning the mixed                              
methods based on the scientiÞc method and the second group of 29 students learning the           
mixed methods based on 7 - E learning cycle approach. Instruments for the research                              
included : 1) learning  plans on  3 socioscientiÞc  issues : Genetically ModiÞed  Plants, Animal 
Cloning and Organ Transplantation, using the mixed methods based on the  scientiÞc method 
and the 7 - E learning cycle approach, 3 plans each and each plan for 3 hours of  learning in a 
week ;  2) four argumentation tests, 4 items each ; and  3)  the critical thinking abilities test                
with 4 subscales and 40 items : credibility of data resource and observation, deduction, induction 
and identiÞcation of assumptions. The collected data were analyzed for testing hypotheses by 
using the paired t – test and the F – test (Two – way MANCOVA and ANCOVA).
 The  research  Þndings  found that  the  students  as  a  whole  and  as  classiÞed  
according  to  science learning outcome who learned  the socioscientiÞc  issues  using  the mixed  
methods  based on the scientiÞc  method and  the 7 - E  learning  cycle approach showed                   
developments  of argumentation  abilities  from  the 1st test to the 4th  test; and showed              
gains in  critical thinking  abilities  in general  and in each of 4 subscales from  before learning  
(p<.001). ) The students with different science learning outcomes did not differently indicate   
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argumentation and critical thinking abilities after learning socioscientiÞc issues (p .053)                             
However, the students who learned thesocioscientiÞc issues using themixed methods                               
based on the 7 - E learning cycle approach indicated more critical thinking in general and                          
in 3 subscales (except for the deduction subscale) than the counterpart students (p .013).                    
Whereas,statistical interactions of learning methods with learning outcome on argumentation                
and critical thinking were not found to be signiÞcant (p .282). 
 Keywords : Mixed Methods based on the ScientiÞc Method,Mixed Methods Based on 
the 7 E-Learning Cycle Approach  , Argumentation ,Critical Thinking,SocioscientiÞc Issues



66
  26  2 (  – ) . . 2558

CHOPHAYOM JOURNAL Vol.26 No.2 (July - December) 2015

 (Carin, 1997:  27-28)  
 STS                

 
 

 
 STS                  

   
(Science Technology Society and Environment 
(STSE)) 

STS 
  (Zeidler and 

others,2004: 359-360)
 Yager,(1996 : 9 - 10) 

 STS              
 

 
 

 (SocioscientiÞc Issue : SSI) 

 
             

 (Sadler and Zeidler, 2003) 

 (SocioscientiÞc Issue) (SSI) 

  
 

  
 

 (Sadler, 2002) 
 

 
 

   

 
  

 (Pedretti, 1999: 174 - 181) Lin 
and Mintzes,2010: 3) 

 (Lewis, 2003)  
                  

 
                  

 (Sadler,2002: 21; Sadler and Zeidler,                  
2003 : 23 - 26)
             

               
 

 
              

            
 (Driver and others,1998               

: 300)  1) 
  2) 

                     
3 )  ( )                            
(Simonneaux,2001 : 905)
 

                
  

 Watson  Glaser (1964 :  748) 
  

   

  
 

                      
   

              
     



67
  26  2 (  – ) . . 2558

CHOPHAYOM JOURNAL Vol.26 No.2 (July - December) 2015

 
  

 

 
 

 
 

 (Mixed              
Method)  Lin 

 Mintzes (2010 : 2)  4   1) 
 2)  3)  4) 

             
  

 (ScientiÞc Method)             

  5   1) 
 2)  3)   

4)   5) 
 

 (Learning 
Cycle) 

 
(Inquiry Approach) 

             
 7  

                
  

 
 (

, 2540: 11-19)  
 (1)  (Elicitation Phase) 

(2)  (Engagement Phase)                     

(3)  (Exploration Phase)                 
(4) (Explanation Phase) (5)    

 (Expansion Phase / Elaboration Phase) 
(6)  (Evaluation Phase)                     
(7)  (Extension Phase)
  

           

 
 

 

 
 7  

  
( .)  

 
 

 

 1. 

 7              
 ( .)              

 2 
 2. 



68
  26  2 (  – ) . . 2558

CHOPHAYOM JOURNAL Vol.26 No.2 (July - December) 2015

 ( .)  2 

 3.  

             
 ( .)                

 2 

 1.  
  

               

  2.    

 

 1. 
  1.1 

 2  
   1.1.1  

 
   1.1.2  

 7 
  1.2  
   1.2.1 

 
   1.2.2 

 

 2.   
  1.2  
  1.3  
 3.                

 2  2556 
 3    3   9  

(  50 )
 4 .  

   2 
  1) 

 (GMO) 2)  3) 

 
 1 .  

   2 
 2  2556    3,254    

  
 

 
 2. 

    2   2    
  58     2  

  2556    
 

  
  (Cluster Random Sampling)

 1.
  1.1 

 



69
  26  2 (  – ) . . 2558

CHOPHAYOM JOURNAL Vol.26 No.2 (July - December) 2015

 7    
   1.1.1   

 
  2 

  2554 (  
. . 2546)

   1.1.2 

 
 7 

   1.1.3 

 
 2  

   1.1.4 

 
 7 

   1.1.5 
 

               
  

   1.1.6 

 
 (Tryout)  

 2  2  2556 
   

  2                      
3  9  

  

 

   1.1.7 

 
 

 2. 
  2.1          

   
 Lin 

 Mintzes (2010) 
   

4    1  GMO  2 
  3  

 30   4 
  60  

  4 
  2.2 

   
   

(2543) 
 Cornell Critical Thinking 

Test, level x  Ennis  Millman. 
(1985)  40              

  4  
 10   

10   10    
10   60   (r)                     

 0.20  0.52  (p) 
 0.22  0.79  

0.96



70
  26  2 (  – ) . . 2558

CHOPHAYOM JOURNAL Vol.26 No.2 (July - December) 2015

 1 .
 2  

T-Score  T-Score  50             
  T-Score                 

50   

 .05
 2.  (Pretest) 

           
             

                   
 7 

 3.  
 2  

  3.1 
              
 

 1)  2) 
 3)  4)  

 5) 
  3.2 

 7 
 1)  

2)  3)                            
4) ) 5)  6)    
7) 
  3.3  

 1-3  30 
  3.4   3 

 (Posttest) 
            

 4

 1.  
  

                      
  

 2.             
              

 3. 
                     

 (Two-way MANCOVA  
ANCOVA)                          

 
 (Homogeneity of Variance) 

                      
(Homogeneity of Regression Slope) 

  – 
 (Homogeneity of Variance 

Covariance Matrices)                     

 4.  
           

  
 Paired t – test (  ,

2536)
 5. 

                   
              
                            

F-test (Two-way MANOVA  ANCOVA))     
(   ,2553) 



71
  26  2 (  – ) . . 2558

CHOPHAYOM JOURNAL Vol.26 No.2 (July - December) 2015

   
 1.                

 
 

 
 

 7  
 1 - 4 

 2.  
 

                  

 7   
 4  

  
  (p < .001) 

 3.  

 (p .053)
 4. 

 
  3  ( )               

 (p .013)

 7  

  
 5.

                    
 

(p .282) 

 1.  
 

 
  1 - 4 

 4   

   
  (p<.0001)            

               

 4              
 Lin  Mintzes (2010:11-13) 

 3 
 (  , 2556 : 94) 

 1 
 (  , 2555: 

81-82; , 2554: 47-48)                

 1 - 4 
 (p<.0001)  

 6 
 (  , 

2556: 70-71)  1 
 (  , 

2556 : 82-83)   6 
 (  , 2556 :                

80-81)  3 
 (               

, 2556: 72-73) 



72
  26  2 (  – ) . . 2558

CHOPHAYOM JOURNAL Vol.26 No.2 (July - December) 2015

 7  
  

 1 (  , 2556: 78-79) 
               

 4 (  , 2556: 80-81) 

 1-4 

  
 (Mixed                

Method)    
   7  

  
  
   

                      
-  

   
 Simon  ( 2006: 235-260) 

 
 

 
 

 
 7                   

           
               

 
            

 
  

              
 (Bransford Brown and Cocking,2000 

: 131-154) 
 

    
 2. 

 ( .)  2 
                      

 4   
  

                
  

 (  , 2555 : 67-68 ;                 
, 2554: 48) 

                  
 

   
(p>.05)  
  

 

 (Real World Problems) 
        

  

  
  

 (Social 
Constructivism)  
(Collaborative Learning) (Giboson and Chase, 
2000: 693-705 ) 

 (Social Interaction)  
(Social Transmission) 

 (Peer Interaction) 
 



73
  26  2 (  – ) . . 2558

CHOPHAYOM JOURNAL Vol.26 No.2 (July - December) 2015

 (Hunt and Xullivan, 
1974: 143 –144 ;   , 2537 : 25) 

 
 (Collaborative 

Learning) 

  
               

 3. 
 7  

  3   

  
 

 (p<.013)
 

 (Mixed 
Method)               
(ScientiÞc Method) 

    
   

 7  
  

    
   

  

 
  

  
 7    1 

 
(Eisenkraft, 2003: 57-59)               

 
 

 (Bransford, Brown and                          
Cocking,2000: 131-154)  
(Eisenkraft, 2003: 57-59) 

(Thorndike,1923: 165-167) 

              
   

(Pedretti,1999: 174-181; Lewis,2003) 

 (Hennessey,1999: 124) 
 (Higher-Order              

Thinking) (Livingston,1997 : 1)  

 1.  

               

                
 7  

  1 - 4 
 4  

   

 2. 

 

  
 3. 

 7  



74
  26  2 (  – ) . . 2558

CHOPHAYOM JOURNAL Vol.26 No.2 (July - December) 2015

  3  
( ) 

 4.            

 . 
.  

             
 7   

                  

 7                
 

  
 

 

   

                        
                                    

 .    
  .    

                     
   

.     

.   
   

  

                     
                

 

 .(2554).  
  
  
 
  
  1 .(
 ,
 )

. (2551).  
  
  
  2551.  : 
  
 .

. 
 . (2545).  
  
 :  
 .

  . (2536) . .  
  :   
   .

 . (2556).  
  
  
  
 

  

  6 
 . (



75
  26  2 (  – ) . . 2558

CHOPHAYOM JOURNAL Vol.26 No.2 (July - December) 2015

 ,   
 )

 .(2556).  
 
   
  
  
   
  1 
 . (  
 ,  
 )

  . (2556).
 
  
  7E 
 
  
 
  4                 
 .( ,
  ).

  . (2554).
  
  
  
   5
   .
  ( ,   
 ).

 . (2555). 
 
  

 
  
  

  5 
 . (
 , ).

 .(2553).   
 SPSS :  1601501
  Statistic Methods for Sciences and
  Health Sciences.  :  
  .

 . (2556).  
 
  
 
 
  
 
  2 . (
 , 
 ).

.  
 (2540).  
  Constructivism.  
  : .

 . (2556).  
 
 
  
  
  
  
   1  
 . (  
 , ).

 . (2556).
 
   
 



76
  26  2 (  – ) . . 2558

CHOPHAYOM JOURNAL Vol.26 No.2 (July - December) 2015

  7E  
  
  
   
  1  
 . (  
 ,   
 ).

 . (2543).
  
 
  2. ( , 
 ).

 . (2556).  
 
 
 
 
 
 
 
 3  
 . (  
 ,   
 ).

   . (2545.). 
 .  :  
 .

 . (2556).
 
  

   
  

   
  
  3   

 . (                
 ,  
 ).
Bransford,  J.D.,  Brown,  A.L, and Cocking, R.R.
 (2000).How People Learn : Bra in,
 Mind,Experience, and School.  
 Washington,D.C.: National Academy.
Byee,  R.W., Powell,  J.C., and Ellis,  J.D. (1991).
 Integrating the History and Nature 
 of  Science and Technology in  
 Sc ience and Social  Studies                     
 Curriculum.Science Education,75(1),
 150-155.
Carin,  A.A.(1997).Teaching  Modern  Science.  
 7thed.New Jersey : Prentice-Hall.
Driver, Rosalind and others.(1998). Establishing 
 the Norms of ScientiÞc Argumen 
 tation in Classrooms. London :  
 King’s college London.
Eisenkraft,  A.(2003).Transferring of Learning, 
 and the Importance of ElicitingPrior
 Understanding. Dissertation                      
 Abstracts International,47(4), 56-59.
Gibson, H.L. and Chase. (2002). Longitudinl  
 Impact 0f an Inquiry-based Seience 
 P rog ram on  M idd leSchoo l                      
 Students Attitudes towardSscince. 
 Science Education, 86,693-705.
Hennessey, M.(1999). Probing the Dimensions
  of Metacognition : Implication for 
 Conceptual Change Teaching  
 -learning.(pp.28-31).Paper Prese 

 ned at the Annual Meeting of the
  Nation Association for Research  
 in Science Teaching, Boston.



77
  26  2 (  – ) . . 2558

CHOPHAYOM JOURNAL Vol.26 No.2 (July - December) 2015

Hunt, D.E. and E.V. Xullivon.(1974).Between 
 Psychology and Education. Hins 
 dale, IL: Dryden.
Lewis,  S.E. (2003).Issue-Based  Teaching  in 
 Science  Education. Retrieved from,
 http://www.actionbioscience.org/ 
 education/lewis.html
Lin, S.S. and J.J. Mintzes. (2010). Learning                 
 Argumentation  Skills through                  
 Instruction in SocioscientiÞc  Issues.
 The Effect of Ability. International   
 Journal of Science and Mathematics   
 Education, 8(6), 993-1017. Retrie 
 ved from,http://link.springer.cm/ 
 article/10.1007/s10763-010-9215-6
Livingston, J. A.(1997).Metacognition : An 
 Overview. Retrieved from,http:// 
 www.gse.buffalo/Edu/fas/shuell/c
 ep564/Metacog.htm
Pedretti, E. (1999). Decision Making and STS 
 Education :  Exploring ScientiÞc   
 Knowledge and Social Responsibility 
 in Schools and Science Center   
 through an Issues-based Approach.
 School Science and Mathematics,
 99(4),174 -181.
Sadler, T.D. (2002). SocioscientiÞc Issue                       
 Research and Its Relevance for   
 Science Education.Paper presented 
 to science education graduate  
 students at the University of                
 South Florida, Florida: University  
 of South Florida.

Sadler, T.D. and D.L. Zeidler. (2003). Weighing  
 in on Genetic Engineering and               
 Morality : Students  Reveal Their  
 Ideas,Expectations, and Reservations.
  Paper presented at the Annual
 Meeting of the National Association
 for Research in Science Teaching, 
 Philadelphia.
Simonneaux, L.(2001).Role-Play or Debate 
 toPromoteStudents’Argumentation
 and Justification on an Issue in  
 Animal Transgenesis.International  
 Journal of Science Education,  
 23(9), 903-927.
Simon, S., Erduran, S., and Osborne, J.(2006).
 Learning to Teach Argumentation :
 Research and Development in the 
 Science Classroom. International
 Journal of Science Education,  
 28(2-3),235-60.
Thorndike, E.L.(1923).The Psycholgy of Lear 
 ning.New York:  Teachers College, 
 Columbia university.
Watson,  G. and Glazer, E.M.(1964).Watson–    
 Glaser Critical Thinking Appraisal. 
 New York:Harcourt, Brace and   
 World.
Yager,  R.E.  and  Tamir P. (1993).Constructivism  
 and  Science  Education  Reform.
 Science  Education  International, 
 4(1),145-151.
Yager,  R.E.(1996).History ofScience/Techno 

 logy/Society as Refor in  the United  
 States.New York :  State University  
 of  New York.



78
  26  2 (  – ) . . 2558

CHOPHAYOM JOURNAL Vol.26 No.2 (July - December) 2015

Zeidler, D. L. and others.(2004).Beyond STS :  
 A Research- Based Framework for
 SociscientiÞc Issues Education.
 Florida: University of South Florida.


