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Introduction
Technology is imparting our lives in a significant way. As new technologies emerge, we make decisions about integrating them into our behaviour. This phenomenon of responding to changing technology is also evident in the classroom (Gbomita, 1997). Sandra, Orr & Hall (1986) even stressed the role that computers played in education years ago. However, Trollip & Allessi(1988) felt that one of the purposes of integrating computers to classroom instruction was to facilitate learning for students by improving the quantity and quality of (the subjects) what they knew.

One of the problem areas for schools as Frear & Hirschbuhl (1999) pointed out was the lack of students’ interest in science. According to Orion, Dubowski & Dodik (2000), this could be overcome by using illustrative tools such as animation, graphs, sound and video-clips in one machine (computer) to show the student many phenomena which could not be demonstrated otherwise by conventional teaching methods. Computer-assisted instruction (CAI) is the use of computers in the teaching and learning process (Yalcinalp, Geban & Ozkan, 1995).Though computers are utilized across various curricular subjects, Zietsman & Hewson (1986) opined that they were very much useful in science education. They can be used as tools in various courses such as chemistry, physics, mathematics and biology (Geban, Askar & Ozkan, 1992) and many science teachers and researchers have used CAI to enhance science learning in the classrooms during the last few decades (Chang,2002). A good number of studies have been conducted to ascertain the influence of CAI vis-à-vis conventional mode of instruction in science. Several of them barring a few (Gardner, Simmons & Simpson (1993), Hathway (1992), Jegede, Okebukola & Ajewole (1991),  Morrell (1992), Reed(1986), Ryser (1991), Sherwood & Hasselbring (1986), Spraggins & Rowsey (1986), Summerlin & Gardner (1973), Wainwright(1989)) have found the CAI as a desirable medium for learning science. Again, meta-analytical studies carried out on the CAI showed the supremacy of computers in teaching-learning process (Bangert-Drowns, Kulik & Kulik (1985), Kulik and Kulik (1986), Kulik and Kulik (1991), Kulik, Kulik & Schwab (1986), Kulik (1983), Kulik & Kulik (1987), Rai (1999)]

Gender difference is one of the important factors affecting students’ socio-cultural and academic phenomena. Blair, Jones & Simpson (1972) reported some striking sex difference between boys and girls in school years with respect to mental development and school achievement. Halpern(1986) examined sex differences in cognitive ability by reviewing many related empirical studies and concluded that biological factors are significant components in determining sex-role differences in cognitive abilities. The topic of gender differences in response to technology has been a traditional area of investigation (Faukner & Arnold, 1985). Siann, MacLeod, Glissov & Durndell (1990), however, endorsed the consistent gender differences in the utilization of technology, particularly computer technology. Hence, a conducive learning environment need to be created as Shashaani (1993) opined that would be able to attract women into “non-traditional fields”, develop female proficiency in computer use and increase their career options. Several studies tried to understand the impact of gender towards CAI (Berge (1990), Dalton(1986), Mancey(1989), Martini(1986), Ryser(1991)). Hattie & Fitzgerald (1987) too carried out a meta-analytic study on CAI and gender difference.

Cooperative learning is one of the thrust areas of educational research in general and in CAI in particular. In a cooperative learning, according to Johnson and Johnson (1975), when one student achieves his or her goal, all others with whom he or she is cooperatively linked to achieve their goals. In contrast, in a competitively learning situation, when one student achieves his or her goal, all others with whom he or she is competitively linked fail to achieve their goals (Johnson, Johnson & Stanne, 1986). Noreen, Philip, & Scott, (1986) suggested for group work with computers as it was not less effective than individual work of learning. Though Slavin, Leavy & Madden (1984) found small group instruction was more effective than traditional group on mathematics achievement, Verdel (1996) reported no such results whereas Sengendo (1987) identified individualistic computer-assisted learning superior to cooperative learning.

Ability-grouping is the method of assigning students of particular age and grade with respect to achievement and capability are placed together for instruction (Findley & Bryan, 1975). Generally it was found that such type of instruction helped superior students than the low-ranking ones (Wilson & Robovitch, 1973). The effects of computers on ability-grouping with respect to achievement have been studied (Berge (1990), Knupfer (1993), Mancey (1989) and Stella (1992)).

The potentialities of computers in teaching-learning had also been realized in India. Hence a Pilot Project, ‘Computer Literacy and Studies in Schools (CLASS)’ was launched in June, 1984 as a first step in promoting the use of computers in secondary schools. Hawkridge (1990), however discussed at length the dilemma being faced by many Third World countries in introducing computers in their schools. Though India is the largest exporter of human resources to the rest of the world in the software industry, computers have been integrated in school curriculum only in recent years that too only in urban areas. However, the Central and State Governments after understanding the imminence of computer use to school children started distributing computers to government schools chiefly to teach computer literacy. A few studies have been conducted in India about the effect of computers on achievement (Reddy & Ramar (1999), Singh, Ahluwalia, & Verma, (1991) and Stella (1992)). This study too tried to understand the role of computers that could be used as teaching-learning tools of curricular subjects especially science in Indian context at secondary level. 

 Participants and Design


 
The participants of the study were 183 students of class IX from two schools. Though these schools offer different curricula, the Kendriya Vidyalaya (KV) had been considered a better school than the Railway Mixed School (RMS). This was also expressed in the pre-test achievement scores in biology between the students of class IX of KV (Mean = 57.11 and SD = 18.04) and RMS (Mean = 47.30 and SD = 17.77). 

Procedure
The study was designed on ‘quasi-experimental’ line. The students were taken as they were so that the non-equivalent control group designs did not involve random assignment of students to groups. Though the sample students were not selected by random method, the selection of the control and experimental groups were selected randomly by flipping a coin. Three biology teachers, two from the KV and one from the RMS participated in the study.  The teachers of the KV did not require any orientation as they were already familiar to the content. The RMS however, follows the curriculum of the State Matriculation Board. Hence, the biology teacher of the RMS was supplied with the content of the units of biology for teaching the control group students. The teachers were asked not to deviate from their original teaching styles in classrooms. The pre-test achievement scores in biology of were used for categorization of sample students into three ability levels viz. high-, average- and low. The more appropriate and oft-used technique in ability-grouping is using the percentile scores of students. The control and experimental group students of the study were, then, rank-ordered by their pre-test achievement marks in biology from high to low at school level as well on total sample enabling for cumulative analysis. Percentiles corresponding to particular scores had been computed by a four-step sequence and rank-ordered as suggested by Salvia and Ysseldyke (1988). The students whose ranks fell in the top and the bottom 33.3 rd percentile were treated as the students of high- and low-ability levels, while the students in the middle 33.3 per cent of the distribution were treated as average ability level as suggested by Anastasi (1988).

This study was a design with four ‘between-subject’ factors (condition, gender, ability level and school). A schema was developed for creation of dyads by stratification of the students of CAI by ability-level and gender with random assignment to help balance the experiment from confounding effects over achievement in biology. The dyads were, hence, either homogeneous or heterogeneous. 
The units covered for assessing the post-test achievement in biology were i) Life process, ii) Organization of the Living World and iii) Science, Technology and Man. The dyads were, then instructed to work together in completing the topics. They were also advised to interact with their respective partners whenever there was a learning difficulty. Students of the experimental groups were asked to complete the requirements for the posttest. The biology teachers handling the control group students were requested to complete the units within the stipulated time. The teachers were encouraged all through the experiment to go along with their natural style of teaching. All the students were administered the post-test in biology immediately after completion of the experiment. 
Instruments

1.Courseware Packages

The Pro One Series: Science, a courseware developed by the Technology Mission, New Delhi was selected for the study. This courseware package was designed strictly in accordance with the CBSE (Central Board of Secondary Education) curriculum. The concepts of biology were found meticulously presented with pictures, graphics and animation and enriched with voice. Each unit was effectively organized into sub-sections and topics were covered widely and designed with ‘branching techniques’. ‘Pointers’ in the program could be clicked for additional information pertaining to advanced learning of a concept. A question bank was provided in the courseware as exercise for students’ diagnostic progress. The package was highly flexible as students could skip topics, unwanted information and exit in a user-friendly way. The courseware was rated ‘high’ using the Courseware Evaluation Form (CEF) (Pandian, 1998) and the calculated reliability co-efficient was .85.

2.Achievement Tests

 Two achievement tests in biology were constructed. The units chosen for the pre-test in biology were i) digestion and ii) ways of living whereas the topics for the post-test were i) life processes, ii) organization of living world and iii) science, technology and man. Each achievement test consisted of 50 objective type test items. Each item was given with a weight of two score for the correct response and zero score for wrong response. Hence, the maximum and the minimum score of each achievement test constructed for the study were 100 and ‘0’ respectively. The duration fixed for completing any one test was 45 minutes. The reliabilities of achievement tests in biology were determined by the split-half method using Spearman-Brown Prophecy formula. The calculated reliability co-efficients  were  .83 and .88 for the pre- and post-tests respectively.

Table 1. Mean scores and SDs for students for ‘condition’ and ‘school’

	Variable
	Group
	Size of

Sample
	Pre-test Mean
	SD
	Post-test

Mean
	SD
	Adjusted

Post-test Mean

	Condition
	1.Control

2.Exptl.
	    98

    85
	56.43

49.69
	16.45

19.44
	56.51

54.73
	16.45

17.03
	53.45

57.57

	School
	1.KV

2.RMS
	  112

    71
	57.11

47.30
	18.04

17.77
	59.80

49.18
	15.92

15.93
	56.46

54.56


Table 2. Four-way ANCOVA 

	     Source of 

     Variation
	df
	Mean 

Square
	F
	Sig. Level

	Condition(C)
	1
	666.29
	53.62
	 .000*

	Ability (A)
	2
	   3.17
	   .26
	.775

	Gender(G)
	1
	     .78
	   .06
	.803

	School(S)
	1
	110.35
	  8.88
	 .003*

	             C x A   
	2
	  65.44
	  5.27
	 .006*

	C x G
	1
	    1.96
	    .01
	.968

	Ax G
	2
	    5.29
	    .43
	.654

	C x Ax G
	2
	  18.38
	  1.48
	.231

	C x S
	1
	    2.30
	    .19
	.668

	Ax S
	2
	  24.10
	  1.94
	.147

	C x Ax S
	2
	    3.28
	    .26
	.769

	G x S
	1
	    4.06
	    .33
	.569

	C x G x S
	1
	    1.32
	    .11
	.745

	A x G x S
	2
	    1.14
	    .09
	.913

	C x Ax G x S
	2
	  22.13
	  1.78
	.172

	Error
	158
	  12.43
	 
	 

	Total
	183
	 
	 
	 



* indicates significance
A four-way analysis of covariance was performed to assess the impact of computers on biology achievement with respect to condition (computer and conventional modes of instruction), ability-level (high, average and low), gender (male and female) and school (KV and RMS). The results of  analysis in table 2  shows that the students of computer-assisted instruction achieved better on biology post-test than did the students of control group ((F1,158) = 56.32, p< .000) (fig.1). The factors ‘ability level’ and ‘gender’ have been found uninfluenced by the modes of instruction. However, a significant main effect (F = 8.88) has occurred for ‘school’ at .003 level where the students of KV outperformed the students of RMS (see table 1). The interaction between ‘condition’ and ‘ability level’ has too resulted with a significant difference (F = 5.27, p<.006). The remaining interactions have produced no significant main effects as the result of differences in the mode of instruction.
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Fig.1 ANCOVA for ‘condition’

Table 3. Mean scores and SDs for students of various ability levels.

	Ability

Level
	Group
	Size of

Sample
	Pre-test Mean
	SD
	Post-test

Mean
	SD
	Adjusted

Post-test Mean

	HIG
	1.Control

2.Exptl.
	    33

    27
	74.42

72.00
	11.68

  9.64
	72.79

74.07
	10.75

  8.88
	71.85

75.22

	AVE
	1.Control

2.Exptl.
	    34

    29
	53.47

48.34
	  9.51

10.23
	54.71

52.48
	11.00

10.19
	52.31

55.30

	LOW


	1.Control

2.Exptl.
	    31

    29
	40.52

30.28
	  8.93

  8.43
	41.16

38.97
	  9.00

  6.88
	36.64

43.80


Table 4. The ANCOVA for students of various ability levels

	     Source of      

     Variation
	df
	Mean 

Square
	F
	Sig. Level

	HIG
	(1,57)
	157.31
	13.13
	.001*

	AVE
	(1,60)
	  130.83
	10.04
	.002*

	LOW
	(1,57)
	566.35
	46.58
	.000*


Further analyses between the students of computer-assisted and teacher-assisted instruction with respect to ability presented in table 4 showed the sweeping influence of computers on post-test achievements in biology on all the three levels. The experimental students of high-ability level showed better achievement than their counterparts in the control group ((F1,57) = 13.13, p<.001). A similar trend has also been demonstrated by the CAI students of low-ability level over their non-CAI group ((F1,57) = 46.58, p<.001). The students of average-ability level who leaned biology concepts through computers too have achieved a significant main effect ((F1,60) = 10.04) however, at .002 level. Table 3 accounts the descriptive statistics of the pre-test post-test and adjusted post-test with respect to achievement in biology for students of various ability levels.
Table 5. Mean scores and SDs for male and female for ‘condition’ and ‘school’
	Variable
	Group
	Size of

Sample
	Pre-test Mean
	SD
	Post-test

Mean
	SD
	Adjusted

Post-test Mean

	Male
	1.Control

2.Exptl.
	    51

    45
	57.45

47.87
	18.56

19.68
	57.46

53.29
	18.02

17.09
	53.25

57.49

	
	1.KV

2.RMS
	    60

    36 
	56.30

47.39
	19.45

18.79
	59.27

49.22
	17.19

16.74
	56.45

54.29

	Female
	1.Control

2.Exptl.
	    47

    40
	55.32

51.75
	15.63

19.22
	55.49

56.35
	14.69

17.02
	53.88

57.85

	
	1.KV

2.RMS
	    52

    35
	58.04

47.20
	16.40

16.93
	60.42

49.16
	14.46

15.27
	56.79

54.93


Table 6. The ANCOVA for male and female for ‘condition’ and ‘school’  

	    Variable
	     Source of 

     Variation
	df
	Mean 

Square
	F
	Sig. Level

	Male
	Condition
	(1,91)
	386.95
	30.82
	.000*

	
	School
	(1,91)
	      99.51
	  7.93
	.006*

	Female
	Condition
	 1,82)
	324.87
	23.09
	.000*

	
	School
	 1,82)
	 68.54
	  4.66
	.034*




Table 6 explains the outcomes of analyses on the effect of computers on biology achievement with respect to the attributes of gender (male and female) and school. The male and female students who learned the concepts in biology through computers showed remarkable post-test mean differences over their respective counterparts who learned the same concepts but through their teachers. The level of significance on achievement was at .000 for boys ((F(1,91) = 30.82) as well as for girls ((F(1,82) = 23.09). The main effect was also studied for the ‘school factor’. The results showed that the male and female students of the KV outperformed their respective biological opponents of the RMS on achievement (see table 5). The boys of the KV demonstrated greater mean difference ((F(1,91) = 7.93, p< .006) than  the girls of KV ((F(1,82) = 4.66, p< .034) over the boys and girls of the RMS respectively.

Table 7. Mean scores and SDs for students of various ability levels for ‘school’
	Ability

Level
	School
	Size of

Sample
	Pre-test Mean
	SD
	Post-test

Mean
	SD
	Adjusted

Post-test Mean

	HIG
	1.KV

2.RMS
	    37

    22
	77.78

69.27
	  6.99

10.65
	77.95

69.19
	  6.71

  9.15
	75.50

73.30

	AVE
	1.KV

2.RMS
	    39

    28
	56.41

44.07
	  4.82

  5.97
	58.82

45.00
	  5.66

  7.19
	54.03

51.67

	LOW


	1.KV

2.RMS
	    36

    21
	36.61

28.51
	  8.47

  4.90
	42.22

33.81
	  7.46

  4.05
	40.21

37.26


Table 8. The ANCOVA for students of various ability levels for ‘school’
	     Source of 

     Variation
	df
	Mean 

Square
	F
	Sig. Level

	HIG
	(1,56)
	53.53
	3.29
	.075

	AVE
	(1,64)
	  110.90
	2.44
	.120

	LOW
	(1,54)
	81.61
	5.40
	  .024*


The effect of ‘school’ upon the students of various ability level indicated existence of  a significant post-test mean difference in biology between the students of low-ability level of the KV and RMS ((F(1,54)  =  5.40, p<.024) (table 8) where the students of KV excelled over their counterparts in the RMS (see table 7). However, no main effect of school was noticed upon the students of high- and average-ability students as the result of CAI on biology achievement.

Discussion

The results of analysis for biology achievement for the class showed that students engaged in computer-assisted learning demonstrated high achievement in their post-test than the students engaged in teacher-assisted learning. It has also been found that ‘gender’ as a controlling effect didn’t express any significant influence on biology achievement. In considering the attributes of gender, the males of CAI groups of class IX demonstrated significant post-test mean differences in biology over their non-CAI counterparts. The females of the experimental groups too, evinced significant main effects in biology achievement over their female counterparts. However, males of the treatment group exploited the computers better than the experimental group females. The ‘type of school’ as a controlling effect (KV vs. RMS) evinced a significant influence on academic achievement in biology as the students of the KV outperformed their counterparts in RMS comfortably. The ‘school effect’ had a considerable influence on males and females as well upon learning biology through computers. The males and females of the KV outperformed their respective counterparts in the RMS in their post-test means in biology.

The main effect ‘ability’ did not result with any significance. The outcomes showed that computers did not have selective influence on any of the students’ ability-levels with respect to biology achievement go with the results of Berge(1990). However, analyses performed to assess the effect of treatments over ability-grouping resulted with significance as the experimental students of various ability levels excelled over the control students on biology achievement. The achievement was seen more prominent for the students of low-ability level. The influence of computer-assisted instruction upon ‘school factor’ (KV vs. RMS) was reflected only on the  students of low-ability level of the KV as they posted a significant mean difference in post-test biology achievement over their counterparts in RMS. However, the students of high- and average-ability levels of the KV and the RMS did not differ significantly on achievement.

The outcomes of results of the present study in comparing the impact of computers over the conventional mode of instruction/learning of biology are to be correlated with the several earlier CAI researches reported on achievement  However, the results of the present study conform to the findings of several studies which reported about the significant influence of computer-assisted instruction/learning over traditional modes across science subjects which was otherwise not possible by the conventional modes of instruction (Berge (1990),Chang (2002), Chang (2000), Chang (2001a), Crocket (1980), Dalton (1986), Davis, Storch & Strawser (1987), Eryilmaz (1996), Ferguson & Chapman (1993), Gardner, Simmons & Simpson (1992), Hativa & Shower (1989), Hughes (1974), Levine (1994), Lu, Voss & Kleinsmith (1997), Mancey (1989), Martini (1986), Nishino (1993), Olugbemiro (1991), Perkins (1987), Reddy & Ramar (1999), Reeves (1990), Saldana-Vega (1982), Shaw (1985),  Whiting (1985), Yalcinalp, Geban & Ozkan (1995),  Zietsman & Hewson (1986). 

The role of computers in promoting qualitative learning among students across curricular subjects is a welcome approach in education. The reasons for the possible influence of computers over the conventional learning among the students study can be attributed to following factors: firstly, the students of CAI were motivated to learn through a new and novel medium. Secondly, the students of experimental groups were provided with an environment for learning at an almost ‘uncontrolled’ situation where students could learn biology with their own pace. Thirdly, only two students were allotted to each terminal that increased participation of the students with their partners leading to co-operative learning. Finally, the courseware packages subjected to the study enriched with voice, graphics and animation were the objects of desire to watch and learn with for the students.

The earlier results on the ability-grouping [(Goetzfried & Hannafin (1988) and Stella (1992)] concluded that computers provided their greatest potential for disadvantaged students, especially for those of low-ability level and for students of high-ability level (Berge (1990) and Peterson (1981)). The outcomes of present study on ability-grouping also go in line with the previous findings. The low-ability students of CAI outperformed their counterparts taught by traditional instruction. However, an interesting finding evinced in the study on ability-grouping was that the students of average-ability levels too were benefited from the computer mode of instruction. 


Computer technology, it is learnt, helps reducing the gender differences in academic achievement. In the present study, no significant achievement differences in biology were evinced between the males and females of CAI group. Computer-assisted instruction had become a boon for females in overcoming the biological differences especially in science achievement. Several studies have been reported with similar findings (Berge (1990), Crockett (1980), Dalton (1986), Martini (1986), and Ryser (1991)).

Males and females of the CAI groups of outperformed their counterparts with significant academic achievements in biology in the pooled as well as school-wise analyses. This trend clearly has indicated that computer-assisted instruction is independent of gender and its attributes. Again, the “type of school” had selective significant influence as the students of low-ability level of the KV gained better post-test mean scores in biology than their counterparts in the RMS. The result was not quite unexpected because the content of biology used for the study was conforming to the curriculum of the class of KV. Even then, no significant changes in post-test biology achievement were noticed for the high- and average-ability students 

Conclusion

         This study examined the role of computers on academic achievement (i.e. biology) on the students of class IX worked as dyads. The results showed computer-assisted cooperative learning was a desirable and advantageous technique. CAI had an over-all influence and on students of all ability-levels. However, the achievement level was remarkable for students of low-ability level.
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