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Abstract 

 

Results of several studies on the relationship between science students’ perceptions of their 

classroom environments and their cognitive and affective achievements indicate strong 

association between the perceptions and the achievements. While this underscores the need 

for more effective relations in the classrooms, the issue of the effectiveness of some 

contemporary instructional strategies for teaching science in different classroom environments 

has not been addressed. This study, therefore, sought to find out if the constructivist 

instructional strategy can enhance cognitive and affective achievements of students in 

non-conducive environments. A total of 100 (57 boys, 43 girls) junior secondary two (grade 8) 

students participated in this experiment. Two instruments–the Cognitive Achievement Test 

and the Affective Achievement Test–were used in pre and post-test administration to measure 

the treatment effect on cognitive and affective achievements, respectively. Findings do not 

support the stand that the constructivist instructional strategy is more effective than the 

traditional (expository) teaching strategy for improving cognitive achievement. But with 

respect to affective achievement, the evidence supports the use of the constructivist strategy 

for instruction in non-conducive classroom environment. Implications of the study are 

discussed and recommendations given. 
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Nature of classroom environment and achievement in integrated science:  

A test of efficacy of a constructivist instructional strategy  

 

1. Introduction 

Several strands of evidence from studies converge to demonstrate that there is positive correlation between 

students’ achievement in science and mathematics and their perceptions of their classroom environments 

(Haertel, Walberg, & Haertel, 1981; Fraser & Fisher, 1982; Wierstra, 1984; Walberg, 1984, 1986; Fraser, 

Walberg, Welch, & Hattie 1987; Fraser, 1989; Fraser, Okebukola, & Jegede, 1992; Akale & Nwankwonta, 1996; 

Telli, Cakiroglu, & den Brok, 2006; Okoh, 2011; Okonkwo, 2010). For instance, Haertel, Walberg, and Haertel 

(1981) carried out a meta-analysis involving 734 correlations from 12 studies involving 823 classes having a 

total of 17,805 students in four nations. Results of the studies indicated strong association between the students’ 

perceptions and cognitive and affective measures. Following this exposition, the need to assist science and 

mathematics teachers to bring about practical improvements in the psychosocial relations in their classroom was 

highlighted (Fraser, 1981; 1989; Burden, 1991; Thorpe, Burden, & Fraser, 1994; Igwebuike, 2000) have 

indicated positive results. 

While studies are undertaken to improve psychosocial relations in science and mathematics classrooms, 

there is the need to relate the nature of classroom environment to contemporary instructional strategies. 

Literature is mute on the effect of instructional strategies on cognitive and affective achievements of students in 

various types of psychosocial learning environment. One of such strategies is constructivist instructional mode 

which is also referred to as conceptual pedagogy. Constructivist instructional strategy places much premium on 

students’ prior knowledge which is also referred to as alternative framework or alternative conception. It is 

premised on an epistemology whose precepts, according to Driver and Bell (1986) and Driver and Oldham 

(1986), are: 

� Individuals are purposive-learning does not take place by the learner responding in a passive way to 

the environment; 

� Prior knowledge matters a lot-learning depends not on the learning environment, but on what 

knowledge the learner brings to the learning situation; 

� Knowledge is constructed by individuals through social interactions and experiences with physical 

environment; personal knowledge is constructed so as to “fit” with experiences in a coherent way, 

� Meaningful learning involves the construction of links with prior knowledge; 

� Learning science involves conceptual change; it involves not only adding and extending one’s 

conceptual structure but may involve radically reorganizing it. 

Meaningful learning, according to the proponents of constructivism in science teaching, can take place when 

the learner’s alternative conceptions are explored and used during instruction. The learner is assisted to examine 

the intelligibility, plausibility and fruitfulness of their conceptions in comparison with the scientific conceptions 

of study (Strike & Posner, 1985) but within a learning situation that motivates the learner and respects his 

feelings (Pintrich, Marx, & Boyle, 1993; Zhou, 2010; Igwebuike, 2011). 

Constructivism, from the foregoing, provides a type of learning environment in which learners are actively 

involved in construction of meaning by making links with their alternative conceptions. Such an environment is 

a stark contrast to the traditional approach in which learners passively imbibe scientific concepts as presented by 

the teacher. There is ample research evidence to support the use of constructivism in science classrooms/ 
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laboratories (Mitchell & Baird, 1986; Trumper, 1990; 1991; Driver, 1990; Wheatley, 1991; Yager, 1991; Tobin, 

1991; Gunstone, 1992; Cobern, 1996; Osborne, 1996; Asim, 1998; Bajah & Asim, 2000; Chang & Bell, 2002; 

Bell, 2005; Sjo berg, 2007; Ndioho, 2007; Benjamin & Egho, 2008; Nwagbo, 2008). For example, Ndioho (2007) 

carried out a study on the effectiveness of a constructivist instructional model for teaching genetics to 

mixed-ability senior secondary school biology students (Grade 11). He found that the model was significantly 

more effective than the conventional expository method. 

Since there is positive association between science students’ perception of their learning environments and 

their achievement, students in conducive classroom environments will have better achievement. Non-conducive 

classroom environments, as mentioned earlier, have become the focus of intervention measures to make them 

conducive. This will promote effective science learning and achievement for students. Intervention measures can 

also be extended to include determination of the efficacy of constructivism in non-conducive classroom 

environments. It can be hypothesized that students in non-conducive classroom environments taught using 

constructivist instructional strategy will achieve significantly better in cognitive and affective learning in 

integrated science than their counterparts taught using the traditional expository strategy. Experimental evidence 

was sought in this study to test this proposition. 

Specifically this study tested the following hypotheses: 

1. There is no significant difference in cognitive achievement on energy concepts between students in 

non-conducive classroom environment taught using constructivist instructional strategy and their 

counterparts taught using traditional expository strategy. 

2. There is no significant difference in affective achievement between students in non-conducive 

classroom environment taught using constructivist instructional strategy and their counterparts taught 

using traditional expository strategy. 

2. Method  

2.1 Sample 

A total of 100 (57 boys 43 girls) junior secondary school (grade 8) students of Delta Career Secondary 

School and Step Forward Secondary School in Warri, Nigeria participated in this study. These schools were 

classified as non-conducive learning classroom environment. The categorization was carried out using the 

students’ responses on Individualized Classroom Environment Questionnaire (to be described later). Two classes 

were randomly selected from each of the schools and each of the classes was intact to annul the effect of 

contamination which could confound the study. A second reason for using intact classes was to avoid disrupting 

normal instruction programs of the classes involved. Each of the two schools was randomly assigned to a 

treatment; either constructivist instructional strategy or traditional (expository) strategy. The subjects ranged in 

age from 12 years 8 months to 16 years 3 months with a mean of 14 years 3 months and a standard deviation of 

0.72. All the subjects took integrated science as one of their courses preparatory to the junior secondary school 

certificate examinations.  

2.2 Instrumentation  

Four instruments were used for this study. They are: 1.) Cognitive Achievement Test; 2.) Affective 

Achievement Questionnaire; 3.) Individualized Classroom Environment Questionnaire; and 4.) 

Interview-about-Instances. The first two provided measures of the dependent variables of study while the last 

two were used for the manipulation of the independent variable.  

Cognitive Achievement Test was used for measuring cognitive achievement based on energy concept 

referenced to the objectives of the instruction. The test had 30 multiple test items. Four sub-concepts of energy 
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were used for developing the lesson. They are: Energy as an Invention, Forms of energy, systems undergoing 

change, and conservation of Energy and they had 6, 8, 8 and 8 items respectively. The test had 35 items initially 

but based on the recommendations of a panel of 3 experts on integrated science teaching and 2 in measurement 

and evaluation, the items were reduced to 30. Psychometric integrity of the test was determined using a pilot 

sample of 63 grade 8 students from a junior secondary school not used for the main study in two ways. The first 

is that the discriminatory power and difficulty indexes of the items were determined using suggestions by 

Mehrens and Lehman (1975). These measures were found to be within acceptable ranges. Specifically, the range 

with respect to the difficulty index was established at between 0.28 and 0.75 while the index of discriminatory 

power is between 0.31 and 0.65 while the recommended ranges are 0.25 to 0.75 and 0.30 to 0.48 respectively.  

The second is that the reliability coefficient was determined using Cronbach alpha. This exercise yielded a value 

of 0.75 which was considered adequate. 

Affective Achievement Questionnaire designed and factorial validated by Afemikhe (1985) was used to 

measure affective components resulting from the use of constructivist instructional strategy. The instrument had 

4 sub-scales of self-concept, confidence, attitude and motivation with 12, 3, 8 items respectively. The reliability 

coefficients of the items determined using Cronbach alpha were 0.65, 0.59, 0.46 and 0.45 respectively.  

Individualized Classroom Environment Questionnaire (ICEQ) was used to categorize environments into 

conducive and non-conducive types. The short from of the questionnaire was designed and developed by Fraser 

& Fisher (1983). It has the following scales: Personalization, Participation, Independence, Investigation and 

Differentiation. Each of the scales has 5 items. The total number of items in ICEQ is 25. ICEQ was selected from 

several other similar instruments because of its simplicity and parsimony. These scales have reliability 

coefficients of 0.78, 0.67, 0.83, 0.75 and 0.78 respectively (Fraser & Fisher, 1983). A cross-validation of ICEQ 

using a Nigerian sample produced test-retest reliability coefficient of 0.71 for personalization, 0.69 for 

participation, 0.76 for independence, 0.778 for investigation and 0.67 for differentiation, and a composite 

reliability coefficient of 0.73. The determination of this last value was found necessary because all the scales 

were pooled together and used for dichotomizing classroom environments. A description of ICEQ is provided in 

Table 1. 

Table 1 

Description of ICEQ 

Scale Name Scale Description Sample Item 

Personalization Extent to which opportunities are provided for 

individual student to interact with the teacher and 

concern for the personal welfare of and social 

growth of the individual. 

The teacher considers students’ 

feelings (+) 

Participation Extent to which students are allowed to make 

decisions and have control over their own 

learning and behavior 

The teacher lectures without 

students asking or answering 

questions (-) 

Independence Extent to which students are allowed to make 

decisions and have control over their own 

learning and behavior  

Students choose their partners for 

group work (+) 

Investigation Emphasis on the skills and processes of inquiry 

and their use in problem solving and 

investigations  

Students find out the answers to 

questions and problems from the 

teacher rather than from 

investigations (-) 

Differentiation Emphasis on selective treatment of students based 

on ability, learning style, interests, and rate of 

working    

Different students use different 

books, equipment and materials 

(+) 
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Interview-about-instances (IAI) designed and popularized by Osborne and Gilbert (1980a, 1980b) was used 

for probing the students’ alternative conceptions. Instances of the sub-concepts were presented on different cards 

by means of line-drawings. Guides for the interview protocol suggested by the learning in Science Project of the 

University of Waikato, New Zealand were followed carefully. From the interviews (described under Design and 

Procedures), a catalogue of 17 students’ alternative conceptions in the various sub-concepts developed was used 

during the instructional phase. The content coverage of the IAI cards was ascertained by the panel of 3 experts in 

integrated science teaching. 

2.3 Design and Procedure  

A non-equivalent control group design with random assignment of classes to experimental and control 

groups was employed to examine any possible treatment effect due to exposure to the constructivist instructional 

strategy. Experimental group was made up of subjects taught using this strategy while the control group had 

subjects who were taught using expository method. The two treatments shared a common curriculum 

content-energy. The Cognitive Achievement Test and the Affective Achievement Questionnaire were 

administered to all subjects as pre-tests. Interview-about-instances was organized for 15 randomly selected 

subjects in the experimental group using the cards with line-drawings of the sub-concepts. From this exercise, a 

catalogue of 17 alternative conceptions was made. These were compared with scientific conceptions and used as 

the basis for organizing constructivist instructional strategy. 

To determine the nature of the classroom environment, ICEQ was administered to 50 randomly selected 

students from 4 randomly selected secondary schools in Warri Township, Nigeria. Based on the students’ 

perceptions of their various classroom environments, two of the schools were categorized as non-conducive 

learning environment and used for this study. The other schools were not involved. The unit of analysis for this 

purpose was the individual student and not classrooms. This exercise was followed by eight weeks of 

instructional treatments. One of the researchers administered the treatments to control for the effect of some 

plausible teacher variables like skills-gap, commitment to the use of constructivist instructional strategy for 

teaching the experimental group, perceptions of classroom practices, and knowledge of the subject matter of 

study. Each group was taught for eight weeks with a total of twelve lessons of about 40 minutes per lesson. 

Constructivist instructional strategy involved presenting relevant alternative conceptions, which have been 

catalogued, to the subjects in the experimental group. After this, the relevant scientific conceptions were 

presented and the subjects were assisted by the researcher/teacher to assess the usefulness and plausibility of 

their conceptions. Value was placed on students; conceptions by the researcher/teacher. The students’ feelings 

and interests were respected as a way of motivating them for dialogue/negotiations. Because of the observation 

by Lawson and Thompson (1988) that students at the concrete operational level find it difficult to evaluate 

competing theories, guides were given to the subjects in the experimental group for analyzing the implications of 

both their conceptions and scientific conceptions. Subjects in the control group were not involved with the 

interviews. They were taught using the expository approach. After eight weeks of instruction, the two groups 

were given both the posttests on cognitive and affective achievements. These tests were administered in the same 

manner as the pretests. 

3. Results 

A t-test analysis was carried out to ascertain or not if the difference between the perceptions of students in 

conducive and non-conducive learning environment achieved significance. This was to guarantee adequate 

polarization of the two sets of schools. The results indicated that the difference is significant [t(198) = 3.06, 

p<0.05]. The label of non-conducive learning environment was therefore justified by empirical evidence. 

Similarly, the results of t-tests carried out to determine if the experimental and control groups were equivalent 

with respect to cognitive and affective achievements indicated that there were initial differences [t(98) = 4.55, 

p<0.05] and [t(98) = 2.34, p<0.05] respectively. Analysis of covariance (ANCOVA) was used since it can adjust 
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for initial difference in measures of the dependent variables. 

The aim of this study was to investigate whether instruction using constructivist instructional strategy had 

any significant effect on cognitive and affective achievements of integrated science students in non-conducive 

psychosocial classroom environment. 

Table 2 

Descriptive statistics of Pre-test Cognitive and Affective Scores according to group 

Measure of Comparison Group N Mean SD 

Cognitive Experimental  50 4.49 1.40 

Control 50 3.08 1.64 

Affective Experimental 50 54.20 8.15 

Control 50 48.17 8.47 

 

Table 3 

Descriptive statistics of Post-test Cognitive and Affective Scores according to groups 

Measure of Comparison Group N Mean SD 

Cognitive Experimental  50 13.58 1.68 

Control 50 12.32 1.52 

Affective Experimental 50 56.22 8.44 

Control 50 51.30 8.32 

 

Table 4 

ANCOVA summary of Cognitive Achievement Test Post-test scores 

Source SS DF MS F 

Covariates  441.521 1 441.521 26.52 

Method 44.045 1 44.045 2.64 (NS) 

Explained 485.566 2 242.783 14.58 

Residual 1614.434 97 16.644  

Total  2100.000 99 21.212  

Note. NS=not significant 

 

Results in table 4 indicate that constructivist instructional strategy did not significantly improve cognitive 

achievement by subjects in non-conducive psychosocial classrooms [F(1,97)=2.646, p>0.05. Multiple 

classification analysis carried out indicated that the subjects in the experimental group had an adjusted post-test 

cognitive achievement mean score of 13.58 while those in the control group had and adjusted post-test mean 

score of 13.22. Comparison of the post-test scores of the two groups on affective achievement did show a 

significance as revealed by results displayed in Table 6 [F(1,97)=42.577, p<0.05]. Multiple classification 

analysis carried out indicated that the subjects in non-conducive psychosocial environment exposed to 

constructivist instructional strategy (experimental group) had an adjusted mean score of 56.22 while their 

counterparts exposed to the traditional method had an adjusted mean score of 51.30. Constructivist instructional 

strategy did improve affective achievement significantly. 

4. Discussion of results  

The study set out to investigate if the constructivist instructional strategy can improve integrated science 

students’ cognitive and affective achievements. The results obtained (see Table 4) suggest that the constructivist 
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instructional strategy did not improve cognitive achievement of students of integrated science in non-conducive 

learning environment significantly [F(1,97) = 2.646, p>0.05]. Secondly, the strategy significantly improved 

affective achievement [F(1,97) = 42.577, p<0.05] (see Table 6). 

Table 5 

Multiple classification analysis of covariance of Post-test Cognitive Achievement   

Grand Mean = 13.40 

Variables + Category 
N 

Unadjusted 

Deviation    ETA 

Adjusted for  

Independents + Covariance 

Deviation                BETA 

Method    

1.  Constructivist Strategy 50 0.18 -0.72 

2.  Traditional Method  50 -0.08 0.72 

  0.04 0.16 

    

Multiple R. Squared  

Multiple R 

  0.231 

0.481 

 

Table 6 

ANCOVA summary of Affective Achievement Test Post-test scores 

Source SS DF MS F 

Covariates 5878.032 1 5878.032 481.420 

Method 519.860 1 519.860 42.577* 

Explained 6397.892 2 3198.946 261.999 

Residual 1184.348 97 12.210  

Total 7582.240 99 76.599  

Note. *significant at p<0.05 

 

Table 7 

Multiple classification analysis of the covariance of Post-test Affective Achievement 

Grand Mean = 53.76 

Variables + Category 
N 

Unadjusted 

Deviation    ETA 

Adjusted for  

Independents + Covariance 

Deviation                BETA 

Method    

3.  Constructivist Strategy 50 2.46 2.28 

4.  Traditional Method  50 -2.46 -2.28 

  0.28 0.26 

    

Multiple R. Squared  

Multiple R 

  0.841 

0.918 

 

With regards to cognitive achievement, the results obtained in this study were unexpected and they indicated 

stark contrasts to earlier findings of Zietsman and Hewson (1986); Trumper (1990, 1991); Asim (1989); Bajah & 

Asim (2000); Ndioho (2007). Constructivist instructional strategy seems to possess characteristics that can 

enhance meaningful learning of science (Benjamin & Egho, 2008). For instance, it provides a learning 

environment in which students are actively involved in construction of knowledge. It also provides an affective 

social environment for negotiations between students and teachers about alternative conceptions and scientific 

conceptions. There is the possibility of the individual learners generating their own understanding of the 
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concepts being studied in the class. It is surprising, from the foregoing, that the strategy did not significantly 

improve cognitive achievement in this study. However, the results of this study, with reference to cognitive 

achievement, are supported by findings of studies carried out by Chang (2000) and Chang & Bell (2002). 

Two factors, speculatively, have influenced the result obtained in this study. The first is the novelty 

provided by the constructivist instructional strategy. Within this type of learning situation, students’ alternative 

conceptions are valued and used for instructional purposes. The teacher respects the students’ conceptions and 

makes himself a part of the problem-solving group. This type of learning situation, seemingly, from the students’ 

point of view, would not be for examination or test purposes as the expository strategy. The guess therefore, is 

that the posttest did not elicit adequate responses from the subjects taught using the constructivist strategy. The 

second factor is sourced from the nature of the cognitive posttest used in this study. It consisted of a number of 

multiple-choice items. If interview-about-instances, which is one of the features of the constructivist strategy, 

was built into the achievement posttest subtly, the results may be different.  

With regards to affective achievement, the enhanced learning by integrated science students in 

non-conducive environment achieved through the constructivist instructional strategy, as revealed in this study, 

is in agreement with the characteristics of the strategy outlined earlier. It should be noted that the strategy 

provides a learning situation which places value on their alternative conceptions and helps them to assess their 

plausibility and fruitfulness (Strike & Posner, 1985) vis-à-vis the scientific conceptions of study.  In this case, 

students participate actively and collaboratively during lessons. There are negotiations (Jegede & Taylor, 1998; 

Zhou, 2010; Igwebuike, 2011) during such assessments instead of impositions of corpus of scientific knowledge 

which characterize teacher-dominated expository lessons.  It is not surprising, from the foregoing, that the 

constructivist strategy boosted students’ self-concept, science confidence, attitudes and motivation, which among 

others, constitute the affect. 

In this direction, the results of this study are interesting. West & Pines (1983) argue that while it is important 

to create situations which will challenge students’ alternative conceptions to bring about conceptual shift, their 

feelings and dispositions are an important aspect of the process. They say that the learner should feel good, or 

proud, or satisfied after conceptual change or constructivist instructional strategy has been used.  The learner 

should not feel bad, demeaned or dissatisfied. They are further supported by Pintrich, Marx and Boyle (1993), 

Zhou, (2010), Igwebuike, (2011). Studies by Chang (2000) and Chang & Bell (2002), Ndioho (2007) provide 

evidence in support of the findings of this study. They found that the use of constructivist instructional strategy 

improved students’ perceptions of interest, satisfaction, enjoyment and achievement; willingness to attend, listen 

to the lesson and participate in discussions; and increased learning commitment out of class. 

The positive results obtained in the affective area of this study are heart-warming. This is mainly because of 

the strong association between affective components and cognitive achievement (Byrne, 1984; Iran-Nahed, 1987; 

Aghadiuno, 1992; Ukwungwu & Nworgu, 1999). The association suggests the possibility of improving cognitive 

achievement, through the use of the constructivist instructional strategy, for students in non-conducive 

environments. A major implication of this study for science teaching is that science teachers, as well as teacher 

educators, should recognize the likely effect of the constructivist instructional strategy on affective achievement 

for students in non-conducive classroom environments. A major goal of teaching science is the development of 

the affective components. This study suggests that this strategy is effective for realizing this goal. While studies 

are carried out to assist science teachers to improve psychosocial relations in their classrooms, the constructivist 

instructional strategy may be used for teaching integrated science in non-conducive classroom environments. 

This study should be replicated because of three reasons. The first is that the design used in the study does 

not provide strict control and as a result, probable effects of some confounding variables may impair external 

validity.  The second is that the study is a single-variable (independent) study. Walberg (1970) suggests that 

each of the predictor variables of learning outcomes may be necessary but insufficient by itself for classroom 

learning to occur. A study that will increase the number of independent variables and determine their interactive 
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effects is therefore strongly advocated. The third is that the results of the study with reference to cognitive 

achievement suggest a design of study that will incorporate triangulation. It is considered auspicious to suggest 

that this phenomenon is studied using a combination of assorted techniques as is recommended by triangulation.  

By implication, cautious interpretation and application of the conclusions of this study to integrated science 

teaching are encouraged. Nevertheless, our findings suggest the validity and desirability of the general direction 

of enquiry attempted in this study.  

5. Conclusion 

The results obtained from this study support the conclusion that constructivist instructional strategy does not 

improve cognitive achievement among integrated science in non-conducive classroom environments. But the 

results strengthen the conclusion that the strategy improves achievement among this category of students. Since 

research evidence has established strong association between affective and cognitive achievements, the strategy 

can be explored further for use in teaching integrated science to students in non-conducive classroom 

environment. 
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Appendix 1 

 

Sample items from cognitive achievement test 

 

Instructions: Try to answer all questions and work as carefully as you can. Each question has four alternative 

answers. Only one of them is correct. Decide which one is correct and circle it. 

 

1. Energy is _________ 

 (a) a concrete object 

 (b) something that moves 

 (c) something that is invented to help us study changes in objects 

 (d)  cooking gas 

2. Fuel, e.g. kerosene, is ________ 

 (a) energy 

 (b) energy resource 

 (c) heavier than water 

 (d) always used up  

3. Energy in crude oil comes from the ________ 

 (a) soil 

 (b) sea 

 (c) sun 

 (d) oil companies 

4. A bulb connected to a battery lights because _________ 

 (a)  electrical energy is converted into light energy 

 (b) heat energy is converted into light energy 

 (c) mechanical energy is converted into light energy  

 (d) kinetic energy is converted into light energy 

5. On a sunny day, metal roof of a building makes creaky sound because the metal sheet_________  

 (a) is contracting 

 (b) is stronger 

 (c) is expanding 

 (d) is becoming thicker 

6. An ice block removed from a freezer melts because it _______ 

 (a)  contains water 

 (b) gains energy from the surrounding 

 (c) is small in size 

 (d) loses energy to the surrounding  
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Appendix 2 

 

Sample items in the affective achievement test  

 

 

 

Scale Name Sample items 

A
g

re
e 

U
n

d
ec

id
ed

 

D
is

ag
re

e 

1. Self-concept 1. Science is easier for me than most school subjects     

  2. The more important the science tests, the less well I 

seem to do. 

   

2. Confidence  1. I think I am doing well in the school science     

3. Attitude  1. The subject that I enjoy least is science     

  2. Science is fun    

4. Motivation 1. There is so much hard work in science that it takes the 

enjoyment out of it. 

   

  2. No matter how hard I try, I cannot understand science.    
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