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 Abstract: Two hundred (200) Japanese students from two junior high schools, aged 14 to 15 years old, 

completed a 62-item Likert-style questionnaire that included portions of the previously-validated Computer 
Attitude Questionnaire and also non-cognitive and extrinsic motivational self-evaluation items such as what 
friends think of the students and how much self-confidence students have in determining how to do things by 
themselves. Major findings from pre-post assessment of student data were that study habits and perseverance 
were important to higher achievement, and students who responded high in friends in the questionnaire 
performed not very well in the test scores. Suggestions for how teacher preparation could benefit from 
knowledge of these types of associations are presented in the later portion of this paper. 

Keywords: programming education, computer awareness, gender, motivation, social onstructs 

 

Introduction 

Motivating students, especially girls, to learn computers and technology has always been a vital topic in computer 

education. Previous research show students’ interests in computers are one of the strong contributors, while other 

non-cognitive factors such as perseverance, or study habits, are also positively related to higher achievement. In this 

study, we focus on how motivation is maintained, by examining factors other than students’ dispositions. 

Implications of the findings for teacher preparation are also discussed. 

In their Self-Determination Theory of motivation, Ryan and Deci (2000; 2002) distinguished intrinsic and 

extrinsic motivations, and stressed the case for extrinsic motivation, proposing four sub-types of extrinsic motivation 

that align with the extent to which the motivation for one’s behavior emanates from one’s self. The least autonomous 

forms of extrinsic motivation was “External Regulation”, where behaviors are performed to satisfy an external 

demand or obtain an externally impose reward contingency. A second type of extrinsic motivation is “Introjected 

Regulation”, in which people perform actions due to feelings or pressure in order to avoid guilt or anxiety, or to 

attain ego-enhancements or pride. “Identification” is a more autonomous, self-determined third form of extrinsic 

motivation, while the fourth and the most autonomous form of extrinsic motivation is integrated regulation. The 

researchers also postulate that behaviors are valued by significant others to whom people feel connected, and in 

classrooms, a sense of “relatedness” promotes internalization of motivation. 



In educational settings, environmental factors such as classroom atmosphere, friends on whom students rely, 

and social backgrounds of the school site are known to affect students’ performance at school. It has been considered 

that building friendship in a classroom, as well as learning activities, comprise the major part of life at school 

(Ministry of Education, Culture, Sports, Science and Technology, Japan, 2008). These environmental factors seem to 

share fundamental ideas with Ryan and Deci’s extrinsic motivations, especially “External Regulation” and 

“Introjected Regulations”. However, few studies investigated the effects of friends on learning, especially in terms 

of such situations when they see their friends are trying to solve difficult problems, or maintaining motivation if they 

work together rather than working alone.  

In this study, we measured awareness of Japanese junior-high school students toward computers and 

programming before and after the completion of technology lessons for writing programs to control a model train, 

and identified factors that are relevant to test scores, using factor analyses and multiple regression analyses. We 

found interesting influences of friends on test scores, especially where intrinsic motivation is concerned. 

 

Methodology 

Instrumentation and Participants 

 Two hundred (200) (110 male and 90 female) students from two junior high schools, aged 14 to 15 years old, 

participated in this study. The students completed a questionnaire that contained 62 items. Part of the items, such as 

computer awareness and study habits are taken from the Computer Attitude Questionnaire (CAQ) (Knezek & 

Christensen, 1996). The questionnaire also included non-cognitive and extrinsic motivational self-evaluation such as 

how much they feel like studying if they see their friends are studying, how anxious they are about what their friends 

think of them, and how much self-confidence they have in determining to do things by themselves. 

 

The Curriculum 

The curriculum consisted of two parts. In the first part of the curriculum, students learned the basics of feedback 

control and computer programming. The basics of feedback control were such that the computer determines how 

much the actuator, such as a motor, should turn and in which direction, based on the information from the sensors. 

The basics of programming were how to use editors, statements such as “If-Then” conditionals and loops, and 

expressing ideas in flowcharts. This first half of four lessons, which took place every other week over a period of 8 

weeks, was 50 minutes each.  

In the second part of the curriculum, the teacher encouraged students to use the acquired knowledge and skills 

to build a self-driving model train system. Each student created his or her own train schedule, and built programs 

that made the train move according to his/her schedule. The programming environment, Chameleon, was a modified 

version of Mitchell Resnick’s Scratch, adding extra blocks for train control. The curriculum was based on a 

project-based learning approach, where each student worked on had his/her own project, though they were 

encouraged to discuss each other when they thought they needed to. This second half of three lessons, which also 

took place every other week over a period of 6 weeks, was also 50 minutes each. 

 

Results and Discussion 

Clarification of Psychometric Constructs 

Data from the two schools were combined into one dataset. We performed an exploratory factor analysis (Varimax 

rotation, ML) and retained items whose factor loading exceeded |0.35| to be included in a factor, while deleting 

items whose factor loading for another factor exceeded |0.35|. We eventually retained 37 items through this process, 

resulting in Cronbach’s alpha of 0.85 for the total instrument. Based on scree plots of eigenvalues, we extracted 6 

factors as shown in Table 1.  

The first factor, “Likes PC” (programming computers), includes such items as “I want to write programs 

myself”, and “I enjoy lessons on the computer.” The second factor, “Study Habits”, includes “When I don't 

understand a problem, I keep working until I find the answer”, and “I study other than assignment of my own 

accord”. The third factor, “Independent”, includes “I scarcely start a new thing on my own will” (reverse item), and 

“I study to avoid being rebuked” (reverse item). Factor 4, “Friends”, includes “I feel like doing something that I do 

not want to when I see my friends are doing it” and “It is not painful to do something I am not good at if I do it with 



my friends.” Factor 5, “Pride”, includes “I have a lot of pride” and “I hate to lose”. Factor 6, “STEM interests” 

includes “I read books and magazines on science and nature” and “I help my parents doing DIY or fixing things at 

home” (DIY = Do It Yourself). 

We then performed multiple regression analyses to see which factors best explained student post-intervention 

test scores. We constructed scale scores for each factor by averaging the item ratings, and used the scale scores as 

independent variables. The dependent variable was a student’s standardized test score. We calculated partial 

coefficients (standardized regression coefficients or Betas) and R-squared values showing the amount of variance 

explained by a linear combination of the predictors. The results are also indicated in Table 1. The results of multiple 

regression analyses showed that the combination of predicators was significant (p < .01) overall in predicting test 

scores. 

 

Table 1.  

Internal Consistency Reliabilities and Achievement Score Predictive Power for Five Psychological Constructs 

Factor Ryan and Deci’s 

construct 

Alpha Multiple regression 

against test scores. Beta 

Number of 

items 

F1: Likes PC Intrinsic .93 .25** 9 

F2: Study Habits Non 

Motivational 

.83 .24** 11 

F3: Independent Non 

Motivational 

.70 .08 7 

F4: Friends Introjected .68 -.22** 4 

F5: Pride Introjected .76 -.05 3 

F6: STEM interests Intrinsic .68 -.11 3 

Note. RSQ=.16, F(6,193)=6.03**  **: p<.01 

 

Gender Difference in Effects of Friends on Test Scores  

In the literature, it’s been stressed that intrinsic motivation plays a greater role in learning than extrinsic motivation. 

However, it is not clear if there are differential effects of extrinsic motivation between learners with different levels 

of intrinsic motivation. If such interactions are the case, we may have to reconsider the definitions of extrinsic and 

intrinsic aspects of motivation because they are intertwined. 

We performed separate factor analyses on the data from the male and female students, and obtained four 

factors for the male students, and five for the female students. Since their factor structures shared the completely 

same factor “Likes PC”, which is also the same factor as the one shown in Table 1, we chose this factor as the 

measure of intrinsic motivation, and calculated the level of interest in ICT by averaging the item ratings for the 

factor. Then we divided the male and female students into 3 groups each in terms of their ICT interest levels, high, 

middle, and low, to see if there is a substantial difference in the relationships between intrinsic motivation (if they 

like computers) and test scores (Table 2). 

 

 

 

 

 



Table 2.  

Achievement Score Predictive Power for Psychological Constructs between High- and Low- Intrinsically Motivated 

Groups 

 

(a) Boys 

Factor Cronbach’s Alpha Multiple Regression Partial 

Coefficients 

Number 

of items 

High 

“Likes_PC” 

group 

Low 

“Likes_PC” 

group 

High 

“Likes_PC” 

group 

Low 

“Likes_PC” 

group 

F1: Study Habits .82 .88 .18 .70** 13 

F2: Individualism  .65 .68 .19 -.20 5 

F3: Friends .77 .82 -.32† -.53** 10 

RSQ   .17† .28**  

Note. High group: RSQ = .17 F(3.34)=.2.3†; Low group: RSQ=.28, F(3,35)=4.6****: p<.01, †:p<.10 

 

(b) Girls 

Factor Cronbach’s Alpha Standardized Multiple 

Regression Partial Coefficients 

Number of 

items 

High 

“Likes_PC” 

group 

Low 

“Likes_PC” 

group 

High 

“Likes_PC” 

group 

Low 

“Likes_PC” 

group 

F1: Perseverance .87 .72 0.61** -.19 8 

F2: Friends .80 .81 -.12 -.01 6 

F3: Pride .78 .78 -.21 .28 7 

F4: Independent .77 .64 .24 .26 6 

RSQ   .50** .12  

Note. High group: RSQ=.50, F(4,20)=5.1**; Low group: RSQ=.12, F(4,23)=0.8 **: p<.01 

  

 Overall, not only does “Friends” not show positive relevance to test scores, actually they are negatively related 

with test scores, especially for the male students. A surprising result is that, for both male and female students, 

students with higher levels of intrinsic motivation for ICT show statistically significantly higher levels of 

appreciation of friends, which seems like a contradiction. Table 3 shows the average scale scores and standard 

deviations for this factor, as well as the average test scores for the students with different levels of intrinsic 

motivation. 

 

 

 

 



Table 3.  

Test Scores and Friends Scores for Two Different Levels of Motivation 

 Levels of Intrinsic Motivation 

High low 

Male 

students 

Avg. Test scores* 69.7 (10.9) 64.1 (11.6) 

Friends Scores* 3.59 (.66) 3.28 (.70) 

Female 

Students 

Avg. Test scores (n.s.) 61.1 (12.7) 67.0 (15.0) 

Friends Scores** 3.77 (.71) 3.25 (.62) 

Note. S.D. in parentheses. *: p<.05, **: p<.01 

 

Conclusion 

Overall, because the regression coefficients for the factor, “Friends” when predicting test scores are negative, 

students who appreciate friends (favor spending their time in social interactions with friends)  tend to score low in 

achievement. However, at least among the male students with higher intrinsic motivations for ICT, who also show 

greater performance in class, they show greater appreciation of friends,. One interpretation is that friends may have 

contrasting effects on learning. Seeing a friend trying to solve a difficult problem can foster the student’s motivation 

for learning. However, if a student sees his/her friends have lost interest in learning, he/she might think it is OK for 

him/her to give up, too. Another interpretation is that students with higher intrinsic motivation may not be affected 

by fellow students very much, because they rather want to pursue on their own interests. In any case, these results 

seem to suggest we may have to reconsider the definition of intrinsic and extrinsic motivation, which seem to be 

intertwined and difficult to delineate. 

. 

 The potential implications of these findings for teachers, future teachers, and teacher educators are 

numerous, as is the need for future research. One limitation of this study is that the student population and school 

environment as well as the cultural context are Japanese. It is possible that the intertwined nature of the importance 

group support versus the individual nature of (programming) achievement test performance that emerged from these 

findings is unique to Japan. Replications of this study in other nations could confirm or refute this possibility. It is 

also possible that this age group of students is particularly sensitive to influencing and being influenced by their 

peers, perhaps in ways that have the opposite effect of influences that might be desired by teachers. One generally 

accepted fact is that most programming projects completed by programmers who pursue the craft as a career, are 

done as a team effort, and are not the work of an individual. Identifying which kinds of human to human interactions 

contribute to or detract from a more superior product may be important for not only preparing teachers how to better 

instruct students in ICT skills – it may also be important for knowledge for programming team leaders in industry.    
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