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Abstract- Science, technology and higher education have been cited as drivers of the 21st century economy. However, the 
African continent still lags behind in STEM education, scientific and technological development. For girls, they further lag 
behind in education achievement than boys do. Culturally, science is still seen as a field reserved for boys. Girls in Kenya and 
most of Africa are assigned home keeping and family care roles, which in turn affects their motivation and interest to learn 
science and pursuing science careers. Using a validated Science Motivation Questionnaire (SMQ II) with high school students 
in Kenya (N=600), this study shows significant gender differences in levels of both intrinsic motivation and self-determination 
to learn science. Male students exhibited higher levels of intrinsic motivation and self-determination compared to female 
students. Spreading cultural awareness on women’s abilities in science and professional STEM careers, students’ engagement 
in STEM inquiry based learning and increased visibility of female scientists as role models are recommended. Such efforts by 
the government, organizations and communities would help address the existing lower cultural expectations on science 
abilities for girls. 
 
Index terms- African Women, Intrinsic Motivation, Self-determination, Science Motivation 
 
I. INTRODUCTION 
 
Motivation to learn is one of the most important 
component that supports students’ desire to learn and 
achieve their goals in life. Motivation can be at two 
levels: Intrinsic motivation and extrinsic motivation. 
Extrinsic motivation to perform a certain task is one 
characterized by positive and negative consequences. 
Positive consequences includes rewards or praises 
while negative consequences includes punishment or 
withdrawal of a preferred items or praise. Intrinsic 
desire to learn influences students’ interest in a 
science subject and subsequently pursuing a science 
career [1]. Also, [9] reported in a study that science 
intrinsic motivation and ability beliefs influences 
students’ interests in STEM careers. 
 
For many years, African parents and society gave 
more emphasis on boys pursuing science and STEM 
careers whereas women’s roles mainly focused on 
women making good housewives, other family care 
roles and careers that offer supportive services like 
administrative supportive jobs, secretaries among 
other roles that are non-STEM occupations. This has 
in turn resulted in fewer women in science, 
technology, engineering and mathematics careers. In 
addition, there are few African female scientists as 
role models for the African girls to emulate. For 
developed countries, the gender gap is narrower even 
though there is still room for more work to be done to 
close the gap--there are more visible female STEM 
scientists.  

II. BACKGROUND OF THE STUDY 
 
Druger, 2006 recommended that establishing 
students’ motivation is an important goal for any 
instructor as it enables students to reach their learning 
goals independently [2]. 
SMQ II is made up of four motivation constructs with 
items that relates to intrinsic motivation, self-efficacy, 
self-determination, extrinsic motivation and grade 
motivation. In this study, we focus on two motivation 
constructs that are highly related: intrinsic motivation 
and self-determination.  
 
Intrinsic motivation has been defined as “ doing an 
activity for the inherent satisfaction of the activity 
itself” [3]. Ryan and his colleague argued that 
“intrinsically motivated behaviors are based on 
people’s needs to feel self-determined and competent 
[5]. Deci 1971, defined intrinsic activities as activities 
that “individuals find interesting and would do them 
even when there were no separable consequences”[4]. 
 
According to [5] , self-determination is expressed in 
the form of “curiosity”, “feelings of competence”, 
“sense of purpose”, “autonomy, interest in tasks, 
taking challenging tasks, and satisfaction.” Also, 
according to the self-determination theory (SDT), 
self-determination is related to the psychological 
needs and refers to relatedness, autonomy, and 
competence, p.71 [3]. Self-determination through 
autonomous motivation leads students to persist and 
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put more effort even if a subject in school seems taxing 
or boring [1] 
 
A lot of research has been done on the subject of 
women in science and STEM in developed countries, 
with little research that has been done on African 
women and girls in science/STEM. Only a few studies 
related to motivation to learn science have been done. 
Two notable ones includes one  in Cape town, South 
Africa that reported on family influences on the 
motivation to learn science [6] and [7] which reported 
on gender differences in the motivation to learn 
science as a result of the social cultural environment in 
Nigeria. The Nigerian study concluded that the society 
has negative and low regard for girls’ ability to learn 
science which in turn affects their perceived ability 
and choice of science oriented careers.  
 
This study aimed to bridge this gap by providing 
additional information about African girls’ and boys’ 
motivation to learn science which offers a different 
educational and cultural context. The purpose of this 
study was to understand the levels of intrinsic 
motivation and self-determination among high school 
students in Kenya. This information would be useful 
in addressing cultural expectations, beliefs and 
barriers and establishing African women’s motivation 
to learn science and pursue STEM careers. 
 
III. METHODOLOGY 
 
A: INSTRUMENT 
A validated Science Motivation Questionnaire 
(SMQII) by Glynn et.al. 2011 [8], was used. The SMQ 
was a revised version of the SMQ questionnaire that 
was initially developed by Glynn et.al. 2009 [9]. The 
five rating scale function of SMQ II was validated and 
reported to be functioning well using the Andrich 
Rasch rating scale model by another study by You and 
colleagues in 2018 [10].  
 
Also, the overall goodness of fit indices across age 
groups and gender showed that there was scaler 
invariance as previously reported Glynn et. al 2011  
further supporting its construct validity [10]. SMQ II 
(see last page appendix) consists of a total of 25 items 
and five items measure each of the following 
motivation constructs: intrinsic motivation, 
self-determination, self-efficacy, career motivation 
and grade motivation. SMQ II has been widely used 
with students in the USA and developed world 
countries that mainly use English as a first language 
and with college students who are older. SMQ II was 
first validated for construct validity and suitability for 
use in a different cultural and language context 
(Kenya, Africa) and educational level (high school) by 
Mutahi, 2018 (submitted for publication). Construct 

validity and suitability was supported by the validity 
study. For this paper, we will focus on the 10 questions 
that reflect on the levels of intrinsic motivation and 
self-determination as represented in the table that 
follows. 
 

 

 
Table1: SMQ II questionnaire items relating to intrinsic 

motivation and self-determination. 
 
B: PARTICIPANTS AND SETTING 
The SMQ II was administered to a boys and a girl’s 
school in Central Kenya. Kenyan education system 
consists of eight years of primary school education, 
four years of secondary education and four years of 
University education. Kenyan secondary school levels 
consists of Form 1, Form 2, Form 3 and Form 4 which 
are the equivalent of grades 9, 10, 11 and 12 in the 
United States. Science courses offered include biology, 
chemistry, physics, agriculture, and computer science 
in some schools. Each student must take at least two 
science courses during the final year according to the 
ministry of education. The curriculum is centralized 
and students are expected to use the same textbooks 
throughout the country. Students voluntarily 
participated in the study and completed the 
questionnaires. 
 
IV. DATA ANALYSIS 
 
A total of 600 students completed questionnaires were 
returned. They consisted of 320 boys (53.3%) and 280 
girls who accounted for 46.7%. In terms of grade 
levels, Form 1 (13 -14 years old) made up 32.3%, 
Form 2 (14/15 years old), made up 29.6%, Form 3 
(15/16 years) were 20.6% and Form 4 (over 16 years) 
were 17.3% of the respondents. Data on students’ 
responses was compared and analyzed using 
independent t tests to identify if significant differences 
existed between groups; 1) boys and girls, and 2) grade 
levels using the P value (95% confidence interval). 
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V. RESULTS 
A: Comparison of Self- Determination and Intrinsic 
Motivation Constructs amongst Boys and Girls 

Self- Determination and Intrinsic Motivation by 
Gender 

 
Table1:  Table showing Intrinsic and Self-determination Scores 
Boys had higher levels of motivation than girls for 
both constructs. For self-determination, boys had a 
higher score (21.18) and girls had a lower score 
(14.53). These gender differences were statistically 
significant. For intrinsic motivation, boys had a 
higher level of intrinsic motivation with a score of 
15.38 whereas the girls’ score was 12.05. 

 
B: Comparison of Self- Determination and Intrinsic 
Motivation Constructs across grade levels (Form 
1-Form 4)  
Levels of motivation across grade levels showed that 
Form 4’s, the equivalent of grade 12 in the American 
education   system had the highest levels of intrinsic 
motivation followed by Form 1 (grade 9), then Form 3 
(grade 11) and Form 2’s (grade 10) for intrinsic 
motivation. For self-determination, the scores from 
highest to lowest were found in Grade 12, grade 9, 
Grade 10 and Grade 11 in that order. These results are 
presented in the table that follows. 

 
Table 2: Differences in Intrinsic and Self-determination Levels 

by grade level 

DISCUSSION 
 
Our study showed that males had higher 
self-determination score of 21.18 while females had a 
lower score of 14.53 and the differences were 
statistically significant. In terms of intrinsic 
motivation, boys had a higher level of intrinsic 
motivation with a score of 15.38 and girls had a score 
of 12.05.  
 
However, a study by  Glynn et al, 2011 [8] showed that 
women who were both science and non- science 
majors in one college in the Unites States had a higher 
level of self-determination than male students. Their 
study reported different findings than this study where 
boys had a higher level of self-determination and 
intrinsic motivation than girls. Similar to our 
findings, Glynn, 2011 [8] reported that men had 
higher levels of intrinsic motivation than females. It is 
important to note that Glynn’s study sample consisted 
of older science and non- science majors in college 
while this study focused on students who were younger 
and in a different educational (high school) and 
cultural contexts (Kenya, Africa). 
 
A motivation to learn chemistry study in  Greek 
reported that high school girls had a higher level of 
self-determination to learn chemistry than high school 
boys [11]. Their study had similar self-determination 
results to Glynn et.al 2011 study [8]. Salta’s study 
contradicts our study where girls exhibited lower 
levels of self-determination to learn science. Salta’s 
study was subject specific as the authors modified their 
SMQ II questionnaire from “motivation to learn 
science” to “motivation to learn chemistry”. This 
specifity may lead to different findings unless we are 
comparing similar findings related to a specific 
science subject like biology, chemistry, engineering 
and physics among others.  
 
This study showed there were gender differences in 
intrinsic motivation; boys had higher intrinsic 
motivation than girls. Similar gender differences were 
reported in intrinsic motivation and 
self-determination in a South  Korean high school 
study on motivation to learn science by Lee, 2017 [12]. 
Shin, 2015 [13] also reported on a study with 15 year 
olds Korean participants that girls had lower levels of 
science intrinsic motivation, self-beliefs and science 
career interest compared to boys [13]. According to  
Bryan et .al, 2011 and Glynn et.al, 2011,  gender 
differences in motivation to learn science are likely 
due to socialization factors with friends, 
media/society, and teachers and not as a result of 
individual differences [14], [8]. 
For grade levels, according to a Greek study on 
motivation to learn chemistry, female students in the 
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lower grade level (lower secondary) had higher 
intrinsic motivation than males in the same grade 
levels. For our study upper level and older students 
ages 16-18 had the highest intrinsic motivation levels; 
Form 4/12th grade (15.50), Form 1/9th grade (13.40), 
Form 3/11th grade (12.87), and Form 2/10th grade’s 
score was 12.46. 
For self-determination, the higher grade (12) had the 
highest levels of both self-determination and intrinsic 
motivation for both boys and girls. Specifically the 
scores for each grade level were: Form 4/grade 12 
(21.35), Form 1/grade 9 (16.46), Form 2/grade 10 
(16.12) and Form 3/grade 11(15.21).  
 
It is important that students have a high motivation to 
learn science in order to pursue science careers. A 
study by Ozbas, 2016 reported that students learn 
better when they enjoy the subject of biology, do their 
assignments willingly and find the science subject 
entertaining or interesting [15] They also found that 
female high school students had a higher intrinsic 
motivation to learning biology. This partly leads to 
science teachers increasing their creativity while 
teaching science lessons and cultivating their students 
inner drive or intrinsic motivation to learn science. 
 
Social cultural and environmental differences could be 
attributed to these gender differences due to the 
African cultural influences on male and female roles 
which was also reported in a study in Nigeria on 
motivation to learn science among boys and girls [7]. 
In Kenya, science is a field reserved for boys and 
women are majorly assigned home and family 
responsibilities. There is still a gender discriminatory 
stereotype in that science, technology, engineering 
and math are male fields in some cultures in Africa 
and Asian continents as also reported in a Korean 
study on motivation to learn science, [12, 13] . 
Regardless of this , when science awareness is created, 
support and mentoring provided as with the other 
societies like America that provides high mentoring in 
STEM disciplines, women can be equally competent 
as men if not better. 
 
CONCLUSION 
 
Science and STEM education is currently a worldwide 
top priority due to its contributions to the economy. If 
Kenya and Africa are to keep up with the fast pace of 
development highly fueled by advancements in 
science and technology, science education researchers 
need to foster motivation to learn science and STEM 
careers across  the Kenyan population. This would 
also result in a scientifically literate society needed to 
make better decisions for the country in addition to 
providing a great needed STEM human capital and 

STEM role models of both genders that is highly 
needed in the 21st century. 
 
RECCOMMENDATIONS 
 
A: Science Curriculum with Hands on Activities and 
experiential learning activities 
Outdoors hand on experiential learning experiences 
have been reported to enhance participants’ intrinsic 
motivation in science learning[16]. Wunschman, 
2017 also concluded that out of school settings like 
visiting a zoo to learn about amphibians and reptiles 
leads to higher learning achievements and closes 
gender disparities in learning science [17]. 
Embedding such hands on activities and other 
relevant activities into the science curriculum is 
critical to ignite curiosity for science learning through 
discoveries based on inquiry based learning. Such 
activities include: outdoors science activities, outdoor 
science lab activities rather than predominantly bench 
work activities. Another study by [8] showed that 
outdoor adventures compared to learning the same 
material in a classroom setting enhanced intrinsic 
motivation. This further supports the need and 
benefits of hands on scientific activities. 

 
B: Goodwill support from the government, research 
organizations and communities 
Goodwill of the government through the ministry of 
education and the communities to provide the needed 
resources for teachers and students in schools is 
needed to facilitate hands on scientific engagement. 
Investment in STEM education research is also highly 
needed in order to address specific science and 
educational needs and challenges specific to Kenya 
and Africa in general due to differences in resources, 
human capital and facilities available in the continent 
compared to other parts of the world. 

 
C: Cultural Awareness Campaigns 
Spreading cultural awareness to address lower 
cultural expectations on girls’ abilities in science and 
science careers is needed. As a Kenyan born woman in 
STEM with experience teaching high school biology 
and chemistry and biology at one university in the 
United States, I have no doubt that there are many 
Kenyan and African girls with a lot of untapped and 
undeveloped potential. They need role models from 
their society, governmental support and the society to 
affirm their scientific abilities and expectations that 
they can excel in science/STEM courses and careers. 
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