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Abstract. This study compares women's disparity in science over a period of 5 years (2013–2017) in eight continental regions of the world 

using synthesised data from a UNESCO scientific report with a desktop literature review and deductive inference from statistical analysis. 

The different descriptive measures, such as mean percentages, correlations, multifactor analysis (MFA), and non-linear regression, identify 

the trend, change points, factors, and best-fit exponential time series for decision-making. We determined that each continent follows the 

same exponential smoothing trend, with a correlation coefficient of 0.67, over the years of study and that the year of study exhibits a 

different exponential trend that varies over the different continental regions' counterparts. The study also highlights gender bias, family life, 

mentoring, and stereotypes as significant factors contributing to the relationship between science and gender parity. Therefore, this study 

advocates policy implementation of science, technology, engineering, and mathematics (STEM) to ensure women's representation in 

scientific research. 
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1. Introduction  

 

The underrepresentation of women and girls in the science, technology, engineering, and mathematics (STEM) 

sectors is a global concern (Cheryan, Ziegler, Montoya & Jiang, 2017). Currently, the world is witnessing a leaky 

pipeline regarding women's engagement in research. Extant research suggests that women actively seek bachelor's 

and master's degrees and even outnumber men at these levels, accounting for 53% of graduates, but their numbers 

decrease precipitously at the doctoral level. Furthermore, men account for 72% of the global pool of researchers, 

widening the gender gap even further. As a result, the high number of women in tertiary education does not 

always imply a greater representation in research (Huyer, 2015). Between 2011 and 2013, the percentage of 

female researchers increased in South Africa (437%), Egypt (428%), Morocco (302%), Senegal (249%), Nigeria 

(233%), Rwanda (218%), Cameroon (218%), and Ethiopia (133%). However, a decline in women advancing 

along the scientific research career path has been observed. Thus, gender gaps in the scientific workforce continue 

to exist (Bezrukova, Spell, Perry & Jehn, 2016; Cech & Blair-Loy, 2010). 

 

Another school of thought suggests that even though women constitute only 28% of global researchers, this figure 

masks significant differences at national and regional levels based on current data. For instance, women are 

overrepresented in Southeast Europe (49%) and the Caribbean, Central Asia, and Latin America (44%). One in 

every three researchers in the Arab States (37%) is a woman, followed by the European Free Trade Association 

(34%), the European Union (33%), and Sub-Saharan Africa (30%) (Huyer, 2015). According to UNESCO (2015), 

women now account for 53% of all bachelor's and master's degree holders in STEM, though only 30% of all 

researchers. Women leave the field at a higher rate than men, indicating a waste of social investment, individual 

effort, and systemic issues with maintaining women in STEM careers. Although women have reached parity in 

the life sciences in many nations, they are chronically underrepresented in engineering and computer science 

(Sirimanne, 2019). For instance, women in the European Union graduated primarily in health and welfare, 

humanities and the arts, social sciences, business, and law in 2014. In contrast, men are more likely to have 

degrees in engineering, manufacturing, and construction, followed by technology, science, and math. Despite an 

increase in the overall number of STEM students between 2003 and 2013, the gender gap remains the same 

(European Institute for Gender Equality, 2017). 

 

Despite the rising acknowledgement of the significance of this issue in developing nations, most of the literature 

on gender inequality in STEM and the policies to address it has been centred on the United States and Europe. 

Not only are women underrepresented in STEM disciplines in developing nations, but they are also under-

measured, and a lack of data has hampered academics from gaining a better understanding of the reasons for this 

disparity (Castillo, Grazzi & Tacsir, 2014). Other variables that may contribute to women's difficulty in advancing 

in scientific and technological fields include the presence of stereotypes, which may limit their ability to secure a 

better job or research funding (Suter, 2006). Furthermore, according to UNESCO (2007), taking time off work 

while her children are young may impact a woman's professional advancement. Consequently, it is difficult to 

return to a position equal to those who have not taken time off and gradually advanced in their jobs. This is 

especially true in scientific research, where publishing is a critical growth component. According to Dasgupta 

(2017), there is a naturally growing demand for scientists, engineers, and mathematicians (STEM). However, 

women, who account for more than half of the world's population, are underrepresented in these fields. Men 

continue to dominate in many countries' STEM workforces. In 2016, women constituted less than one third 

(29.3%) of individuals working globally in scientific research and development. The only locations where women 

formed more than one-third of the R&D workforce were Central Asia (48.2%), Latin America and the Caribbean 

(45.1%), the Arab States (41.5%), and Central and Eastern Europe (39.5%) (UNESCO Institute for Statistics, 

2019). Therefore, this study provides a comparative analysis of regional and continental gender parity among 

researchers in science.  
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2. Literature review 

2.1 Disparities in STEM education between women and men     
     

Science and gender equality are critical to the world's ability to achieve long-term development goals. 

Moreover, much has been carried out to encourage women and girls to study and work in technical 

disciplines in recent years; however, women are still barred from actively engaging in them (Wood, 

2020). Gender disparities in STEM are visible in terms of representation (especially in the high-level 

roles and subfields of computer science and engineering), remuneration, and, to a lesser extent, grants, 

publications, and awards. The weight of evidence no longer supports the notion that fundamental 

differences in ability cause these inequalities. Instead, gender disparities in STEM appear to be partly 

caused by variations in perceived values and opportunities in related contexts and ubiquitous implicit 

and explicit prejudices that impact these beliefs (Charlesworth & Banaji, 2019). Persistent gender 

inequality severely restricts women's ability to reach their full potential and contribute effectively to 

development. Furthermore, women scientists are frequently concentrated in the lower tiers of 

responsibility and decision-making, with few prospects for leadership; for example, lecturers and 

assistant researchers in universities, with very few professors. Women are rarely research directors or 

primary investigators in extensive studies at research institutions (African Academy of Sciences, 2020). 

Researchers studying discrimination have distinguished between aggressive and benign forms of sexism, 

with both involving attitudes that men should be dominant over women. However, while aggressive 

forms include disparaging and exploitative views and behaviours against women, benign forms include 

affectionate views of and behaviours towards women (e.g., the roles of men as the provider and 

protector and women as the nurturer). Both forms of sexism operate to keep women out of power and to 

maintain patriarchy in place; however, benign forms of sexism are frequently dismissed as types of 

sexism and may not even be viewed as harmful to women (Wang & Degol, 2017). 

 

2.2 Factors that contribute to women's underrepresentation in the sciences 

 

Several variables contribute to the disproportionate participation of women in STEM, including social 

and psychological considerations. To comprehend women's experiences in the workplace, the "glass 

ceiling" metaphor has been used to characterise the barriers to women's professional advancement 

(Morrison et al., 1987). The number of women in the STEM academic pipeline has decreased. Women 

face several challenges as they rise up the educational ladder in research and teaching. Several factors 

contribute to this problem, some of which may be more relevant in particular regions of the world. 

Overall, women have difficulty remaining in their employment positions and progressing in their 

careers. These problems are coupled with a lack of clearly defined institutional regulations governing 

advancement, access to resources, and job training. Other factors prevalent all around the globe that 

make it difficult for women to progress in their participation include a lack of networking, mentoring, 

and leadership coaching (Cummings, 2015). Women working in technological areas face several 

obstacles that prohibit them from starting or succeeding in their careers. The following factors were 

identified as significant impediments in a recent global survey of women working in technology: 48% of 

the respondents reported a shortage of mentors during their professional careers; 42% believed that there 

were insufficient female role models; gender bias in the workplace was experienced by 39%; in 

comparison to men, 36% believed that they had unequal prospects for advancement; and there was a 

gender wage discrepancy for the same skills, according to 35% of the respondents (Heilman, 1995). 
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2.2.1 Gender bias 

 

Women in STEM fields are more likely to report gender discrimination in the workplace than men. Half 

(50%) of women in STEM careers report experiencing workplace discrimination due to their gender 

being higher than women in non-STEM jobs (41%) and significantly more than males in STEM 

occupations (19%). The most common forms of gender discrimination experienced by women in STEM 

jobs include earning less than a man doing the same job (29%); being treated as incompetent (29%); 

experiencing repeated, minor insults in the workplace (20%); and receiving less support from senior 

leaders than a man doing the same job (18%) (Funk & Parker, 2018). Similar barriers to women's access 

and advancement have been reported for industrial research jobs, such as limited access to industrial 

jobs in science and engineering, the "old boys network" effect in recruitment and hiring practices, 

paternalism, sexual harassment, allegations of reverse discrimination, different standards for judging 

men's and women's work, lower salaries relative to male peers, inequitable job assignments, and other 

aspects of a male-oriented culture (Etzkowitzi & Ranga, 2011). This view has been reinforced by Wood 

(2020), who observed that women who choose to accept the challenge and pursue a STEM job might 

face unequal remuneration and limited future career advancement. 

 

Gender balance in the workplace is essential for women in non-STEM positions as well, but those in 

STEM jobs noticeably encounter workplace discrimination. There is a feeling that they need to prove 

themselves in order to be respected by co-workers, accompanied by their belief that, overall, their 

gender has made it more difficult for them to succeed at work. In contrast, gender balance in the 

workplace has generally been linked to opinions on gender parity (Funk & Parker, 2018). Makarova, 

Aeschlimann and Herzog (2016) argued that it is challenging for young women to integrate within a 

male-dominated professional setting. They must be highly resilient in the face of gender-biased 

sentiments. At the same time, they must identify their place, submit themselves to predominantly 

masculine workplace culture, demonstrate strong performance dedication, and avoid uncomfortable 

situations. Oliveira, Unbehaum and Gava (2019) averred that there is a need to take steps to ensure that 

women have an equal voice in all aspects of social, economic, and political life, including the creation 

and advancement of new scientific and technological developments and innovations. In this instance, for 

gender equality, equal participation can only be achieved by removing the barriers preventing some 

individuals from engaging as equals.  

 

2.2.2 Family life 

 

The absence of gender-sensitive policy frameworks, such as on-site childcare or career re-entry 

programmes to encourage women scientists to return to science after taking leave to start a family, 

contributes to women scientists abandoning the science profession, thereby enlarging the gender divide 

in health research. This is exacerbated by the lack of gender-sensitive promotion mechanisms to ensure 

women's professional development. Not only can these approaches discourage individuals from 

pursuing long-term careers in research, but they also often result in women leaving the profession to 

pursue other interests (Muthumbi & Sommerfeld, 2015). According to the human capital theory, women 

are disadvantaged in the sciences due to a lack of human capital resources. This is manifested as a 

decreased level of competence and abilities due to employment interruptions, such as family leaves. 

Over time, their knowledge and professional experience become outdated or are lost, but their male 

colleagues increase their productivity. As a result, when women return to work, they will not pursue the 
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same professional path as males (such as a permanent employment contract, tenure track, or the 

prospects for commercialising their knowledge). The human capital theory assumes that human capital 

resources are based on individual choices made by employees in the past (for women, this involves the 

decision to give birth to and raise a child). Because of these decisions, women are less likely to be 

promoted to science positions (Polkowska, 2013).  

 

When women decide to have children, the overlap between their optimal years of fertility and tenure 

pursuits causes many to regard STEM fields, or tenure-track academic employment in general, as 

unsuitable for accomplishing their familial goals (Williams & Ceci, 2012). Many women who work in 

research must combine their careers with caring for their children. Having a solid support structure from 

their family has been critical for many women. Teaching partners and families to be more supportive 

and participative would be a major benefit, as would emphasising the engagement and involvement of 

males in taking on family obligations, which would help promote a structural and societal shift (Tiedeu, 

Para-Mallam & Nyambi, 2019). Another school of thought suggests that family obligations and 

departments' work-life policies have a more significant impact on female faculty satisfaction than male 

faculty members, given that women care for young children and the elderly at a higher rate than males. 

The difficulty of balancing caregiving with work responsibilities is exacerbated by the fact that most 

colleges do not offer child care. Women's travel to conferences, where colleagues outside their home 

university might learn about their work, is restricted by caregiving duties. Absence from the conference 

and invited lecture circuit, on the other hand, makes it more challenging to achieve the worldwide 

reputation essential for promotion to full professor. According to recent retention research, women are 

more likely to cite family-related difficulties and a lack of time as reasons for quitting STEM jobs than 

males (Frehill, Di Fabio, Hill, Trager & Buono, 2008). 

 

 

2.2.3 Mentoring 

 

The availability of role models and mentors impacts the achievement of professional development. 

Young adults identify with successful female role models whose presence inspires them to believe that 

"if she can be successful, so can I," and "I want to be like her." On the other hand, female college 

students are more likely to encounter few same-sex role models who work in STEM departments 

because STEM faculty members are four times more likely to be men than women, particularly in full 

physical sciences and engineering (National Science Foundation [NSF], 2013). Therefore, academic 

departments should seek out senior women in STEM to present their technical work at department 

colloquia, brown-bag luncheons, and other special events, allowing these speakers to meet and mentor 

students. The Computing Research Association, for example, sponsors the Distributed Lecture Series, 

which brings female teachers and technical researchers from businesses to university campuses to serve 

as female role models (Dasgupta & Stout, 2014). Thus, young women with successful female STEM 

professionals (such as scientists, engineers, mathematicians, and computer scientists) foster a proper 

understanding of STEM fields and access to female role models. Contact with STEM workers could 

begin in primary school and continue throughout schooling and early career development (Marginson, 

Tytler, Freeman & Roberts, 2013).  

 

There is a need to combine efforts and interventions, such as mentorship projects, outreach activities, 

and professional development programmes to break prejudices regarding who can do STEM and what 
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can be accomplished with STEM studies (Kigotho, 2021). Aside from inspiring others, role models may 

also function as mentors. Thus, they provide the growth, promotion, and broadening of students' 

perspectives and build a network of like-minded professionals. The lack of female role models makes it 

more difficult for women in their initial years of college to understand how to navigate the road to a job 

in STEM, which necessitates the formation of social capital (Dasgupta & Stout, 2014). Mentoring is 

critical in increasing and retaining women in scientific and technical jobs. Mentoring addresses 

stereotypical conceptions of STEM occupations as inflexible or male-dominated, preventing many girls 

from engaging in STEM disciplines by connecting existing role models with nascent STEM 

professionals. Furthermore, increasing the representation of women and girls in scientific and 

technological disciplines is a global necessity. The potential for advancement is excellent as STEM 

skills become increasingly vital in a globally networked economy (Executive Office of the President of 

the United States of America, 2013). University and research organisations must make STEM 

occupations more appealing to women, and tackling the current causes of underrepresentation 

necessitates reforms in policies and teaching techniques. A lack of inspiring role models, work cultures 

that do not provide enough support, and the perception of the information and communications 

technology (ICT) working environment as male-dominated and aggressive (in terms of self-confidence) 

are all viewed as barriers to women entering the field (Su, Rounds & Armstrong, 2009). 

 

2.2.4 Stereotypes 

 

Stereotypes pervade society and can impact opinions concerning an individual's strengths and 

weaknesses, even when evidence of their skill level suggests otherwise. These ideas can impact how 

people think, act, and feel about their skills and how they perceive others (Wang & Degol, 2016). 

Stereotypes hamper the test performance of ability-stigmatised groups, and they fail to reach their full 

potential. This is an essential channel for explaining why girls perform worse in mathematics when they 

are assigned to more biased teachers, but it is also broadly relevant because it suggests that exposure to 

gender stereotypes is at least partially responsible for women's lower self-confidence in scientific fields. 

Implicit preconceptions produce a self-fulfilling prophecy that perpetuates gender inequalities in 

mathematics performance (Carlana, 2019). The continuance of horizontal gender segregation in 

educational and vocational domains adds significantly to the development of gender-stereotypic notions 

regarding women's natural fit in more expressive and human-centred fields and that of males in technical 

and math-intensive fields (Charles & Bradley, 2009). Implicit gender-science stereotypes exist 

throughout the lifespan of both men and women in every society and throughout history. Such 

persistence and prevalence in unconscious biases are consistent with gender gaps in STEM 

representation, income, and recognition (Charlesworth & Banaji, 2019). 

 

Change is unlikely unless individuals acknowledge that stereotypes are the basis of gender disparities in 

society and seek to identify and fix their own prejudices (Ellmers, 2018). Gender bias and stereotypes 

begin at a young age, with young girls growing up in an environment with few female scientists in the 

public spotlight. This type of imbalance provides a clear signal to girls at a young age that they do not 

match the stereotypical mould of a scientist, and, as a result, girls lose confidence in their STEM ability 

at an early age. When choosing a discipline for university is concerned, it is unsurprising that young 

women are disinclined to pursue STEM careers (Australian Government, 2019). Women are 

stereotypically assigned communal attributes such as warmth and caring, whilst males are 

stereotypically assigned agentic traits, such as competence and assertiveness, with the latter being far 
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more congruent with competitive STEM areas (Settles et al., 2016). Conversely, McKinnon and 

O'Connell (2020) noted that the top three stereotype categories for women in science who publicly 

express their work are that they are "bitchy," have a lack of "credibility," and are assessed on their 

"appearance," with the stereotypical terms being "bossy,” "bitchy,” "emotional," and "motherly." 
  

 

3. Research methodology 

 

To date, women's inclusion in STEM has only been descriptive or intuitively differentiated. An intercontinental 

survey has not been explored to find gender disparity evidence in formative research. This study provides a 

comparative framework using the UNESCO scientific report from 2013 to 2017 by exploring the global 

percentage of women in STEM in relation to other continentally documented percentages of women (UNESCO 

Institute for Statistics, 2015-2020). It ranks the formation of either the high or low percentages. A validity pre-test 

of the collected data was conducted to detect irrelevant ambiguous, and redundant values. This test includes 

normality and probability tests to study the data distribution consisting of the mean and standard deviation of all 

the different continents and years in the dataset. Thereafter, differencing was performed. Differencing shows one 

way to make a non-stationary time series stationary, and it computes the differences between consecutive 

observations. This data transformation technique helps stabilise the mean and variance of a time series. It removes 

changes in a time series level and, therefore, eliminates (or reduces) trends and seasonality (Cochrane, 2018). 

Statistical tools are not limited to analysing trends for change-point analysis in different continents. Therefore, 

yearly time-series variation was used to ascertain the degree of severance, whether low or high, for each 

continent, while multiple factor analysis (MFA) was used to uncover the latent structure (dimensions) in assessing 

the variables. Its principal component analysis reduces the attribute space from a larger number of variables to a 

smaller number of factors. Principal component analysis (PCA) as a choice of factor analysis (FA) explains the 

contribution of the unobserved common features in a target event from the observed ones. Purposely, it reduces 

the variety of collected data matrices to form a few selected derived component variables, which form a true 

representation of the original sets.  

 

The Kaiser–Meyer–Olkin (KMO) test was used to abstract the factor analysis; this test measures the strength of 

the relationship among the variables. The KMO test determines whether the responses given with the sample are 

adequate; the result from this test should be 0.5 or more for satisfactory factor analysis to proceed (Tabachnick & 

Fidell, 2007). Correlation is another indication of the strength of the relationship among the subject variables. 

Correlations are useful for indicating a predictive relationship that can be exploited in practice. The correlation 

matrix is an identity matrix. Therefore, the result from this test should be 0.05 or less for satisfactory factor 

analysis to proceed (Mukaka, 2012). A correlation was used as part of the inferential statistics analyses to test the 

relationship between factors that influence each continent and the years considered, while regression analyses 

were used to determine if there was any relationship between the determining factor and other independent 

variables that explained the relationship. The goal of logistic regression is to correctly predict the category of 

output for individual cases using the most parsimonious model (Machira & Palamuleni, 2017). Logistic regression 

calculates the probability of success over the probability of failure, and the result of the analysis is in the form of 

an odds ratio. One can compute the slope and intercept for different equations by minimising an asymmetrically 

weighted sum of absolute errors. In this way, one can obtain information about the presence of non-linear trends 

for other data distribution levels. The significance of the slope is computed using bootstrapping to highlight its 

effective significance level α equal to 5% in women participation value.  

 

The coefficient of correlation (CC) and root mean square error (RMSE) are the most frequently used for 

performance evaluation measures for actual and predicted values. The CC is expressed as in Equation 1: 
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where Qi is the observed value at time i, Pi is the simulated value at time I, and is the mean for the observed 

values. 

 

4. Results and discussion 

 

Tables 1 and 2 summarise the pre-data-analysis results for different continental regions and years. 

 
     Table 1. Summary of the continental regions 

Continent Sum Average Variance 

1. Arab States 195.900 39.180 5.047 

2. Central and Eastern Europe 197.300 39.460 0.113 

3. Central Asia 239.100 47.820 0.397 

4. East Asia and the Pacific 117.800 23.560 0.893 

5. Latin America and the Caribbean  225.300 45.060 0.343 

6. North America and Western Europe 162.100 32.420 0.137 

7. South and Western Asia 98.000 19.600 3.880 

8. Sub-Saharan Africa 154.600 30.920 0.517 

 
Table 2. Summary by year 

Year Sum Average Variance 

2013 271.600 33.950 99.757 

2014 272.800 34.100 98.894 

2015 278.400 34.800 107.357 

2016 281.000 35.125 106.836 

2017 286.300 35.788 86.567 

 

 

Likewise, the availability of average and variance distributions (Table 3) of the continental summary over 5 years 

for the data analysis of the distribution of women in research helps depict the level of the relationship between 

each continent and the measured years.  
 

Table 3. Kolmogorov–Smirnov test 

D 0.444 

p-value (two-tailed) < 0.0001 

alpha 0.05 

 

 

The null assumption (H0) is that the sample follows a normal distribution, but as the computed p-value is lower 

than the significance level of alpha=0.05, we concluded that the sample does not follow a normal distribution. The 

pictorial representations of women in science on various continents are depicted in Figures 1 and 2. The pie charts 

include the descriptions of the study regions for the years 2013 and 2017. One of the continents (South and 

Western Asia) has average women deviations of 19.8 and 3.5, implying that 2 out of 10 STEM women are 

employed.   
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Figure 1. Pictorial representation of women in science in various continental regions for 2013 

 

 

 
Figure 2. Pictorial representation of women in science in various continental regions for 2017 

 

Figure 3 depicts the analytics comparison of different years for each continental region. The histogram shows the 

frequency distribution of women in science over each continental region. 
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Figure 3. Analytics comparison of different years for each region 

 

 

 

Figure 3 shows how the frequency distribution of women in science in different regions varies over time. 

Overall, Central Asia accounts for the highest increase in the attraction and recruitment of women into STEM, 

while East Asia and the Pacific depict the need to provide gender-inclusive solutions for a better future. Many 

studies have indicated varied reasons for women leaving the STEM sector, including a lack of career 

advancement compared to their male counterparts, gender-discriminatory organisational structures, and a lack of 

mentorship (Cummings, 2015). Figure 4 illustrates the fluctuating continental regions comparisons for different 

years, and Table 4 presents the correlation coefficient matrix of the different continental regions.  

 

 
                  Yearly continental variation trend, where series 1=2013, series 2=2014, series 3=2015, series 4=2016, and series 5=2017. 

Figure 4. Yearly continental regions variation trend 
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Table 4. Correlation coefficient matrix of different regions 

 Arab 

States 

Central 

and 

Eastern 

Europe 

 Central 

Asia 

East 

Asia 

and the 

Pacific 

Latin 

America 

and the 

Caribbean 

North 

America 

and 

Western 

Europe 

South and 

Western 

Asia 

Sub-

Saharan 

Africa 

Arab States 1.000         

Central and Eastern 

Europe 

-0.832 1.000        

Central Asia 0.961 -0.904  1.000      

East Asia and the 

Pacific 

0.825 -0.974  0.909 1.000 1    

Latin America and 

the Caribbean  

0.812 -0.912  0.938 0.900 1.000    

North America and 

Western Europe 

0.875 -0.977  0.898 0.968 0.835 1.000   

South and Western 

Asia 

0.326 -0.706  0.510 0.794 0.633 0.662 1.000  

Sub-Saharan Africa 0.937 -0.710  0.854 0.634 0.703 0.740 0.035 1.000 

 

In Table 4, positive values indicate an increase or a strong relation between the compared continental regions, and 

the opposite is true for the negative values, except for the relation between Sub-Saharan Africa and South and 

Western Asia (0.035, p < 0.05). The CC with the lowest value indicates the level of the relationship between the 

compared continents to reveal how it varies with time. Exponential smoothing was used to fit a statistical model 

to predict the yearly continental trend for women in science. The performance of the annual trend measurement in 

comparison with the forecasted continental trend is illustrated in Figures 5 and 6. The CC and RMSE with the 

lowest value indicate the model fitting strength.  

 

 
Figure 5. Forecasting the yearly trend over the continental regions 
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Figure 6. Forecasting each continental region's trend over the five years of study 

 

 

In terms of the yearly continental data in Figure 5, there was a large gap between the actual and the forecasted 

data – this may be due to the residual error taken at time t, which does not correlate well with the measurements 

taken at time t-k. Figure 6, on the other hand, depicts how well the projected women's continental regions data 

follows the same pattern as the actual data. This implies that the developed forecasted trend model shows a strong 

likelihood for the representation of women disparity among the different continents. This does not portray a good 

reliability distribution in women's participation. Table 5 includes the coefficients of statistical performance, with a 

comparison by year and continent. 

 
Table 5. Coefficients of statistical performance comparison 

 Year Regions 

R² 0.045 0.650 

Adjusted R² 0.076 0.045 

RMSE 0.023 0.325 

 

 

With logistic regression, we modelled the natural log odds as a linear function of the explanatory variable. Thus, 

the logistic regression analysis of other continents' women in science was compared to the world average to reveal 

whether it was high or low—a high/low F, with F(a, b, c, d, e, f, g, h) being a binary logit function, where F is the 

world (global) average; a, the Arab States; b, Central and Eastern Europe; c, Central Asia; d, East Asia and the 

Pacific; e, Latin America and the Caribbean; f, North America and Western Europe; g, South and Western Asia; 

and h, Sub-Saharan Africa. The Akaike's Information Criterion (AIC) value and the residual measured sum-of-

squares errors were used to obtain the best-fit model. The results of the logistic regression model are given in 

Table 6. The logistic regression equation is presented as in Equation 2: 

 

Y = – 12111.41 – 0.014*a + 0.000*b + 0.7000*c – 0.6586*d + 0.000*e + 0.0069*f +  

           0.000*g – 0.0043*h                                                                                                                                    (2) 
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Table 6. Statistics of the predictors in the logistic regression model 

 Coefficients Standard 

Error 

t Stat P-value Lower 95% Upper 95% 

Intercept -12111.41 0.852 -14221.1 0.0000 -12113.3 -12109.6 

Arab States -0.014 0.000 -4290.12 0.0000 -0.0136 -0.0136 

Central and 

Eastern Europe 

0.000 0.000 -1194.97 0.0000 0.0000 0.0000 

Central Asia 0.000 0.000 65535.00 0.0000 0.0000 0.0000 

East Asia and the 

Pacific 

0.6586 0.000 57497.20 0.0000 0.6586 0.6587 

Latin America and 

the Caribbean 

0.0000 0.001 -0.0810 0.9370 -0.0003 0.0003 

North America and 

Western Europe 

0.0069 0.0045 1.5283 0.1574 -0.0032 0.0169 

South and Western 

Asia 

0.0000 0.0000 -0.6865 0.5080 0.0000 0.0000 

Sub-Saharan 

Africa 

-0.0043 0.0023 -1.8977 0.0870 -0.0094 0.0007 

 

 

In Table 6, a positive coefficient with a p-value < 0.05 indicates a directly proportional relationship between the 

variables (high), while a negative value indicates an inverse relationship (low). Based on the measured data, the 

Arab States and Sub-Saharan Africa have contributed negatively (non-significant) to the global women in science, 

while other continental parameters gave a positive value for other continents to illustrate their level of 

contribution. From Table 7, the study concluded that the computed pseudo R square for the goodness of fit 

implies that other continental variables are significantly associated with global women in STEM. Although there 

is substantial individual variability that these variables cannot explain, this reflects that other system factors are 

responsible for women's parity in professional jobs. The model with the lowest AIC and residual error represents 

the best goodness of fit analysis.  

 
Table 7. Logit regression statistics 

Null deviance 589.41 

Residual deviance 543.90 

AIC 569.50 

Pseudo R Square 0.59 

Standard Error 0.003443 

                     Observations         21 

 

 

From the ANOVA fit results in Table 8, the comparison level of other continents to the world average women 

participation in research shows that the probability value for the F-critical test statistic (2.714) has a p-value less 

than 0.05 (5% level of significance), which indicates that the model is adequate. This implies that the association 

of the predictors significantly combines with and relates well to the global women representation. In addition, one 

can refer to the null hypothesis H01, which states that there is no difference between continental groups or no 

relationship between variables. However, since the p-value is less than 0.05, there is a significant relationship 

between other continental women's representation and the global women variables. Thus, there is a low 

occurrence or paucity of women in the STEM profession across the continents. 
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Table 8. ANOVA Test on continental regions data 

Source of Variation SS df MS F P-value F crit 

Rows 18.256 4 4.564 4.724 0.005 2.714 

Columns 3468.832 7 495.547 512.913 0.000 2.359 

Error 27.052 28 0.966    

       

Total 3514.14 39     

 

Table 8 reveals a statistically significant impact on global continental women's inclusion in comparison to each 

continental contribution of women researchers in STEM. The global aggregated continental study data indicates a 

high perceived number F (512.913) = F crit (2.359), P=0.000 < 0.05, to signpost a significant relation. The mean 

and standard deviation ranges (M=33.95–35.125, SD=99.757–106.836) for Europe, North America, and Western 

Europe show an increasing trend over the measured years. The perception of lower success for women in STEM 

was witnessed in Sub-Saharan Africa and Latin America. Using PCA as a choice of FA Table 9 indicates the 

contribution of the squared cosine of the factor variables, identifying most significant variables that affect women 

in STEM on different continents through an explorative literature review. It can be observed that factor loading, 

as depicted in Figure 7 (values of F1–F3 in bold from Table 9), explains the degree of most of the identified 

contributing variables. Thus, PC1 is a more significant component than both PC2 and PC3. Using the 

corresponding factor loading value as in Table 9, the scores on PC1 can be computed as in Equation 3, while the 

scores on PC2 and PC3 can also be estimated from F2 and F3, respectively.  

 

PC1 = 0.668 × A + 0.824 × B + 0.743 × C + 0.786 × D + 0.680 × E + 0.786 × F +  

0.859 × G + 0.115 × H            (3) 

 
 

Table 9. Contribution of the squared cosine of the factor variables 

 F1 F2 F3 

Arab States 0.668 0.003 0.013 

Central and Eastern 

Europe 
0.824 0.032 0.003 

Central Asia 0.743 0.121 0.015 

East Asia and the Pacific 0.786 0.007 0.046 

Latin America and the 

Caribbean 
0.680 0.005 0.016 

North America and 

Western Europe 
0.798 0.004 0.006 

South and Western Asia 0.858 0.014 0.099 

Sub-Saharan Africa 0.115 0.890 0.003 

 

 

Note: For each variable, the values in bold correspond to the factor for which the squared cosine is the largest 
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Figure 7. Factor analysis 

 

These results indicate the factor variables' squared cosine contribution for the documented factors, which may be 

due to gender bias, family life, mentoring, and stereotypical considerations. The results show that a higher level of 

education allows women to participate more confidently in Europe and other continents compared to Sub-Saharan 

Africa. This shows how education is a powerful force to rectify an erroneous world outlook and promote a 

rational causal attribution that is fundamental to nurturing a spirit of self-worth and a realistic assessment of 

women's value in STEM professions. Table 9 shows that F1 (gender bias) accounts for the highest variance of 

82.10%, while F2 (family life) and F3 (mentoring) explain approximately 8.07% and 2.03% of the total variance, 

respectively. 

 

5. Conclusions 

 

This study offered a quantitative assessment of women's disparity in STEM, comparing different continental 

regions over a 5-year period and considering the world (global) average of women in STEM. The explored best-

fit exponential model showed a downward trend and a threat to women's inclusion in science. Thus, the 

assumption that women are increasingly assuming positions once considered "male" roles, overcoming outdated 

stereotypes, and thriving and succeeding in the STEM profession on different continents is far from true. The 

developed forecasted trend model shows the likelihood of disparity in women's representation, which does not 

portray a good reliability distribution in women's participation. The overall results showed the adequacy of 

multivariance correlation and factor analysis for developing a modelling framework to satisfy inquiry for equality 

inclusion of women in science over the documented distribution of the different continents for gender 

empowerment. The insight gained from the different verified continental yearly data indicates the need for real-

time data usage on the different continents for affirmation investigations.  

 

Institutional leaders need to provide a conducive environment where women can participate freely in science and 

research. Understanding the stereotypes, gender biases, and policy failures are critical to avoid perpetuating 

women's challenges. McKinnon and O'Connell (2020) believe that by observing and evaluating individual 

responses to stereotypes ascribed to women in STEM, one may better understand where one's prejudice stems 

from and how to confront it. It also allows one to look into the impact of role modelling on and openly discuss 

science with women in STEM. In addition, understanding stereotypes and one's reactions to them could lead to 

the creation of more effective methods to support women in STEM who take on leadership roles. The developed 

applied explorative literature review and procedural model are limited to secondary aggregated mean percentage 
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data. Thus, caution should be exercised in considering the deduced inferences and perceptions formed to 

visualise the latent information in each continental quoted value. This paper has contributed to the literature on 

women in science from different continental regions and provides a picture of the levels of participation and the 

challenges women encounter in their quest to make a mark in a field that men dominate. Future research should 

focus on a comparative analysis of the challenges that women encounter in different regions or continents and 

country-focused research. This will facilitate an understanding of the prevalent challenges in a particular region 

or country, thereby enabling policy makers to develop targeted interventions. 

 

 

                      

References 

 
Audretsch, D.B., & Feldman, M. (1996). Innovative Clusters and the Industry Life Cycle. Review of Industrial Organization, 11 (2), 253– 
Australian Government. (2019). Advancing Women in STEM. https://doi.org/10.1007/BF00157670 

 

Bezrukova, K., Spell, C. S., Perry, J. L. & Jehn, K. A. (2016). A meta-analytical integration of over 40 years of research on diversity 

training evaluation. Psychological Bulletin, 142: 1226-1274. https://doi.org/10.1037/bul0000067 

 

Carlana, M. (2019). Implicit Stereotypes: Evidence from Teachers' Gender Bias. The Quarterly Journal of Economics, 134(3):1163-1224.  

https://doi.org/10.1093/qje/qjz008 

 

Castillo, R., Matteo Grazzi, M. & Tacsir, E. (2014). Women in science and technology. What Does the Literature Say? Inter-American 

Development Bank.  

 

Cech, E. A. & Blair-Loy, M. (2010). Perceiving glass ceilings? Meritocratic versus structural explanation of gender inequality among 

women in science and technology. Soc Problems, 57: 371-397. https://doi.org/10.1525/sp.2010.57.3.371 

 

Charles, M. & Bradley, K. (2009). Indulging our gendered selves? Sex segregation by field of study in 44 countries. Am. J. Sociol. 114: 

924-976. https://doi.org/110.1086/595942    

 

Charlesworth, T. E. S. & Banaji, M. R. (2019). Can Implicit Bias Change? Harvard Business Review. Available: 

https://hbr.org/2019/08/research-onmany-issues-americans-biases-are decreasing (Accessed 15 August, 2021). 

 

Cheryan, S., Ziegler, S. A., Montoya, A. K. & Jiang, L. (2017). Why are some STEM fields more gender-balanced than others? 

Psychological Bulletin, 143: 1-35. https://doi.org/10.1037/bul0000052 

 

Cochrane, J. H. (2018). A Brief Parable of Over-Differencing. University of Chicago. 

Available:https://static1.squarespace.com/static/5e6033a4ea02d801f37e15bb/t/5ee12618da7ad1571d69ce7/1591813656542/overdifferenci

ng.pdf (Accessed 19 November 2021). 

 

Cummings, L. M. (2015). Gender equality in science, technology, engineering, agricultural, sciences and mathematics (STEAM) academic 

pipeline: Challenges transfering knowledge to practice. Available: USAID-Report-Sep-30-2015-Final.pdf  (Accessed 17 October, 2021). 

 

Dasgupta, N. & Stout, J. G. (2014). Girls and women in science, technology, engineering, and mathematics: STEMing the tide and 

broadening participation in STEM careers. Policy Insights from the Behavioral and Brain Sciences, 1(1): 21-29. 

https://doi.org/10.1177/2372732214549471 

 

Dasgupta, S. (2017). Inadequate Representation of Women in STEM Research: The "Leaky Pipeline". Editage Insights. Available: 

https://www.editage.com/insights/inadequate representation-of women-in-stem-research-the-leaky-pipeline (Accessed 4 November, 2021). 

 

Ellemers, N. (2018). Gender stereotypes. Ann Rev Psychology, 69: 275-298. https://doi.org/10.1146/annurev-psych-122216-011719 

 

Etzkowitz, H. & Ranga, M. (2011). Gender dynamics in science and technology: From the leaky pipeline to the vanish box. Brussels 

Economic Review, 54(2/3): 131-147. 

 

http://jssidoi.org/jesi/
http://doi.org/10.9770/jesi.2022.9.4(13)
https://doi.org/10.1007/BF00157670
https://doi.org/10.1037/bul0000067
https://doi.org/10.1093/qje/qjz008
https://doi.org/10.1525/sp.2010.57.3.371
https://doi.org/110.1086/595942
https://hbr.org/2019/08/research-onmany-issues-americans-biases-aredecreasing
https://doi.org/10.1037/bul0000052
https://static1.squarespace.com/static/5e6033a4ea02d801f37e15bb/t/5ee12618da7ad1571d69ce7/1591813656542/overdifferencing.pdf
https://static1.squarespace.com/static/5e6033a4ea02d801f37e15bb/t/5ee12618da7ad1571d69ce7/1591813656542/overdifferencing.pdf
https://www.usaid.gov/sites/default/files/USAID-Report-Sep-30-2015-Final.pdf
https://doi.org/10.1177/2372732214549471
https://www.editage.com/insights/inadequate%20representation-of%20women-in-stem-research-the-leaky-pipeline
https://doi.org/10.1146/annurev-psych-122216-011719


 ENTREPRENEURSHIP AND SUSTAINABILITY ISSUES 

ISSN 2345-0282 (online) http://jssidoi.org/jesi/ 

      2022 Volume 9 Number 4 (June) 

   http://doi.org/10.9770/jesi.2022.9.4(13) 

 

259 

 

European Institute for Gender Equality. (2017). Economic benefits of gender equality in the EU. How gender equality in STEM education 

leads to economic growth? Available: https://eige.europa.eu/gender-mainstreaming/policy-areas/economic-and-financial 

affairs/economic-benefits-gender-equality/stem (Accesssed 5 January, 2022). 

 

Executive Office of the President of the United States of America. (2013). Women and Girls in Science, Technology, Engineering, and 

Math (STEM). Available: https://obamawhitehouse.archives.gov/sites/default/files/microsites/ostp/stem_factsheet_203_07232013.pdf. 

Accessed 17.02.2020. (Accessed 19 June, 2021). 

 

Frehill, L. M., Di Fabio, N., Hill, S., Trager, K. & Buono, J. (2008). Women in engineering: A review of the 2007 literature. SWE 

Magazine, 54(3): 6-30. 

 

Funk, C. & Parker, K. (2018). Women and Men in STEM Often at Odds Over Workplace Equity. Available: 

https://www.pewsocialtrends.org/2018/01/09/women-and-men-in-stem-often-at odds-over-workplace-equity/ (Accessed 7 January 2021). 

 

Heilman, M. E. (1995). Sex stereotypes and their effects in the workplace: What we know and what we don't know. J. Soc. Behav. Pers., 

10: 3-26. 

 

Kigotho, W. (2021). Women scientists should be mentored by other women. Available: 

https://www.universityworldnews.com/post.php?story=20210427130924309  

 

Huyer, S. (2015). Is the gender gap narrowing in science and engineering? Available: 

https://www.researchgate.net/publication/323402194_Is_the_Gender_Gap_Narrowing_in_science_and_Engineering (Accessed 30 January 

2020). 

 

Machira, K. & Palamuleni, M. (2017). Factors influencing women's utilisation of public health care services during childbirth in Malawi 

public health facility utilisation. African Health Sciences, 17(2): 400-408. https://doi.org/10.4314/ahs.v17i2.14 

 

Marginson, S., Tytler, R., Freeman, B. & Roberts, K. (2013). STEM: Country comparisons: international comparisons of science, 

technology, engineering and mathematics (STEM) education. Final report. 

 

McKinnon, M. & O'Connell, C. (2020). Perceptions of stereotypes applied to women who publicly communicate their STEM work. 

Humanities and Social Sciences Communications, 7(1): 1-8. https://doi.org/10.1057/s41599-020-00654-0  

 

Morrison, A.M., White, R.P., White, R.P. & Van Velsor, E. (1987). Breaking the Glass Ceiling: Can Women Reach the Top of America's 

Largest Corporations? Reading, MA: Addison-Wesley.  

 

Mukaka, M. M. (2012). A guide to the appropriate use of correlation coefficient in medical research. Malawi Medical Journal, 24(3): 69-

71. 

 

Mukhwana, A. M., Abuya, T., Matanda, D., Omumbo, J. & Mabuka, J. (2020). Factors which Contribute to or Inhibit Women in Science, 

Technology, Engineering, and Mathematics in Africa. Nairobi, Kenya: African Academy Science. 

 

Muthumbi, J. & Sommerfeld, J. (2015). Africa's women in science. Available: 

https://www.who.int/tdr/research/gender/Women_overview_piece.pdf (Accessed 22 January 2022). 

 

National Science Foundation. (2013). Women, minorities, and persons with disabilities in science and engineering: Women as a 

percentage of full-time, full professors with science, engineering, and health doctorates, by institution of employment: 1993-2010. 

Available: http://www.nsf.gov/statistics/wmpd/2013/digest/theme5.cfm (Accessed 13 January, 2022). 

 

Oliveira, E.R.B.D., Unbehaum, S. & Gava, T. (2019). STEM education and gender: a contribution to discussions in Brazil. Cadernos de 

Pesquisa, 49(171): 130-159. https://doi.org/10.1590/198053145644 

 

Polkowska, D. (2013). Women scientists in the leaking pipeline: barriers to the commercialisation of scientific knowledge by women. 

Journal of Technology Management & Innovation, 8(2):156-165. https://doi.org/10.4067/S0718-27242013000200013  

 

Settles, I. S., O'Connor R. C. & Yap, S.C.Y. (2016). Climate perceptions and identity interference among undergraduate women in 

STEM: The protective role of gender identity. Psychol. Women Quart, 40: 488-503. https://doi.org/10.1177/0361684316655806  

 

http://jssidoi.org/jesi/
http://doi.org/10.9770/jesi.2022.9.4(13)
https://eige.europa.eu/gender-mainstreaming/policy-areas/economic-and-financial%20affairs/economic-benefits-gender-equality/stem
https://eige.europa.eu/gender-mainstreaming/policy-areas/economic-and-financial%20affairs/economic-benefits-gender-equality/stem
https://obamawhitehouse.archives.gov/sites/default/files/microsites/ostp/stem_factsheet_203_07232013.pdf.%20Accessed%2017.02.2020
https://obamawhitehouse.archives.gov/sites/default/files/microsites/ostp/stem_factsheet_203_07232013.pdf.%20Accessed%2017.02.2020
https://www.pewsocialtrends.org/2018/01/09/women-and-men-in-stem-often-atodds-over-workplace-equity/
https://www.universityworldnews.com/post.php?story=20210427130924309
https://www.researchgate.net/publication/323402194_Is_the_Gender_Gap_Narrowing_in_science_and_Engineering
https://doi.org/10.4314/ahs.v17i2.14
https://doi.org/10.1057/s41599-020-00654-0
https://www.who.int/tdr/research/gender/Women_overview_piece.pdf
http://www.nsf.gov/statistics/wmpd/2013/digest/theme5.cfm
https://doi.org/10.1590/198053145644
https://doi.org/10.4067/S0718-27242013000200013
https://doi.org/10.1177/0361684316655806


 ENTREPRENEURSHIP AND SUSTAINABILITY ISSUES 

ISSN 2345-0282 (online) http://jssidoi.org/jesi/ 

      2022 Volume 9 Number 4 (June) 

   http://doi.org/10.9770/jesi.2022.9.4(13) 

 

260 

 

Sirimanne, S. (2019). How can we STEM the tide of women graduates leaving science? Available: 

https://www.weforum.org/agenda/2019/09/stem-women-gender-equality-science technology-engineering-mathematics/ (Accessed 17 

February 2020). 

 

Su, R., Rounds, J. & Armstrong, P. I. (2009). Men and things, women and people: A meta-analysis of sex differences in interests. Psychol. 

Bull., 135: 859. https://doi.org/10.1037/a0017364 

 

Suter, C. (2006). Trends in Gender Segregation by Field of Work in Higher Education. Institute de Sociologie, University of Neuchatel, 

Switzerland. In OECD. 2006. Women in Scientific Careers: Unleashing the Potential. Paris: Organisation for Economic Cooperation and 

Development. 

 

Tabachnick, B. G. & Fidell, L. S. (2007). Using Multivariate Statistics. 5th ed. Boston, MA: Pearson Education Inc. 

 

Tiedeu, B. A., Para-Mallam, O. J. & Nyambi, D. (2019). Driving gender equity in African scientific institutions. The Lancet, 393(10171): 

504-506. https://doi.org/10.1016/S0140-6736(19)30284-3 

 

UNESCO. (2007). Science, Technology and Gender: An International Report. Science and Technology for Development Series. United 

Nations Educational, Scientific and Cultural Organisation. 

 

UNESCO Institute for Statistics. (2015). Fact Sheet No. 34: Women in Science, 2 

 

UNESCO Institute for Statistics. (2017). Fact Sheet No. 43: Women in Science, 2. 

 

UNESCO Institute for Statistics. (2018). Fact Sheet No. 51: Women in Science, 2. 

 

UNESCO Institute for Statistics. (2019). Fact Sheet No. 55: Women in Science, 2. 

 

UNESCO Institute for Statistics. (2020). Fact Sheet No. 60: Women in Science, 2. 

 

Wang, M.T. and Degol, J.L. 2017. Gender gap in science, technology, engineering, and mathematics (STEM): Current knowledge, 

implications for practice, policy, and future directions. Psychology Review, 29(1):119-140. 

 

Williams, W. M. & Ceci, S. J. (2012). When scientists choose motherhood: a single factor goes a long way in explaining the dearth of 

women in math-intensive fields. How can we address it? American Scientist, 100: 138-145. https://doi.org/110.1511/2012.95.138 

 

Wood, J. (2020). 3 things to know about women in STEM. Available: https://www.weforum.org/agenda/2020/02/stem-gender-inequality-

researchersbias/  (Accessed 18 February, 2022). 

 

Yatskiv, I. (2017). Why don't women chose STEM? Gender equality in STEM careers in LATVIA. International Journal on Information 

Technologies & Security, (Special Issue SP1 / 2017): 79-88. 

 

 

 

 

 

Data Availability Statement: More data can be provided on request  

 

Author Contributions: Conceptualization: B.A Ntshangase, S.K Msosa; methodology: S.K Msosa, C Mlambo, B.A 

Ntshangase; data analysis:  S. Mugova, S.K Msosa; writing—original draft preparation: S.K Msosa, C Mlambo; writing—

review and editing: B.A Ntshangase, SK. Msosa; visualization: B.A Ntshangase, S.K Msosa, C Mlambo. All authors have read 

and agreed to the published version of the manuscript.                 

 
 

 

 

 

 

 

http://jssidoi.org/jesi/
http://doi.org/10.9770/jesi.2022.9.4(13)
https://www.weforum.org/agenda/2019/09/stem-women-gender-equality-science%20technology-engineering-mathematics/
https://doi.org/10.1037/a0017364
https://doi.org/10.1016/S0140-6736(19)30284-3
https://doi.org/110.1511/2012.95.138
https://www.weforum.org/agenda/2020/02/stem-gender-inequality-researchersbias/
https://www.weforum.org/agenda/2020/02/stem-gender-inequality-researchersbias/


 ENTREPRENEURSHIP AND SUSTAINABILITY ISSUES 

ISSN 2345-0282 (online) http://jssidoi.org/jesi/ 

      2022 Volume 9 Number 4 (June) 

   http://doi.org/10.9770/jesi.2022.9.4(13) 

 

261 

 

 

 

 

 

 

 

 

 

 

Steven Kayambazinthu MSOSA is a Research Fellow and Lecturer in the marketing department at the Mangosuthu University of 

Technology. His research interests are Corporate Social Responsibility, Sustainability, Service Failure, Higher Education Marketing, Multi-

level Marketing, Relationship Marketing and Integrated Marketing Communication. 

ORCID ID: https://orcid.org/0000-0001-9074-5644  

 

Bhekabantu A. NTSHANGASE is the Acting Dean of the faculty of management sciences at the Mangosuthu University of Technology. 

Dr Ntshangase's research interests include public administration, service delivery, public-private partnerships, land reform and 

management, women's cooperative and entrepreneurship. 

ORCID ID: https://orcid.org/0000-0002-5410-7036  

 

Courage MLAMBO is a Research Fellow and Lecturer in the public administration and economics department at the Mangosuthu 

University of Technology. Dr Mlambo's research interests lie in Development Economics, politics, and economics. However, his research 

and publication repertoire is versatile, including Economics of regulation, Monetary Economics, Labour economics, Macroeconomics, 

Social Justice, Gender, Politics, Banking and Finance. 

ORCID ID: https://orcid.org/0000-0002-4765-9318  

 

 

 

 

 

 

 

Copyright © 2022 by author(s) and VsI Entrepreneurship and Sustainability Center 

This work is licensed under the Creative Commons Attribution International License (CC BY). 

http://creativecommons.org/licenses/by/4.0/ 

  
 

http://jssidoi.org/jesi/
http://doi.org/10.9770/jesi.2022.9.4(13)
https://orcid.org/0000-0001-9074-5644
https://orcid.org/0000-0002-5410-7036
https://orcid.org/0000-0002-4765-9318
http://creativecommons.org/licenses/by/4.0/

