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Attitudes towards the subject of Statistics were measured in Biology freshmen. A survey was 

applied to a non-random sample of students using a 25-item questionnaire measuring five factors: 
utility, anxiety, confidence, pleasantness and motivation. The first PCA axis and bootstrap 

confidence intervals for the median scores of a Likert scale revealed that students can be 
predominantly sorted by a gradient of anxiety, from a minimum amount of anxiety (combined by a 

high confidence and motivation with the subject) to a larger amount of it; utility of Statistics in 

Biology had a lesser role. These emotional aspects towards Statistics should be considered when 
planning teaching strategies. We suggest that proper contextualization of Statistics in learning 

experiences may be helpful in diminishing negative attitudes. 
 

INTRODUCTION 

Nowadays, a large amount of information is produced and used to make decisions in 

different spheres of our societies. This makes it necessary to train both professional and citizens in 

the interpretation of information presented by others, and in their capacity to generate data by 

themselves (Batanero & Godino 2005). Although Statistics is an utterly important subject for the 

professional training in Science, due to its contribution to the development of critical thinking, 

teaching Statistics should consider that first-year students possess diverse backgrounds and their 

attitudes towards the subject may vary individually (Batanero 2000). This situation is experienced 

in colleges and universities offering Biology majors, where the admission process allows the entry 

of students with a wide array of backgrounds. The importance of Statistics in the Biology 

curriculum is huge, as statistical concepts and methods are crucial in this science, but attitudes of 

students play a central role in the selection of teaching strategies (Bond et al., 2012, Slootmaeckers 

et al., 2013, Hannigan et al. al 2104). Since affects are a representational system that is parallel and 

crucial for cognition (Hannula 2002), it is important to determine both the direction and intensity of 

the same in students following a course like Statistics. The aim of the exploratory study presented 

here is to determine the attitudes of freshmen Biology students towards the subject of Statistics, as 

an aid to contextualize learning and teaching experiences during the particular term in which 

students and instructors interact and, in general, in the development of critical thinking about the 

role of Statistics in Biology. We argue that evaluation of attitudes must be carried out in each 

cohort, with no expectation that the same pattern will repeat from term to term. In this way we can 

prudently organize our teaching strategies vis à vis students’ attitudes. 

 

 

MATERIALS AND METHODS 

We obtained a non-random sample (n=66) from a group of 78 first-year Biology students 

in Southeast Mexico. This sample consisted of 29 women (43.9%) and 37 men (56.1%), whose 

ages fluctuated between 17 and 29 years. These students were asked to participate in the study in 

the first week of the Fall term, before entering a course on quantitative methods in Biology, 

involving mathematical and statistical topics. A 25-item questionnaire was applied to measure their 

attitudes toward Statistics, based on the Scale of Attitudes towards Statistics proposed by Auzmendi 

(1992), and cited by Darias (2000). This questionnaire accounts for five dimensions: utility, 

anxiety, confidence, pleasantness and motivation. In each item, students can express their degree of 

agreement on the basis of a five-point Likert scale ranging from Strongly Disagree (SD, 1) to fully 

agree (FA, 5), where a score of 3 reflects a neutral position. 
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Data analysis 

The data obtained were first described by means of a principal component analysis (PCA) 

extracting the eigenvalues from the variance-covariance matrix of Likert scores; the broken stick 

method was applied as a strategy to retain the most informative components. Then, 95% Bootstrap 

confidence intervals (Efron & Tibshirani 1986) were computed, in order to select those items 

departing significantly from a neutral opinion. All calculations were made in PAST (Hammer et al., 

2001), version 2.17c. Finally, to facilitate the interpretation of the results obtained for questions 

expressed in a negative way, the Likert scale scores were inverted. 

 

RESULTS 

According to the broken stick method, the first two main components were the most 

informative and explained slightly more than 41% of the variation in the data. The first component, 

which explains 29.3% of the variation, is interpreted as a gradient of anxiety mainly, while the 

second (12.1% of the variation) is a mixture of elements of utility, importance and motivation 

(Table 1). 

 

Table 1. Correlations between the most important 
items and the first two principal components (PC). 

The highest correlations by component are highlighted 

(in italics) and the values of the eigenvalue, the 

explained variance (EV) and the cumulative variance 

(CV) for each PC are included. 

Item (question) PC 1 PC 2 Dimension 

Q2 -0.7781 0.2383 Anxiety 

Q3 0.7157 -0.0984 Confidence 

Q4 0.7336 0.1140 Pleasantness 

Q6 0.2640 0.5622 Utility 

Q15 -0.5036 -0.4503 Motivation 

Q16 -0.3921 -0.5598 Utility 

Q22 -0.7069 0.2935 Anxiety 

Q24 0.4302 0.6677 Pleasantness 

Eigenvalue 6.78 2.81  

EV (%) 29.28 12.14  

CV (%) 29.28 41.43  

 

The ordination biplot allows us to determine both the patterns related to the variables best 

associated with the main components and differences between students in terms of their 

perceptions (Figure 1). The students most associated with PC 1 (located in the positive portion of 

the plot, indicating the dimensions of utility, confidence and pleasantness) have average scores 
between 1.2 and 1.3 times higher than students more associated to the negative portion of the 

aforementioned component. On the other hand, students most related to the positive portion of PC 

2 presented medium scores between 1.2 and 1.4 times higher than those related to the negative 

portion of the same, in the dimensions of utility, anxiety, pleasantness and motivation. Based on the 

Bootstrap confidence intervals, 11 items (44%) were significantly different from the neutral 

position, which are primarily related to anxiety, confidence and motivation to Statistics. At the 

same time, it is worth mentioning that utility of Statistics did not have the prominent role in their 

ratings. 
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Figure 1. Biplot of the first two principal components (PC), derived from a 25-item questionnaire 

(segments) measuring attitudes towards Statistics in n=66 first-year Biology students (dots). 

 

DISCUSSION 

 Among the activities necessary to create a proper environment for learning Statistics, 

instructors should create an atmosphere in which students feel free and motivated (Gal & Ginburg 

1994). In this sense, it is important to determine the attitudes of students towards statistics, as 

indicated in previous studies related to different profiles of professional training (Evans 2007, 

Coetzee & Van der Merwe 2010, Bond et al. 2012, Slootmaeckers et al., 2013, Hannigan et al., 

2014). In the case of Biology students analyzed in the present study, they showed a positive attitude 

to Statistics, mainly in the dimensions of motivation, confidence, anxiety and usefulness. These 

results contrasts with the findings of Tejero-González & Castro-Morera (2011) for sports science 

students. These students were characterized by their average levels of anxiety, a low predisposition 

towards statistics, and they rate Statistics as a medium-low subject. A possible explanation for this 

behavior resides in the different levels of exposure to Statistics for the latter students, both in the 

topics and applications covered in their syllabuses. The ordination diagram obtained by PCA 

allows us to visualize the differences between students in terms of their attitudes toward Statistics. 

Although in this case an analysis of the factorial structure of the instrument was not carried out as 

in similar experiences (Darias 2000, Tejero-González & Castro-Morera 2011), the present analysis 
opens the door to continue with the investigation. Having a complete picture of the student’s 

attitudes, we are now in the position to understand more adequately the characteristics of each 

cohort doing a BSc degree in Biology. Once the investigation about attitudes towards Statistics 
goes deeper, appropriate strategies can be developed to favor student learning, as suggested in other 

researches and contexts (Gal & Ginsburg 1994, Evans 2007, Judi et al., 2011). Although not 

explicitly evaluated here, it is likely that attitudinal differences are related to previous experiences, 

or even to individual factors like sex and age, as it has been pointed out in other studies (Judi et al., 

2011, Bond et al., 2012, Slootmaeckers et al., 2013, Hannigan et al., 2014). This means that proper 

contextualization of learning experiences is helpful in diminishing negative attitudes, like anxiety 

behavior. Contextualization means also that learning in non-statistical majors must mediated by 

specialists in their respective areas. Courses should be co-taught by biologists and statisticians, in 

order to bring into the classroom the perspectives of both disciplines from the specialists, working 

together (Seier & Joplin, 2010). This is particularly important when the students who have just 

graduated from high school are not yet adequately prepared in reasoning using data (Nicholson et 

al., 2006). In our course, we have implemented a series of activities (essays, meta-cognition 
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exercises) as a sort of catharsis where students can express their (“successful” or “depressing”) past 

and/or present experiences in subjects with higher levels of abstraction (e.g, Mathematics, 

Statistics, Physics). Many of these experiences have occurred out of our domain in our courses, but 

we can give a positive feedback to our students from the sides of confidence and motivation. They 

will get confident and motivated to learn Statistics once they are able to connect their discoveries of 

biological phenomena to specific statistical tools. Suitable instructional materials (Onosanya & 

Omosewo 2011) and practical activities (Navarro-Alberto 2016; Navarro-Alberto & Barrientos-

Medina 2018), created with an interdisciplinary view (Martínez-Dawson 2003), are vital in helping 

our students to diminish their negative views during our Statistics courses. This is where 

instructors’ expertise and creativity are the critical driving forces for success in this task. 

 

CONCLUSION 

The results gathered in the present study allow us to obtain an overall picture of the 

student’s attitudes to Statistics, which follow a positive trend characterized mainly by the 

dimensions of motivation, confidence, anxiety and, with a lesser extent, utility of the subject. 

Together with this general pattern, we also have a representation of the individual differences 

between subjects, which probably could be related to previous experiences, sex, age and even other 
unexpected personal factors. Previous statements lead us to the fact that is necessary to understand 

more adequately the characteristics of each cohort of students in Biology, with no expectations that 

the same pattern will repeat from term to term. This will allow not only a better use of available 

and suitable instructional material, but also to adjust the teaching strategies and motivation efforts 

deployed by instructors, in order to increase students' interest in mastering the concepts and 

techniques of Statistics. 
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