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Differences in the attitudes and beliefs about science of students in the
physics-mathematics and life sciences areas and their impact on teaching
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For this study, we compared the attitudes and beliefs about science of physical science (physics and mathematics) and life science (bio
chemistry and biology) students at the beginning of their university degrees using the CLASS (Colorado Learning Attitudes about Science
Survey) tool. It is worth noting that both groups of students received similar physics courses during their high-school education. Through
a detailed analysis of the different categories of the test, we examined the differences in performance in each of the areas that make up th
questionnaire. Among other aspects, we found that a considerable percentage of life science students (higher than that of physical scienc
students) adopted a novice type of behavior in problem solving. Finally, we discussed the possible causes of the differences found and thei
implications for teaching.
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1. Introduction differences between the students’ responses and the experts’
responses constitute the raw material for analyzing the epis-
It has long been recognized in the physics-teaching commuemological status of the group of students. Specifically, to
nity that, in addition to the specific contents, certain char-quantify the impact of certain courses, interventions or teach-
acteristics of the students, such as their previous ideas, theitg approaches, it is applied twice, once at the beginning of
personal history, the way they interact with their peers andhe course (pre-test) and once after the intervention (post-
teachers, and their expectations, determine the transformgest). The comparison of results reflects changes in attitudes
tion that occurs as they move through the educational systewmnd beliefs as a function of demographics, methodologies and
[1]. In particular, the set of ideas, assumptions and previougseaching strategies.
conceptions about science-more specifically, its evolution, its  Among the standardized tests for the evaluation of epis-
methods, its validation or refutation-are encompassed in thiemological beliefs, we highlight the MPEX (Maryland
concept of epistemological beliefs. These beliefs, which arehysics Expectations Survey) [2], which aims to survey the
generally not explicit, have a strong impact on teaching an@éxpectations of students in relation to physics, the CLASS
learning [2]. Therefore, it is relevant to understand the atti{Colorado Learning Attitudes about Science Survey) [3],
tudes and beliefs of our students and how educational instaimed at assessing the attitudes of students toward learning
tutions, their teachers and teaching materials directly or inphysics, how they think physics relates to everyday life, and
directly affect those attitudes and beliefs in the learning andheir opinion about the discipline, and the E-CLASS (Col-
teaching of physics. orado Learning Attitudes about Science Survey for Experi-
In the field of Physics Education Research (PER) a semental Physics) [4], which follows the same approach as the
of tools have been developed for the systematic assessmeBLASS but aimed at the experimental aspects of physics.
of knowledge, focusing on aspects related to the discipline Research on the attitudes and beliefs of students has pro-
as well as on other less objective aspects regarding the stuided valuable insights into the discipline [5]. Several studies
dents’ attitudes and beliefs [2—4]. While the assessment dfiave shown that some epistemological attitudes negatively
specific knowledge is mostly based on multiple-choice quesaffect learning [6,7]. For example, a student who sees physics
tionnaires, the tools oriented to attitudes and beliefs usuallas a set of unconnected facts and formulas will study differ-
ask students to indicate their degree of agreement or disagreently than one who sees it as a network of interconnected con-
ment (Likert scale) with different statements reflecting thecepts [2]. Another valuable input shows that there is a pos-
opinion of “experts” (usually professional physicists). Theitive correlation of academic performance with the CLASS
guestionnaires result from a design and validation procesgre-test and MPEX scores [6, 8]. In addition, multiple quan-
that includes repeated interactions with experts [2, 3]. Thditative studies have been conducted in recent years on the
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changes that occur in students’ attitudes and beliefs as a funts point out that in Uruguay, primary, secondary and pre-
tion of their previous training, the types of courses, and thauniversity schools are characterized by a common curriculum
teaching strategies used, as well as on the relationship bé&ramework for all the educational institutions in the coun-
tween the pre-test and academic performance, among othey. In the last two years of high school, students are able
variables [5]. to choose a major area of study (scientific, humanistic, bi-
Also valuable is the work comparing the performance ofological or artistic). Those who wish to pursue university
different groups in questionnaires regarding attitudes and bestudies in scientific areas choose a path with more hours de-
liefs about science. An extensive meta-analysis shows thaited to physics and mathematics courses, while those who
students who major in physics perform better than those whplan to pursue degrees in life sciences, such as biology or
major in engineering or other sciences [5]. This study alsdiochemistry, have their hours split between mathematics,
suggests that these aspects develop in the early stages of eglrysics, chemistry and biology courses. It is important to
cation, although it leaves several questions to be answered psint out that in both orientations, physics courses have the
to why this phenomenon occurs. Another longitudinal studysame weekly load and similar contents that address general
[6], followed the journey of a group of students throughouttopics of mechanics (kinematics and point dynamics, prin-
their university careers and showed that those who were deiples of conservation and energy) as well as waves and
termined to study physics at the beginning of the first year oklectromagnetism. The usual bibliography includes algebra-
college performed better than the average of their peers.  based “College Physics” textbooks such as those widely used
Although the application of the CLASS and other simi- worldwide [13, 14]. Upon completing high school, students
lar instruments to assess epistemological attitudes has spreean opt for different university degrees. In this work we focus
to many parts of the world, Latin American countries are aon two sets of recently admitted students in the first year of
step behind, as very little research has been conducted in thilee aforementioned School of Science. One set is comprised
area [9-11]. In the particular case of Uruguay, we inquiredby those who pursue bachelor’s degrees in Physics and Math-
about the epistemological beliefs of teachers and prospectivematics (hereinafter, “physical sciences” or “PhS”) and the
high school physics teachers in Uruguay [12]. The result®ther by those who pursue bachelor’'s degrees in Biology and
showed trends shared by both groups, especially in the cat®iochemistry (hereinafter, “life sciences” or “LS”).
gories related to personal effort, interest and connection with  \wjh this objective in mind, we asked all the students to
the real world. However, there were notable differences irgnswer, by means of an electronic form, their degree of agree-
other categories, particularly those related to conceptual Unnent or disagreement with the 42 statements of the CLASS
derstanding, confidence and sophistication in problem solvtest. The questionnaire was proposed in Spanish [15]. In con-
Ing. trast with other studies which used the pre- post-test method-
There are many open questions regarding the attitude@ogy, here we applied the test only once. To compare the
and beliefs of students, especially those related to the comyygents’ responses with those of the experts, the original 5-
parison between different groups, the causes of possible difaye| scale is reduced to a three-level scale, grouping the op-
ferences and their impact on learning. In this work, we comyigns “agree” and “completely agree” on the one hand, and

pare the attitudes and beliefs about science of students @éhsagree" and completely “disagree” on the other, leaving
physical sciences (physics and mathematics) with others 6feytral” as the midpoint. Of a total of 42 statements, 27 of
life sciences (biochemistry and biology) at the beginning ofihem are grouped into 8 categories, while the remaining 15
their university degrees using the CLASS tool. Our studyare not categorized. There is no agreement among the ex-
was conducted in the first year of the degrees, at a very earlyerts on some of the latter, while one in particular is used to
stage when the students’ curricular training in physics comeg,je out inconsistent responses. For each category, and for
mainly from high-school courses. Through a detailed analythe set of questions where there is agreement among the ex-
sis of the different categories into which the CLASS tool is perts (36 of the 42 statements), we calculated the percentage
divided, we analyze the differences in performance in each of stydent responses that agree with that of the experts (fa-

the areas and discuss their possible causes and implicatiopgraple responses). Table | shows the number of responses
for teaching. In the following section we present the researclypiained for each group of students.

methodology, while in Sec. 3 we present the main results. Fi-
nally, the discussion and final considerations are presented i&
the last two sections.

In order to study the differences between the two samples
results, we used the nonparametric Mann-Whitney U test,

2. Research methOdOI()gy TABLE |. Number of responses recorded in the different areas of

This research was carried out with university students fronstudy classified by self-reported gender.
the School of Sciences of Universidad de la Rajra (Mon-

tevideo, Uruguay) who were taking General Physics | in the BaCh_elor’s ‘_jegree Women Men Total
first semester of the undergraduate courses in Physics and Physical sciences 34 45 79
Mathematics and Biology and Biochemistry. It is relevant Life sciences 51 18 69
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which is the nonparametric version of Student’s t-test [16],in the vast majority of the CLASS categories. We cannot rule
to test if the differences observed were statistically signifi-out the hypothesis of equality between the central tendencies
cant. For this purpose, we started from the null hypothesi®f the samples in the Real-World Connection category at the
that the samples come from the same population, rejecting #5% confidence level (highlighted row in Table Il). This is
for a probability value op < 0.05. To quantify the possible consistent with the fact that the value of the effect size of the
differences between the two groups, we calculated the effedifference is the smallest of all those obtained (0.4). The LS
size using Cohen’s d. Typically, a large effect is consideredand PhS students surveyed start their undergraduate training
for d values of 0.8, while intermediate corresponds to 0.5 andvith similar conceptions in this CLASS category.
small to 0.2 [17]. In the Sense Making/Effort category, we identified a “bor-
derline” or less noticeable situation than in the other cate-
gories in which significant differences were recorded. In that
category, we observed the smallest difference in means, an ef-
In this section we show the results obtained from the CLASJect size of the same value as in the Real-World Connection
questionnaire, differentiating the groups of students of lifecategory, and a probability of p=0.02 for the U test (of the
sciences (LS) from those of physical sciences (PhS). In Tasame order as our 0.05 limit). In this category, the difference
ble I, we indicate, for each category, the mean values obetween the samples (which exists according to the criterion
the LS and PhS groups and the difference between themdopted) is not as clear as in the other categories where there
(columns 2, 3 and 4, respectively), with their correspondings a significant difference.
standard errors. In the fifth column we tabulate the effect size  Although in each of the above categories we can find
for the difference between the means, and in the sixth columatatements whose results differ significantly between the two
we indicate the probability given for the result of applying the groups of students, we compare the results of two partic-
nonparametric Mann-Whitney U test. ular categories: Problem Solving - Sophistication and Ap-
We highlight some results that can be deduced from Taplied Conceptual Understanding, since these are the cate-
ble 1l. First, when considering the overall result of CLASS gories with the largest effect size. Table Ill shows the state-
(All categories), we found a significant difference, with a rel- ments of both categories for each group of students, spec-
atively large effect size (0.8), in the degree of agreement witlhifying the percentages of the responses, classified as agree,
the experts between both groups of students. By applying theeutral and disagree. The underlined percentages allow us
Mann-Whitney U statistical test to the samples of each catto identify whether the experts agree or disagree with each
egory grouped by area (LS and PhS), we found that the nubf the statements. For example, statement 5 falls into both
hypothesis (equality of mean values) can be rejected in altategories, with the experts disagreeing with it. Of the set
categories, except in Real-World Connection. The largest efef statements, in statements 6 and 21 the difference between
fect size values correspond to the following categories: Probthe responses of the students in both groups is less than the
lem Solving - Sophistication (1.1), Applied Conceptual un-standard deviation of the responses, so it is not of particular
derstanding (0.8), Problem Solving - General (0.7) and Probinterest to analyze it. In the following section we discuss the
lem Solving - Confidence (0.7). Both groups of studentsresults and their possible implications for the classroom and
show a significant difference in their agreements with expertstudent learning.

3. Results

TABLE Il. Overall results of the CLASS questionnaire discriminated by group. The columns indicate mean value and difference between
the LS and PhS groups with their standard errors, effect size of the difference and probability according to the Mann-Whitney U test. The
highlighted row corresponds to the case in which we cannot rule out the hypothesis of equality between the central tendencies of the samples

- Life sciences (LS) Physical sciences (PhS) LS-PhS diff. Effect size U test: p
All categories 49.8(2.2) 64.1(3.2) 14.3(3.7) 0,8 0,0001
Personal Interest 51.9(3.2) 73.7 (4.1) 21.8(5.3) 0,8 0,0001
Real-World Connection 58.3 (3.8) 70.4 (4.9) 12.0 (6.3) 0,4 0,0542
Problem Solving (PS) - General 47.8 (2.8) 65.1 (4.1) 17.3 (4.8) 0,7 0,0004
PS Confidence 41.7 (3.3) 61.8 (5.2) 20.2 (5.9) 0,7 0,0009
PS Sophistication 27.5(2.6) 54.4 (4.3) 26.8 (4.8) 1,1 0,0001
Sense Making/Effort 65.2 (2.6) 73.7 (3.9) 8.5 (4.5) 0,4 0,0226
Conceptual understanding 49.8(2.9) 62.7 (3.6) 13.0 (4.7) 0,5 0,0062
Applied Conceptual understanding 32.3(2.4) 50.4 (4.2) 18.1 (4.5) 0,8 0,0004
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TaBLE Ill. Results of selected statements of the CLASS, classified by area of study (life sciences and physical sciences). Statements 5, 21,
22 and 40 belong to both the Applied Conceptual understanding and the PS Sophistication categories.

Statement Category Area Agree Neutral Disagree
1. A significant problem in learning physics Applied Conceptual Life
is being able to memorize all the understanding sciences 41% 28% 32%
information | need to know Physical
sciences 26% 26% 47%
5. After | study a topic in physics and feel Applied Conceptual Life
that | understand it, | have difficulty solving understanding and PS sciences 7% 13% 10%
problems on the same topic Sophistication Physical
sciences 42% 32% 26%
6. Knowledge in physics consists Applied Conceptual Life
of many disconnected topics understanding sciences 9% 14% 7%
Physical
sciences 5% 11% 84%
8. When | solve a physics problem, | locate Applied Conceptual Life
an equation that uses the variables given in understanding sciences 80% 19% 1%
the problem and plug in the values Physical
sciences 39% 37% 24%
21. If I don’t remember a particular Applied Conceptual Life
equation needed to solve a problem on an understanding and PS sciences 28% 17% 55%
exam, there’s nothing much | can do Sophistication Physical
(legally!) to come up with it. sciences 24% 11% 66%
22. If | want to apply a method used for Applied Conceptual Life
solving one physics problem to another understanding and PS sciences 45% 35% 20%
problem, the problems must involve very Sophistication Physical
similar situations. sciences 34% 24% 20%
25. | enjoy solving physics problems. PS Sophistication Life
sciences 20% 33% 46%
Physical
sciences 79% 13% 8%
34. | can usually figure out a way Life
to solve physics problems. PS Sophistication sciences 29% 41% 30%
Physical
sciences 50% 34% 16%
40. If | get stuck on a physics problem, Applied Conceptual Life
there is no chance I'll figure understanding and PS sciences 35% 35% 30%
it out on my own. Sophistication Physical
sciences 8% 29% 63%
4. Discussion education, which becomes more relevant in the context of the

Uruguayan educational system, since students in both groups

] had a similar number of hours devoted to physics courses in
From the results presented in Table IIl for statements of aljhejr previous level of education, differing only in their train-

categories, we note that there is a significant differe_nce il’ilng in mathematics and biology. The roots of these differ-

performance on the CLASS between students pursuing d&syces could be very diverse. A first hypothesis is that a better
grees in physical sciences and those pursuing degrees in lifgining in mathematics has a positive impact on attitudes and
sciences, with a large effect size [17]. This result, in line withpajiefs. Another possibility is that those students who have

others reported in the literature [6, 18, 19], supports the hyz taste for physical sciences from an early age may have re-
pothesis that attitudes and beliefs develop during secondary
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ceived a non-formal education (through books, articles andvhile this happens to only 8% of PhS students. This result
dissemination videos) that results in a better performance iis yet another sign that the “Plug and Chug” strategy pre-
the CLASS. dominates in problem solving among LS students. Students

As for the other categories, Personal Interest, PS So~ho have expert behaviors develop metacognition, are able to
phistication and Applied Conceptual understanding presermonitor their Iearning, think borderline scenarios to evaluate
a large effect size. This result is not surprising, since studentgolutions, and try new strategies based on general principles;
of physical science-oriented degrees have a special interestifierefore, if they get stuck on a problem, they are more likely
physics and mathematics, as emphasized by [3]. We clearfip try to solve it using a different approach. Statement 22
observe this in statement 25, grouped in the PS Sophisticdefers to the need for two problems to be very similar in order
tion and Personal Interest categories, which refers to enjoylo use the same solution method for both. These results once
ing physics problem solving. In the case of the LS group of2gain reinforce the idea that LS students, to a greater extent
students, 20 % agree with the experts, whereas the level #han PhS students, fail to fully grasp the conceptual aspects
agreement reaches 80% among those studying PhS. In rel@nd basic principles of physics, and instead learn physics by
tion to the large effect size for PS Sophistication and Appliednemorizing equations, which prevents them from approach-
Conceptual understanding, we may hypothesize that studerifzgd new situations with the confidence to solve them. Finally,
with a biology-oriented background have not delved into soin statement 34, which belongs to the PS Sophistication cat-
phisticated aspects of problem solving nor into conceptuaggory and reflects students’ confidence in problem solving,
understanding in their physics courses. This aspect could benly 29% of LS students believe they are able to figure out
linked to a lower degree of interest in physics and perhaps tBow to solve a physics problem, compared to 50% of PhS
greater difficulties with the subject. These two elements maytudents. These results again suggest that LS students find it
foster negative attitudes towards physics and, consequentligifficult to adopt similar strategies as the experts in problem
epistemological beliefs farther away from those of the ex-Solving, as well as perhaps a belief that they are not capable
perts. By focusing on the statements related to PS Sophistff learning physics adequately.
cation and Applied Conceptual understanding we can better
understand how different the attitudes and beliefs of PhS stu5.  Final comments
dents may be from those of LS students and their possible
impact in the classroom. Let us begin by analyzing state©Our students’ views on the nature of knowledge and learn-
ments 1 and 8, related to Applied Conceptual understandingng work either for or against quality science education by
on which the experts disagree. In statement 1, 41% of thaffecting the way they learn and approach physics courses.
LS students agree with the statement regarding the impoi~or example, students who view learning as being basically
tance of memorizing all the information in physics, while the about memorizing information will have different attitudes
percentage drops to 26% among PhS students. In statemeantid strategies than those who view it as being based on un-
8, a large majority of the LS students (80%) agree with thederstanding [22]. In this sense, one of the keys to improve
methodology described for trying to solve physics problems|earning is to promote appropriate epistemological stances.
dropping to 39% in the other group of students. From the reKnowing the state of our students’ epistemological beliefs is
sults of statement 8, we can infer that the majority of LS stu-crucial in order to design activities aimed at improving them.
dents attempt to solve problems using the “Plug and ChugOur work is based on the results of proposing the CLASS
strategy [20, 21], which is a clear sign of a novice problem-questionnaire to students of physical sciences and life sci-
solving strategy. This aspect is consistent with the resultences. Comparing the results between both groups, we find
of statement 1, which gives an important role to memorizathat the former enter university with epistemological attitudes
tion in physics learning. Statements 5, 22 and 40 have thenuch closer to those of experts in the respective fields. Al-
particularity that they belong to both categories and that thehough this result has been previously reported in the liter-
experts disagree with them. These statements are closely rature [5], our research differs in that the groups of students
lated to each other and to the way in which students learmf physical sciences and life sciences had a similar academic
apply concepts, develop metacognition and cope with physicgajectory in terms of their high school physics training. Al-
problems. As in the previously analyzed statements, the pethough the question of the possible origins of this difference
formance of LS students is inferior to that of PhS studentsis yet to be addressed, the results of our study allow us to
The most alarming case is statement 5, where 77% of LS stubetter understand the difficulties presented by life sciences
dents recognize that they have difficulties in solving problemsstudents when approaching physics courses.
after considering that they have understood a topic. Thisisa From the analysis of the responses in the different cat-
clear sign that they have not developed metacognition habitsgories, we highlight that a significant percentage of life
and therefore are not able to realize that they do not trulysciences students try to solve physics problems following
understand the concepts. In statement 40, which evaluatélse strategy of “finding the right equation and substituting”,
a student’s ability to think of different strategies to solve aknown as “Plug and Chug”. This novice strategy is not con-
problem when they get stuck, it is inferred that one out ofducive to the development of metacognitive skills. Being
three LS students is not able to develop new ways of solvingaware of this type of thinking allows us, as teachers, to an-
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ticipate the problems of our students, to stand differently inAcknowledgments
the classroom, and to develop actions aimed at changing this . . )
type of thinking, which will result in a better-quality science This work was carried out thanks to the financial support pro-
education. In this sense, itis important to keep in mind that irvided by Agencia Nacional de Investigaoi e Innovadn
every action or omission that we make in the classroom (angNational Agency for Research and Innovation, Uruguay)
that is part of the hidden curriculum), we are directly or in-and Consejo de Formani en Educaéin (Council for Ed-
directly affecting the epistemological beliefs of our students.Ucation Training, Uruguay) through the projéenociendo
Something as simple as asking our students what equatidhincidiendo sobre las concepciones epistémioias de los

do we have to use to solve a particular problem can fostefuturos profesores deisica (FSED-3-2019-1-157320). We
(even unintentionally) an incorrect image of science and howhank all the participants, especially the teachers at Facultad
to learn physics, and ultimately affect the academic achieved® Ciencias (School of Science) who kindly agreed to ad-
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