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ARTICLE INFO ABSTRACT

Keywords: This study investigated students’ observable and unobservable

Classroom Involvement involvement behaviours and their possible relation with academic
Behaviours achievement in a Climatology course at the Department of Physics

Scaffolding Collaborative and Astronomy of the Faculty of Sciences of the University of Porto,
Problem-Solving Portugal, in the Fall 2018/19. A structured online questionnaire titled

Observable and
Unobservable Attitudes

Cronbach Alpha
Coefficient

“Observable and Unobservable Student Involvement Behaviours
(OUSIB)” featuring a zero-centred 5-point Likert scale was used to
collect the data. The OUSIB questionnaire comprised 20 multiple-
choice questions, which were divided into two subscales: (1)
Observable Involvement Behaviours; (2) Unobservable Involvement
Behaviours; it was validated using Cronbach coefficient alpha. The
collected data show that unobservable involvement behaviours are
more frequent than the observable ones. This may reflect the
difficulties that most students face in understanding the course
contents, which likely triggers their introspective (unobservable) in
detriment of their observable involvement behaviour. We notice that
most of the Climatology syllabus consists of new subjects for which
students generally have no prior knowledge or experience. It may
constitute a great challenge for students being able to provide regular
observable feedback during an entire problem-solving class.
Moreover, there is a common tendency for high-grade students to
prepare the classes in advance and involve less both observably and
unobservably in classroom activities. We found no significant
correlation between students’ final grades and their replies to the
OUSIB questionnaire, which precludes any possible relationship
between students’ academic achievement and their involvement
behaviours in problem-solving classes.

1. Introduction

Different authors have argued (Trilling et al., 2009; Bereiter, 2002; National Research Council,
2000) that the development of higher order competencies in 21% century students such as
metacognition, cooperation, creativity and agency are crucial to their successful learning
experience. According to Yang et al. (2019) all students need equitable access to these
competencies, regardless their academic background or socioeconomic status. In particular,
successful learning experiences that focus on higher-order competencies are critically
important among low achievement students. Higher-order competencies not only help
academic performance, narrowing the achievement gap, but also create a cycle of continuous
improvement (Snell et al., 2018; Becker et al., 2002). Recently, the published report How
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People Learn Il (National Academy of Science, Engineering and Medicine, 2018) emphasized
that addressing the needs of all learners is still an area of substantial research.

Collaborative instructional approaches that emphasize higher-order competencies have many
benefits for learners, such as deep understanding, critical thinking, and self-efficacy (Chan,
2013). In collaborative physics problem-solving processes, students construct a physical model
of the problem task using their previous knowledge, learned on lectures and solve it in
interaction with each other and the instructor on seminar classes. Problem solving is a central
method of instruction in physics. A similar central instructional methodology has been reported
in mathematics education by Torner et al. (2007), due to its importance in today's increasingly
interconnected world (OECD, 2017). According to the Finnish national curriculum, learning
together stimulates curiosity and interest and promotes students' creative and critical thinking
and problem-solving skills, as well as their ability to understand different perspectives and
phenomena (FNBE, 2014). While solving problems, students argue, reason, and make
conclusions and new inventions about course contents (Haataja et al., 2019).

The role of instructors in collaborative problem-solving processes is mainly to assess and guide
students as they work (Stein et al., 2008). Studies carried out by Haataja et al. (2019), Rosales
etal. (2012), and Polya, (1957) pointed out the important role of instructors in helping students
to generalize their solutions to build a more abstract understanding of the situation. Haataja
(2019) conducted a review of the literature on scaffolding collaborative problem solving and
reported that Wood, Bruner, and Ross (1976) were the first to define scaffolding as the
instructor's guiding role in students' problem-solving learning process in order to help them to
achieve the learning goals in their Zone of Proximal Development - ZPD (Vygotsky, 1978). A
sufficient amount of proper scaffolding directs students' attention towards reaching the learning
objectives (Frith & Frith, 2012; Schnotz, 2010). According to Kirschner et al. (2006) and a
number of reviews of empirical studies conducted from 1950 to 1980s (Mayer, 2004) they
support direct, strong instructional guidance rather than constructivist-based minimal guidance
during the instruction of novice to intermediate learners. Unguided instructional is usually less
effective even for high-achieving students with considerable prior knowledge, where it is
most often found to be equally effective as unguided approach. There is also evidence that low-
achieving students develop higher order competencies with guided instruction (Yang, 2019).
Qualitative studies carried out by Aulls (2002) describe scaffolding as the most effective
instructional methodology introduced by teachers when their students failed to make learning
progress. He also reported that when students acquire misconceptions or incomplete or
disorganized knowledge scaffolding relevant procedures are the most efficient to correct them.
According to Van de Pol et al. (2010), scaffolding is a dependent interactive process between
the instructor and students. The instructor’ role in scaffolding students’ problem-solving
process becomes gradually less strong as students' actions and competence increase. Despite
the successful teaching strategy of cooperative learning in which small teams, each with
students of different levels of ability, use a variety of learning activities to improve their
understanding of a subject (Slavin, 1996), the right balance of guidance and autonomy is
individual as students have different kinds of needs (Haataja et al., 2019). High-achieving
students show normally more active involvement behaviour in learning activities than low-
achieving students. A variety of factors might influence students’ involvement in learning
activities. Research findings indicate that optimal learning takes place when learning activities
are meaningful, enjoyable, interesting, and challenging (Bransdford et al., 1990, Deci et al.,
1992). According to Astin (1984) and reported by Sak et al. (2012) involvement can be defined
as the amount of physical and psychological energy students devote to experience. For instance,
ideas, dreams, glandular responses, running, reading in silent etc are actions that are not overtly
observed, yet, they hold significant value influencing the overt behaviours (Shrestha, 2017).
Sak (2012) also argued that these behaviours can be implicit or explicit. Even though students
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engage in learning activities at a maximum level, their involvement behaviours can sometimes
be observable and unobservable in other occasions. As reported by Sak (2012) involvement
behaviours in learning activities might be of two types, overt behaviours and covert behaviours.
Overt behaviours are observable, including asking questions, raising hands, answering
questions, verbally criticizing ideas, writing thoughts, undertaking classroom assignments, and
participating in group discussions. Covert behaviours can be defined as unobservable ones,
such as thinking about problems, making connections and questioning issues in mind. As
reported by empirical studies of Eggen et al. (2003) and Ellis et al. (1994) the level of active
involvement in learning activities could be one of the best predictors of level of learning and
of academic achievement.

2. Research Methodology

2.1 Population

The population in this study was 36 sophomore students from Climatology subject (Fig. 1) who
studied in degree in Environmental Sciences and Technology at the Faculty of Sciences of the
University of Porto, in Portugal, during the 2018/19 academic year. The participants were
distributed almost evenly by gender, with 46% of females and 54% of males. The present work
investigated involvement behaviours in problem-solving classes, where a guided cooperative
instructional methodology was applied.

Figure 1. Students of Climatology at cooperative seminar classes (Source: credit: Climatology
instructor (2018/19-FCUP))

2.2 Research procedure and instrument

The research instrument used in this study was an online questionnaire titled “Observable and
Unobservable Student Involvement Behaviours (OUSIB)”, originally designed and tested by
Sak et al. (2012). It comprises 20 multiple-choice questions (see Tab. 1), which were divided
into two subscales: (1) Observable Involvement Behaviours; (2) Unobservable Involvement
Behaviours. The questionnaire has a five-point Likert scale with the format: strongly disagree
(SD), disagree (D), undecided (U), agree (A) and strongly agree (SA). In order to obtain a zero-
centred scale, the responses SA, A, U, D and SD were respectively assigned values of +2, +1,
0,-1,-2.
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Table 1.
OUSIB questionnaire (Sak et al., 2012)

Item Question Subscale
1 | ask questions to the teacher about topics s/he teaches. 1
2 | take notes about topics the teacher teaches. 1
3 | verbally answer questions. 1
4 | express my own ideas about topics being discussed. 1
5 I ask the teacher for elaborations and clarifications about topics | do not 1

understand well.
6 | give examples about topics under discussion. 1
7 | participate in class discussions. 1
8 1 ask the teacher to give examples while s/he is teaching. 1
9 lactively participate in group studies. 1
10 (Ijinitiate discussions about current issues, trends or news related to topics of the 1
ay.
11 I put the last touches on topics and discussions of the day in the class that | think 1
are incomplete.
12 1 try to find answers for questions the teacher and students ask. 2
13 | carefully listen to the teacher. 2
14 |1 try to make connections between what is talked and what we learn before. 2
15 I think and question in my mind about reasons and effects of issues being 5
discussed.
16 I try to understand learning activities of the lesson. 2
17 1try to grasp important points of topics being discussed in the lesson. 2
18 | pay attention to the teacher's gestures and mimics. 2
19 1 try to find examples from real life about topics being discussed in the lesson. 2
20 | try to understand the importance of topics in the life of living things. 2

The online OUSIB questionnaire was distributed to students using Moodle platform at the
University of Porto at the end of the academic semester.

3. Data Analysis

The data of the OUSIB survey were grouped and analysed using Excel. The mean and sample
standard deviation (STD) were calculated for each item. Percentages of disagreement,
undecided and agreement were also calculated. The percentage of agreement was determined
by adding the percentages of SA and A. The percentage of disagreement was obtained by
adding the percentages of SD and D. Mean, standard deviation (STD) and percentages for the
two subscales were also calculated. To validate the OUSIB questionnaire, we calculated the
Cronbach alpha for both subscales. We also calculated the correlation between students’
responses to the OUSIB questionnaire and their final grades, to assess any possible relationship
between their involvement behaviour in learning activities and academic achievement.

4. Research Findings
Table 2 shows the mean, standard deviation (STD) and percentages of agreement, undecided
and disagreement for the overall sample of OUSIB questionnaire.

Table 2.
Mean, standard deviation and percentages for the overall sample of OUSIB questionnaire

Item Subscale MEAN STD A+SA % U% D+SD %

1 1 1,08 0,49 92,3 7,7 0,0
2 1 1,62 0,65 92,3 7,7 0,0
3 1 0,92 0,64 76,9 23,1 0,0
4 1 0,69 0,95 53,8 38,5 7,7
5 1 1,15 0,69 84,6 154 0,0
6 1 0,23 1,09 46,2 30,8 23,1
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7 1 1,00 0,58 84,6 15,4 0,0
8 1 0,38 0,77 38,5 53,8 7,7
9 1 1,38 0,96 69,2 30,8 0,0
10 1 0,38 1,04 46,2 30,8 23,1
11 1 0,15 0,80 23,1 61,5 154
12 2 0,92 0,86 76,9 154 7,7
13 2 1,38 0,77 84,6 154 0,0
14 2 1,31 0,63 92,3 1,7 0,0
15 2 1,08 0,76 76,9 23,1 0,0
16 2 1,46 0,52 100,0 0,0 0,0
17 2 131 0,63 92,3 7,7 0,0
18 2 0,85 0,69 69,2 30,8 0,0
19 2 0,46 1,27 61,5 23,1 154
20 2 0,85 0,90 53,8 46,2 0,0

Data from subscale 1 (Observable Involvement Behaviours) shown in Table 2, indicate that the
highest percentage of agreement was 92.3% for items 1-2 and the lowest percentage of
agreement was 23.1% for item 11, which has the maximum percentage of undecided (61.5%).
This seems to indicate that most students routinely ask questions to the teacher and take notes
about topics s/he teaches, but do not clearly value contributing with the last touches to
classroom discussions.

Percentages of agreement for subscale 2 (Unobservable Involvement Behaviours) have a
minimum of 53.8% for item 20 and a maximum of 100% for item 16. The percentages of
disagreement are 0.0%, except for item 19 (15.4%). This suggests that students’ unobservable
involvement behaviours are quite common.

The obtained Cronbach’s alphas were 0.85 for subscale 1 and 0.81 for subscale 2 (see Tab. 3).
We note that a Cronbach alpha of 0.70 is generally considered acceptable for a reliable scale.
The data show no evidence for a possible relationship between students’ responses and their
final grades, as can be inferred from the low correlations (GRADE CORR) of -0.12 and -0.09
obtained for subscales 1 and 2, respectively.

Table 3.
Mean, standard deviation, Cronbach alpha and correlation with final grades for both subscales of
OUSIB questionnaire

Subscale MEAN STD ALPHA GRADE CORR
1 Observable Involvement Behaviours 0,82 0,79 0,85 -0,12
2 Unobservable Involvement Behaviours 1,07 0,78 0,81 -0,09

5. Discussion and Conclusion

This study aimed at studying students’ observable and unobservable involvement behaviours
in learning activities of problem-solving classes of Climatology course and at assessing any
possible relationship with students’ academic achievement. The collected data show that
unobservable involvement behaviours are more frequent than the observable ones. This may
reflect the difficulties that most students face in understanding the course contents, which likely
triggers their introspective (unobservable) in detriment of their observable involvement
behaviour.

We notice that most of the Climatology syllabus consists of new subjects for which students
generally have no prior knowledge or experience. It may constitute a great challenge for
students being able to provide regular observable feedback during an entire problem-solving
class. Moreover, there is a common tendency for high-grade students to prepare the classes in
advance and involve less both observably and unobservably in classroom activities. Therefore,
it is no surprise that we found no significant correlation between students’ final grades and
their replies for both subscales of the OUSIB questionnaire.
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In the sequence of this work, we plan to extend the study of observable and unobservable
involvement behaviours to students from other courses.
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