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Abstract This research aimed at identifying student profiles of perceptions by means of
a clustering method using a validated questionnaire. These profiles describe students’
attraction to science and technology (S&T) studies and careers as a variable driven by
school S&T self-concept and interest in school S&T. In addition to three rather predict-
able student profiles (confident enthusiast, average ambitious, and pessimistic dropout),
the fourth fairly well-populated profile called confident indifferent was produced. Our
second and third research questions allowed us to describe each profile in terms of the
instructional methods to which their population was exposed (including the degree to
which they were actively involved) and the instructional methods to which they would
like more exposure. An analysis of the evolution of the profiles’ population over time
is also presented. The results suggest that pedagogical variety and active involvement in
the decision to pursue S&T are important. The perception of the utility and importance
of S&T both in and out of school may also play an important role in these decisions.
Minor pedagogical preferences were also found in certain age groups.
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Context
Positive Constructs of Perceptions Have Positive Outcomes on Learning

Opver the years, numerous studies in the science education field have focused on the importance of
the connection between students’ perceptions and the content knowledge to be learned.
Researchers used a wide variety of constructs to structure these research efforts. According to
Potvin and Hasni (2014b), the main constructs used (from most to least common) are as follows:

1. Attitude is not always well-defined but usually consists of three components (affective,
cognitive, and behavioral) and generally refers to Koballa and Crawley (1985)).

2. Interest focuses on the particular nature of the objects to be learned and often refers to Hidi
and colleagues’ work, “In person-object theory (Hidi and Renninger 2006; Renninger and
Hidi 2011), interest is seen as a dynamic relationship between a person and a specific
object. This object may be a generic object, such as the school subject of science, or it may
be a specific scientific phenomenon or concept” (Olsen and Lie 2011, p. 99).

3. Motivation focuses on the goals or the reasons that explain the behavior and refers to
Bandura’s tradition of research. Most of the time, literature shows that researchers prefer
the “intrinsic” aspect of motivation to that which is external to the object to be learned
(grades, incentives, etc.) (Corpus and Wormington 2014, p. 496).

Other perceptual constructs have also been argued to improve our understanding of the
learner/content interaction. For example, science self-concept (Taskinen et al. 2013), enjoyment
(Ainley and Ainley 2011), identity as a scientist (Robnett et al. 2015), taste for science
(Anderhag et al. 2015), and even pride and triumph (Bellocchi and Ritchie 2015) were used
recently. In most cases, such constructs were either hypothesized or confirmed as having a
major effect on learning or achievement in science (Bong et al. 2015; Corpus and Wormington
2014; Jurisevic et al. 2012; Korpershoek and Kuyper 2015; Oliver and Simpson 1988; Olsen
and Lie 2011; Singh et al. 2002).

Many of these constructs have also been studied to see how they predict each other. Most of
the time, they do (Agranovich and Assaraf 2013; Bong et al. 2015; Glynn et al. 2015; Hasni
and Potvin 2015), but not always strongly. This suggests that despite partially overlapping
each other (or in some cases being the cause of each other), they also display certain
fundamental disparities. However, regardless of the measured construct, positive links between
learners’ perceptions and content are most certainly and generally considered desirable from an
educational standpoint.

Perceptual Factors and the Intention to Pursue Science

Perceptual factors were also found to have an impact on the possible attraction (or intention) to
pursue further studies and a career in science. However, fewer constructs about perceptions
were used, and it appears that individual interest and [science] self-concept are more common
than other constructs—even more common than the usually popular attitude. 1t is not
surprising that both of them are correlated with the intention to pursue science.

Interest is undisputedly the strongest predictor (Bong et al. 2015; Taskinen et al. 2013);
however, self-concept (or self-efficacy) is also considered very important, although its role and
fluctuations are less clear. In a strong longitudinal study, Bong et al. (2015) showed that self-
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concept is less stable over time than inferest, and that interest is a better causal predictor of self-
efficacy than the other way around. These results suggest that self-concept is more sensitive
and less resistant to school experience than interest. Furthermore, in another longitudinal study,
Robnett et al. (2015) showed that self-concept can be influenced by the quality of scientific
research experience, which in turn predicts identity as a scientist. In the study, self-concept was
understood as a mediator (p. 863) between scientific activities and identity as a scientist.

While self-concept appears to be more strongly correlated with interest in math and science
than in any other subject matter, it is also more volatile. For example, some individuals have
good self-concept without necessarily showing interest (Bong etal. 2015, p. 37). In other words,
students who believe they are good—or feel strong—in S&T compared to other students or
compared to their own skill level in other areas do not necessarily feel drawn to the topic.

Nevertheless, self-concept is still considered very important, “most predictive” (Mau 2003,
p. 240), “strong predictor” (Hasni and Potvin 2015, p.356), or “extremely salient” (Taskinen
etal. 2013, p. 719), when it comes time to choose a career (Hackett 1995; Oliver and Simpson
1988). Bong et al. (2015, p. 33) also argue that, in the end, “students need both interest and
self-efficacy to enter [...] science.”

Unfortunately, research efforts have also shown that “while they follow their school paths,
students generally see [science] as becoming more difficult and less gratifying (self-concept)”
(Potvin & Hasni 2014a, p. 796). The question of how to improve interest and self-concept in
schools is therefore as important as ever.

Perceptual Factors Can Be Improved Through Proper Instruction

Many of the factors that predict perceptual constructs have nothing to do with school. While parent
involvement and the motivational practices they use (Gottfried et al. 1994) are among the most
important, some factors are specific to school science, such as the amount of time parents spend
talking to their children about school science activities or how often the family attends science-based
cultural activities (Hasni and Potvin 2015). No matter how strong the factors are, it might appear
more difficult to exert an influence on them. Fortunately, what happens in school nevertheless
appears to have an important impact on perceptual constructs. The quality and type of instructional
methods and other “[...] school factors [are] highly relevant for students’ interest in science and
science self-concept” (Taskinen et al. 2013, p. 717). According to Turner et al. (2015), interest “is
not an individual creation; it emerges from the interaction of teachers, students, and content” (p.
245). “Contextualization” (Hasni and Potvin 2015, p. 357; Potvin and Hasni 2014b) or focusing on
“real-life applications” (Taskinen et al. 2013, p. 727), relevance, and meaningfulness (Turner et al.
2015, p. 254) appear to be very important characteristics of instructional methods that develop
factors that concern perceptions. Activities that are “challenging” and that allow students to “self-
confirm their understanding” also appear to have a very positive effect (Bellocchi and Ritchie 2015,
p. 657). Finally, the “degree of student involvement” (Hasni and Potvin 2015, p. 357) in
inquiry processes also appears to have positive outcomes (whereas simple practical work has
less). In the same publication (Hasni and Potvin 2015), the same data as used in this study was
used to identify participants’ general pedagogical preferences. They included (from most to least
popular) “observations, practical work, and experiments”; “projects”; and “field trips.” Those
that were least popular included (starting with the least popular) “mathematical calculations,”
“exercises in handouts or workbooks,” and “oral presentations.”

There is extensive research literature that strives to reveal or confirm what makes up
motivating instructional practices. Few studies, however, look at the effects on perceptions
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that instructional practices have on different types of learners. Gender and age differences are
occasionally explored but significant differences appear rather difficult to record (Belcheir
1998; Hasni and Potvin 2015). It remains plausible that certain motivational profiles of
students can be explained by the instructional methods that were used with them or simply
by the fact that they have different pedagogical preferences.

Learners Respond Differently to Instruction

“A given instructional enhancement might ‘turn on’ one student and ‘turn off” another student at
the same time” (Durik et al. 2015, p. 49). Along the same lines, Durik et al. (2015, p. 51) argues
that “[t]he challenge for researchers and teachers is to identify instructional enhancements that
can maintain or amplify the motivation of those with existing high individual interest as well as
cultivate the motivation of those with low individual interest”, and Maltese and Harsh (2015)
also insist that “simply put, merely because there is evidence that a given intervention works to
increase interest for certain students does not mean that it will work for all their peers” (p. 219).

Such differences have been recorded in the past, for instance, “variables that catch attention
by way of novelty, uncertainty, and humor may be more effective for raising situational interest
of learners with low versus high individual interest” (Durik et al. 2015, p. 51). Hidi and
Renninger also suggest that the level of interest can interfere in complex and unpredictable
ways. They give the interesting and plausible example that “[w]ith more developed interest,
the learner has more knowledge, and therefore information that is already known will not be a
trigger for interest” (Hidi et al. 2015).

The relationship between perceptual constructs and certain instructional methods is prob-
ably more complex than merely linear, as implicitly suggested in most research efforts on the
topic. We therefore suggest that it may be more fruitful to establish profiles of perceptions
(using the most commonly used variables) than to merely consider scores.

Research Questions

1. What relevant S&T profiles of perceptions of students can be established using cluster
methods?

2. What can be inferred about the students with these profiles in terms of (a) other common
perceptual constructs, (b) the instructional methods to which they have been exposed (and
especially, (c) with which they have been given active responsibilities in learning?); and
(d) the instructional methods to which they would like more exposure?

3. What is the distribution of students by an age group in these profiles?

The answers to these questions should help educators and politicians identify which
methods to use and when in order to encourage students to seriously consider pursuing S&T.

Methods
Instrument

We used CRIJEST’s general questionnaire (GQ), which contains 139 questions on interest in
science and technology and has been validated and used in previous studies (Hasni and Potvin
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2015; Potvin and Hasni 2014a). For feasibility purposes, the Likert-type questionnaire was
originally split into two subversions: one for students whose last name begins with the letters A
to J (called the AJ questionnaire) and the second one called KZ. About half of the questions were
the same, and the other half was different. As a result, when the analysis looked at an item that
only appeared in one questionnaire, it only accounted for half of the participants.

The GQ measures classical perceptual constructs such as interest in school S&T, which is
the average of the results from five selected items [101, 102, 103 (reversed), 104, and 105
(reversed) (Cronbach’s a = 0.89)]; importance of out-of-school S&T, which is the average of the
results from five items [28 (reversed), 29, 30, 31, and 32 (Cronbach’s a = 0.76)]; utility of out-
of-school S&T for society, which is the average of the results from four items [24, 25, 26, and 27
(Cronbach’s a = 0.68)]; utility of school S&T for everyday life, which is the average of the
results from four items [109 (reversed), 110, 111, 112 (Cronbach’s a = 0.65)]; easiness of school
S&T, which is the average of the results from six items [52, 63, 64, 65, 66, and 67 (all reversed)
(Cronbach’s a = 0.83)]; school S&T self-concept, which is the average of the results from six
items [18, 19, 20, 21, 22, and 23 (reversed) (Cronbach’s a = 0.82)]; and attraction to S&T
studies and careers, which is the average of the results from six items [130, 131 (reversed), 134,
135 (reversed), 136, and 137 (reversed) (Cronbach’s a = 0.91)]. Given alphas are calculated
using all available answers. For a complete list of these items, see Potvin and Hasni (2014a).

We will however only use interest in school S&T and S&T self-concept to determine a
cluster solution as these are the most frequently used constructs in research efforts about the
attraction to S&T studies and careers. This will provide a better basis of comparison with other
existing studies. The other perceptual constructs will nevertheless be used later on to describe
the characteristics of each student profile.

The questionnaire also contains instructional method frequency scales and pedagogical
preference questions. For instance, the frequency question “In S&T classes, we [do projects]”
used a six- (and occasionally four-) point scale ranging from “never” to “very often.” Other
frequency scales were added to determine how often teachers give students active responsi-
bilities in class. For instructional method preferences, questions like “In S&T, I would like to
do more [oral presentations]” used a six-point scale ranging from “strongly disagree” to
“strongly agree.”

These frequency and preference scales were used to test the following instructional
methods: “listening to the teacher giving explanations at the front of the class,” “making
observations and doing practical work and experiments,” “giving oral presentations,”
“learning by discussing with other students and the teacher,” “using textbooks or websites,”
“exercises in handouts or workbooks,” “projects,” “field trips (museums, parks),” “hosting
guest speakers who talk about science or careers,” “watching documentaries,” “participating
in science fairs with the teacher’s support,” and “doing mathematical calculations.” These
instructional methods were selected by a panel of two science education specialists based on
those found in important articles (Juuti et al. 2010; Owen et al. 2008; Swarat et al. 2012). They
were also asked to choose methods that were representative of Quebec S&T classes without
being too heavy. Frequency scales were used to test the active participation when “encouraged
to propose scientific explanations to other students and the teacher,” “helping choose problems
to be solved (during experiments or when building technical objects),” and “choosing which
steps to take” and “which materials to use.” Three scales about “looking for new information
(in books or online),” “doing experiments or practical work,” and “analyzing results” used a
six-point frequency scale ranging from “the teacher always does it” to “I’'m always the one
who does it” to show what the teacher does versus the students.

9 <
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Participants

The participants (Table 1) consisted of 1451 French-speaking girls and 1189 French-
speaking boys [total N = 2640 usable questionnaires (with consent)] in grades 5 through
11 from 40 greater Montreal schools that belong to five of Quebec’s biggest school
boards. The directors of educational services from these school boards, academic advi-
sors, and elementary and science teachers identified these students as being “typical or
representative” classes. The questionnaire was administered during class time with the
permission of the teachers who agreed to make up for the lost time during other periods.
Once the classes were identified, the teachers were instructed to play a short video about
the project and read the instructions out loud to the class. The students were then given
approximately 30 min (and sometimes a little more) to complete the questionnaire. While
the teachers were instructed not to influence the students, they were also told they could
offer help when asked.

Analysis

To answer the first research question, A-means clustering was obtained using the two-step
function in the IBM SPSS Statistics 22.0 software. k-means clustering is a “method of cluster
analysis that aims to partition n observations into k clusters in which each observation belongs
to the cluster with the nearest mean” (JuriSevic et al. 2012, p. 240). Cluster analysis is also
defined as a “generic term for methods aiming to cluster individual cases (or variables) into
larger groups, which at the same time are similar to cases within the group and dissimilar to
cases outside the group. These properties of a cluster can be referred to as internal cohesion
and external isolation” (Olsen and Lie 2011, p. 103). Also, refer to Baram-Tsabari et al. (2009,
p- 1008) for similar definitions in science education research in which the Euclidean distances
are used to establish cohesion and isolation. This method was also used successfully for studies
that strive to establish clusters of magnitudes (JuriSevi€ et al. 2012; Korpershoek and Kuyper
2015) or types (extrinsic/intrinsic) (Corpus and Wormington 2014) of motivation, different
orientation profiles (Baram-Tsabari and Yarden 2009), and even “green”/techno/interest pref-
erence profiles (Haste 2004).

Unfortunately, according to Olsen and Lie (2011), “There is no clear advice in the literature
for how to document the validity of a cluster analysis” (p.106). They do however suggest the
following criteria to determine the validity of procedures of this type:

*  “A stable cluster structure is not affected by the removal of a few points [...];

* the clusters obtained in [the] analysis are comparable to similar studies undertaken on
similar kinds of datasets;

» the stability of the method is studied by carrying out the analysis with other proximity
measures and other clustering methods; and

Table 1 The participants

Grade 5 6 7 8 9 10 11 Total
N 310 419 506 151 607 459 188 2640
% 11.7 15.9 19.2 5.7 23.0 17.4 7.1 100.0
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* it should be possible to conceptualise the clusters by some overarching and unifying
concept that in turn may be reflected by a descriptive label” (Olsen and Lie 2011, p. 106).

Our clustering solution was obtained by exploring the different possible combinations of
the characteristics identified as being the most important and relevant in the context section,
namely S&T self-concept, interest in school S&T, and attraction to S&T studies and careers.

To answer questions 2a to 2d, ¢ tests were performed for each factor or item comparing
students from each profile with students that do not belong to it in order to see how these
students differ from the rest and not how they differ from each other, like a general one-way
ANOVA could have done. We also sometimes performed ¢ tests between clusters when it
helped explain major differences between “cousin clusters.” This was done using the ANOVA
procedure. A MANOVA analysis was not possible since the participants did not answer every
item (there were two questionnaires: AJ and KZ). To avoid type 1 errors (incorrect rejection of
a true null hypothesis), we focused on results for which p < .01, instead of the usual p < .05.
However, we did not completely exclude cases when .01 < p < .05 from the discussion, but
included them with much caution (also because lowering the signification threshold can
increase type 2 errors). We also calculated and included Cohen’s ds in the discussion. This
allowed for a description that shows both statistical significance and a substantial effect size.

Finally, to answer question 3, we created a percentage diagram to give an overview of the
distribution of students from each profile. For the sake of clarity, we grouped the elementary
students (grades 5 and 6) together, those in early secondary school (grades 7, 8, and 9), and
those in late secondary school (grades 10 and 11). This gave a general idea of relatively equally
populated groups without the small and statistically more fragile year-to-year variations that
are not necessarily insightful for educators.

Results and Interpretation
Establishing Profiles (Clusters) (Research Question 1)

The first two-step cluster analysis examined interest in school S&T (ISS) and attraction to S&T
studies and careers (ASC). The result was two rather predictable clusters, where ISS and ASC
were either both high or both low. Constraining the analysis to produce three and four clusters
only leads to the addition of intermediary clusters, confirming the collinearity of the two
constructs already reported in the literature (see the context section). It also weakened the
structure cohesion.

The second two-step cluster analysis involved S&T self-concept (SSC) and ASC. The
results were a little surprising, as a four-cluster solution was produced without constraining
the number of clusters. Figure 1 describes the distribution of participants within the four
profiles for each one of the two relevant variables and the numbers as well as percentages of
participants within each cluster. The total number of participants does not entirely fit the total
number of tested participants due to a few missing answers. The Silhouette measure of
cohesion and separation was 0.50, which is between fair and good (Kaufmanm and
Rousseeuw 2009). This clustering solution therefore suggests a more complex than linear
relation between ASC and SSC seeing that it created an unusual but rather well-populated
cluster (26.9% of all participants) with high SSC and low ASC (cluster 2, Fig. 1) with fairly
interesting participant distribution among the clusters (approximately a quarter in each).
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Class 1 2 3 4
% of participants 26.2% 26.9% 27.6% 19.3%
(N) (606) (621) (638) (447)

Attraction to S&T

studies and
careers (ASC)
School S&T self-
concept (SSC) . .

Fig. 1 Relative distribution of participants in the ASC/SSC cluster solution

Limiting it to more clusters did not produce an interpretable solution but weakened the
structure cohesion and created a distribution of participants that was even less even.

The third two-step cluster analysis involving all three variables was conducted and revealed
a rather unsurprising two-cluster solution where the factors were either all weak or all strong.
Constraining the analysis to three clusters only added an intermediary cluster. Constraining the
analysis to four clusters added a similar pattern as with the previous analysis, however, with a
weaker Silhouette measure of cohesion and separation (fair 0.4) and with fewer participants
(ISS only appeared in the AJ questionnaire). Constraining more clusters did not make it easier
to interpret and lead to weakened structure cohesion. In light of these observations, we decided
to pursue our analysis using the results from the second cluster analysis (Fig. 1).

This cluster analysis meets Olsen and Lie’s criteria for a valid solution: (1) our cluster solution
withstood the removal of as much as 30% of participants (removed at random); (2) the clusters
obtained allowed us to better understand similar results using similar kinds of datasets because
they explain why self-concept is less correlated with attraction to studies and careers than interest,
all the while remaining relevant; (3) we conducted other cluster analyses with proximity con-
structs (like perceived easiness of S&T in the place of self-concept) and equivalent patterns were
produced (we also tested our data with a hierarchical cluster method with convergent results); and
(4) the clusters could be conceptualized by unifying concepts that in turn were easily given
intelligible and relevant descriptive labels. These labels appear in the next section as subtitles as
we proceed to a more thorough description of each profile. The established profiles allowed us to
perform ANOVAS on all constructs and items, which were all found to be statistically significant,
except for items about the desire for more observations, practical work, and experiments and
projects. Some of the relevant post hoc results from this procedure were also used to discuss
interesting differences between certain profiles with important similarities.

The Four Profiles (Research Questions 2a, b, ¢, and d)

The following paragraphs contain written (instead of large tables) descriptions and ¢ test
results. Except in cases when explicit specifications are given, the expression “significant”
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will always mean that the results from ¢ tests produced a p value equal to or less than .01.
When “large”, “medium”, and “small” are used to describe the significant differences
observed, they will always systematically refer to Cohen’s standards, in which the d values
are greater than 0.8, 0.5, and 0.2, respectively (Cohen 1988). With the exception of a few
thoroughly discussed results, all differences presented between participants from our profiles
(compared to all others) can be presumed to conform to both criterions of significance and of at
least small magnitude. All differences that conform to this twofold requirement are included in
the discussion as well as those that do not simply appear in the descriptions, except for a few
relevant cases where the lack of possible contrast could make a point. When useful, a few
interesting differences between neighboring profiles (instead of one profile vs. the rest of
participants) are included in the descriptions (with the ANOVA procedure).

The Confident Enthusiast (Cluster 1)

Just over a quarter (26.2%) of the participants can be qualified as “confident enthusiasts,” i.e.,
having very strong school S&T self-concept and attraction to S&T studies and careers. t tests
reveal that they differ greatly from participants in the other clusters (d = 2.77 and d = 3.77,
respectively). They present at least large and positive differences in interest, perceived
easiness, and preference of S&T over other subjects. These students are also largely more
convinced of the importance and utility of out-of-school S&T and of the utility of school S&T
for real life (medium effect). This cluster has significantly more boys than girls, although this
difference is below small. These students appear to be almost unconditionally positive about
S&T.

There are almost always small positive frequency differences in the instructional methods
and experiences that students from this cluster were subjected to. They claim to do more
observations, practical work, and experiments; discussions; [consulting of-] textbooks and
websites; projects; field trips, hosting guest speakers; watching documentaries; and partici-
pating in science fairs. They also claim to do more mathematical calculations and to listen
more often (than others) to the feachers’ explanations. Oral presentations are the only item
with no difference in frequency. These results are somewhat puzzling as it would seem
impossible for students from cluster 1 to do more of all of these activities since they spend
the same amount of time in school as other students. This very positive result may therefore be
due to a bias for S&T schooling or to the students being more sensitive to what happens in their
S&T class. Another hypothesis is that these students had more exposure to active instructional
methods. Indeed, while our list of items covers a large number of instructional methods, it is
not representative of the usual distribution of time in class but rather of all the possibilities that
active methods can provide. Another argument in favor of this interpretation is that these
students scored higher (small effects every time) in all seven items about the active role of
students (proposing explanations, choosing problems to be solved, choosing which steps to
take and materials to use) and in the three items comparing responsibilities [what students do
vs. what the teacher does (see Instrument section for these items)]. We also believe that our
positive results could also be partly attributable to exposure to a wider variety of instructional
methods.

According to the results for the instructional methods to which confident enthusiasts would
like more exposure, there are small (and positive) differences (compared with all other
students) regarding discussions, watching documentaries, and science fairs but also oral
presentations, mathematical calculations, and listening to the teacher’s explanations.

@ Springer



Res Sci Educ

Considering the average student’s aversion to the last three methods on this list (Hasni and
Potvin 2015), it is not hard to imagine that positive differences merely mean that cluster 1
students are more resilient to these methods or that their teachers found ways to make these
activities more enjoyable.

We therefore believe that in order to (should we ever want to) encourage confident
enthusiasts to pursue S&T, the S&T classrooms would have to remain status quo, except for
a possible increase in discussions, documentaries, and science fairs.

The Confident Indifferent (Cluster 2)

A fairly large proportion (26.9%) of our participants can be labeled as being confident
indifferent. In this cluster, there was no statistical difference between boys and girls. This
cluster is the most surprising: the students have a high S&T self-concept but no intention to
pursue S&T studies or careers, and yet they have no statistically significant difference in
interest from the others. Nonetheless, compared to all other students statistically, they have
large advantages in self-concept (and in perceived easiness) all the while having a strong
aversion (d = —1.69) to eventually pursuing S&T. One hypothesis for this rejection might be
found in the negative, yet small, distinction when they answer items regarding the wufility of
S&T for real life and the importance of out-of-school S&T. Another hypothesis might be in the
answer given to our questions about their preference of S&T over [other school subject] and
therefore to the fact that they simply might be more drawn to “other than science” disciplines
(d=-0.32).

When comparing confident indifferent students with other students as a whole, there was no
frequency difference in any instructional methods, except projects, which they have done
slightly less frequently (small). Furthermore, there were no detectable differences in their
desire for instructional methods. Our analysis therefore does not provide educators with any
clues about what they can do in class to attract these students to studies and possible careers in
S&T besides working on convincing them about the importance and utility of S&T. This may
be the key to convince this group of students that S&T studies and careers are worth a try.

We also believe that confident indifferent students are mainly responsible for the fact that
the S&T self-concept is not as good a predictor of attraction to S&T studies and careers as
interest.

The Average Ambitious (Cluster 3)

ANOVA tests cannot confirm that cluster 3 students (27.6% of our participants) are
different from cluster 2 students in terms of interest in school S&T (or from all other
students, according to ¢ tests). However, their self~concept (d = —1.06) and perceived
easiness (d = —0.33) are weaker than the rest of participants. Under these circumstances, it
is surprising that they are much more attracted to S&T studies and careers (d = 0.92). This
could be partially explained by their more, yet small positive perception of the importance
of out-of-school S&T (d = 0.19). Unfortunately, no other constructs, nor our items about
instructional method frequency or desire, provide insight on what makes this cluster
different from the rest. In fact, these students seem to have been exposed to average
instructional methods in the past and display usual pedagogical preferences for future
experiences. This cluster contains a significantly higher number of young girls than boys
but to a lower than small extent (d = —0.10).
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We call these students average ambitious because they are difficult to distinguish from the rest
of students, all the while still being fairly attracted to S&T studies and careers. We also call them
this because they are slightly more dispersed in terms of self-concept than the other clusters (see
Fig. 1), which suggests that their positive—and somehow difficult to explain—large ASC holds
this cluster together. Since the fundamental difference between these students and the confident
indifferent group appears not to be in terms of interest nor in self-concept, it is possible that the
importance of out-of-school S&T variable plays an important (and possibly causal) part in the
very large difference between clusters 2 and 3 in terms of intentions to pursue.

The Pessimistic Dropout (Cluster 4)

The students in cluster 4 (19.7% of participants) had negative results for most constructs. It is
not surprising that both their S&T self-concept and their attraction to S&T studies and careers
have negative differences compared with others students. But these differences appear to be of
very large magnitude (d = —2.48 and d = —1.67, respectively). These students largely prefer
other subjects to S&T (d = —1.15). They find S&T very difficult (easiness d = —1.00). They do
not find S&T useful for their personal life (d = —0.57) or their out-of-school life (d = —0.62),
and they find it to be largely unimportant (d = —1.09). Basically, they are largely uninterested
in S&T (d = —1.00). This cluster has more young girls than boys (difference of small
magnitude).

With regard to the instructional methods to which these students have been exposed, all
items show negative and small or medium differences, except mathematic calculations and
exercises in handouts or workbooks. This suggests that the pedagogy they were exposed to
lacked variety and active involvement most of the time. In fact, all seven items about active
involvement also had negative differences (small and medium) compared with those in
students from other clusters, including the three items that compare what students do with
what the teacher does. Compared with other students, this cluster strongly perceives S&T
schooling as mainly passive activities, exercises, and calculations.

When asked what they would like to see more of in S&T classes, their answers were often
no different (according to our criteria) from the students in the other clusters, except for oral
presentations, textbooks and websites, and science fairs, which had small and negative
preference differences. Finally, and not surprisingly, they also expressed that they would like
to have less exercises in handouts or workbooks and mathematical calculations (small
differences).

It is possible that our “pessimistic dropout” students have such a negative bias towards
S&T that it negatively contaminated other items. However, upon examining their results as a
whole, there are interesting divergences between certain items that suggest that they probably
took the questionnaire seriously. In that case, it would be difficult not to at least partially blame
their attitude on instructional methods. This is different from cluster 2 students for whom the
instructional method frequency and desires were difficult to distinguish from those of other
clusters.

Distribution of Students in the Different Age Groups from the Four Profiles
(Research Question 3)

Figure 2 provides an overview of the distribution of students from each profile in the different
age groups.

@ Springer



Res Sci Educ

1- Confident enthusiast

2- Confident indifferent

M 3- Average ambitious

4- Pessimistic dropout

Last two years of First three years Last two years of
primary school of secondary secondary school
(grades 5-6) school (grades 7- (grades 10-11)
8-9)

Fig. 2 Percentages of students for each cluster in the different age groups
Discussion

In this research, we tried to go beyond simply establishing linear relationships between the most
commonly used variables that best describe the intentions to pursue. Our four-cluster solution
allowed us to confirm that this underlying hypothesis was correct, at least in the case of science
and technology self-concept. Indeed, while interest clearly has proportional effects on ASC,
students with high self-concept are not necessarily as drawn to S&T studies and careers. Some
of them form a special, fairly well-populated (26.2%) category with a fairly strong self~concept
and a stronger inclination for other subject matters. This cluster, we believe, might explain why
self-concept was not as clearly predictive as interest in other research efforts. While our research
supports that “students need both interest and self-efficacy to enter [...] science” (Hasni and
Potvin 2015, p.33), it is not clear that students need both a weak self-concept and weak interest
to reject the possibility. Also, some students (like those in cluster 3) do not seem to need the best
self-concept scores to seriously consider studies and careers in S&T.

We believe that our cluster approach, especially given that an important and rather
unexpected cluster (cluster 2) was revealed, is interesting in that it shows that simpler methods
that presume linearity have limits and might not be ideal for identifying the best instructional
methods for all types of students.

The Perceived Importance and Utility of S&T

Our cluster solution was based on S& Tself-concept and attraction to S&T studies and careers.
It is therefore trivial that these constructs display convergent differences among clusters. It is
not surprising that perceived easiness of school S&T generally goes hand in hand with self-
concept and, as previously discussed, interest in school S&T, with attraction to S&T studies
and careers. Perhaps, a little more unexpected are the effects of perceived wtility and
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importance of out-of-school science and utility of school S&T for real life. Differences in these
constructs appear to be explanatory of the gap between confident enthusiastic and confident
indifferent participants, not just when compared using ANOVAS but also when compared with
all non-belonging participants (for instance, when ¢ tests are performed with cluster 1 and non-
cluster 1 participants). Confident indifferent participants can also be (negatively) distinguished
from average ambitious participants in perceived importance, although they have
undistinguishable self-concepts. As for pessimistic dropouts, their negative distinction for
these matters (all of large magnitudes) is not surprising. We therefore believe that our cluster
method allowed us to understand that perceived importance and utility could benefit from
further investigation should we want to encourage students to consider pursuing S&T. It is
possible that the importance of such constructs had been somehow overlooked in the past
because of the noise that the less-than-linear behavior of self-concept might have bring to
correlational studies. We believe this interpretation supports the hypothesis that contextualized
teaching approaches which make strong links between school S&T and real life (Allaire-
Duquette et al. 2014; Krapp and Prenzel 2011; Potvin and Hasni 2014b) could help encourage
students to pursue S&T. It also reminds teachers to think about ways to convince their students
of the tangible consequences that S&T can have on their everyday lives and on society in
general.

Comments About the Instructional Methods to Which Our Participants
Were Exposed

Our analysis was unable to establish distinctions in the instructional methods to which students
from clusters 2 and 3 were exposed, except projects, which confident indifferent participants
appear to have done less of. We therefore believe that our results support our conclusion that
perceived importance and utility could be a key difference in the attraction to S&T studies and
careers. Projects could also potentially convince students that S&T is useful and important for
real-life issues.

Our findings are more conclusive when confident enthusiasts are compared with
pessimistic dropouts. The differences are more striking: confident enthusiasts appear to
have been exposed to a much wider variety of instructional practices, including many that
are non-traditional. They also had more exposure to students’ preferred methods, such as
observations, practical work, and experiments (Hasni and Potvin 2015), but paradoxically,
also to those usually less popular, such as mathematical calculations and teacher’s expla-
nations. These students were also given active roles in learning (choosing which steps to
take, being encouraged to propose explanations, etc.) more often than others (and not only
more often than cluster 4 students).

Pessimistic dropouts had a much more traditional educational background. All instructional
method items have small (but also sometimes medium) negative differences, except for
mathematic calculations and exercises in handouts or workbooks. We therefore believe that
these results are due to a lack of variety and a clear focus on some of the least popular methods
(Hasni and Potvin 2015). It is therefore not surprising that these students perceive their role in
class as passive (based on the results from items about active involvement) and that their
teachers have more decision-making power on what happens in the class.

We believe that our analysis, especially that about clusters 1 and 2, is in line with many
results reported elsewhere about the importance of instructional methods for the development
of positive perceptions and the desire to pursue. The effects of novelty, active involvement, and
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the use of non-traditional methods appear to produce both positive and (sometimes very large)
negative effects on certain students. However, since our intermediary and very well-populated
(total of 54.5% of our participants) clusters (clusters 2 and 3) do not seem to be distinguishable
from other students in terms of their exposure to instructional methods, we must acknowledge
that pedagogical choices might not have much of an effect on them. Of course, students from
clusters 2 and 3 could be converted into cluster 1 students (or students from cluster 4 to other
profiles), but in this case, we believe that simply increasing the variety and using popular
methods, such as observations, practical work, and experiments; projects; and field trips,
could be beneficial.

Comments About the Instructional Methods to Which Our Participants Would Like
More Exposure

We believe that our analysis of the “instructional methods to which our participants
would like more exposure” items sheds light on how to encourage students to pursue
S&T. However, as this is the case of the frequency of instructional methods, the analysis
of their desire for certain instructional methods does not allow us to differentiate between
the students in clusters 2 and 3. This further suggests that ordinary preferences could
contribute to their interest and ASC. However, we find interesting differences in clusters
1 and 4. Confident enthusiasts, for instance, appear to want more oral presentations,
calculations, and teacher explanations. As these methods are usually among the least
popular, we believe that either students from these profiles are more resilient to these
methods (student-based hypothesis) or their teachers make these activities more interest-
ing. We believe that further investigations about these particular students are needed to
weigh the relative importance of these hypotheses and how resilience or “interesting”
oral presentations, calculations, and listening are experienced and can be generated. To
secure the presence of confident enthusiasts (cluster 1), we suggest having more discus-
sions, documentary viewing, and science fairs, as they seem to prefer these more than
non-cluster 1 students. On the other hand, pessimistic dropouts, as for their expressed
pedagogical desires, are not easily distinguishable from other students, except when it
comes to oral presentations, using textbooks or websites, and science fairs, which seem
to be the least popular. We would therefore advise against using these instructional
methods should educators wish to reduce the number of cluster 4 students.

Based on our analysis of each cluster’s pedagogical frequencies, desires, and other con-
structs, we suggest the following course of action to make students attracted to or more
attracted to S&T studies and careers: (a) use a wider variety of instructional methods and
actively involve students; (b) enhance the perceived importance and/or utility of S&T for real
life; (c) use more instructional methods such as observations, practical work and experiments,
and fields trips; and possibly (d) projects. For cluster 1 students, it could be beneficial to (e)
continue using oral presentations, calculations, and teacher explanations, as they are popular
with these students. Increasing the discussions, documentaries, and participation in science
fairs should also be considered for these students. To decrease the population of cluster 4
students, it might be more pressing to (f) have less oral presentations, consult less textbooks
and websites, and participate in less science fairs. Based on our research, Fig. 3 integrates our
previous suggestions (a through f) and shows our interpretation of what educators should focus
on if they want to encourage their students (or some of their students) to migrate to a more
positive cluster.
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Fig. 3 Helping students move y
from one cluster to another (refer
to the preceding text for a more
thorough interpretation of a
through /) Cluster 1

Confident enthusiast

Cluster 2 Cluster 3
Confident indifferent Average ambitious

Cluster 4

Pessimistic dropout

Comments About the Evolution of Clusters Among Age Groups

The most interesting “evolution” in age groups of the cluster populations (see Fig. 2) is the
decrease in the cluster 2 (confident indifferent) population between primary and secondary
school. This is most likely in favor of cluster 4 (pessimistic dropouts) since there is an almost
equal increase in the latter. The most important difference between these two profiles is in self-
concept. We therefore suggest that some students who say they are not interested in S&T
studies and careers go from saying “but I’'m nevertheless good at S&T” at the elementary
school level to saying “I’m not good at S&T anymore” when they are in the first years of
secondary school. Some hypotheses we can make about this possible change are that (1) their
school experiences in early secondary courses are felt as demotivating or detrimental or as
Anderhag suggested (Anderhag et al. 2015), (2) the high level of interest expressed at the
primary level might simply be because they enjoyed the superficial aspects of rather poorly
“scientific” activities. Under this hypothesis, the students’ overestimated interest in science
measure suffers when they face the demanding science courses at the secondary level.

It is however reassuring to see a growing importance of the population of cluster 1
(confident enthusiasts) in the higher grades and a decreasing importance of the population of
cluster 4 (pessimistic dropouts) at the later secondary levels. This appears to be in line with
earlier analyses (Potvin and Hasni 2014a).

It would however appear to be a little too risky to interpret smaller variations of Fig. 2 since
the nature of this research is transversal and not longitudinal. A longitudinal study would have
allowed us to carefully compare the profiles; nevertheless, since it would appear unlikely that
many pessimistic dropouts made the radical change to become confident enthusiasts, we can
suggest that some of the average ambitious became confident indifferent at the secondary level
because they grew interested in other non-scientific studies and professions. This hypothesis
seems reasonable since the self-concept of students from these clusters is rather similar, and the
students would have been repeatedly asked by the schools to make up their mind about their
future as they neared the end of the secondary course.
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Nevertheless, we believe that our data suggests that what happens during the primary—
secondary transition deserves further research.

Finally, in terms of what schools and teachers should do to encourage their students to pursue
S&T studies and careers (Fig. 3), keeping in mind the evolution of age groups within the clusters
(Fig. 2), we suggest that priority be given to the first years of the secondary course. Increasing
pedagogical variety and involvement, observations, practical work and experiments, field trips,
and projects and decreasing oral presentations, the use of textbooks and websites, and participa-
tion in science fairs (a, b, ¢, d, and f interventions, described in Fig. 3) may possibly prevent some
students from slipping from cluster 2 to cluster 4. Operating such a shift in a too radical fashion
might could, of course, damage cluster 1 or others. It could also be suggested that in the middle/
end of the secondary courses, projects and initiatives linking science to real life and showing
students that science is important for real life could improve students’ desire to pursue further
studies and careers. We believe some confident indifferent would then possibly become average
ambitious. This advice should not discount the fact that efforts to sustain students’ interest in S&T
should focus on pedagogical variety, active involvement, and methods that have a positive effect
on most students. What is more, undue pressure should not be put on students who simply prefer
other subjects over S&T. Freedom of choice is important and other realms of human activity all
have moral, social, and functional legitimacies that rival science’s legitimacy. But in cases where
S&T would not have benefited of the interest and considerations it deserves, our advice might help
schools make administrative and pedagogical choices that benefit students and society.

Conclusion

In this research, we suggested and showed that a cluster analysis is sometimes more productive than
simple correlational studies for determining why students become more (or less) attracted to S&T
studies and careers. We established a valid four-cluster solution, including one fairly populated and
unexpected cluster in which students perceive themselves as being good in S&T but have no real
interest in pursuing S&T. We showed that these students do not grasp the true importance or utility of
S&T for real life. We also showed that the confident enthusiastic students have very different school
experiences than the pessimistic dropouts. On one hand, the confident enthusiastic students were
exposed to a wider variety of instructional methods and were much more involved. On the other
hand, the pessimistic dropouts were mostly exposed to traditional and rather unchallenging instruc-
tional methods in their S&T classes. Some methods were identified as more or less promising.

By analyzing the evolution of cluster populations in age groups and also by looking at other
published results that used the same data (Potvin and Hasni 2014a), we suggested that
pedagogical efforts at the beginning of the secondary level could prevent students from
slipping into a “low self-concept” state. It might also make it easier to convince them of the
importance and utility of S&T (maybe through projects) if a positive perception of the value
and usefulness of S&T could be induced earlier in their school path.

We believe that our results are interesting in that they encourage researchers to consider profiles
of students rather than the mere sets of variables that describe them. It is also an opportunity for
teachers to learn what makes students different from others so that they can have more influence
over them. Our results also confirm other results about the pedagogical preferences of students and
the possibilities of non-traditional instruction (Potvin and Hasni 2014b; Swarat et al. 2012), the
importance of capitalizing on novelty effects, and the crucial and positive effects of offering
students choices and responsibilities in learning itineraries (Christidou 2011). We believe that our
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results also highlight, maybe more clearly than before, the importance of what students think of the
utility and role of S&T in society and in common problems of all sorts (Hulleman and
Harackiewicz 2009; Turner et al. 2015). Finally, it suggests somewhat of an original “‘game plan”
for secondary schools who might want to encourage students to consider S&T studies.

This research nonetheless has important limitations. While some significant and minimally
important differences were recorded using robust and validated constructs and tools, others were
observed using a single item. It would have been better to have had well-correlated items for each
conclusion; however, with things as different as projects and field trips, it would not necessarily
have been convincing nor would it have been fair to ask our participants so many repetitive
questions. We therefore lowered the signification threshold but this made us more vulnerable to
type 2 errors. Another limitation is the fact that this research is transversal and not longitudinal.
Therefore, what appears sometimes as causalities must however not be interpreted as such nor
should migrations from one cluster to another be seen as how real students evolve. This is why we
limited ourselves to very general conclusions about cluster migrations based on our cluster
populations. Finally, we must not forget that this research investigated student’s perceptions and
not actual class frequencies of activities. Perceptions can indeed act as dependent variables which
are affected, namely by interest in school S&T. In other words, previous interest in school can
affect how students perceive science classes, but they can also cause distortions about what could
truly affect their interest or attraction to S&T studies and careers. Students are indeed probably
never completely lucid about what they have experienced in the past nor about what they need in
the future. Our hypotheses therefore need to be tested beyond perceptions and confirmed (or
infirmed) with systematic observations. What students ask for could be insightful to choose the
best activities, but is certainly not the only way of improving things.

In the future, we however believe that clustering methods can offer interesting insight to our
field and that further efforts should be made to better understand individual needs. It is of
course technically impossible to know each and every student in all their individual complex-
ity, but between this impossible ideal and our methods that merely draw linear links, we
believe our research offers a reasonable and interesting compromise.
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