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ABSTRACT

This study aimed to determine the effects of flipped instruction on the
petformance and attitude of high school students in Mathematics. The study Keywords
made use of the true experimental design, specifically the pretest-posttest
control group design. There were two instruments used to gather data, the
pretest-posttest which was subjected to validity and reliability tests and the
Modified Fennema-Sherman Attitudes Scale. It was found out that the
experimental and control groups were comparable in the pretest and
posttest. Comparison on their gain scores revealed significant difference
with performance of the experimental group higher than the control group.
There was no significant difference on the level of attitude of the
participants in the experimental group before and after the study in terms of
confidence in learning mathematics, attitude toward success in mathematics, Recei.ved: 5Jan 2016
mathematics anxiety and perception of teacher's attitudes. A very weak Revised: 22 Feb 2016
i . . . . Accepted: 4 Mar 2016
positive relationship existed between performance and attitudes toward
mathematics. DOI: 10.20897 /lectito.201620

inverted classroom,
flipped instruction,
mathematics performance,
attitude towards
mathematics

BACKGROUND/ OBJECTIVES AND GOALS

The main objective of teaching is learning. This is why teachers are continually trying out effective
approaches that will work for particular subjects. A typical classroom allocates time in a way familiar to
anyone: students gather during class sessions to hear lectures from a teacher and take down notes, and then
students work on homework and projects outside of class. This traditional classtoom setup is not best for
learning. Students are expected to be inside the classroom with maximum teachet’s supervision when they
need the least help and they are faced with easier cognitive activities. The more difficult tasks given to
students are usually done outside the classroom on their own without the help of the teacher or their peers.
Inverting the setup of the classroom seems to be an improvement: students acquire fundamental concepts
and basic learning competencies through readings, video lectures and other sources outside the classroom,
and then put them to work on high-level cognitive tasks inside the classroom (Talbert 2012). In this way,
students do challenging tasks inside the classroom where teacher’s help is much needed and easily be
extended to them. The inverted classroom promises conforms to the way students learn today in this digital
wortld. It promises a more engaging and effective instruction process. In fact, students became engaged in the
material more regularly than before inverting the classroom setup and had shown enthusiasm in classroom
discussion (Gaughan 2014).

In a traditional classroom, instruction is primarily given inside the classroom in a 60-to-90-minute time
allotment where students learn the basics of the lesson and are sent home with a great deal of similar tasks
given inside the classroom but with increased level of difficulty. Conversely, in an inverted classroom, the
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setup is exactly opposite. Flipped instruction is an approach applied in an inverted classroom. Flipped is a
specialized term for the general term blended (Margulieux et al. 2014). Flipped instruction employs interactive
learning tasks inside the classroom, and direct individual instruction outside the classroom. In this approach,
the content is delivered as homework through video tutorials, online interactive activities or reading
assignments. Prior instruction is given outside the classroom through varied sources meticulously prepated or
collated by the teacher to the students for them to learn the basics on their own, in lieu of letting the teacher
lecturing in class. The classroom then becomes the place to work through problems, advance concepts, and
to engage in collaborative learning. The 60-to-90-minute class time is used to further students’ learning.
Flipped instruction makes students get actively involved and cognitively awakened. It makes teachers easily
query individual students, check out for misconceptions on some concepts, and clarify incorrect notions.
With this approach, there is an individualize learning for all students, which will certainly increase their
achievement and interest level. Students are learning with control of time, place and pace. Students learn best
when they are in an environment that gives them the opportunity to feel competence, relatedness, and
autonomy (Deci & Ryan 2000).

Educators want to break the traditional lecture-oriented instructional model by focusing on student
learning needs and capitalizing their potentials. Flipped instruction can enable teachers to shift from teacher-
driven to student-centered learning. This shift unveils one characteristic in an outcomes-based education
where students are responsible for their own learning and the teacher acting as guide-on-the-side. Flipped
instruction also addresses the development of media and technology skill, a 21st century skill the K-to-12
curriculum promises to cultivate among basic education students.

Moreover, according to Peter Pappas, an international trainer on the improvement of the quality of
teaching and learning, in a webinar he delivered in 2012 at his website peterpappas.com, there are two key
factors driving the increased adoption of the flipped classroom model: poor learning outcomes and
prevalence of online video. Based on his report, only 69% of students who start high school finish four years
later, and an average of 7,200 students drop out of high school each day, totaling 1.3 million a year. One
culprit to this alarming statistics is on the traditional model ‘one-size-fits-all’ of education teachers have been
adopting. This model often results in limited concept engagement and severe consequences. Moreover, the
availability of online video and increasing student access to technology has paved the way for flipped
classroom models.

As an educator, the researcher never ceases to improve her teaching in order to ensure students’ learning
by trying out various ways that may seem to work for others and staying updated with current trends in
education keeping in mind students’ learning styles. It is with this reason that the researcher conceptualized
this study.

This study aimed to determine the effects of flipped instruction on the performance and attitude of high
school students in Mathematics IV of DMMMSU-MLUC, SY 2014-2015.

Specifically, this study sought answers to the following questions:

1. What is the level of performance of the experimental and control groups in the pretest and posttest
in Mathematics IV?
1.1. Is there a significant difference on the level of performance of the two groups of participants
in the pretest and posttest in Mathematics IV?
2. What is the level of attitude toward Mathematics IV of the participants in the experimental group
before and after the study in terms of the following:
a. confidence in Mathematics;
b. attitude toward success in Mathematics;
c. anxiety toward Mathematics; and
d. perception of Mathematics teacher's attitudes?
2.11s there a significant difference on the level of attitude toward Mathematics IV of the
participants in the experimental group before and after the study in terms of the four attitudinal
domains?
3. Is there a significant relationship between the level of Mathematics performance and the level of
attitude toward the subject of the experimental group?

METHODS

This study employed the true experimental research design particularly the pretest-posttest control group
research design to obtain adequate control of sources of invalidity. Descriptive-correlational research design
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Table 1. Result of equivalency test

Mean Variance t-Stat
Control Group 87.58 13.17 0.0000
Experimental Group 87.58 13.54 )

* Significant at o. = 0.05

was also utilized to determine the level of performance and attitudes of the participants toward mathematics,
as well as the extent of relationship between the two variables.

Twenty four (24) fourth year high school students of DMMMSU-MLUC with Mathematics grades ranging
from 82-95 were included in the study. There were twelve (12) randomly selected participants for each group.
The researcher ensured equivalency of the two groups of participants by randomly selecting students for the
control group with almost the same averages as that of their counterparts in the experimental group. To
establish equivalency of the experimental and control groups more objectively, t-test was used to check
differences on the means of their Mathematics grades. A t statistic equal to 0 compared to a critical t value
2.07 at 0.05 level of significance revealed that there is no significant difference between the two groups of
participants (See Table 1). The two groups had almost the same variation in their grades.

Participants in the control group were taught using traditional instruction which made used of the lecture
method, boardworks, drills and worksheets singly or in combination. Participants in the experimental group
were exposed to flipped instruction with video lectures as homework and drills as classwork. The researcher
made every effort to teach the traditional group to the best of her ability so as not to sway the findings of this
study.

There were two instruments used in the study: the pretest-posttest on the selected topics in Mathematics
IV and the Modified Fennema-Sherman Mathematics Attitude Scale. The pretest-posttest constructed by the
researcher was used to gather data in order to determine the performance of the two groups of participants
before and after the study. The Modified Fennema-Sherman Mathematics Attitudes Scale was used to gather
data pertaining to the attitudinal influence of flipped instruction to the participants in the experimental group.
It was a 48- item scale which consisted of four sub-scales, namely: Confidence in Learning Mathematics
Subscale, Attitude Toward Success in Mathematics Subscale, Mathematics Anxiety Subscale and Teacher
Perceptions Subscale. The Confidence in Learning Mathematics Subscale was intended to measure the
confidence in one’s ability to learn and to perform well on mathematical tasks. The Mathematics Anxiety
Subscale was intended to measure feelings of anxiety, dread, nervousness, and associated bodily symptoms
related to doing mathematics. The Attitude Toward Success in Mathematics Subscale aimed to measure
students’ beliefs about success in learning mathematics. The Teacher Perceptions Subscale was used to assess
students’ perceptions of how their teachers feel about them as students of mathematics. Each sub-scale
consisted of 12 statements related to the learning of mathematics. Six were positively worded and six were
negatively worded. Students responded to a statement by indicating the degree to which they agree or
disagree with that statement.

The possible responses were “strongly agree”, “agree”, “undecided”, “disagree”, and “strongly disagree.”
The responses were interpreted as follows: SA (Strongly Agree) means the participant was in strong
agreement with the attitude item; A (Agree) means the participant was in agreement with the attitude item; U
(undecided) means that the participant had no clear-cut decision whether to agree or disagree with the
attitude item; D (Disagree) means the participant was in disagreement with the attitude item; SD (Strongly
Disagree) means the participant was in strong disagreement with the attitude item. Each response was given a
value from 1 to 5, accordingly. Positively-worded statements were scored based on the actual responses of the
participants. On the other hand, negatively-worded statements were reversely scored.

The draft of the pretest/ posttest which originally consisted 35 items was teproduced and subjected for
pilot testing by the researcher to 30 randomly selected fourth year high school students from Luna National
High School, La Union, Philippines.

To establish internal consistency of the 35-item pretest-posttest, the Kuder-Richardson Formula 20 was
used. The computed reliability coefficient of 0.82 indicates that the test was reliable. It satisfied the reliability
coefficient requirement for a classroom exam which is at least 0.70 (Wells & Wollack 2003). Though the test
was highly reliable, two (2) items were discarded due to very low (too easy) and very high (too difficult)
difficulty indices. Point biserial values of the items were computed to determine which ones were likely to be
unreliable. A recommended point biserial value is at least 0.15 and items with point biserial values lower than
0.15 may need further examination or may be deleted (Varma n.d.).This is the basis on the deletion of eight
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(8) more items on the original pretest-posttest. The 35-item pretest-postest was trimmed down to only 25
items.

The final pretest-posttest was comprised of 25 items. The coefficient of reliability of this test instrument
was also computed. The final test was reliable with reliability coefficient of 0.84 which was an improvement
from the original test.

To establish content validity of the pretest-posttest, five subject matter experts were asked to evaluate the
instrument. The overall median of the valuators’ judgments, 4, clearly revealed that the 25-item test was valid.

Data gathered were analyzed statistically by the researcher. Mean was used to determine the level of
Mathematics performance of the two groups of participants in the pretest and posttest. The t-test was
performed to find out if significant difference existed on the level of performance of the two groups of
participants before and after the conduct of the study. Mean gain score and Cohen’s d were used to
determine the effect size of the use of flipped instruction on Mathematics performance of the participants.

Median was used to compute the level of attitude of the participants in the experimental group in terms of
confidence in learning mathematics, attitude toward success in mathematics, mathematics anxiety and
petception of teacher's attitudes. Wilcoxon’s signed ranks test was used to determine if significant difference
existed on the level of attitude of the participants in the experimental group before and after the conduct of
the study. Cliff’s delta was used to determine the effect size of the use of flipped instruction on participants’
attitude toward Mathematics.

Spearman’s rank order correlation was used to measure the strength of relationship between the level of
performance and the level of attitude of the participants in the experimental group and to determine if
significant relationship existed between the two variables.

SPSS and Microsoft Excel were used to facilitate the statistical computation of the data.

RESULTS

Level of mathematics performance

Table 2 shows the pretest mean scores of the experimental and control groups, 6.25 and 6.08, respectively.
This result indicates that the level of pretest performance of the two groups were both “fair”. This is due to
the fact that about 91 percent of the participants in each group got scores that are below 10, which means
that almost all the participants in each group got unsatisfactory (“poor” and “fair”) ratings. This result is
expected because the topics included in the test were not yet discussed. The competencies were still about to
be learned.

The experimental group had a higher pretest mean score compared to the control group but the
performance of the former had much greater variation than that of the latter.

Table 2 further shows that the pretest mean scores of the two groups differ by 0.17 but their level of
performance in the pretest did not differ significantly. This was revealed by the computed t value of -0.511
which is higher than the critical value of -2.074. This is attested by the probability value of 0.614 which is
higher than the 0.05 margin of error. This means that the experimental group is comparable to the control
group in terms of entry characteristics. This implies that the control variable, third quarter Mathematics grade
ranging from 82 to 95, was effectively mapped and the random distribution of the participants in the
experimental and control groups was of equal chance.

The overall posttest performance of the experimental and control groups were both “very satisfactory” as
indicated by their mean scores of 19.33 and 16.75, respectively (See Table 3). The two groups had almost
equal variation on their posttest performance. To check whether their posttest mean difference of 2.58 is
large enough to support the rejection of the null hypothesis, t-test was performed. It was revealed that their

Table 2. Comparative pretest performance of the groups

Mean Variance t-Stat
Control Group 6.08 4.33 0511
Experimental Group 6.25 7.15 )

* Significant at o= 0.05

Table 3. Comparative posttest performance of the groups

Mean Variance t-Stat
Control Group 16.75 10.39 197
Experimental Group 19.33 10.24 o

* Significant at o= 0.05
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posttest performance did not differ significantly as shown by the computed t value of -1.97 which falls on the
non-rejection region. This result signifies that there is no significant difference in the posttest performance of
the experimental and control groups.

The considerable increase on the marks of the participants in the posttest as compared from that in the
pretest can be primarily explained by the fact that the topics were already taught to them. But to have a
deeper comparison between the two groups, the point of interest, therefore, is on how much they have
improved. The researcher also measured the amount of growth in each group (gain score) and found that
from pretest to posttest, the experimental group averaged 9.67% more growth than the traditional group.
Table 4 shows that the experimental group had a mean gain score of 13.08 while the control group was 10.67.
A t value of -2.12, which is lower than the critical value of -2.074, explains that their gain scores differ
significantly. Though the two groups performed basically at the same level in the pretest and posttest, the
significant difference on their gain scores suggests that those participants in the experimental group improved
better than those in the control group. This implies that the use of flipped instruction had a positive effect on
the mathematics performance of the participants in the experimental group. But as to what extent is the
effect of flipped instruction on the mathematics performance can be explained by the effect size. The effect
size based on the gain scores computed using Cohen’s d was 0.9. This result can be interpreted as “large
effect” based on Cohen’s standard (Becker 2000). Thus, it can be said that flipped instruction had a large
effect on the improvement of mathematics performance of the participants. This is because within the
flipped model students were better able to prepare for the class sessions and had more opportunities to
interact with the instructor and peers than during traditional lectures.

This finding is parallel with other researches conducted, which found similar results in other subject areas,
including calculus, chemistry, physics, and engineering (Sahin et.al 2014, ALRowais 2014, Bell 2015, Chester
et. al. 2011). Further, with regards to the effect of flipped instruction on students’ performance, some studies
showed that improvement on student learning and total comprehension took place in the flipped classroom.
Ruddick (2012) reported that there were significant improvements on students’ scores in the flipped
classroom compared to student scores in the traditional classroom. Further, in a study at Virginia State
University found that students in a flipped classroom environment scored 8.6% better in the class on average
over the traditionally taught course (Talley & Scherer 2013). These results clearly show that flipped
instruction has a positive effect on students’ performance.

Attitude toward mathematics

Before the study, the experimental group had its highest median rating in terms of perceptions of teacher’s
attitudes whereas its lowest mean rating was in terms of mathematics anxiety (See Table 5). This result shows
that the students’ anxiety towards Mathematics does not necessarily caused by teacher’s disposition. It may be
attributed by other factors such as unpleasant experiences related to the study of Mathematics. The overall
attitude toward mathematics of the participants in the experimental group before they were exposed to
flipped instruction was “highly favorable” as indicated by the median rating of 4. It seems that the attitude of
the participants toward Mathematics did not change after the study as shown by the overall median rating on
the four attitudinal domains which was still 4. A number of participants exhibited the same responses for
particular items before and after the study. This result may be explained, in part, by the time frame of the
study. One cannot expect a sudden favorable change in attitude in a short period of time. However, it is

Table 4. Comparison on the gain scores of the two groups

Mean Variance t-Stat d
Control Group 10.67 7.51 5 1% 0.9
Experimental Group 13.08 8.08 - ’

* Significant at o= 0.05

Table 5. Attitude test result of the experimental group

Median
Before After W d
Confidence in Mathematics 3.50 3.75 6 0.33
Attitude toward success in Mathematics 3.50 4.00 16 0.06
Anxiety toward Mathematics 3.00 3.00 2 0.00
Perception of Mathematics teacher's attitudes 4.00 4.00 15 0.02
Overall Attitude 4.00 4.00 10 0.00

* Significant at o= 0.05
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interesting to note that students had somehow gained more confidence in learning Mathematics and had
better attitude toward success in Mathematics after the study as indicated by the increase in their median
ratings of these two domains after the study. This means that the participants in the experimental group
benefited from the flipped instruction when it comes to boosting their confidence and developing more
positive attitude toward success in Mathematics. Students in the flipped class were more confident after the
study because they did not feel anxious of missing or not understanding the material (Ruddick 2012) because
they could re-watch the videos over and over again the videos when they miss something (Brunsell & Horejsi
2013) and could ask questions during class sessions with their instructor or peers. Students’ responses showed
that flipped instruction prepared them better and enabled them to feel more confident in learning
mathematics. Again, this finding can be seen to stem from the fact that students in the flipped classroom
model have more freedom and flexibility to choose their preparation methods for the class (Fulton 2012). In
fact, flipping the class even helps in sparking and retaining student interest in mathematics as reported by the
study of Love et al. (2014) on flipping the linear algebra classroom. Their study found that flipped instruction
students in the flipped classroom enjoyed the classes more.

Wilcoxon’s signed ranks test revealed that there is no significant difference on the attitude of the
experimental group toward Mathematics before and after the study on the four attitudinal domains.
Moreover, the effect size of the use flipped instruction on the attitude of the participants is almost negligible.
This result suggests that flipped instruction had no significant effect on the overall attitude of students.

However, some of the findings from researches conducted thus far would indicate that flipped instruction
has a positive effect on students’ attitude. In a survey of more than 500 teachers, 80% of them reported that
flipping the classroom improved students’ attitude (Brunsell & Horejsi 2013). The study of Moore and Chung
(2015) among twenty-five high school students revealed that the perceptions and attitudes of the participants
were generally positive in the flipped classtroom environment and that the students were motivated to use the
web-based instructional videos to prepare for their expected learning outcomes. Their study lasted for four
months and employed varied data gathering procedures such as survey, interview and observation. Moreover,
the study of ALRowais (2014) showed that there was a positive effect of flipped model of instruction on both
the students' achievement and their attitudes towards studying higher education courses. Additionally,
Chester et al. (2011) found that a flipped classroom improves student behavior. The present study would
have had similar results probably if the experimentation lasted longer and the data were analyzed using both
quantitative and qualitative methods.

Mathematics performance versus attitude toward mathematics

Table 6 shows the result of the correlation test between the level of Mathematics performance and
attitude of the experimental group toward Mathematics. Using the rule of thumb, the coefficient of
correlation of 0.028 (lower than the critical value 0.648 at a = 0.05) indicates that there is very small
association between the level of Mathematics performance and attitude of the experimental group toward
Mathematics and that the relationship is not significant at 0.05 margin of error. This means that there is no
significant relationship between the level of performance and attitude towards mathematics of the
participants in the experimental group. Having favorable attitude appears to have no significant effect on
getting good marks.

On the other hand, several research findings show that relationship exists between math achievement and
attitudes towards mathematics and even posit that good achievers develop more positive attitudes than lower
achievers (Mata et.al 2012, Lipnevich et.al. 2011, Sanchez et. al. 2004, Singh etal. 2010). Additionally,
DePaolo and McLaren (2006) found out that attitude has an impact on performance. Their study found that
relationship between negative attitudes and poor exam performance appears to be particularly strong.
Further, a study (Schenkel 2009) found that positive attitude about mathematics does have a positive impact
on a student’s classroom performance.

Table 6. Result of correlation test

Average r
Performance 19.33
Attitude 4 0.028

* Significant at o= 0.05
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INTRODUCTION

The National Science Education Standards outlined a developmentally sound scheme for introducing the
appropriate earth science topics at the elementary, middle, and high school years (National Research Council
1996). For students in United States middle schools, grades 5-8, the focus of the content standard includes:
the earth’s structure, history and position in the solar system. Although teaching students about abstract
concepts such as the formation and structure of the earth and solar system may be challenging it is important
to instruct them at this level so that when they graduate from high school they have a deep understanding of
earth science concepts. This also includes having knowledge of natural processes and cycles, a sense of time
scales, which is a concept that is difficult for some adults, and the continuous evolving of subsystems (Mayer
& Armstrong 1990; Kortz & Murray 2009).

One fundamental aspect of learning about the structure of the earth for students in the middle grades is
based on their knowledge of the earth structure, abilities to conduct experimental observations and describe
geological conceptions of rock formations and property identifications. In order for students to develop an
understanding of the geological aspects of the earth they must possess the skills to make good observations
and clearly explain the relevance of the properties they discover. According to the National Science
Education Standards (National Research Council 1996) students at the middle and high school level have the
ability to record observations and distinguish characteristic properties. Having good observation techniques
allow students to better understand the geochemical and geophysical processes involved in learning about the
structure and history of the earth. In conducting activities such as describing and classifying rock types,
middle school students have some level of experience and expertise as they are able to make observations
based on their knowledge of history and rock formations (Ault 1998; Ford 2005). Rock identification tasks at
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the middle school level can help students further develop their skills of observation and enhance use of
scientific inquiry as they employ knowledge, observations, ideas, and questions (National Research Council
1996, p. 143). 'This paper explores how middle school students use observation skills to make distinctions
among samples and describe the geological relevance of the properties of the samples identified. Often time
presented during the elementary geology curricula, rocks and minerals tasks taught at the middle school
provides learner the ability to make connections between rock and mineral properties to rock formations. As
noted by Ford (2005) students will have difficulty understanding the task if they are not able understand how
the properties they observe link to the geological processes involved in the earth’s formations.

A critical element for understanding geological processes for middle school students and even older
students can be identified by their cognitive understanding of rock formations and structure and the ability to
explain and describe the relevance of properties explored in rock or mineral samples. According to research
studies (Blake 1999; Ford 2005; Happs 1982, 1985; Lillo 1994; Oversby 1996; Marques & Thompson 1997;
Russell Bell Longden & McGuigan 1993; Sharp Mackintosh & Seedhouse 1995) conducted in the United
States and Europe, children are able to develop conceptual understandings of the geosphere and its physical
properties such as rocks and minerals and structural makeup. However, students’ explanations and
descriptions of geological aspects are limited as compared to geologists that have complex understandings of
the theoretical constructs specific to earth science. Efforts have been made to transform the science
curriculum to meet the needs of the learners by offering hands-on, inquiry-based earth science activities for
learning these concepts (American Geological Institute 2006; Ault 1982; Blake 2004; Johnson 2004; Smith
1988). Even with these changes in the curriculum, some middle grades students continue to have difficulty
grasping an understanding of many of geological processes, therefore failing to comprehend the properties
and structure of the geosphere. In some adults it has been noted that they also have difficulty connecting the
theoretical constructs of the earth system (Hawley 2002). Finding an earth science curriculum that will result
in students understanding the key properties as they relate to rock formations and the earth structure is
important for science educators. We have to make sure all students have a good understanding of earth
science concepts before graduating K-12 schools.  Therefore, our exploration of middle schools’ students’
understanding of earth science concepts is guided by the task of describing and classifying rocks and these

questions: 1) How do 6th and 8th graders approach the task of identification? And 2) How do middle school
students describe rocks?

The use of models in teaching students about geological concepts has found to be common in many
studies. Addressing the aspects of learning is important as we attempt to understand students’ content
knowledge, process and inquiry skills and epistemic understanding of the geological concepts. Blake’s review
of literature on children’s understanding in earth science (2004) indicated that instruction that promotes
cognitive change and values the use of analogies serves as the focus of research models in teaching novices
about geological concepts. Although many studies have shown providing relevant analogies to children can
help scaffold their knowledge of concepts these children oftentimes revert to “non-scientific” explanations of
concepts outside of classroom settings (Blake 2004; Happs 1984). In this study we implemented instruction
to examine middle school students’ transition from “non-scientific” to “pro-scientific” explanation of how
rocks and minerals are described and classified. “Pro-scientific” is similar to Blake’s (2004) concept “proto-
scientific” in which learner utilizes both prior knowledge and experiences, unscientific in nature, along with
acquired scientific conceptions to explain a phenomena or concept.

Research studies also indicate that tasks presented at a superficial level can limit students’ understanding
of the earth (Happs 1982; Blake 2004; Ford 2005; Dal 2006). Hawley (2002) reported that children don’t have
a good understanding of rocks and neither do adults. He pointed out how characteristics that were salient to
some of the students were not those characteristics that scientists use to identify rocks. Ford (2005) observed
two classes of third graders who wrote descriptions of rocks and minerals as part of an activity in an earth
materials unit. Ford reported that the descriptions that students wrote were not always the ones important for
the identification of rocks and minerals. For example, some of the observations focused on characteristics of
rock that had nothing to do with their origin but more with the characteristics of wear and tear, for example
chipping. Ford (2005) concluded that students may not recognize those characteristics that are defining ones
for a particular rock but may focus on those characteristics that are more obvious. Colors were most often
used to identify minerals and texture was used most frequently for rocks. However, texture was not linked to
grain size but to the feel of the rock. Oversby (1996) examined the topic of rock identification with middle
and high school students and college students who were post graduate science teachers and post graduates
not in a science field and found that the topic was difficult for all participants. He proposed that part of the
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issue with understanding rocks is the use of common terms that do not align with the definition of a rock.
For example, one student defined a stone as a “loose rock”. He felt lack of understanding of what defined a
rock was a barrier to any further understanding. In an examination of eighth graders’ discussions of the rock
cycle Rosenberg, et al. (2000) noted that students try to use vocabulary that is in the unit whether or not they
know what the word means.

METHODS

Setting and participants

The study focuses on middle school students enrolled in an optional course offered at the local middle
school for 6™ and 8™ grade students. As a naturalist study, the site of the research and subjects were chosen
to provide us with rich information to best answer our exploratory questions. We employed this qualitative
approach to identify the conceptions of students as they approached the task of describing and classifying
rock types. The research study took place at a rural middle school located in southeastern United States. The
student population consisted of students from varied socioeconomic status and ethnicities. Self-selected small
groups consisting of three students worked through the small group activities throughout the term of the
project. During the 6 week period of the course, several earth science topics were selected for study including
maps and mapping, rocks, stratigraphy, and volcanoes. Middle grade students respond best to actively
constructing understanding so instructional activities were chosen with this characteristic in mind. Topics
were selected for their alignment with the state’s Standard Course of study and for their spatial components
since spatial cognition was the overarching focus of the large scale study.

The study examines the tasks assigned to 6th grade and 8th grade students enrolled in the six week elective
science course focused on earth science topics. The classes consisted of 17 and 18 students respectively.
These students were selected by the principal; the criteria for selection were to have a classroom with student
demographics that matched that of the school, and to have students who had a scholastic grade average for
their class of 85 percent or better. These criteria were used to promote the exploratory study and to ensure
enrolled students were motivated to complete the tasks and also increase the chance that students would be
willing and able to communicate their ideas to the researchers as well as their peers. The teachers of the
course were university science education faculty members who designed the instructional content of the
course. The teachers were knowledgeable of the earth science curriculum and were capable of employing a
constructivist model of teaching and learning (Dal 2007) (See Table 1).

Table 1. Breakdown of sixth and grade students by ethnicity and gender

6th 8th Total

Ethnicity

Affrican American 6 6 12
Caucasian 11 10 21
Hispanic 0 2 2
Total 17 18 35
Gender

Males 9 9 18
Females 8 9 17

3D GeoMapping

The exploratory course was called, “3D GeoMapping” and included three modules dealing with 2D and
3D spatial objects such as flat maps, contour maps and sub-surface mapping. There was no textbook used
for this course. Most of the activities were carried out in small groups of 3-4 members (six groups per class)
with whole group discussions following to assist students with making connections between activities and
related concepts. Student groups were self selected and instructed to work as equally contributing members
and to come to a consensus before recording answers.

Data collection and analysis

For this study, researchers observed and collected notes on students’ approaches throughout the six week
course. The primary data sources included transcripts of students’ verbal interactions and videotapes during
small group work. We specifically relied on students’ work and transcribed observations as they identified the
rocks samples. Analyses of the subset of activities were initially coded for underlying themes using constant
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comparative analysis (Glaser & Strauss 1967; Lincoln & Guba 1985). Final coding emerges the themes from
the data, which is a reflection of the students’ answers as they completed the rock description and
classification tasks.

Description of activities

Rock identification. This activity began with students examining examples of seven numbered sedimentary
rocks and recording observable characteristics of each rock. Some characteristics that students were to record
were identified for them (color, grain size, hardness, presence of fossils); they could choose to record any
other observable qualities they thought were important. Then they were given a chart with the names of the
seven sedimentary rocks followed by a picture, a list of observable qualities and the depositional environment.
They were to identify the seven types of sedimentary rocks they had been given by comparing their
observations with the descriptions on the key. They then answered a sheet that asks them to compare the
origins of the different types of rocks, and the environmental conditions under which they were formed. The
approach of the small groups in grades 6 and 8 to describe and classify the rocks was analyzed and is reported
in the results section (See Table 2).

Table 2. Handout students used to complete task. modified worksheet from Ward (1999) Natural Science
Establishment

Sample L Depositional Environment
Number Observable Characteristics Rock Name (Probable)

1. This rock is very smooth and thin. It is very light- Carbonaceous shale Swamp, lowlands
weight. It has a fossil of a leaf inside. They have
small grains.

2. It has a grayish color. Its’ smooth. It’s not too Argillaceous shale Rivet, delta, muddy sea
heavy. They have small grains. It has white-chalky
stuff on it

3. It is clear. It is smooth. It is moist, oily, and slick. It Halite (rock salt) Salt Lake
has a big grain size. It is not too heavy. It looks like
an ice cube
Smells like vanilla & cinnamon

4. It is hard and rough. It reminds me of brick. The Sandstone Beach, river or delta
grain size is rather small. It is light. It is not real big.
Smells like dirt

5. It is rough. There are lots of different colors of Conglomerate Beach, river
rocks. It is also made of dirt. It looks like a cookie.
Is rounded. It is a chunk of mud
Smells like burnt rubber

6. This rock is black. It is light. It is very shiny. It is Coal Swamp
smooth on the sides and rough on the top. The
grain are bigger

7. This rock is gray and white. It is heavy and rough. Fossiliferous limestone Clear shallow marine sea
It has fossils of seashells inside. The grains are
rather larger

RESULTS
Strategies used by 6t graders

Five of the six groups of 6th graders used very similar strategies in identifying the rocks. Four of the six
groups immediately identified halite because it was so clearly distinguishable when compared to the other
samples. There were a number of strategies, which emerged to identify the other rocks but most noticeable as
a poor strategy was the students’ attempts to match the pictures on the chart (key) with the rocks and
minerals. The pictures on the chart were small and in black and white so characteristics of individual rocks
were difficult to distinguish. Nevertheless, students would put the sample next to each picture, occasionally
making a correct identification from the picture. In five of the six groups, this strategy was used by a least one
member of the groups. Another favorite strategy of sixth graders was to immediately default to color.
Sometimes a member of the group would recognize that more than one rock had the same color. In other
cases, the first rock or mineral that was listed on the sheet that matched the sample’s color was chosen. Prior
knowledge occasionally played a role. For example, one group member had experiences with coal and was
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able to immediately identify it. In two groups the presence of fossils was used as a determining factor. In one
group the members did not understand there was a one-to one correspondence between the samples and the
rocks and minerals listed on the key. So the members depended, rather unsuccessfully, to identify samples
based on prior knowledge. Students held on to alternative conceptions for identifying rocks and minerals
such as use of smell and color rather than using key and pointing out salient features of the samples (See

Figure 1).
Strategies used by 8t graders to identify rocks

As with the sixth graders, halite was readily identified by the groups. For all six groups of eighth graders
color was the usually the first characteristic they tried to match. However, when group members would notice

that color did not narrow down the choice to one sample they looked for other characteristics they had
observed. Although some group members looked at pictures that was not a primary strategy and confirming

Based on these descriptions and your knowledge of sedimentary rock types, identify the
rocks using the following names:

Argillaceous Shale Red Sandsione
Coal Carbonaceous Shale
White Sandstone Fossiliferous Limestone

Rock Type 1 % a g@ /65 ]E:]or for Model
Rock Type 2 CQ r\o nNa C@pA ‘7(&\,@«.1

Rock Type 3 Black

Rock Type 4 \’\ ¥Q \Q [l()é”\‘ QML White
Rock Type § %L)Ll \ ) &C(Q vg ' \ [/U?S*QM Blue
Rock Type 6 4“(\\* RouvS ‘SLQQ Brown

Based on these descriptions and your knowledge of sedimentary rock types, identify the
rocks using the following names:

Argillaceous-Shale Red-Sandstang.
Goal- Carbonaseous-Shate
Whie-Sandstone- Fossiliferonstmmestone :
¢ A = Color for Model
Rock Type 12 AR <ib 1o Red
Rock Type Z_Cﬁl_[bo e s 9*0,1 L Green
Rock Type S.I_‘() 7P \ Black
Rock Type 4 \f\)\\\ k p :l’,b/ ‘{iﬁ \fa vy " White
Rock Type 5 f’ﬁ') - ,‘! i ((\/OY)Q L‘ mQﬁW« Blue
Rock Type 6 4(9 IL’I\(;(’[)VS 6’“ Lo Brown

Based on these descriptions and your knowledge of sedimentary rock types, identify the
rocks using the following names:

Argiiiacons-Shale Red Sandstone
Coal- Carbonaceous-Shale
W:!\_ilc—Sﬁdsmnc Fossiliferous Limestone

Color for Model

Rock Type 1 R(’L& _il.mlfjﬂ_ Red
Rock Type2 __Q_PbQAOQZ‘Q{oé Sklgh, Green

Rock Type3__ Black
Rock Type 4__ \o/ Wy \t <Q h({d‘ oY)e White

| '
Rock Type 5 EQSSI \ 1 X e Ty ? M 2 Blue

Rock Type 6 qu; l k'h( 2 \A; Ql’)ﬁle Brown

Figure 1. Student sample responses
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characteristics were always sought. Although eighth graders were slightly more successful in identifying the
rocks and minerals, errors were made when students did not recognize the importance of a particular
characteristic such as presence of a type of fossil (See Table 3).

DISCUSSION

Saliency and scale both played a key role in the completion and interpretation of the students’ tasks.
Characteristics most likely to appear salient have been used during prior experiences as defining properties
and retrieved from long-term memory for use in working memory. To experts, (such as science teachers),
salient characteristics are obvious but not to novices. For example, without an understanding of the origin of
certain rock, characteristics such as grain size, texture, or cleavage may not be salient while more common
characteristics such as color, shape, or cracks may be. Therefore, students focus on, what to them, are the
features that will be helpful in identification of the rocks. Color is one of the earliest characteristics used for
identification (typically before preschool age). Without experiences in using salient features for rock
identification then characteristics used for prior identification tasks will not be accessed.

In many cases, color is the obvious default. Therefore students must have the experience of using and
understanding how other characteristics are the salient ones for rock identification tasks. Then when faced
with rock identification tasks at a later time, prior experiences will assist students with bringing to working
memory the salient features appropriate for the task.

In comparison to Hawley (2002 p. 370) approach to teaching students about rocks our pedagogical
approach of scaffolding and using relevant analogies allowed the students to “determine, recognize and
explain fundamental textural differences in a range of rocks and relate them to specific rock properties.” By
focusing on the grain relationships of rocks and using an inquiry approach during course instruction, students
were able to acquire knowledge to think scientifically about rocks and earth science concepts. Although the
terminology used by the students in our population as they described the rocks showed some consistency,
they may not be fully representative of all students in this middle school population. Additional research is
needed to determine if all middle school students hold on to similar conceptions of knowledge when
describing and classifying these geological structures.

IMPLICATIONS

So cleatly a teacher must consciously make salient key characteristics. Students at this age, 11-14, may have
little experience with constructing knowledge for themselves or lack sufficient prior knowledge to pick out
salient features. One suggestion might be to limit students’ descriptions of rock characteristics to those most
important to identification. This might encourage the development of rock type identification schema that
includes salient features. Some researchers propose that students must have a grasp on geological time to
understand geology and as a first step must be able to engage in diachronic thinking. Diachronic thinking as
described by Montangero (1996) occurs when an individual must mentally construct change as it has
happened over time. He reported that children as young as 10-11 could engage in diachronic thinking but
only if they had knowledge of the particular targeted concept. In other words, students may be able to think
about and follow the changes over time as it relates to aging of a pet or passing of the seasons. But without
the necessary geological information, understanding a concept such as deposition may not be possible even if
diachronic thinking is possible.

Therefore earth science instruction should provide scaffolding and the use of relevant analogies to enable
students’ transition from “non-scientific” explanation of geologic concepts to “pro-scientific” and eventually
scientific explanations of how rocks and minerals are described and classified.
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