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This exploratory case study investigates relationships between use of an inquiry-based instruc-
tional style and student scores on standardized multiple-choice tests. The study takes the form of
a case study of physical science classes taught by one of the authors over a span of four school
years. The first 2 years were taught using traditional instruction with low levels of inquiry (non-
inquiry group), and the last 2 years of classes were taught by inquiry methods. Students’ physical
science test scores, achievement data, and attendance data were examined and compared across
both instructional styles. Results suggest that for this teacher the use of an inquiry-based teaching
style did not dramatically alter students’ overall achievement, as measured by North Carolina’s
standardized test in physical science. However, inquiry-based instruction had other positive
effects, such as a dramatic improvement in student participation and higher classroom grades
earned by students. In additional inquiry-based instruction resulted in more uniform achievement
than did traditional instruction, both in classroom measures and in more objective standardized

test measures.

Issues of educational accountability have had a high
profile inrecent years in the United States. Emerging from
this attention is a renewed emphasis on standardized
testingas ameans to improve public schoolingand tohold
accountable the various parties involved. Consequently,
many states have adopted a variety of testingand account-
abilityprograms; 50 states have state-wide accountability
testing of some sort (Council of Chief State School
Officers, 2002). North Carolina’s testing program has
been highly visible, as evidenced by its mention in Presi-
dent Clinton’s (1999) State of the Union address. This
testing program includes a standard course of study for
physical science and other secondary school subjects.
Students in each of these core secondary courses are
required to take the end-of-course (EOC) test for that
subject; this test is a standardized multiple-choice exam
developed by the State of North Carolina for use state
wide.

The North Carolina standard course of study for
physical science (North Carolina Department of Public
Instruction, 1994), as is true for many other subjects,
covers a wide range of topics students are expected to
have mastered. For many teachers, it seems feasible to
present all of the required material for a high-stakes,
standardized multiple-choice testonly by a preponderance
of direct instruction (Wideen, O’Shea, Pye, & Ivany,
1997), and many teachers are hesitant to implement

instructional practices that do not help cover the required
content (Flick, Keys, Westbrook, Crawford, & Carnes,
1997). Costensonand Lawson (1986) interviewed teachers
and reported their top 10 reasons for not using inquiry
instructional techniques. “Too slow content coverage”
came in second, right behind “too much time and energy
are required.” In a study of the influence of Canadian
12th-grade high-stakes standardized testing, Wideenetal.
found that instructional practices were most strongly
affected among the 12%-grade teachers whose students
were to be tested by the national test. These teachers felt
pressured to lecture more in order to cover the extensive
content and to help students memorize a string of facts for
the final examination.

In North Carolina, chemistry teachers surveyed to
assess the impact of EOC testing on their classrooms
indicated that the chemistry curriculum was becoming
more uniform throughout the state and that teachers were
feeling pressure fromthe test (Smith, Hounshell, Copolo,
& Wilkerson, 1992).Jonesetal. (1999)also found that the
implementation of high-stakes standardized testing in
North Carolina significantly impacted classroom
instructional approaches. Amongothereffects, they found
that the curriculum was narrowed to the tested material,
and more class time was spent practicing for the tests.

The heavy emphasison directinstructional strategies
that teachers report in response to standardized testing
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is in opposition to the current philosophy of creating
student-centered classrooms and student-centered ac-
tivities (National Research Council, 1996; North Caro-
lina Department of Public Instruction, 1999). The
apparent conflict between these two major trends in
science education is not new. A 1983 meta-analysis of
the effects of “new” science curricula on student
performance (curricula stressing science process ob-
jectives during the 1960s and 1970s, as opposed to
stressing facts, laws, and theories), during a then-
currentpublic sentiment for “back to the basics,” found
that students exposed to the “new” science curricula
exceeded the performance of students in traditional
courses (Shymansky, Kyle, & Alport, 1983). In spite of
many teachers’ potential reluctance to use inquiry
teaching techniques in a high-stakes standardized test-
ing environment, possibly because of less content
coverage, some studies report that the advantages of
inquiry learning may offset the disadvantages of slow
content coverage (Henson, 1986).

More recent studies also have indicated that in-
quiry or hands-on science instruction better prepares
students, as measured by standardized tests (Chang &
Mao, 1998; Kaiser, 1996; Stohr-Hunt, 1996). In each
case, however, the authors stressed that the tests used
to measure achievement were designed toplace greater
emphasis on the processes of science as opposed to
factual information. These studies notwithstanding, the
1996 National Assessment of Educational Progress
(NAEP) science report for North Carolina stated,
“Research on the relationship between exposure to
hands-on science tasks and overall science perfor-
mance is sparse and inconclusive” (O’Sullivan, Jerry,
Ballator, & Herr, 1997, p. 66). The topic of hands-on
science activities was addressed by the NAEP in this
report because when the 1996 science framework for
the NAEP was developed it took into account the
currentreforms inscience education by including hands-
on tasks for each student who participated. Such tasks
were not included in the prior 1990 NAEP science
assessment.

Considering the impact of both the movement to
increase the number of standardized tests and the
renewed emphasis on teaching science through
inquiry rather than as a set of facts, discerning how
these two phenomena interact with each other to
affect student learninginatypical classroombecomes
vital. The two agendas may seem incompatible, which
may generate confusion for the classroom teacher
who is trying faithfully to implement a curriculum
within the parameters imposed. Are teachers who
emphasize inquiry or hands-on instructional strategies

havinganegative impacton theirstudents’ standardized
test scores?

Purpose

The purpose of this article is to examine the
relationship ofan increase ininquiry-based instructional
approaches on students’ physical science standardized
test scores and other classroom measures. The data for
this article are taken from an analysis of students’ test
scores, classroom grades, and attendance records.
These data were gencrated in a natural classroom
environment, as opposed to a carefully controlled ex-
perimental environment. The goal was to assess the
impact of one teacher’s use of inquiry-based teaching
approaches as implemented in practice over a period of
several years.

Participants

The data for this article come from a case study of
one of the authors’ physical science classes encom-
passing 4 years. The 1,300-student high school from
which this data was gathered is part of an urban school
district in a midsized city in North Carolina. Parents of
the students were employed mainly in technical, cleri-
cal, and blue-collar occupations, with a small percent-
age employed in professional occupations.
Approximately 90% of the students in this school who
pursue postsecondary education are first gencration
college students, and about 30% of the student body
participates in the free or reduced price lunch program.
The teacher of the classes was certified in both second-
ary mathematics and physics. Prior to teaching in North
Carolina, beginning with school year 1997-1998, he had
been teaching secondary mathematics for 7 years in
other schools. All classes for this high school are
scheduled onablock schedule, so the entire course was
taught in blocks of 90 minutes a day for 90 days of one
semester.

Assigned to teach all new courses upon coming to
North Carolina (primarily physics and physical sci-
ence), the teacher focused his limited time and energy
resources on developing a hands-on approach for the
physies curriculum and reverted to a heavily textbook-
oriented approach for his physical science classes.
After 2 years, he was able to revamp his instruction to
an inquiry-based approach for the physical science
classes. The teacher decided to implement more of an
inquiry-based approach because of dissatisfaction with
low student achievement and student disinterest in the
course. The teacher was enrolled in an advanced
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education degree program at the time, which exposed
him to detailed recommendations of national science
standards and encouraged reflective practice. He cites
the combination of advanced coursework and personal
experience as providing the impetus to significantly
alter his teaching practice.

During years | and 2 of the study, seven different
physical science classes were taught using traditional
approaches with arelatively low level of inquiry-based
teaching. These 161 students (52% female and 48%
male; 67% African-American, 27% Caucasian, and
6% Hispanic) composed the non-inquiry group. During
years 3 and 4 of the study, four physical science classes
were taught using inquiry techniques to a much higher
degree. These 94 students (50% female and 50% male;
65% African-American, 26% Caucasian, and 9% His-
panic) composed the inquiry group. For both groups, all
students were enrolled in standard physical science and
were assigned to this teacher’s class by the school’s
computer.

Methods and Data Sources

The implementation of inquiry learning can take
different forms in different classrooms. For purposes of
this article, an operational definition of the level of
inquiry teaching will be based on laboratory work.
Along with the differingamounts of time students in the
two groups spent in laboratory-based work, the assess-
ment instruments used by the teacher were also signifi-
cantly modified to reflect more emphasis on
experimentation and explanation, as opposed to termi-
nologyand description.

Whereas the assessments for the non-inquiry group
tended to focus on terminology, definition of formulas,
and the use of formulas in well-defined problemsolving
situations, the assessments for the inquiry group asked
students to draw conclusions from demonstrations
presented, to develop experiments that could test pro-
posed hypotheses, and to describe everyday situations
that could be explained by the science content of the
current unit. Table 1 summarizes some of the instruc-
tional differences employed between these two groups
of students. These data come from an analysis of the
lesson plans maintained by the teacher over the course
of those years.

Although the number and duration of labs are
indications of the level of inquiry teaching being used,
these data alone do not suffice as proof of an inquiry-
oriented teaching style. The nature of the lab work must
also be taken into account. Most of the lab work done
by the inquiry group was of an exploratory nature

Table 1
Group Instructional Differences

Group No.ofLabs TimeinLab DaysinLab
Non-Inquiry 14 770min. 16
Inquiry 31 2,015 min. 39

Note: All values are for the complete course over a 90-day
semester.

wherein students sought to understand and explain
underlying physical concepts, and test questions and
other assessments were designed to measure students’
knowledge accordingly. The lab work done by the non-
inquiry group tended to be mostly of a recipe-style
format from the textbook publisher, in which students
completed a set of instructions on worksheets without
necessarily demonstrating an understanding of the
underlying concepts. For example, the non-inquiry
group was given a set of objects and explicit directions
how to go about determining their densities. The inquiry
group was asked to devise their own investigations for
determining densities of objects and was given the
freedom to choose which measuring tools to use and to
develop their own procedures, along with modifying
those procedures as experience dictated.

Threedifferentaspects of student involvement and
achievement were investigated and compared be-
tween these two groups: student participation (includ-
ing attendance); student EOC scores on the physical
science standardized test; and classroom grades earned
by the students. Student participation was measured by
three different factors: (a) the percentage of students
who took the EOC test from the total enrollment in the
classes at the time of the test; (b) the mean absence
rate throughout the course; and (c) the percentage of
students who “gave up” on the course as evidenced by an
extended time period (2 weeks ormore) of not completing
or making up coursework and/or classroom tests.

Bynotshowingup to take their final exam (25% of
their course grade), students indicated that they did not
intend to pass the class and, hence, generally no longer
significantly participated in class activities. Absence
rate is another indication of the degree to which
students withdrew from active class participation.
Third, the failure to complete significant amounts of
required work over an extended period of time (2
weeks or more) indicated that students had given up on
passing the course. The data for these measures were
taken from the teacher’s attendance records and grade
book records.
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The EOC scorereports for physical science classes
contain mean scale scores by class. The results from
the non-inquiry classes were compared to those of the
inquiry classes. The overall EOC scores can be com-
pared between the two groups by mean scale score and
by the percentage attaining the various achievement
levels assigned by North Carolina’s testing program
(Levels 1,2,3,and 4). Within North Carolina’s system
ofassessments, levels 3 and 4 indicate proficiencyin the
subject, whereaslevels 1 and 2 indicate nonproficiency.

Results

Participation

Table 2 summarizes the three measures of partici-
pation in physical science class between the two groups
of students. The percentage of students within each
group is given in parentheses for each measure.

Standardized Test Scores

A second aspect investigated in this paper is the
relationship between usingan inquiry instructional ap-
proach and EOC scores. EOC results are reported as
a scale score. This scale score is then converted into
one of four levels: Levels 3 and 4 are considered
proficient; Level 2 indicates students are minimally
prepared for subsequent courses; and Level | indicates
lack of knowledge and skills to succeed in subsequent
courses. Both levels 1 and 2 are considered not profi-
cient. Table 3 summarizes these results, with the percent-
age of students within each group in parentheses.

The residuals computed by the chi-square test
suggest that the influential cells accounting for the
statistically significant difference in EOC levels between
the two groups are the cells at Level 2 (non-inquiry
38%; inquiry 58%).

Table 2
Student Participation in Physical Science Class

Absences®
Taking Giving (Days/
Group n EOC Up* Student)

Non-inquiry 161 145(90%)  47(29%) 108
Inquiry 9 90(96%) 10(11%) 49

*“Giving up” is defined as not completing two or more weeks
of work.

®Mean absence rate in days per student for the 90-day
semester.

Students who did not take the EOC test were
generally those who were not doing well in the course
and, therefore, would likely not do well on the test.
Because a larger percentage of students in the non-
inquiry group did not take the EOC test as compared to
the inquiry group, including only test-takers in Table 3
likely skews the results. While it is impractical to
attempt to assign a scale score to those who did not take
the test, it isreasonable to assume that students refusing
to take the test would have scored nonproficient (level
1 or 2). Based on this assumption, Table 4 shows the
number of students at the levels of proficiency or
nonproficiency.

Classroom Grades

Another measure of student achievement is the
grade for the course for the two groups (see Table 5).
This course grade incorporates the EOC exam score as
25% of the total grade, as required by school district
policy. Other components of the classroom grade are
approximately equally distributed between tests, home-
work, and laboratory work.

The residuals computed by the chi-square test
suggest that the influential cells accounting for the
statistically significant difference in grades between the
two groups are the ones at Level C (non-inquiry 20%;
mquiry 34%) and at Level D/F (non-inquiry 58%;
inquiry 37%).

Discussion of Results

The inquiry group students had higher attendance,
were less likely to give up, and were more likely to show

up to take the standardized testat the end of the course.

The inquiry instructional technique seemed to engage
students more inthe course throughout its duration and,
by implication, their attitudes toward the study of
physical science were improved. Although difficult to
conclude from the participation numbers alone, the
teacher commented that the classroom atmosphere
was also much improved over that of the non-inquiry
group. According to the teacher, the students in the
inquiry group posed fewer disruptions and exhibited
less antagonistic behavior that diminished the learning
environment,

The EOC scores (Table 3) showed a lower overall
mean for the inquiry group, although this difference was
notstatistically significant. The inquiry group may have
scored lower because of the nature of the questions
asked on the state’s multiple-choice standardized test.
The skills and concepts learned during inquiry instruc-
tion are not as easily testable in a multiple-choice
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Table 3

Physical Science EOC Results for Those Taking the Exam

Group EOC Scale Score*
Mean SD n
Non-Inquiry 522 7.68 145
Inquiry 509 6.09 &9

"#(df=232)=-1.328, p< .185.
by2(3, N=234)=9.57, p<.05.

Level’
4 3 2 1
8(5%)  59(41%)  55(38%)  23(16%)
3(4%) 26(29%) 52(58%) 8 (9%)

Note: The mean scale score for all physical science students in North Carolina in 1997 was 53.7 with a standard deviation of

94.

Table 4
EOC Results by Proficiency

Group n Proficient Nonproficient
Non-Inquiry 161 67(42%) 94(58%)
Inquiry A 29(31%) 65(69%)

Y3(1,N=255)=2.929, p<.087.
Note: Assuming nonproficiency for nontesttakers.

format. This postulate is supported by the data in Table
5, which indicate that the inquiry group earned higher
grades for the course. The teacher-designed tests were
constructed to closely match the inquiry instructional
style of content delivery, and students in the inquiry
group outperformed the non-inquiry group as measured
by classroom assessments.

The spread of the achievement levels in Table 3
indicates that the non-inquiry group experienced a more
variable range of success, whereas the more
concentrated grouping of student achievement at Level
2 for the inquiry group suggests a more uniform

achievement for a broad range of students. This
conclusion is also supported by the data in Table 5,
which shows that not only were the course grades
higher for the inquiry group, but also that they were
more tightly clustered than those of the non-inquiry
group. One possible explanation for the clustering of
inquiry group scores is that an inquiry instructional
technique may be more effective for reaching a wider
range of students, thusnot creating a large gap between
those experiencing success and those not.

Limitations

These results should be interpreted cautiously be-
cause one of the authors was also the teacher under
study. The data were examined for sequential years,
and the impactof experience on the instructional quality
must be considered. Although the differences in the
inquiry and non-inquiry groups are thought to be prima-
rily due to differences inthe instructional approach, the
potential for researcher bias exists. Researcher bias is
controlled for in part by the use of standardized test
scores and school absentee rates. It is also possible that
variables other than instructional approach may have
influenced student outcomes.

Table 5
Course Grades

Group Percentage Grade®
Mean SD n
Non-Inquiry 673 204 161
Inquiry 747 139 A

"Wdf=253)=3.153,p<.01.
by2(3,N=255)=11.392,p<.01.

GradeLevel®
A B C D/F
3(2%) 33(20%) 32(20%) 93(58%)
4(4%) 23(25%) 32(34%) 35(37%)
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Conclusions

Theuse of an inquiry-based teaching style does not
seem to be an effective instructional technique if the
goal islimited to increasing proficiency achievementas
measured by North Carolina’s EOC exam in physical
science, which focuses primarily on objective knowl-
edge thatcan be measured with multiple-choice assess-
ment items. However, inquiry-based teaching seemed
to have many positive effects, such as dramatic im-
provement in student participation, higher course grades
earned by students, and higher universal achievement
by more students instead of a large gap between those
experiencing success and those not. If the goals of
education go beyond mere test scores and include
developing positive attitudes toward the subject matter,
then these results suggest that an inquiry-based teach-
ing style may be effective. These results also suggest
thata closer examination ofthe nature and format of the
questions on North Carolina’s EOC standardized test in
physical science may be necessary. Given that the
North Carolina standard course of study (North Caro-
lina Department of Public Instruction, 1994) upon
which the EOC is based emphasizes science as inquiry
as one of the four strands that should permeate all of
science education, the EOC may not be appropriate for
measuring those inquiry characteristics that North Caro-
lina lists as important.
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