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Cooperative Learning in the Untracked Middle School Science Classroom:
A Study of Student Achievement

In recent years, science educators have struggled with the dual challenge of
equity and excellence, of providing all students access to a quality science education,
and ensuring each student achieves an understanding of scientific concepts and
processes (American Association for the Advancement of Science, 1989; California
Department of Education, 1990; National Research Council, 1994). Traditional sciernce
instruction often marginalizes those students without the expected repertoire of
experiences, interests, and skills (Carter, 1990; Delpit, 1988; O'Loughlin, 1992).
Moreover, statistics from national science exams (Educational Testing Service, 1992) as
well as studies of student misconceptions of biological and physical phenumena (Bishop
and Anderson, 1990; Bar, 1989; Driver and Easely, 1978) seem to confirm that few
students achieve a coherent and useful understanding of science.

The Program for Complex Instruction, a model of groupwork developed by
Elizabeth Cohen and colleagues at Stanford University, addresses this dual challenge by
teaching various subject matter at a high intellectual level to students with diverse
academic skills. Grounded in sociological theories of expectation states and
organizational behavior, Complex Instruction is designed for use in academically,
linguistically, and culturally diverse classrooms. The Program includes three
components: group tasks requiring multiple intellectual abilities and centered around a
big idea; a classroom management system of cooperative norms and procedural roles;
and treatments used by the teacher to equalize rates of student interaction. The
program attempts to achieve two goals: to foster higher-order, or conceptual thinking
through open-ended, problem-solving group tasks; and to facilitate all students' access

to materials, to group discourse, and thus, to learning.




Given the congruency in goals between science education and the Program for
Complex Instruction, the purpose of our study is to examine science learning in
Complex Instruction classrooms. Specifically, we constructed, administered, scored,
and analyzed pre and post science unit tests. In doing so, we hope to provide insight
into the following questions: (1) What scientific facts, concepts, and applications do
students learn during groupwork? (2) Are all students provided equal access to science
learning? (3) What are the strengths and limitations of using open-ended paper-and-

pencil tests to measure student learning of science?

Theoretical Framework

Below, we provide an overview of the sociological framework of Complex
Instruction. Such information serves to situate our work in a larger theoretical and
research tradition. For our study, we have only drawn upon certain aspects of this
framework.

Complex Instruction is grounded in a sociological framework of organizational
theory and expectation states. It uses the principles of organizational theory to
understand the relationships among student interaction, task structure, and
achievement (Cohen, Lotan, and Leechor, 1989). When there are open-ended tasks in an
organjzation, the greater the lateral communication among workers, the greater the
productivity. Lateral communication helps workers cope with uncertainty (Perrow,
1967), increases the amount of information processed (Galbraith, 1973), and fosters
higher-level search procedures for solving problems (March and Simon, 1958).
Similarly, when there are open-ended group tasks in a classroom, the more students
talk and work together, the more they learn (Cohen, 1984; Cohen, Lotan, and Leechor,
1989; Lotan, Cohen, and Holthuis, 1994).

Complex Instruction also draws from the principles of organizational theory to

maximi "e student-student interaction, that element of groupwork most directly linked
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to learning. In organizations, managers delegate authority to workers to enhance lateral
communication and increase effectiveness. Similarly, in classrooms, teachers refrain
from directly supervising student behavior and progress during groupwork. Instead, to
increase student-student interaction, they delegate authority to the groups through the
use of cooperative norms and procedural roles.

Complex Instruction applies the lens of status characteristics and expectation
states theory to devise strategies to help equalize rates of interaction among students
within a cooperative group. According to expectation states theory, an individual’s
access to materials, participation, and influence in a group is determined by his or her
status (Berger, Cohen, and Zelditch, 1966). Examples of status characteristics that
operate in classrooms include academic ability, gender, ethnicity, social class, and
popularity. Students of high status expect and are expected to excel at the group task.
They talk a great deal and their suggestions carry weight. In contrast, students of low
status have limited access to group materials and discourse. Because they talk less than

their high status counterparts, they learn less (Cohen, 1984).

Objectives

To explore student learning of science in Complex Instruction classrooms, we
used classroom observations and open-ended, content referenced unit tests. First, we
statistically analyzed classroom observations to answer the following question: Did
classrooms meet Complex Instruction's implementation standards? Empirical research
by colleagues at Complex Instruction has shown a relationship between the quality of
groupwork and student achievement (Cohen, Lotan, and Leechor, 1989). In a
classroom, if the average student un-task talk is low and/or disengagement high,
performance on achievement tests suffers. Based on this relationship, researchers have
identified implementation standards for student behavior: classrooms that do not meet

these standards have significantly lower achievement gains. Thus, we expect students
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in classrooms that meet these implementation standards—classrooms with high on-task
talk and low disengagement-to perform well on these content-referenced tests.

Second, what kinds of scientific concepts and skills did students learn? Given the
theoretical link between open-ended tasks and student-student communication, the
Program for Complex Instruction creates group activities that are open-ended and
designed to stimulate higher-order thinking. We thus expect students to excel on test
questions that require application, analysis, and/or synthesis of concepts and ideas.

Third, did student learning of scientific concepts and processes differ along lines
of gender or conventional academic achievement? Starting from expectation states
theory and expanding into the larger arena of access, Complex Instruction attempts to
provide students access to learning through a curriculum requiring multiple intellectual
abilities and through pedagogical techniques designed to equalize rates of student
interaction. In this study, we examine two of many factors that restrict students' access
to learning: previous academic achievement (indicated by national reading percentile
scores) and gender. We expect to see little difference in achievement gains between |
students who do well and students who do poorly in traditional academic settings. We
also expect to see no difference in achievement gains between boys and girls.

Fourth, what did we learn about test construction and scoring? Tests developed
for this study included both open-ended and multiple choices questions as well as
diagrams and illustrations. We expect to learn how to eliminate gratuitous difficulties,
refine test questions, and better tap students' understandings through examination of

student responses and reflection on our own scoring process.

Sample, Setting, and Methods
We conducted our study in thirteen middle school science classrooms over the
course of two years. During the 1992-1993 academic year, approximately 260 sixth and

eighth grade students in ten classrooms participated, and during 1993-1994,
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approximately 80 sixth grade students in three classrooms. These students were taught
by four science teachers, each experienced in teaching science and trained in Complex
Instruction. They attended two middle schools in the greater San Francisco Bay Area.
Both schools had an academically, linguistically, and ethnically diverse student
population. Both had made a commitment to untrack in all subjects.

To ensure classrooms met Complex Instruction's standards of implementation,
researchers conducted systematic observations using an instrument we call the Whole
Class Instrument in seven of the thirteen classes in our study. These researchers were
members of the Complex Instruction staff, had achieved a reliability of 90% with th2
Whole Class criterion scorer during the 1992-1993 academic year, and had used the
instrument in other Complex Instruction research endeavors. Researchers completed a
minimum of 10 observations per classroom while students were engaged in groupwork.
Data collected with this instrument provided snapshots of student behavior in groups.
Subsequently, the data were used to determine an average percentage of students
talking and working together, and an average percentage of students'disengaged.

To assess students' factual knowledge, conceptual understanding, and ability to
apply and synthesize scientific information, we developed tests for each of four
Complex Instruction unils: Circulation, Respiration, Digestion, and Systems. Tests
contained six to ten questions with many subparts. The questions ranged in formay
from multiple choice to short answer to the drawing of a diagram. They ranged in level
from recall to synthesis. Many included illustrations to facilitate student

comprehension. Below, in Figures 1 and 2, we provide examples of test questions.
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6.

a.  Circle the one best analogy from those given below.

Your younger sister asks, “What does a digestive system do?” Use an analogy to help explain the
purpose of the digestive system to your sister.

The digestive system

islike...

A street sewer into which rain

water drains and flows outto a
river.

A library from which books
are borrowed and returned.

A recycling center where
newspapers are collected,
shredded and reused.

A bakery wiere®
are made and sold.

ad and cookieq ; A department store where many
different items are found.

b. Explain why you chose this analogy.

Figure 1. Question 6 in DigestionTest.

— Carries oxygen and nutrients to cells, carbon dioxide and waste

from cells.

A small vessel that allows the exchange of substances between

blood and celis.

__ Alarge vessel that transports blood from body to heart.
— Pumps blood throughout the body.

—  Alarge vessel that takes blood from heart to organs.
—_ Contains proteins that transport oxygen.

Match the following parts of the circulatory system to their function. There are more choices than needed.

Sm o a0 o

Heart

Blood

Vein

White blood cell
Arteriole
Capillary

Red blood cell
Artery

Figure 2. Question 5 in Circulation 2 test.
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Tests were administered to classrooms on a unit-by-unit basis: a pretest was
given prior to implementation, and a posttest, upon unit completion. During the 1992-
1993 school year, sixth and eighth grade students completed one to three Complex
Instruction tests: Systems, Circulation 1, and/or Digestion. The following school year,
sixth grade students completed two Complex Instruction unit tests: Circulation 2 (a
revised Circulation 1 test) and Respiration .

Researchers scored these unit tests in two-to-three hour.l.)locks over the course of
one year. For a given unit test, we scored the closed-ended questions (multiple choice,
matching, fill-in-the-blank) first. We then moved to the scoring of open-ended
questions, that is, questions that required students to respond in their own words. For
each open-ended question, we constructed a scoring rubric and obtained 80% or greater
inter-scorer reliability.

Once all scoring was completed, researchers proceeded with analyses of test
results on both quantitative and qualitative fronts. Percentage pre, post, and gain scores
were statistically analyzed. In addition, student responses were studied qualitatively
for evidence of scientific understanding and for flaws in test construction.

Finally, to ascertain differences in student performance by gender and previous
academic achievement, researchers collected two additional pieces of information:
students' gender and most recent national reading percentile score from a standardized
test. (Most standardized test scores were from the CTBS; a few, from MAT-6.) We used

this information to analyze test performance by gender and previous reading

achievement.

Results

The following results are organized around our four areas of interest: the

conditions for learning, excellence, equity, and issues of test construction.
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Conditions for Learning

To check that all classrooms met the minimum Complex Instruction
implementation standards, we analyzed the Whole Class observational data by
classroom. In all, observations were made in seven of the thirteen classes tested.
Averages were calculated for the percentage of students talking and working together
and the percentage disengaged in each class. (See Table 1 below.)

Table 1
Complex Instruction implementation standards by class

“ Ave. % of Students Average % of
Talking and Working | Students Disengaged

Elass 1 35.0 22.0

Class 2 47.0 8.0

| Class 3 41.0 44

Class 4 37.2 4.8
Class 5 43.4 99
Class 6 54.6 1.6

Class 7 371 9.8

Based on these percentages, all of the classes met the implementation standard
for the percentage of students talking and working together (> 35%). All but Class |
satisfied the implementation standard regarding the percentage of students disengaged
(< 14%). As a result, the quality of groupwork implementation in these seven classes
was considered to be relatively good. Subsequent analyses were completed using the
total data sample which includes these seven classes as well as six others in which tests

were administered but no observational data was collected.

Excellence: What Did Students Learn?

Analyses were performed to determine the average pre, post, and gain scores on

each of the five tests.
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The five tests were not of equal value {a total of 56 points was possible on the
Systems, 43 on the Respiration, 51 on the Digestion, 93 on Circulation 1, and 83 on the
Circulation 2). Thus, in order to compare scores across tests, percentage totals were
calculated for the pre, post, and gain scores by dividing the test scores by the total number
of points possible. As a result, the percentage scores were simply a linear transformation of
the raw scores—analyses such as correlations and t-tests were not affected by this

recalculation. Table 2 provides a summary of the percentage pretest, posttest, and gain

scores for each test.

Table 2
Descriptive statistics for percentage pre, post, and gain scores on each test
Systems Test Respiration Test Digestion Test
% Pre | % Post | % Gain{ % Pre | % Post | % Gain | % Pre | % Post | % Gain
N 206 206 206 65 65 65 | 172 172 172
Mean 360 | 609 | 249 | 274 | 422 148 | 354 | 427 7.3
SD 16.2 189 | 174 | 133 | 19.1 11.8 | 16.2 16.8 10.8 “
Min 18 | 711286 35| 70| 81 ] 39 | o0 |-216 |
Max 768 | 964 | 857 | 779 | 849 | 442 | 775 | 853 | 343 |
Circulation Test 1 Circulation Test 2
% Pre | % Post | % Gain| % Pre | % Post | % Gain
N 135 135 135 69 69 69
Mean 216 | 35.6 140 | 173 | 36.1 18.8
il SD 102 | 144 | 105 | 82 | 181 | 1238
Min 4.8 7.8 -7.8 24 8.4 -9.6
&x 4_55.4 82.5 45.§_ 422 | 837 | 536

T-tests indicated that the posttest scores were significantly higher than the pretest
scores for each of the five tests (p<0.001 for each). The average scores on the Systems
pretest (36.0%) and posttest (60.9%) were the highest of the five tests. Learning gains

were greatest for the Systems test (24.9%) and lowest for the Digestion test (7.3%).
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Next, we asked whether students learned what we wanted them to learn. That

is, did students show significant learning gains on higher-order concepts and processes?

Analysis of students’ scores on higher-order questions provided us with some answers.

We categorized higher-order questions as those questions that asked students to

apply, analyze, and/or synthesize scientific knowledge. For each test, we aggregated

student scores on these questions and then computed percentage pre, post, and gain

scores by dividing each student’s total score on all higher-order questions by the total

number of points possible on these type of questions (24 points were possible on the

Systems test, 17 on Respiration, 27 on Digestion, 38 on Circulation 1, and 34 on

Circulation 2).

Table 3 summarizes the percentage pre, post, and gain scores on higher-order

questions. In addition, we have noted the t values of the dependent t-test run on the pre

and posttest scores. Shaded cells indicate a statistically significant difference between

the pre and post test scores.

Table 3

Drscriptive statistics for percentage pre, post, and gain scores on higher-order questions

Systems | Respiration| Digestion | Circulation | Circulation
Test Test Test Test 1 Test 2
Pre X 378 46.5 34.3 25.1 234
(SD)}  (23.7) 21.0) (20.2) (15.0) (12.2)
Post X 59.6 64.7 39.7 383 38.1
(SD)} (23.9) (27.9) (21.2) {17.9) (19.6)
Gains X 218 181 5.6 169 14.7
(SD)} (23.3) (23.0) (15.0) (13.8) (14.0) ‘
t value -13.439™#* -6.383**+ ~4.875%* 1 -10.201*** -8.777*** i
* <0.001

Trends in higher-order scores mirror those identified for the overall scores. The

posttest scores on the higher-order questions were significantly higher than the pretest

scores for each of the five tests as determined by the t-tests. Gains were largest on the

Systemns test (students scored 21.87% better on the posttest). Students showed the smallest

gain in higher-order thinking on the Digestion test (5.6%).
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In addition to our quantitative analyses, we conducted qualitative analyses of

student responses. We found trends in the following three areas: (1) misconceptions
about scientific content and processes; (2) ability or inability to draw scientific diagrams;
and, (3) ability or inability to construct reasoned arguments.

Students’ responses revealed four misconceptions. One, a small number of
students confused the consequences of a phenomena with its cause. For example, in the
Circulation test, students were asked to explain two possible consequences of a heart
attack. Students gave answers such as, "If you have high blood pressure and if you
don't eat healthy food your heart will clog up."

Another misconception was also found in the Circulation tests. Many students
thought it was important that blood types be the same in a transfusion because of the
possibility of contracting AIDS or another disease. In one case, a student wrote, “If he
loses a lot of blood he can die and blood transfusion can give him HIV."

In the Systems test, a third misconception involved the scientific idea of a
collection, as opposed to a system. Many students deemed a representation of a system
a collection because they saw it as something that is collected. For example, one student
said a flower growing in a pot was a collection, "Because people collect plants."

Another student called a dinosaur playing a guitar a collection, "Because there are a
bunch of kids that collect dinosaurs."

In contrast to the above examples of students’ misconceptions of content, a final
misconception revolved around scientific process: the majority of students did not
understand or use the idea of an experimental control. On two different exams,
students were asked devise an experiment. Their answers included the following
confusions about a control: "Our control is our brain," "My control is to get the breathing
rate," and "Go into the school and have a sign-up on who would want to be like the
people in the TV show” (The first two answers are in response to a question on

breathing rate; the last answer, in response to a question about the effect of a TV show
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on adolescent eating habits and body image.) Eighth graders’ understanding of a
control was slightly more sophisticated. Indeed, one eighth grader wrote: "Have one
person watch Rock High for one year. Have another person not watch Rock High for
one year. At the end of one year see how they both turn out.” Another suggested
scientists, "Survey high school kids that watch and don't watch the show."

Second, review of student responses also revealed that many students had
difficulty producing a scientific diagram. On the Circulation tests, students were asked
to explain the path that oxygen takes through the circulatory system, using a diagram to
help. Almost all students were unable to provide the correct path. However, they did
seem to have some idea of what constitutes a diagram, e.g. drawings, labels, and/or
arrows. In each of the six classes tested, between a sixth and a third of the students
provided such diagrams.

On the Respiration test, a question required two diagrams and specifically asked
the students to include labels. In this case, approximately half of the students provided
diagrams. Below their diagrams, students were asked to provide similar information,
but in written form. Students generally attempted to answer both the diagram and
written part. In addition, there was a significant correlation (p<0.001) between these
two parts of the question.

Third, students had mixed success in providing reasoned arguments in support of
their answers. Across three questions, a trend in student abilities emerged: students had
the most difficulty supporting their personal opinion, the least difficulty supporting their
answer through recall of information, and supporting a scientific analogy fell somewhere
in between. For example, in the Circulation tests, one question asked, “Do you think ads,
such as the one shown above [an ad advertising smoking and drinking at a baseball game],
affect people's attitudes or behaviors about health? Explain.” Students found it difficult to
support their personal opinion; the majority of students basically ignored the thrust of the

question and instead focused on drinking and smoking as unhealthy behaviors. From
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Digestion, a question called upon students to explain why the foods they had chosen made
up a healthy lunch. Most commonly, students responded that their lunch met all of the
food groups, was low in fat, and provided protein and vitamins. And a third question, also
in Digestion, presented students with five different illustrated analogies; students were to
pick the one that best fit the digestive system and logically support their choice. The
question yielded a wide range of answers. There were several strong answers such as “1
chose the recycling one because it's the best one. You eat food, it gets digested, and parts

are reused.” However, many students did not fully support their choice.

Equity: Who Learned?

The test scores were analyzed to see if students’ reading ability and gender affected

their performance.

Effect of Reading Ability

National curve equivalents (NCEs) were computed using the national percentile

reading scores collected for each student. These NCEs were correlated with test pre, post,

and gain scores. (See Table 4 below.)

Table 4.
Correlation coefficients: NCE Scores and Percentage Pre, Post, and Gain Scores

Systems Respiration Digestion | Circulation1 ]| Circulation 2
% % % %o % % % % % % % % % % %
Pre | Post | Gain | Pre | Post | Gain | Pre | Post | Gain] Pre | Post | Gainj Pre | Post | Gain

NCE P.47910.503 §0.079 P.550 [0.71010.474 P.698 [0.692 10.027 P.622 0.619 0.265 [).774 0.684 10.467

b2 %% * % P *% *% bt % 4 *% * % * *% L3 2 PE% %
cores i [+

= p<0.01
*** p<0.001

Reading scores were significantly correlated with the pre and post test scores on

each of the five unit tests. Reading scores were also significantly correlated with

percentage gain scores for three of the five tests—Respiration, Circulation 1, and Circulation

2.
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We completed additional analysis to examine the effect of students’ reading ability

on their achievement by organizing students into two groups based on their national

reading percentile score. The test scores of students reading at or above grade level

(reading scores at or above the 40th percentile) were compared to those of students reading

below grade level (reading scores below the 40th percentile). Table 5 indicates the average

percentage pre, post, and gain scores by each group. We have also included the t values

for independent t-tests of scores for students reading below grade level versus those

reading at or above grade level. Shaded cells indicate a statistically significant difference in

the scores of these two groups.

Table 5

Percentage pre, post, and gain scores for students reading below grade level and th:se reading at or above grade level

Systems Test Respiration Test Digestion Test

% Pre | % Post | % Gain| % Pre | % Post | % Gain] % Pre | % Post | % Gain
Low X 1297 { 541 | 243 110 '} 243 | 316 7.3
Reading |(SD)| (12.3) { (16.0) | (16.5) (10.0) §1(11.3).] (13.6) | (10.7)
High X § 417 1684 | 267 .| 207 § 441 | 51.2 7.0
Reading {(SD){ (16.6) | {16.7) | (18.7) 1 (2.0) § (14:8) | (14.6) | (10.4)
t value 36045, 749***10 880 'B.203 B.926%**18.338***1-0.149 |

Circulation Test 1 Circulation Test2 ||

% Pre | % Post | % Gain] % Pre | % Post | % Gain
Low X | 1651 288 | 123 | 13,3 }.284 | 151
Reading [(SD)| (7.6) {(104) | (9.0) | (5.3) }.{13.4) | (10.5)
High X | 265 § 434 | 169 | 22.7 ' 473 | 247 “
Reading [(SD)| (8.8) | (13.7). | (11.4) § (7.3) | (17.0) | (14.0).
|t value 504**46.416"* 2 .376** b.802***4.848**3.018**
T p<0.01
** p<0.001

T-tests showed that students with higher reading ability did significantly better

on all the tests, both pre and post (p<0.001). Students of high reacing ability had higher

gain scores than students of low reading ability on both the Circulation and Respiration

unit tests. Gain scores between the two groups did not vary significantly on either the

Systems or Digestion tests.
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Effect of Gender

Test scores were analyzed to determine the effect of gender on student scores.
Did girls and boys do equally well on these tests? Does a gender gap exist in 6th grade?
Does it begin to appear in the 8th grade (recall, two tests-Systems and Digestion-wer.
administered in both the 6th and 8th grades)? The table below, Table 6, provides the
percentage pre, post, and gain scores of boys and girls for each test. Again, the shaded

cells indicate a statistically significant difference between the scores of boys and girls.

Table 6
Percentage pre, post, and gain scores for boys and girls (total sample, 6th grade, and 8th grade)

Systems Test Respiration Test Digestion Test
% Pre | % Post | % Gain| % Pre | % Post | % Gain| % Pre | % Post | % Gain
X § 381 59.7 21.6 38.0 46.1 8.1
Totall Girls J(SD) | (16.5) { (19.9) } {17.0) not applicable (16.6) | (15.7) | (9.8)

X 33.1 60.6 27.5 | (test was administered | 32.0 39.2 7.2
Boys {(SD) | (15.1) | (18.2) | {17.2) | to 6th grade students | (16.0) i (17,5} | (11.9)

f value -2.152* 10.317 2349 - only) -2.137* |-2.428** ] -0.509
X | 355 | 579 224 | 258 | 425 166 | 208 | 397 | 88
6th | Girls |(SD)] (15.5) | (19.9) | (17.4) } (10.6) | (17.0) | (11.4) }{12.9) } (12.2) | (11.3)
X | 324 | 578 254 1 290 | 419 129 | 22.7 | 289 6.2
Boys J(SD)} (14.2) | (16.7) | (16.7) } (15.6) | (21.4) | (12.1) | (10.4) | (13.1) | (11.3)

t value -1a71 -0.014 1.006 0969 |0.118 1.293 -3.116* 13.858"** | -1.095
X 1429 | 63.2 20.3 51.1 58.0 6.9
8th | Girls |(SD) | (17.3) | (19.8) | (16.3) {14.6) | (14.6) | (8.1)
X 1349 | 674 | 326 not applicable 439 | 523 | 85
Boys {(SD) | (17.2) { (20.1) | (17.6) (13.9) | (13.0) {(12.7)
| t value -1.792* 10.830 2.815* -1.871* | -1.511 0.53%
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Table 6 (cont.)

Circulation Test 1 Circulation Test 2
% Pre | % Post | % Gain] % Pre | % Post | % Gain
X
Totall Girls §(SD)
X
Boys 1(SD) not applicable not applicable
t value
X 17.7 } 352 17.5
6th | Girls J(SD) (7.4) | (16.1) | (11.6)
X 170 | 370 20.0
Boys J(SD) (8.0) | (19.9) | (13.8)
t value 0354 |-0423 |-0.827
X
8th | Girls {(SD)
X
Boys |(SD) not applicable not applicable
J t value
> p<0.05
* p<0.01
*** 5<0.001

T-tests were run in order to determine if the scores of girls ar . boys differed
significantly. In 6th grade, girls scored significantly higher than boys on some of the
pre and post tests (Circulation and Digestion tests), although gain scores for boys and
girls did not differ significantly. However, in the 8th grade, boys gained significantly
more than the girls (p <.01) on the Systems test: the boys had an average percentage

gain of 32.6 (§D =17.6), and the girls, of 20.4 (SD = 16.3).

Issues of Test Construction: What Did We Learn?

Analysis of data provided us with information not only about student
performance but about construction and scoring of the test itself.
Type of Question: Scores on Questions with and without Illustrations

In designing the tests, we attempted to make them less reading dependent both

by including diagrams and pictures in many of the test questions and by requiring

-t
0]
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students to answer using a drawing or diagram. Did students score better on questions
that included an illustration than those that did not?

The table below, Table 7, provides the percentage pre, post, and gain scores for
the pictorial and non-pictorial questions on each test. The Systems test is not included
in this analysis beca: .se all the items contained pictures or diagrams.

Table 7
Percentage pre, post, and gain scores on pictorial vs non-pictorial questions

Respiration Test Digestion Test
% Pre | % Post | % Gain} % Pre | % Post | % Gain

X {201 § 329 | 128 | 387 | 455 6.8
Pictorial {(SD)| (11.4) | (16.4) | (11.8) } (18.1) | (18.4) | (13.6)

Non- X 336 | 492 . 16.6 254 | 344 9.0
Pictorial |(SD)| (16.8) | {22:5) | (15.6) | (17.4) | (183) | (16.1)
t values 8.402> 1 8,258 1412 (99279 £0431** {1 1.362

Circulation Test 1 Circulation Test 2

% Pre | % Post { % Gain| % Pre | % Post | % Gain

X 1247 | 446 | 199 | 130 | 320 | 190
Pictorial |(SD)| {12.6) | {17.5) | (15.8) | (6.4) | (17.1) | (14.5)

Non- X 1198 1302 | 104 | 182 | 325 | 143

Pictorial |(SD){ (11.6) {{15,5) | (11.7) } (10.5) { (17.9) | (13.0) |

t values 4,323 110.710"*-6460"* | 4.689** 1 0.332 -2.505““
— — -

* p<0.01

hinhd p<0.001

On the pre and post tests for Respiration, students scored significantly higher on
questions without illustrations. Just the opposite is true of the pre and post Digestion tests:
students scored significantly higher on those questions with pictures or diagrams.
Similarly, on Circulation 1 pre and post tests, students scored higher on the pictorial
questions. They showed higher gains on those questions on the Circulation test 1 as well.
On Circulation test 2, students scored higher on the non-pictorial questions on the pretest,
though gains were higher on the pictorial questions.

Qualitative analysis also yielded ambiguous results. In some instances,
illustrations seemed to constrain or confuse student responses. Many students
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interpreted diagrams too literally. For example, we expected a drawing of a dinosaur
playing a guitar to be interpreted as a system, yet several students gave answers similar
to the following: "Itis a collection because a rocking dinosaur could only be a toy or a
doll so it could be a collectible toy" and "This is a collection. The dinosaur is dead and
cannot play a guitar." Many students were also misled by illustrations that did not
closely fit with the question. For example, one question asked students to describe the
path of oxygen from the air to the cell but the accompanying diagram did not directly
correspond: it was at the cellular level and did not include the air and the whole body.
Thus, students received mixed messages about the focus of the question and may have
mistakenly limited their answers.

In other instances, students clearly benefited from the acceptance of drawings as
answers: they were better able to convey what they knew through an illustration than
through words. For ex.ample, one question in the Circulation test asked students how
they would measure certain vital signs. Some students scored high on this question by
drawing stethoscopes, thermometers, and other medical tools. These same students
scored very close to zero on the rest of the exam. It seems likely that these students
were very poor writers, but this question enabled them to present some of their
knowledge in pictorial form. .

Finally, researchers found evaluating stucents' pictures incredibly difficult and
time-consuming. With one question in particular, inter-scorer reliability was never
achieved: two scorers scored all the exams together. Scoring the pictures was also
frustrating: a sloppy picture that met our criteria could get the same or higher score
than a carefully crafted one. Can and should scoring criteria include aesthetic as well as

content standards? We reward traditional reading and writing abilities, why not

artistic?
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Structure of Question: Scores on Open- and Closed-Ended Questions

Scores were also analyzed by the structure of the question: open- or closed-
ended. Open-ended questions were defined as those questions that asked students to
draw or write their own answer. Closed-ended questions were defined as those that
provided a list of possible answers from which students could choose. These questions

included multiple-choice, fill-in-the-blank, and matching items.

Analysis of student scores on open- and closed-ended questions are reported in

Table 8 below. The Systems test is not included as it did not contain any closed-ended

questions.
Table 8
Percentage pre, post, and gain scores on open- and closed-ended questions
Respiration Test Digestion Test
% Pre | % Post | % Gain| % Pre | % Post | % Gain
Open- X 315 ] 448 ] 134 -1.30:1. 1] 36.8 6.7
Ended (SD) 1 €14.5) ] (19.6) :1:(13.5) -} (18.5) 1:(20.1) | (14.7)
Closed- X | 206 | 377 { 17.2 }:400 {479 79
Ended (SD) | {15.7).1-{21.4) | {15.1)- J'(173)-§ (17.0) | (14.0)
values 16,214 L4071 | 1.910% ~FE.681%* 1 9412 1 0.791 J
Circulation Test 1 Circulation Test 2 ||
% Pre | % Post | % Gain| % Pre | % Post | % Gain||
Ended (SD) | €10.7) { (16.5) | (12:6) §. (8.4) 1 (20.0) | (14.8)
Closed- X 25.7 35.3 9.6 -} 2451 391 14.6
Ended (SD) | (12.7) { (13.8) | (13.9) § (AL { (15.6) | (13.7)
t values 6.3641”]= -0.371  p4.665%" §8.021%*1 3.133% | -3.127%
ity it
* p<0.05
* p<0.01
** p<0.001

While students scored significantly higher on open-ended questions on the
Respiration pre and post tests, they scored significantly higher on the closed-ended

questions on the Digestion and Circulation 2 pre and post tests as well as the

y l
e
Bianchini, [Holthuis, and Nielsen Page 14



Circulation 1 pretest. Posttest scores on the Circulation test 1, and gain scores on the
Digestion test did not vary significantly by question type.

As with the illustrated questions, researchers found scoring open-ended
questions time-consuming. In addition, scorers often strongly disagreed about when to
take a student's response literally and when to read into it. For example, how should
one interpret the following answer to a question asking about the importance of blood
typing in transfusions: "Because his blood is one type and if you put another type in,
his blood will go crazy.” If such an answer were interpreted at its “maximum,” that is
with a belief that the student knew the correct response but was unable to or did not
fully convey her knowledge, it would receive full credit. On the other hand, a strict
interpretation would give it a lower score (which it received).

Questions that asked students to apply scientific information to real-life
situations were often the most difficult to score. For example, scorers disagreed over
what constituted the healthiest of lunches. Is Coke unhealthy? What about pizza? For
young teens, is non-fat milk healthier than whole milk? Are some foods neutral-neither
healthy or unhealthy? What if someone has a restricted diet and is coming from that
vantage point? How does one include the important concept of moderation? Scorers

reached an uneasy consensus on such important questions.

Implications

What did students learn? Students registered the highest learning gains-both
overall and on higher-order questions—for the Systems test. Students also made
significant gains on the other four tests, although their gains were noticeably smaller.
The striking difference in student performance between the Systems test and the other
four tests highlights the need for closer alignment between unit purpose, content
taught, and test construction. The Systems unit was compact. Its purpose was to allow

students to explore a few key concepts around the theme of systems over a small

-
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number of group activities. In contrast, the other units were much larger in size and
scope: there were both more concepts to cover and more ways to investigate them, e.g.
text, experiments, and worksheets as well as group activities. In the Systems unit, there
was also a tight match between concepts explored in the group activities and questions
asked on the unit test. Again, in contrast, the other tests attempted to measure student
learning of concepts and applications that were often addressed superficially or not at
all over the course of the unit.

Did students learn enough? One way to ask this question is by considering
student posttest scores: By the end of a given unit, did students obtain a reasonable
understanding of the content taught? We cannot answer this question empirically—the
data, in and of themselves, do not provide standards of worth. Unfortunately, the goals
of the units were not sufficiently articulated to allow us, as researchers, to determine
what is a reasonable understanding. A second way to phrase this question is by
examining student gain scores: Were differences between pre and post tests
satisfactory? Unfortunately, our study did not include a control group. (This was not
by choice: no comparable classrooms were available for study.) We do not know if
students would have learned more had they been taught a different way or with a
different curriculum. Thus, while we struggled with these questions, they remain
unanswered.

How could student learning be improved? Qualitative analyses of student
responses offer three possibilities. First, we need to provide students explicit
instruction and practice in designing experiments, drawing scientific diagrams, anc
constructing reasoned arguments. As Lemke (1990) argues, students do not come to the
classroom with such skills-they must be initiated into the culture of science. Second, we
need to better address gaps or confusions in students' scientific understanding during
either whole class discussions or small group activities. Finally, from the beginning of a

given unit, students need to be made aware of the purpose of the unit, the spec’tic

0
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content and processes they are expected to learn, and the standards by which they will
be evaluated. Such explicit guidelines should facilitate students’ learning by giving
them goals to achieve and a means to focus their work.

Did all students have equal access to learning? As stated in the introduction, one
goal of Complex Instruction is to provide all students equal access to learning,
regardless of previous academic achievement or gender. Our goal in designing the unit
tests, then, was to make them independent of reading, to include illustrations and open-
ended questions, so that we could determine whether the curriculum and instructional
strategy provided all students access to learning. Despite our efforts, there was a strong
relationship.between national reading percentile scores and pre and post test scores.
There are three possible explanations for this disturbing finding: (1) poor readers could
not read the test questions, (2) they could not express, in writing, what they knew,
and/or (3) they could read and write sufficiently for the test but lacked the necessary
“cultural capital” to perform well , e.g., they are not savvy in test-taking or have had
little out-of-school exposure to science.

The fact that reading ability is correlated with test performance makes it difficult
to interpret differences in test results between low and high readers. Students with low
reading ability not only scored significantly lower than the high readers on the pre and
post tests, but also gained significar - less on three of these tests. One explanation is
that the differences in gains are artifacts of the tests: low readers registered lower gain
scores because they could not read or respond to many of the questions. Another
explanation is that such differences are due to real differences in learning: the rich got
richer, the poor, poorer. If so, lower gain scores by low readers raise concerns about the
curriculum and instructional strategy. Either the group activities did not meet Complex
Instruction’s criteria of open-endedness and multiple intellectual abilities, or these

qualities are not sufficient to promote equal access to scientific discourse and

understanding.
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To determine if Complex Instruction curriculum materials and instructional
strategy provide equal access to science learning, future studies should attempt to better
understand the effects of reading ability on test performance. We need to use multiplz
forms of assessment, e.g., portfolios, interviews, and/or performance-based tests as well
as paper-and-pencil tests. Of course, this suggestion is not necessarily practical.

With regard to issues of gender equity, our results are more encouraging. Girls
did not do worse than boys on any of the pre or post tests. Indeed, in some cases, they
did significantly better. Howevér, boys gained significantly more than girls on some
tests. Allin all, there are no clear trends to interpret.

What did we learn about test construction and scoring? We included both
pictorial and open-ended questions in hopes of facilitating students’ understanding of
questions and their ability to respond to them. Unfortunately, this strategy did not
appear to work: students did not perform consistently better on either type of question.
At times, the inclusion of pictorial and open-ended questions aided students and, at
other times, hindered them. One conclusion is that we need to pay careful attention to
the kinds of illustrations provided in an exam and the ways they may mislead students.
A second conclusion is that students did not find interpreting and drawing illustrations
as easy as we thought they would. As with all skills, they need explicit instruction and
practice.

We do not recommend, however, the elimination of either pictorial or open-
ended questions. For example, although students did not perform consistently better
on open-ended questions and scoring these questions was time consuming, such
questions did provide numerous insights into ways to improve both the curriculum and
the tests. We would have gained little information about student misconceptions if the
tests had only consisted of multiple choice or fill-in-the-blank questions. We also would
have failed to debate conceptions of what is healthy or to consider the importance of

rewarding other abilities besides 1 :ading and writing. Moreover, we would not have
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understood the ways illustrations can both facilitate and constrain a student’s ability to
respond to a given question.

Ultimately, our findings do not suggest all that we had hoped. However, they do
provide insight into how curriculum and instruction can be better tailored to meet the
goals of equity and excellence in science education. They also underscore the
difficulties in separating the effects of a curriculurn and instructional approach from the
limitations of paper-and-pencil assessment. Lastly, our findings highlight the need to

explicitly teach students about science, how to do science, and how to convey said

knowledge.
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