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DEVELOPMENT OF THE PEKFORMANCE OF PROCESS SKILLS (POPS) TEST

FOR MIDDLE GRADES STUDENTS

Abstract

The purpose of this project was to construct a valid and reliable
non-curriculum-specific measure of integrated science process skills intended
for use with middle school students.

The major efforts in test development were focused on the refinements and
modifications of the set of objectives and test items assessed by the
existing Middle Grades Integrated Science Process Skills Test (Cronin and
Padilla, 1986). Each objective and item was carefully analyzed to ensure
that it was a valid representation of the intended process skills. Skills
associated with planning, conducting, and interpreting results from
investigations were delineated, and six objectives encompassing these skills
were identified. Twenty-one items judged to be the best measures of these
objectives were chosen for inclusion in the test. Modifications were made on
the items in order to provide additional explanation for specific terms,
i.e., the manipulated, responding, and controlled variables. The POPS test
was constructed in order to assess the process skills dealing with
identifying experimental questions (three items), identifying variables (six
items), formulating hypotheses (three items), designing investigations (three
items), graphing data (three items), and interpreting data (three items).

The readability of the test was assessed using the FOG index, and the average
grade level index of 6.8 was obtained. To establish content validity,
objectives and items were submitted to a panel of reviewers. The responses
of the four experts were consistent on almost all items in terms of
indicating the correct answer and keying to a process skills objective. This
concurrence of reviewers was taken as evidence of content validity and
objectivity of scoring.

To examine test reliability and item indices, t'ie POPS test was
administered to middle school students in grades six through eight. A total
of 1,402 students were involved in this field test. Total scores on the
21-item test for overall students ranged from 1 to 20 (Mean = 9.8, S.D. =
4.2). Total test reliability (KR-20) was .75. Item difficulty indices
ranged from .28 to .79 with an average of .47. Item discrimination indices
obtained by using the upper 27% and lower 277 of the sample group showed that
20 of the 21 items were above .30 with an average of .49. Point biserial
correlation indices of item discrimination showed that 19 cf the 21 items
were above .30 with an average of .41. Each of these inJices fell well
within the acceptable range for a reliable test.

These results provide evidence of the reliability and validity of the
test. The POPS test is a reliable instrument for diagnostic and/or summative
assessment in science classes or research studies. The test may be a useful
means in classroom-based research, evaluation of instruction and learning,
and curriculum validation in evaluation as well as assessing process skills
competence of middle school students.
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DEVELOPMENT OF THE PERFORMANCE OF PROCESS SKILLS (POPS) TEST

FOR MIDDLE GRADES STUDENTS

Purpose of This Study

The primary purpose of this project was to construct a valid and reliable
non-curriculum-specific measure of integrated science process skills intended
for use with middle school studen’s.

At the middle school level, integrated science process skills such as -
identifying experimental questions, indentifying variables, formulating
hypotheses, designing investigations, graphing and interpreting data are a
vital aspect of meaningful science laboratory activity. These process skills
represent the rational and logical thinking skills required in the process of
problem solving in science. Few paper and pencil instruments to assess the
process skills performance for middle grades students exist; thus, the
present development took place.

The new test could serve either as an alternate and equivalent pcocess
skills test or enlarge the pool o° available items for process skills
assessment in middle school grades. This test could be used for diagnostic

or summative assessment in science classes or research studies in ways such
as the following:

1. Assessing the process skill competency level possessed by students

2. Assessing the student acquisition and progress measured by process
skill performance

3. Evaluation of the effectiveness of certain instructional strategies,
teaching skills, curriculum materials or modules on the development
of process skills in students

4, An alternative to a practical laboratory procedure as a way to
assess process skill performance

Background and Need for Study

Development of science process skills in students has been considered to
be one of the major goals of science education (e.g., Gagne, 1965; Hernon,
1970; Neie, 1972; Okey, 1972; Padilla, '980). In the past quarter century, a
significant feature of most of the science curriculum development was a major
shift of emphasis away from the teaching of science as a body of established
knowledge toward science as a humza activity, with increasing emphasis on
experience of the processes and procadures of science (Hodson, 1988). The

acceptance of process learning has created a need for measures of process
skill performance.

Since the 1960's, as lagging behind the curriculum development which
emphasizes the process of science, a number of paper and pencil measures have
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been developed to assess science process skills performance. Initially.
these efforts were aimed at the assessment of process skills associated with
specific curvicula such as the Science--A Process Approach (SAPA), the
Science Curriculum Improvement Study (SCIS), and the Biological Science
Curriculum Study (BSCS) (BSCS, 1962; Walbesser et. al., 1965; Fyffe, 1972;

Burns, 1972; Riley. 1972; McLeod et. al., 1975; Ludeman, 1975).

In an attempt to separate a process skills test from a specific
curriculum, several efforts have been done. Some have focused on measuring
all science process skills including both integrated and basic process skills
(e.g., Tannenbaum, 1968). Others were developed to measure a set of the
basic process skills for upper elementary and lower secondary school students
(Molitor and George, 1976; Padilla, Cronin, and Twiest, 1985). Recently,
several attempts have been made to measure the integrated science process
skills (Dillashaw and Okey, 1980; Tobin and Capie, 1982; Burns, Wise, and
Okey, 1983; McKenzie and Padilla, in press; Cronin and Padilla, 1986). Most
of these existing integrated process skills tests are geared primarily for
upper secondary school students and contain items which require specific
knowiedge and/or well developed reading skills. Few tests of integrated
process skills can be found suitable for middle school students; e.g., Cronin
and Padilla (1986) developed the Middle Grades Integrated Process Skills Test
(MIPT) intended for use with the grades 6-9 students.

In view of the continued need and relative scarcity of integrated process
skills tests for middle school students, the present development of the
Performance of Process Skills (POPS) Test has taken place. The following
criteria were outlined for the test:

1. A measure of the integrated science process skills associated with
the serial process of science experimentations such as identifying
experimental questions, identifying variables, formulating
hypotheses, designing investigations, graphing and interpreting
data, and indeed assessing the thinking skills besides specitic
knowledge in the procedures

2. A non-curriculum-specific measure ana content-free test items which
are referenced to a general content domain and do not require
specific content knowledge in a particular context

3. Multiple opportunities provided to demonstrate competence on each
process skill and a wide range of difficulty of items addressing
each process skill

4, Appropriate amount >f reading and reading difficulty for middle
school students (6-8) and avoiding the difficulty in understanding
the meaning of specific terms such as manipulated, responding, and
controlled variables

5. A multiple choice with four option response format

6. Appropriate number of test items and test length suitable for group
administration less than 25 minutes; e.g., the test can be
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"administered either by itself or combined with other mehsqtes of
student characteristics within one class period according to the
purpose of its use and condition of testing in a practical sense

Procedures
=tocedures

The major efforts in test development were focused on the refinements and
modification of the set of process skill objectives and test items assessed
by other existing integratad science process skills tests; that is, the
Middle Grades Integrated Science Process Skills Test (Cronin and Padilla,
1986). The MIPT test consists of 40 items designed to assess seven
integrated process skills in science. They are identifying reseacrch
questions (six items), stating hypotheses (six items), identifying variables
(eight items), designing investigations (six items), contructing data tables
(four items), constructing graphs from data (four items), ard drawing
conclusions (six items). Potential MIPT items were selected from the pool of
test items, such as the Test of Inte rated Process Skills (Dillashaw and
Okey, 1980), the Group Test of Integrated Process Skills (Tobin and Capie,
1982) and the Test of Graphing in Science (McKenzie and Padilla, in press)
and modified for use with middle school students, including new items.

Six process skill objectives were identified to form a basis for the POPS
test items. They are identifying experimental questions, identifying
variables, formulating hypotheses, designing investigations, graphing data,
and interpreting data. These objectives were reviewed and found to be valid
representations of the intended process skills. The objective of
constructing data tables in the MIPT test was eliminated.

From the pool of the MIPT test items (total 40 items), the 21 items
judged to be tne best measures of the process skills identified were chosen
for inclusion in the POPS test. Each item was carefully analyzed to ensure
that the item measured the appropriate process skills and not specific
knowledge in a Particular procedurv or science content. All multiple choice
items employed four alternatives. The test contained at least three items
for each objective. Five of the objectives were represented by three jteus,
and the objective of identifying variables was represented by six items.

For the purposes of content validation and critique, four science
educators with experience in both test construction and the integrated
science process skills reviewed the test draft. The responses of the four
reviewers were consistent on almost all jtems in terms of indicating the
correct answer and keying to a process skill objective. This concurrence of

provide additional explanation for specific terms, i.e., the manipulated

variable or the condition which was changed, the responding variable or the

condition which is the measured outcome of the experiment, and the controlled

variable or the condition that was kept constant. Figure 1 lists the process

skill objectives of the POPS test and the number of test items corresponding ‘
to each objective. i




The readability of the POPS test was assessed using the FOG.index
(Gunning, 1975). This index predicts the reading grade level necessary to

read with 90 to 1007 comprehension. On this scale, an average grade level
index of 6.8 was obtained.

Field Test and Results

For the purposes to examine test reliability and item indices, the
modified version of the POPS test was administered to middle school students
in grades six through eight. A total of 1,402 students from a relatively
rural school district in an eastern part of North Carolina were involved in
this field test. The sample group involved was heterogeneous to provide

representation across ability levels, socio-economic levels, gender, and
race.

The descriptive statistics for the POPS test are shown in Table 1. The
mean score and standard deviation for overall students on the 21-item test
were 9.77 and 4.16 respectively. Total scores ranged from i to 20 with a
standard error of measurement of 2.08. Total test reliability, as computed
by the Kuder-Richardson formula (KR-20) was equal to .75. Item difficulty
indices ranged from .28 to .79 with an average of .47. Item discrimination
indices obtained by using the upper 27% and lower 27% of the sample group
ranged from .27 to .71 with an average of .49 and were above .30 for 20 of
the 21 items. Point biserial correlation indices of jtem discrimination
ranged from .28 to .55 with an average of .41 and were above .30 for 19 of
the 21 items. Each of these three test characteristics (reliability, item
difficulty index, and item discrimination index) were well within the
acceptable range for reliable tests (Payne, 1974). Based on these results
from the field test, no further test revisions were considered necessary.
Figure 2 swmmarizes descriptive characteristics of the POPS test.

For additional analyses, the entire POPS test was broken down into its
six subscales of proces; skill objectives. The mean scores znd standard
deviations on the POPS total and each subscale by grade level and overall
students are shown in Table 2. For overall students, correct resporse
percentages were highest for the process skills of formulating hypotheses
(59.0%) and were lowest for the process skills of graohing data (36.37%) and
interpreting data (36.3%). These results indicated tne difficulty levels of
each process skill objective as a subscale of the POPS.

Conclusions and Educational Significance

The descriptive statistics obtained by field tests indicated tha* mean
performance on the POPS test was comparatively low (9.8 out of 21). The
standard' deviation of 4.2 and a range of 20 indicated that the test
differentiated students of differing ability. This observation was supported
by the indices of reliability, item difficulty, and item discrimination which
provided measures of the suitability of the test scores for differentiating
student performance. Since each of these indices fell well within the
acceptable range for reliable tests, the POPS test can be used by teachers to
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obtain dependable student data as a basis for making decisions about
individual students on item performance. In a research context, the test can
be used to obtain measures to answer questions that require individual
student performance to be differentiated or mean performance on the POPS
items to be compared. The POPS measures are dependable for answering a range
of research and evalution questions where performance of students,
performance on items, or performance on different occasions need to be
differentiated. The POPS test has applications for research and evaluation
where teaching and learning integrated science process skills are a concer),
if it is a valid measure of this ability.

Support was obtained for the content validity of the POPS test. Four
science educators as reviewers agreed that the items measured the objectives
they were designed to measure and that the scoring procedures propcsed by the
test designers were correct. This concurrence of raters was taken as
evidence of content validity and objectivity of scoring. In addition to
content validity, before the POPS test could be considered a highly valid
measure of integrated science process skill ability, more validity data would
be necessary, including factor analysis for construct validity and
correlation analysis with interview tasks for criterion validity.

The data that has been gathered in this investigation provides evidence
of the reliability and content validity of the POPS test. The search of
available integrated science process skills tests showed the continued need
and relative scarcity of a test geared to middle school students and not
associated with any particular science curriculum. The development of the
Performance of Process Skills (POPS) Test fills this void. This test could
serve either as an alternate and equivalent process skills test or enlarge
the pool of available items for process skills assessment in middle school
grades. The 21-item paper and pencil test can be administered to groups of
students to obtain measures of process skill acquisition for use by classroom
teachers, researchers, and evaluators. The test is not specific to a given
curriculum or content area; therefore, it may be used across the various
disciplines of science. As well as assessing process skills competence of
middle school students, the test may also be a useful means in classroom-
based research, evaluation of instruction and learning, and curriculum
validation in evaluation. The POPS test is a reliable instrument for
diagnostic and/or summative assessment in science classes or research
studies.

* Copies of the POPS test can be obtained from either author.




Acknowledgements

The major focus in this test development was put on the refinements and
modification of the Middle Grade Integrated Science Proce: - Skills Test
(Cronin and Padilla, 1986). The authors wish to acknowledgz the efforts of
Dr. Linda L. Cronin and Dr. Michael . Padilla for generating test item
ideas.

This project is, in a part, preliminary for on-going U.S.-Japan
cooperative study of science process skills in middle school students
participating in the Foundational Approaches in Science Teaching (FAST)
program. The authors wish to express their gratitude to Dr. Francis M.
Pottenger, Dr. Michael L. Jones, Mr. Toshiyuki Fukuoka, and Mr. Sei Ishikawa
for their cooperation in the process of test construction.

The authors would also like to express appreciation to students,
teachers, and administrators including principals, science supervisors of
school offices, and the science coordinator of the regional education center,
all involved in the field test, for their cooperation and support.




References

Burns, S. F. (1972). The Development of a Test to Measure Performance of
Elementary Education Majors on the American Association for the
Advancement of Science's Integrated Process Skills of Science.
Dissertation Abstracts International, 33, 2783-A (Doctoral dissertation,
The University of Connecticut, 1972) (University Microfilms No. 72-32,
205).

Burns, J. C., K. C. Wise and J. R. Okey (1983). Development of an Integrated
Science Process Skills Test: TIPS II. Paper presented at the annual
meeting of the National Association for Research in Science Teaching,
Dallas, TX.

Cronin, L. L. and M. J. Padilla (1986). The Development of a Middle Grades
Integrated Science Process Skills Test. Paper presented at the annual
meeting of the Nationul Association for Research in Science Teaching, San
Francisco, CA.

Dillashaw, F. G. and J. Okey (1980). Test of Integrated Science Process
Skills for Secondary Science Students. Science Education, 64, 601-608.

Fyffe, D. W. (1972). The Develooment of Test Items for the Integratec
Science Processes: Formulating Hypotheses and Defining Operationally.
Dissertation Abstracts Intarnational, 32, 6823-A (Doctoral dissertation,
Michigan State University, 1971) (University Microfilms No. 72-16, 427).

Gagne, R. M. (1965). The Psychological Basis of Science--A Process Approach.
AAAS miscellaneous publication, 65-68.

Gunning, R. (1968). The Technique of Clear Writing. New York: McGraw-dill.

Herron, J. D., Ed. (1970). Preservice Science Education for Elementary
Teachers. Washington, DC: AAAS.

Hodson, D. (1988). Toward a Philosophically More Valid Science Curriculum.
Science Education, 72, 19-40.

Ludeman, R. R. (1975). Development of the Science Processes Test (TSPT).
Dissertation Abstracts International, 36, 203-A (Dcctoral dissertation,
Michigan State University, 1974) (University Microfilms No. 75-14, 783).

McKenzie, D. and M. Padilla (in press). The Construction and Validation of
the Test of Graphing Skills in Science (TOGS). Journal of Research in
Science Teaching.

McLeod, R. J., G. D. Berkheimer, D. W. Fyffe, and R. W. Robinson (1975). The
Development of Criterion-Validated Test Items for Four Integrated Science
Processes. Journal of Research in Science Teaching, 12, 415-421.

Molitor, L. L. and K. D. George (1976). Development of a Test of Science
Process Skills. Journal of Research in Science Teaching, 13, 405-412.

10




Neie, V. E. (1972). Verbal Predictive Ability and Performance on Selected
Science Process Tasks. Journal of Research in Science Teaching, 9,
213-221.

Okey, J. R. (1972). Goals for the High School Science Curriculum. - Bulletin
of the National Association of Secondary School Principals, 56, 57-58.

Padiila, M. J. (1980). Science Activities--for Thinking. School Science and
Mathematics, 80, 6C1-608.

Padilla, M. J., L. L. Cronin, and M. Twiest (1985). The Development and
Validation of a Test of Basic Process Skills. Paper presented at the
annual meeting of the National Association for Recearch in Science
Teaching, French Lick Springs, IN.

Payne, D. (1974). The Assessment of Learning. Lexington, MA: D. C. Heath
and Co.

Processes of Science Test. New York: The Psychological Corporation, 1962.

Riley, J. W. (1972). The Development and Use of a Group Process Test for
Selected Processes of the Science Curriculum Improvement Study.
Dissertation Abstracts International, 33 6200A-6201A (Doctoral
dissertation, Michigan State University, 1972) (University Microfilms No.
73-12).

Tannebaum, R. S. (1968). The Development of the Test of Science Processes.
Dissertation Abstracts Irternational, 29, 2159-A (Doctoral dissertation,
Columbia University, 1968) (University Microfilms No. 69-677).

Tobin, K. G. and W. Capie (1982). Development and Validation of a Group Test
of Integrated Science Processes. Journal of Research in Science
Teaching, 19, 133-141.

Walbesser, H. H. (1965). An Evaluation Model and its Application.
Washington, DC: The American Association for the Advancement of Science,
AAAS Miscellaneous Publication No. 65-9.

11




Table 1

Descriptive Statistics for the POPS Test (21 Items)

Grade

Number Mean Standard Deviation

Reliability




-,
Table 2
Means and Standard Deviations for the POPS Test -
by Process Skill Ob :ctive and Grade ‘
Mean
(s.p.Y
Grade
6th 7th 8th Total
Process Skill Objective (N=252) (N=834) (N=316) (N=1402)
Pl. Identifying Experimental 1.51 1.49 1.80 1.58
Questions (3) (0.96) (0.96) (0.94) (0.96)
P2. Identifying Variables (6) 2.33 2.52 3.32 2.67
(1.45)  (i.51) (1.68) (1.58)
P3. Formulating Hypotheses (3) 1.65 1.69 2.02 1.77
(0.97) (0.98) (0.90) (0.97) |
P4. Designing Investigations (3) 1.35 1.53 1.78 1.57
(1.02) (1.04) (0.99) (1.04) |
|
P5. Graphing Data (3) 1.00 1.01 1.31 1.09
(0 &) (0.86) (1.00) (0.90)
P6. Interpreting Data (3) 0.89 1.02 1.42 1.09
(0.81) (0.90) (0.90) (0.91)
Overall Skills (21) 8.72 9.23 11.63 9.77
(3.65) (3.98) (4.36) (4.16)
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" Process Skill Objectives Number of
Test. Items

Pl. Identifying Experimental Questions: 3
~dentify a reasonable question which can be
tested in an experiment.

P2. Identifying Variables: 6
given a description of an experiment, identify
the manipulated, responding, and controlled
variables involved in it.

P3. Formulating Hypotheses: 3
given a description of variables involved in
an experiment, select a reasonable hypothesis
which is being or can be tested.

P4. Designing Investigations: 3
given a hypothesi.., select a suitable design
for an experiment to test it.

P5. Graphing Data: 3
given a description of an experiment and
obtained data, identify a graph tha*
represents the data correctly.

P6. Interpreting Data: 3
given a description of an experimenc and
graphed results, describe the relationship
shown on the graph or identify 4 praph that
shows the relationship described.

Figure 1

The POPS Objectives and Number of Test Items




Process Skill Tested:

Target Group:

Number of Items:
Response Format:

Test Readability (FO0G):
Time to Complete Test:

Discrimination Index:

Difficulty Index:

Reliability (KR-20):

Total Test Score:

Standard Error of Measurement:

Identifying Experimental Questions
Identifying Variables

Formulating Hypotheses

Designing Investigations

Graphing Data

Interpreting Data

Middle Grades 6-8

21

Four Alternative Multiple Choice
6.8

25 minutes

.49 (Average)

.27 to .71 (Range)

20 of the 21 items above .30

.47 /Myerage)
.26 to .79 (Range)

.75

9.77 (Mean)
4.16 (S.D.)

1 to 20 (Range)

2.08

Figure 2

Summary Characteristics of the POPS Test




