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AN ASPECT OF CRITICAL THINKING: PREDICTING STUDENTS'
USE OF EVIDENCE

Ted Feely

UNIVERSITY O DELAWARE

ABSTRACT

This study seeks to illuminate characteristics of students which
enable us to predict their performance in using evidence tc¢ test a
hypothesis. The research is conceived as part of a larger investigative
strategy for undersganding the relationships among characteristics of
students, characteristics of social studies thinking tasks and characteristics
of instructional variables. Stepwise multiple regression using the variabl:s,
Verbal Ability, Age, Socio-Economic Status, Educational Expectation and
Sex is employed to predict students' Use of Evidence. Subjects are three
hundred and four students in grades seven, nine and eleven. Results re-
confirm the importance of verbal ability as a predictor in verbally
loaded tasks (predicting 25% of variance), but surprisingly neither Age
nor Socio-Economic Status are found as significant predictors. Implica-
tions are drawn for curriculum decision making. Suggestions for further

research are enumerated.

A Paper presented to the Annual Meeting of the
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AN ASPECT OF CRITICAL THINKING:

Predicting Students' Use of Evidence

OBJECTIVES

Trends and fads have come and gone, but for at least the past thirty years
there has been a recurrent theme in the social studies literature that students
must be taught to be independent, critical thinkers. Whether ve have used the
term "problem solving," "reflective thinking," "critical thinkiang,” "inductive
approach,” '"discovery," or "inquiry," we have meant--at least in part--that

students should learn to think on their own.

This study seeks to illuminate the characteristics of students which =znable
us to predict their 1bility to make use of evidence in testing statements. '"he 1
study extends research reported last vear on the performance of $th grade students
on some critical thinking tasks. That research identified verbal ability as the
single most robust variable in the prediction of student performance. This study
extends the earlier research by introducing several other variables which might
be expected to contribute to a further understanding of students' critical thinking.
These variables are age, socio-economic status, educational expectation and sex.

[

THEORETICAL FRAMEWORK

As the term is used here, critical thinking is defined as the evaluation of
evidence or argument in the light of acceptable standards for the purpose of
deciding whethe: to accept or reject a statement. This definition is derived from
the works of Smith and Ennis. (Smith, 1953), (Tnais, 1967). Building from Ennis'
analysis, critical thinking is operationalized as a set of tasks which call upon
students t> engage in critical thinking operations. Just as arithmetic deals with
tasks which require the operations of combiration, division, etc., criticel thinking
in the social studies can be conceived as a group of tasks which require operations
such as judging the relevance of evidence, judging the reliability cf evidence,
judging whether a statement follows from premises, identifying unstated assumptions,
etc.

waap

The research is based upon the hunch that (1) characteristics of students and
(2) characteristics of tasks with which students are expected to interact should
prove to be a fruitful line of investigation. This study is part of a larger research
strategy which is seeking to establish a baseline of information about the relation-
ships ar~ng students' characteristics and social studies thinking tasks. The base-
line of information should, then, enable a systematic investigation of instructional
variables and their impact upon student performance. In the meantime, it is
expected that results of the present study plus related studies should provide use-
ful knowledge for helping us understand our students' performance in critical thinking.

The major question being asked in this study is whether there are identifiable
aptitudes and characteristics «f students wbich enable us to tetter understand their
use of evidence in testing statcments, or hypotheses. More specifically, this study
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examines five characteristics of students as predictors of performance in using
evidence: students' Verbal Ability, Age, Socio—-Economic Status (SES), Educational
Expectation and Sex. For eacit of these characteristics, this study asks the question,
"Does this characteristic of students enable us to predict performance in using
evideace?"

METHOD

Data Analysis

Stepwise multivariate regression analysis was performed on the data using the
Statistica! Packare foc the Social Sciences (SPSS) programs. Stepwise regression
enables the entry of predictor variables into the analysis in a manner such that
each predictor variable operates as a covariant, or control variable, for each
successive predictor variable.

Statistical Significance

Two criteria were employed to estahlish significant results. Statistical
significance was set at .05. More importantly, no predictor sharing less than
5% of the total variance;,.pthe criterion variable was considered a significant result.

Variables
Criterion Variable--—

Students' use of evidence in testing a statement was the criterion, or dependent
variable. This was measured by administering Section I, Part A of "The Cornell
Critical Thinking Test, Level X." This part of the test is comprised of twenty-
three items plus two practice items. Reliability of the instrument for all classes
using the KRZO procedure of inter-item reliability was .754. The test was administered
by teachers in their social studies classes. This section and part of the Cornell
Level X Test measures students' performance in distinguishing evidence which is
supportive, negative or irrelevant to a statement.

Predicter Variables——

Five variables were used to predict student use of evidence: verbal ability,
sex, age, educational expectation and socio-economic status.

Verbal ability was measured using the "Wide Range Vocabulary Test" with the
format altered to permit machine scoring. This instrument proved highly reliable.

Age was measured by self-reports of students and calculated in months. Students
came from 7th, 9th and 1lth grade classes. Although age is not itself an explana-
tory construct it is associated with general mental maturity and in the case of
several developmental theories, notably that of Piaget, it is a consistent correlate
of certain logical operations. Peel identifies mid-adolescence as a time when
students demonstrate an ability to make co-ordinated judgments in the fields of
history and geography.

Q
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Both sex and SES, were measured by self-reports. SES was indicated by a
single neasure of students of their father's occupation. This self-report was then
coded by a single coder employing a scale developed by N.0O.R.C. Of all the measures,
SES is the least satisfactory.

Educational expoctation was generated by asking students to indicate the highest
schooling they expect to complete. This is a measure which might well be expected
to correlate highly with SES and verbal ability but which is included as a rough
measure of students' perception of the place of schooling in their future.

SUBJECTS

Three-hundred-four students from two schools took part in this research. The
schools were from a single school district in a growing small city of about 150,000
population in the Middle Mtlantic States region. The research made use of whole-class
groups which were chosen t> provide a wide range of academic ability. There were
113 7th grade pupils, 94 9th grade pupils and 97 1llth grade pupils. The pupils were
overwhelmingly white with blacks comprising no more than 10 percent of the sample.

RESULTS

Eefore examining results of the stepwise regression analysis, we will take a
look at some descriptive data which should help us “'get a feel" for the data. Table I
displays the correlation 7trix among the predictor and criterion variables.

Table One about Here

The results which are of most interest are found in the column farthest to the
right in which each of the predictor variabies is correlated with the criterion
variable. With the exception of Sex, all of the predictors are correlated positively
and significantly with Use of Evidence.

That is, with the excepiion of Sex, all of the variables vary in approximately
the same manrer as Use of Evidence. For example, the correlation of .39 between
Age and Use of Evidence indicates that as Age goes up performance on Use of Evidence
tends to go up, etc.

It must also be noted that the predictors correlated with one another. For
instance, the largest coefficient of correlation is between Age and Verbal Ability.
There is also a statistically significant relationship among Verbal Ability and Socio-
Economic Stztus. Thus, the important guestion which remains is how the mix of variables
contributes to prediction ol students' use of evidence. To examine this, stepwise
multiple regression is used.

Results are summarized on Table 2. Verbal Ability was entered as the first
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it served as a covariant for all later variables. Other variables
were selected automatically by the program in the order of their magnitude of prediction.
The table below provides five values for cach variable. "B" and "Beta' values are

the regular and normalized regression coefficients, respectively. The third value

is the standard error of B. Where this value is considerably less than B, then the
sign of the regression coefficient can be considered significant. "F'" is an indicator
of statistical significance. In this case, any F value falling between 2.25 and

3.10 has a 5% probab.lity of chance. Any F value falling at 3.11 or above has a

1% probability of chance. The last colump on the table indicates the percentage of
variance predicted by the variable. As indicated in the earlier discussion of
"Statistical Significance," this last value on the table is of interest since it is
quite possible for a variable to be statistically significant, but for it to predict
so little variance in the criterion variable that it is of no practical importance.

predictor. Thus,

Table Two About Here

Verbal Ability, the first predictor to enter the analysis shows botn a high
statistical significance with a chance probability of less than .001 and a highly
significant prediction of variance witi .6 percent. That is, students' Verbal Ability
predicts about onz-fourth of their perfo.mance on the Use of Evidence measure. The
F ratio for Sex indicates that the findings are statistically significant (less
than .01 chance results); however, it predicts only 1.2 percent of the variance on
the Use of Evidence. The negative signs in front of the "B" and "Beta' columns
indicate that females performed bette: than males. As with Sex, Age is statistically
significant (less than .01 chance results), but contributes only 1.9 percent of
variarce. Finally, only Socio-Economic does ggﬁ_contribute a statistically signifi-

cant prediction.

Several results are notable. Verbal Ability contributes a sizable percentage
of variance in the prediction. This result is certainly expected and is consistent
with both theory and previous results. What is most surprising is the negligible
contributions of Age and SES to the prediction. Age has more than a modest correla-
tion (.39) with the criterion variable, but that relationship relies almost |
totally upon Verbal Ability. The weak predictive power of SES is not so easy to |
explain. Its low correlation with the criterion variable (.15) leads to several

possible explanatiors.

The first potential explanation would be t
relatively homogeneous with regard to SES and, therefore, this variable had little

corvelational or predictive power. The Socio-Economic Index scale used in this
study has a range of values from O to 96. Seventh graders, ninth graders and
eleventh graders in this study had a range of values of 86, 92 and 82 respectively.
The standard deviations of values were 22, 23 and 23 respectively. Thus, this first

potential explanation is not supported by the data.

The second potential explanation is that the values are not reliable. 'There

are at least two potential sources of unreliability. The first flows from the

@ fact that a single measure was c¢mployed. That is, students were asked to report
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their fathe: ‘s occupation. The second flows irom the fact that a single rater
translatey reports of occupation into SLS values. To check this source of unrelia-
bility a second rater, operating independently rated occupations and inter-rater
reliability of .90 was calculated.

Of the remaining variables, both Sex (favorinyg females) and Educational
Expectation proved statistically significant; Llowever, neither contributed a
sufficient percentage of variance to be ccnsidered a significant predictor.

Thus of the five predictors of students' Use of Evidence, only Verbal Ability
contributed significantly to preciction. Interactions among each pair of predictors
and the criterion were tested and found to add nothing to the prediction.

IMPLICATIONS AND FURTHER RESEARCH

The most surprising result of this study was the palt-y relationship between
the SES indicator and the measure of students' use of evidence. Given the consistent
findings of strong relationships between SES and school ach’evement, (most notably
in the "Coleman Report") I expected SES to add significantly to the prediction of
students' performance in the use of ev:.dence. Wnether the result is a solid
finding or simply the result of error .n measurement or Some unknown peculiarity of
the samp.e awaits further study.

In terms of curriculum decision making, the most significant findings are the
relatively high predictive power of Verbal Ability (predicting 267 of variance) and
the almost non-existent predictive power of Age (about 2%) when Verbal Ability is
the covariant. (Age predicts about 12.8% of variance when Verbal Ability is not
used as a covariant.) These findings downplay the importance of age-—-and its cor-
relate, maturation--as an important variable in explaining students' Use of Evidence.
More specifically, these findings indicate that Verbal Ability is a more important
predictor than Age of how well students will be able to interact with a curriculum
that calls upon Use of Evidence.

It is important to note that this research does not purport to identify any
fixed and immutable level of Verbal Ability oelow which students are incarahle of
using evidence. Indeed, it may be possible to identify instructional or curriculum
practices wnich can help students overcome weaknesses in ability to use evidence.
However, the research findings indicate that if a social studies department is inte-
rested in matching an evidentially based curricuium with students who can perform
well in that curriculum, it is better to use Verbal Ability than Age as a criterion.

The limitations within which it is reasonable to interpret results of this
study point toward further potentially profitable studies. First, it should be
noted that this studv operationalized the construct "Use of Evidence' in a very
specific way. The task given the students was verbal and given in a written format.
It dealt with what is for most people a relatively familiar set of meanings. That
is, it dealt with the concept of death and the implications of death--e.g., that cne
is not around to disturb things, etc.--In short, all of these characteristics of the
task might be expected to influence students' performance. Yurther studies might
wish to operationalize the task in a different manner. In particular, it would be
informative to develop several additional instruments which follow the format of
the Cornell instrument but which deal with conceptual matter of differing levels
of difficuley.
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Second, it must be noted that this research examined 12 to 16 year olds and
that results need to be interpreted in this light. Further research might
examine performance of younger students in using evidence. The difficulty is, of
course, in developing instruments which are sensitive to the subjects. It might be
useful to develop visual displays of evidence and oral i.terview instruments.

Third, further studies should examine predictors of student performance on other
critical thinking tasks. (The author is currently examining student ability to
distinguish between causative and correlative explanations.) TFourth, it should
be noted that the five predictors ewmployed in this research were able to account
for only about 31 percent cof the shared variance among the predictors and the
criterion variable. it would be very useful to know if there are any further
predictors which enable us tc enhance prediction. Increasing the reliability of
instruments shoulu increase the percentage of variance accounted for.

Fivth, a more rigorcus examination of the predictive ability of SES needs to
be undertakens Multiple measures of SES should be included. Sixth, it should be
profitable to ¢xamine students' performance on critical thinking tasks in the light
of Piaget's work. 1f Piaget is correct in his identific.tion of logical develop-
ment through stages which are largely independent of Verbal Ability, it should be
possible to identify at least some critical thinking tasks in which Piagetian
indicators predict a significant amount of variance beyond that predicted by
Verbal Ability. Finally, it should be remembered that replication is the best
test of the reliabilicy of research findings.
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TABLE 1

Correlation Matrix Among All Variables

Use of
Age V.A SES Ed.Ex. Sex Evidence
Age 1.00 .Shk% .03 -.11% .02 . 39%%
Verbal
Ability 1.00 .23%% L17%% L11% . S1k%
SES 1.00 L17%% .04 .15%%
Educational
Expectation 1.00 -.05 . 19%%
Sex 1.00 -.07
Use of
Evidence 1.00
p & .05%
P < .01%*




TABLE 2

Multiple Regression Analysis: Predicting Students' Use of Evidence

Std.Error % of Variance

Variable B Beta of B F Predicted
Verbal Ability .087 .396 0.016 31.01%%* 26.0
Sex -.819 ~.111 0.423  3.75%% 1.2
Age .035 .189 0.013 7.31%% 1.7
Educational

Expectation .260 .134 0.116 5.01%* 1.9
Socio—Ecgnomic

Status -0.015 -0.043 0.020 Insig. Unreliable

p < .05%
P < .01*%*
P <& .001%#*%

Interactions among all of the predictor variables were tested and
found insignificant.
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APPENDIX A

Pavt §, Section A, Uhat CTopovencd Lo the Ui U . -oup

The Jirst job nf your aroup 1s to “ind out vhat happend .» the tirst aroup of
15 explorers.  Your sroup has landed on Hicema and has just di1 ceverved the wedol huts
put up by the drst croup. The huts appear to be in ~.od cend:iin from the outside.
It is a varn dav and the sun is ohinmng. lhe trees, 1ocks, 0 .o, and birds make this

v

»

part of Ilicoma appear about like parts of central United States.

You and the health officer are the lirst to arrive at the group of huts. You
call out, but gct no answer.

The healthofficer sugpests, "Maybe they're all dead." You investigate.

Below are listed a numi r of facts vhich you learn. For cach fact you must decide
if it vould be cvidence for, or cvidence against, the health oflicer's idea that they
ave all dead. Uovever, the fact might not be neither ¢vidence for, nor evidence

against the health oriicer's idea.

For cach fact, mark one of the following on your ansuer shecet:

A. This fact is cvidence in support of the hcalth officer's idea that they
are all dead.

B. This fact 1s ecvidence anainst the health officer's idea that they are
all dead.

C. Neither. Discovery of this fact makes no difference.
Here is a sample:

1. You go into the first hut. Everything is covered by a thick layer of dust,

i
!
This fact is evidence in suppo:t of the health officer's idea. Tt certainly is !
not enough to prove his idea, but is evidence for it. Using the special pencil,
blacken the space under A for No. 1 »n your answer sheet--like this:
A B C
REEEEEY
Lo !
i
Here is another example: i
2. Other members of your group discover the first group's rocket ship nearby. :
i
tlhat do you say about that fact? lark your answer by No. 2 on your answer she.d, :
Do it now. §
i
You should have marked C. This fact about the recket sh'p does not help us decide
vhether the members of the first group are dead. If you did not mark C, erase your ,
mark thoroughly and mark C. ;
Here is a list of facts. For each one mark A, B, or C. 1If you have no idea %

which to mark, leave that one blank and 5o on to the next onc. Consider the bearing
of cach fact at the tire that it becomes knoun. Do so in the ocder in vhich thev are
numbered. tlork slouly and carciully, and do not return to &n i1tem once vou have left
it. Reminder--mark as follous:

GO ON TO THE UENT PAGE
Q
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