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Abstract approved:
 

This study examined the relationshi~s between the Arlin 

Test of Formal Reasoning (ATFR) and a classroom mUltiple­

choice (CMC) test to determine the potential of CMC tests 

being utilized by classroom instructors to identify concrete 

and formal reasoning students. This study also examined the 

relationships between seven demographic factors and ATFR 

performance scores. 

The data were obtained from 258 college students (108 

men, 150 women) enrolled in nine sections of introductory 

psychology courses at a midwestern university. Student mean 

age was 19.45 years with a range of 17 to 39 years. within 

a one week time period both the ATFR and the 70-item CMC 

test, consisting of 35 conceptual and 35 rote-memory items, 

were administered to each section of students. 

Results obtained from the ATFR indicated that 40 

percent of the students scored at the formal reasoning 

level, 34.5 percent at the concrete level, and 25.5 percent 

at the transitional level. Significant correlations between 

ATFR scores and each of the CMC scores were obtained, with 

student performance on the conceptual items being lower than 

-




on the rote items. One-way analyses of variance (ANOVA) 

procedures revealed significant main effects of reasoning 

ability on each of the CMC subtests. One-way ANOVA 

procedures computed on each of the seven demographic 

variables revealed no significant main effects for any of 

the variables on ATFR scores. 

It was concluded that a need exists to accommodate 

concrete thinkers at the college level and that CMC tests 

have strong potential to be used as ongoing assessment tools 

of student reasoning ability. In addition, it is suggested 

that CMC tests utilize conceptual type items to assess 

student learning. In spite of the lack of effect that 

demographic factors had on reasoning ability, it is 

suggested that further research be conducted on the factors 

of age and gender. 
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CHAPTER 1 

Introduction 

Within the last several decades, cognitive theory has 

generated an enormous amount of attention and interest from 

many professional fields. This theoretical framework 

concerns itself with the study of an individual's ability to 

think or to engage in various types of mental activities 

(Neimark, 1975). More specifically, this theoretical 

approach has made an attempt to explain both how and when 
'------­

various types of mental structures of thought are developed. 

Thanks to the many insights provided by cognitive theory, 

researchers, parents, and educators now have a greater 

appreciation of the capacities and limitations of the types 

of thinking that are possible at various ages (Flavell, 

1977) . 

One of the most influential of the cognitive theorists 

was Jean Piaget. Previous study and research done in the 

assessment of childhood intelligence led Piaget to formulate 

the first comprehensive theory of cognitive development 

(Inhelder & Piaget, 1958; Piaget & Inhelder 1969; Piaget, 

1972). Piaget maintained that there are four major stages 

of cognitive development with each stage being age-related 

and consisting of structural features that permit certain 

types of thinking. 

It is Piaget's last two stages of cognitive development 

that served as the focus for this research study. In short, 
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the essential features of these two stages consist of 

concrete operational reasoning versus formal operat.ional or 

ahstrRct reasoning. Piaget held that c_~te-reasor,ing 

<:mds approximatel y at the beginni119 of adolescence. ·th'llS 

ushering in the ability to think hY90thetlc~11~ and 

abst.ractly. 

§ta,.ternent of Prob.lem 

Over the last tvm decades th.?lf.,S! J)a:3 ~;'.-:'E-n ;:;. 9r,r",,' j n.~; he.:"{ 

of evidence that Guggests many late adolescents and ad~lts 

are still functioning in the concrete stage of thinking 

(Bart~, 1971; Kuhn, 1979.= Logan & Dungan; 1990). 'rhE:~~';~ 

findings are not in accordance with Piaqet' f.: 1:heory of 

cO'Jnitive devel0I:ment, thus ~re~t ing SOllle conf'us ion ai-,d 

uncertainty for 'Chese who have rC2(di ly accepted Fi~jy,,:~t-;:::, 

assertions. This is especially true for college educat~rs 

whose prirnary tas1( is to teach and ''lork "li th tbose stud..c~nts 

who fall within those particular age ranges. 

Also, the contradictory results found in the lit2ratu~~ 

pose severa), other problems that warrant furtter 

investi.gation. :Fo~: example, if a s igni fi.,2tn·t nti.Yi,bclr ()f 

college s1:udents are functioning belm.,.. the fo:Itia.1. lev.:::~l of 

I'''t!as ..::ming ,:-hl~n a stronq nc."c~c. 8xist.~j to cODst:rltC ;:: and d'2S F..;n 

adequate group t0s~S ttnt will assess thG Vari0us lmvels of 

n~~sor.iTl~!.. T!H? oriqi nal interview lr.etho,j tltiliz(~d Ly 

Inhelde:t' and. Pi ''l~et. (1958) is €Cx-;",r<:liH3-l y t.iTr.t'>. (>:.ns:..rming i.~,lid 

m,":;>,:nsive, t:tms t'l';;ndf:::cin':1 i"t :i.~,r.p;:-act.ical ft:"'r af.'~:f?S~'II\(,:::Yrt of 



3 

large numbers of students. Although there are currently 

several group tests of formal reasoning available, most are 

seriously flawed (Nagy & Griffiths, 1982). Thus, a need 

still exists for further research and construction of tests 

that are adequate for individual and group assessment of 

college student reasoning ability. 

One other problem that needs to be addressed is the 

identification of demographic factors that could possibly 

influence reasoning abilities. Although previous research 

has been conducted utilizing some demographic factors 

(Blackburn, 1980: Buss, 1977: Douglass & Wong, 1977), the 

results are contradictory and warrant further investigation. 

If it can be determined that a significant number of 

college students are still functioning at a concrete level, 

then the implications for educators would be enormous. For 

example, it is currently assumed that college students have 

the ability to think abstractly, which allows the student to 

process effectively the abstract material presented in many 

college courses. This study provides some evidence of 

whether or not this assumption should be maintained. If it 

should be determined that this assumption is false, then 

educators will be faced with the issue of accommodating 

concrete thinkers at the college level. 

Other possible implications could include (a) 

evaluation of college admission criteria, (b) developing 

different methods of instruction at both the high school and 
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college levels, (c) and assessing the effectiveness of 

classroom evaluation instruments. In regard to the latter 

point, it is possible that current measures of student 

learning allow students to perform well on tests without 

acquiring a thorough understanding of the course material. 

For example, simple memorization of facts, terms, and lists 

of information often allow students to perform well on 

standardized tests without having a real understanding of 

the conceptual nature of the course material, and thus limit 

their ability to apply that same material to practical 

problems relevant to their field of study. This study 

provides some data on this issue by assessing the students' 

ability to perform on a test utilizing both factual and 

conceptual type questions. 

Given the overall importance of education in our 

society, it would seem that a study of this nature would be 

of great value in addressing the previously mentioned 

issues. New data are necessary if sound decisions and 

practical policies are to be made regarding the educational 

processes that are currently employed. A review of previous 

research shows both the importance and the need for further 

studies to be done. 

Literature Review 

Assessment of cognitive development was originally done 

on an individual basis by using the clinical interview 

method (Inhelder & Piaget, 1958). This method of assessment 
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requires the expertise of a trained evaluator and involves 

the use of bulky laboratory materials, which is consequently 

a very time consuming process. It was precisely because of 

these limitations that theorists and researchers began to 

focus their attention on developing group paper-and-pencil 

tests. 

Based upon the current research, Gray (1978) produced 

impressive evidence that Piaget's theory of cognitive 

development could be used as a foundation for 

developmentally-based standardized tests. It was further 

suggested by Gray that individual test items be carefully 

constructed so that, "emphasis is placed on the differences 

between the competencies represented by the items and thus 

on the behavioral changes represented by those differences" 

(p.2). There are now numerous group paper-and-pencil tests 

available, which combine the speed and precision of 

conventional psychometric tests with the measurement of 

abilities described by Piaget's original interview method 

(Shayer, Adey & Wylam, 1981). 

Tests of Cognitive Development 

Lawson (1978) constructed a 15-item test to measure 

formal reasoning ability in junior and senior high school 

students. It was Lawson's belief that a test of formal 

reasoning should consist of items that resemble as closely 

as possible those tasks that were originally utilized by 

Piaget in his clinical interview method. The items used in 
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Lawson's Classroom Test of Formal Reasoning (CTFR) were 

designed to measure the mental operations used in the 

isolation and control of variables, proportional reasoning, 

probabilistic reasoning, and combinatorial reasoning. 

SUbjects used in the study were 513 students, both male and 

female, selected from grades 8-12 in two suburban 

communities located in the San Francisco area. 

Initial results reported by Lawson suggested that a 

valid test of formal reasoning had been developed. But, was 

it really valid? A more recent study (Pratt & Hacker, 1984) 

using 136 college students was conducted to assess the 

validity of the original CTFR and a modified version. It 

was concluded from the results that the test failed to 

provide a valid measure of formal reasoning. It was further 

suggested that the CTFR neglected essential aspects 

emphasized by the original work of Inhelder and Piaget 

(1958) . 

Additional evidence indicating a lack of validity for 

the CTFR was provided by a recent study using 201 junior 

high school students (Hacker, 1989). Results indicated that 

the CTFR did not provide a valid measure of the unitary 

formal reasoning construct. Although Lawson's test did 

initially appear to have the necessary validity for group 

assessment of formal reasoning, the more recent research 

strongly suggests otherwise. 

Another group test of logical thinking, combining 
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written work with classroom demonstration, was developed by 

Tobin and Capie (1981). The Test of Logical Thinking (TOLT) 

was designed to measure fly~_mo~~_l?-__Qf_f.Q:rmat reasoning: . 

cC?l'ltrolling variables, proportional, combinatorial, 

~r p~~}~)_a!:>..~.!!§'ti9, and correlational :r::.~_9:.E?OIlJP'g. Each of the ten 

items requires the participant to select a correct response 

and a justification from a number of alternatives. One 

difficulty with this test was the inability of some students 

to formulate clear justifications for their answers. In an 

effort to overcome this initial problem, the TOLT was 

modified to provide mUltiple-choice justification statements 

(Tobin & Capie, 1984). Data collected from 682 students 

indicated high test reliability. Evidence of criterion­

related validity was also obtained. However, because the 

items and format of the TOLT were taken from the work of 

Lawson, this test is sUbject to the same criticisms as the 

CTFR. Another recent study done by Ahlawat and Billeh 

(1987) compared the psychometric properties of the TOLT, 

CTFR, and a third test of formal reasoning: Longeot's Test 

of Logical Thinking. Results indicated a lack of concurrent 

validity for all three tests. These findings contradict the 

earlier results of Ward, Nurrenbern, Lucas, and Herron 

(1981) and Farmer, Farrell, Clark, and McDonald (1982). In 

these two studies it was concluded that Longeot's test was 

both a reliable and valid instrument for assessment of 

formal reasoning ability. 
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Given the questionable validity of the three previously 

mentioned tests, it would almost appear as if the group 

paper-and-pencil tests have not adequately fulfilled the 

function of Piaget's original interview method. In fact, in 

an assessment of the relation between traditional formal 

operations tasks and paper-and-pencil tests, Tschopp and 

Kurdek (1981) found low correlations between the two and 

cautioned against viewing formal operations as a unitary 

construct. Based upon these results, it would appear that 

the In't:~J:"yJ_e'W is still the better method for assessing 

formal reasoning ability. However, strong recent support 

for the potential of standardized assessment of intellectual 

development was provided by Magolda (1987). A comparison of 

a standardized production format measure and the interview 

method resulted in a high positive correlation. So, in 

spite of the questionable validity of the group tests 

mentioned thus far, it should not be concluded that all 

standardized group tests assessing formal reasoning are 

invalid. 

It was precisely because of the lack of suitable paper­

and-pencil tests that several additional measures of formal 

operational reasoning were developed. Research reported by 

Roberge and Flexer (1982) and Arlin (1982) strongly suggests 

that there are at least two reliable and valid tests that 

are currently available for group assessment. Using 300 

seventh and eighth graders, Roberge and Flexer (1979) 
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produced evidence supporting both the reliability and 

validity of a group assessment test, the Formal Operational 

Reasoning Test (FORT). For purposes of the present study, 

it should be noted that the sUbjects used in the collection 

of validity data were well below the age of college level 

students and that the test items only measured three formal 

operations skills (combinations, propositional logic, and 

proportionality). On the other hand, the Arlin Test of 

Formal Reasoning (ATFR) was normed and validated on an 

adolescent and adult population and measures eight formal 

operations skills to yield an overall index of formal 

reasoning ability (Arlin, 1982, 1984). It would appear that 

the ATFR would be a very practical and valid test in 

assessing the reasoning abilities of college students 

because of the norms which are provided for students beyond 

the high school level. 

It should be pointed out at this point that the group 

tests mentioned thus far do not constitute an exhaustive 

list. There are several other tests that need to be 

considered. A reliability and validity study done by 

Patterson and Milakofsky (1980) suggested that the Inventory 

of Piaget' s Developmental Tasks .J.JPDTL_yields results 

similar to those obtained by individual interviews. 

Additional research done more recently by Bitner (1988, 

1989) and piburn (1989) suggests that both the Group 

Assessment of Logical Thinking t~~!'~L_and the Propositional 
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Logic Test__(~~TL-have the potential to be reliable and valid 

measures of formal reasoning ability. 

However, from a practical perspective, each of these 

three tests has certain limitations. The IPDT consists of 

72 items, thus requiring a significantly larger amount of 

time to complete. In addition, the test authors themselves 

caution against widespread use because of inadequate norms 

for each age level. Because of their recent development, 

both the GALT and the PLT are still lacking an adequate 

amount of supporting empirical evidence. Additional 

research examining the reliability and validity of these two 

tests still needs to be done. Additionally, both of these 

tests lack norms for students beyond the high school level. 

While several attempts have been made to develop group 

tests of formal reasoning, most have been seriously flawed 

by assessing less than the eight formal schemes making up 

the formal reasoning construct (Nagy & Griffiths, 1982). 

The ATFR is the only paper-and-pencil test that measures all 

eight of the formal schemes: mUltiplicative compensations, 

correlations, probability, combinatorial reasoning, 

proportional reasoning, forms of conservation, mechanical 

equilibrium, and frames of reference (Arlin, 1984). The 

ATFR consists of 32 items organized into eight subtests, 

with each of the subtests representing one of the eight 

formal schemes. 

A multitrait-multimethod validity study (Arlin, 1982) 
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using 394 military recruits, indicates that the ATFR is both 

a reliable and valid measure of formal reasoning. Since its 

introduction, several favorable reviews of the ATFR have 

been published (Arter & Salmon, 1987; Fakouri, 1985). In a 

highly critical review of the ATFR, Santmire (1985) 

concluded, "the concept of formal operational reasoning is 

probably robust enough that the total score assessment 

provided by the ATFR is reasonably well correlated with 

level of formal operational functioning" (p.83). 

Additionally, the ATFR consists of several other 

advantages that need to be pointed out. It can be 

administered in a fairly short amount of time (30-45 

minutes) to large groups of students. Also, it is objective 

and easy to score, and it does not require special training 

for its administration. All items are presented in a four­

response mUltiple-choice format, and the answers are 

recorded by the subjects on a standard answer sheet. A 

portion of each test page consists of a line drawing, which 

represents the problem in graphic form. This is then 

followed by the multiple-choice items which relate to that 

drawing. These features, in addition to the favorable 

reviews previously mentioned, qualify the ATFR as the most 

valid and practical instrument to be used in the present 

study of college student reasoning abilities. Therefore, 

through the process of elimination, it would seem in order 

that the instrument to be utilized in the present study be 
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that of the ATFR.
 

Testing Learning and Cognitive Development
 

The primary purpose of the present study is to 

determine the performance of concrete and formal thinkers on 

a mUltiple-choice test consisting of both factual and 

conceptual questions. In a review of the educational 

literature concerning measurement of cognitive skills and 

test construction, Coffman (1988) suggested that the focus 

should be on assessing abilities beyond simple recall of 

information. This is basically the same thing that Bloom, 

Englehart, Furst, Hill, and Krathwohl (1956) suggested with 

their proposed taxonomy for use in assessing educational 

goals and methods. The six hierarchical levels in Bloom's 

taxonomy consist of knOWledge at the bottom, followed 

successively by comprehension, application, analysis, 

synthesis, and evaluation. In relation to Piaget's stages 

of cognitive development, it would appear that formal 

operational reasoning would be necessary to complete those 

tasks at the latter five levels of Bloom's taxonomy. 

Cornbleth (1986) recommended that test items should 

include social studies subject matter when designing tests 

for measurement of critical thinking skills. This type of 

material often consists of abstract principles and concepts. 

She also points out that test items should assess 

application skills rather than simple rote memory. Again, 

formal reasoning skills would appear to be necessary to 
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complete those tasks of an applied nature. Simple 

memorization of factual types of information would be 

insufficient for completion of these tasks. 

Again, relating this to Bloom's taxonomy, it would 

logically appear that those items located at the knowledge 

level would be of the rote memory type. Those items located 

in the five levels above the knowledge level would therefore 

be of a conceptual nature. Additional suggestions and 

guidelines for construction of critical thinking tests are 

given by Norris (1986, 1988). Each of these studies 

strongly suggests that if formal reasoning is to be 

assessed, then test items need to measure more than one 

level of thinking skills. Also, it is aptly pointed out in 

each of these studies that a strong need still exists for 

further research in this area. 

Given the need for further research, and the possible 

relationship between conceptual thinking and formal 

reasoning, it would certainly seem in order that 

correlations between reasoning ability and conceptual 

questions be assessed. The present study makes an attempt 

to provide new information on this issue. 

Factors Affecting Reasoning 

Assessing the formal reasoning ability of college 

students was not the only purpose of the present research 

endeavor. Previous research on intellectual development has 

strongly implicated the role of several demographic factors 
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(Blackburn, 1980; BUss, 1977; Niaz, 1985, 1987, 1989). 

Therefore, the third purpose of the current study was to 

assess the relationships between the formal reasoning 

ability of college students and possible influencing 

demographic factors. Because of the conflicting results 

found in the available literature, it would appear that 

several of these factors warrant further investigation. 

One research study conducted by Douglass and Wong 

(1977) found significant effects on reasoning scores for the 

factors of culture, age, and gender. Chinese and American 

students were given three Piagetian tasks of formal 

operations. Significant effects were demonstrated with 

Americans, older sUbjects, and males performing at more 

advanced levels. Also, studies done by Sinnott and Guttman 

(1978) and Sinnott (1975) using older adults, revealed 

significant effects of age, income, education, perceived 

health, and gender on performance level. Again, the males 

scored significantly higher. During this same time frame, 

two additional studies done by Lawson (1975) and Graybill 

(1975) provided similar results indicating that males score 

significantly higher than females on tests of formal 

reasoning. Several other recent studies done by Bitner 

(1987, 1989), Logan and Dungan (1990), and Williams (1989) 

all revealed that males scored higher than females in formal 

reasoning ability. 

Although these findings appear to strongly favor males, 
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there is additional research suggesting otherwise. When 

examined from a different perspective, Piburn and Baker 

(1989) found that females turn away from science for reasons 

that have little or nothing to do with their reasoning 

ability. In fact, several other studies done by Tomlinson­

Keasey (1972), Linn (1981), and Peskin (1980) revealed that 

the sex differences found in other studies were due to 

differences in interests rather than ability. 

other demographic factors that appear to be important 

are those of age (Hooper, Hooper, Colbert, & McMahan, 1986; 

Hooper, Hooper, & Colbert, 1985; Webb, 1974), culture 

(Mwamwenda & Mwamwenda, 1989), socioeconomic level (Kuhn, 

1976) and education. This last factor has been the focus of 

a study assessing quality of education (Penn, Jacob & Brown, 

1988) and its relationship to reasoning ability. Results 

indicated that both the type and quality of previous 

education were significant factors in the development of 

formal reasoning abilities. other studies have focused on 

different aspects of this same factor. Schwebel (1975) 

found almost no relationship between logical thinking and 

college selection criteria (high school rank and SAT scores) 

for males and a low relationship for females. Niaz (1985) 

examined relationships between grades and reasoning ability. 

Results indicated that the probability of passing a course 

increased considerably relative to reasoning ability. Given 

these results, it would seem in order that additional 
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research is needed to assess the formal reasoning ability of 

college students. 

Purpose of this study 

The purpose of this study, then, was threefold. First, 

the Arlin Test of Formal Reasoning (ATFR) was administered 

to college students to determine the proportion of students 

that were functioning at each of the concrete and formal 

operational stages. It was hypothesized that a significant 

number of students would score below the formal reasoning 

level. Previous research done by Schwebel (1975), Niaz 

(1985, 1987, 1989) and Roberge and Flexer (1979) using 

paper-and-pencil tests of formal reasoning indicates that a 

large percentage of college students score below the formal 

level. with proper identification, these students could be 

taught in more concrete ways (Renner & Paske, 1977; 

Schneider & Renner, 1980) or taught to apply formal 

reasoning strategies (Danner & Day, 1977; Keeley, Browne, & 

Kreutzer, 1982). 

The second purpose of this study was to assess the 

relationships and differences between ATFR scores and scores 

obtained on a mUltiple-choice test consisting of equal 

amounts of rote memory and conceptual questions. Based upon 

research regarding thinking skills, Ahlawat and Billeh 

(1987) and Hirschorn (1988) suggested that classroom tests 

need to assess critical thinking ability. Additionally, 

Cornbleth (1986) suggested that tests measuring student 
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learning and thinking skills must consist of questions 

beyond simple rote memory. In the present study, this was 

accomplished by applying Bloom's taxonomy level to the 

construction of mUltiple-choice questions. 

It was hypothesized that students assessed by the ATFR 

at the concrete level would score significantly lower than 

those assessed at the formal level on conceptual type 

questions. Results supporting this hypothesis would 

indicate that classroom tests need to utilize conceptual 

questions when measuring student learning. Also, if 

significant relationships could be established between ATFR 

scores and performance on classroom multiple-choice tests, 

then CMC tests could serve as tools for ongoing assessment 

of student reasoning skills. 

The third purpose of this study was to examine 

individual differences by assessing the relationships 

between scores on the ATFR and various demographic factors. 

It was hypothesized that formal reasoning ability would be 

significantly related to each of these factors. Previous 

research has yielded conflicting results for sex (Lawson, 

1979; Peskin, 1980; Williams, 1989), age (Patterson & 

Milakofsky, 1978; sinnott, 1975), socioeconomic status 

(Penn, Jacob, & Brown, 1988; sinnott & Guttman, 1978) and 

occupational interest (Linn, 1981; White & Ferstenberg 

1978). It was because of these conflicting results that 

further examination of these and other demographic factors 
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CHAPTER 2 

METHOD 

SUbjects 

The sample population for this study consisted of 108 

men and 150 women enrolled in introductory psychology 

courses at a midwestern university. Student mean age was 

19.45 years with a range of 17 to 39 years. Extra course 

credit was given to those students who participated in the 

study. Signed student consent forms, explaining the purpose 

of the study, were obtained from each participating student. 

In addition, the consent forms also pointed out that 

SUbjects were free to discontinue their participation at any 

time during the study. To ensure confidentiality, a number 

was assigned to each subject, and names were not used at any 

point during the study. In accordance with specific 

university policies, approval for this study was obtained 

from the Review Board for Treatment of Human SUbjects before 

beginning the study. 

Instruments 

The Arlin Test of Formal Reasoning (ATFR) was used as 

an objective and valid measure of formal reasoning ability. 

The ATFR consists of 32 items presented in a 4-response 

multiple-choice format. A portion of each test booklet page 

consists of a line drawing, which represents the reasoning 

problem in graphic form. This is then followed by the 

mUltiple-choice items which relate to the various drawings. 
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A mUlti-trait multi-method validity study (Arlin, 1982) 

indicates that this objective test is a valid and reliable 

measure of formal operations. The two methods employed were 

the paper-and-pencil version of the ATFR and cross­

validation of the instrument by individual clinical 

interviews with a random sample of the same sUbjects. Test­

retest reliabilities ranged from ~ = .76 to ~ = .89 

depending on the version of the test and the time period 

between testings. It was pointed out by the test author 

that because of the developmental nature of the concepts 

being tested, these reliabilities were as high as might be 

expected. 

The second means of instrumentation employed in this 

study was a psychology classroom mUltiple-choice (CMC) test 

constructed of 35 rete-memory and 35 conceptual questions 

with a four-choice format. To increase the validity of this 

measure, selection of the two types of questions was done in 

accordance with the guidelines provided by the authors of 

t..he testbgnJc for the required textbook used in the 

introductory psychology courses. Each multiple-choice item 

was defined by the test bank authors as either factual 

(rote) or applied (concept). 

Procedures 

The ATFR was administered during regular classroom time 

according to the specific directions provided in the test 

manual. Administration of this test in each of the 
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introductory psychology courses was completed by only one 

examiner over the span of one week. Before beginning the 

test, sUbjects were requested to provide, on the back of 

their answer sheets, information regarding age, gender, 

overall family size, birth order, parental education, and 

previous education of the student. SUbjects were then given 

the ATFR test booklets, and administration was conducted 

according to the standardized procedures provided in the 

test manual. One week later, sUbjects were given the 

psychology CMC test as part of their regular course 

requirements. 

Variables 

Twelve variables producing scorable data were used ,in 

the present study. Student reasoning performance (Variable 

1) was determined by classifying individual ATFR scores at 

one of the five levels of reasoning as determined by the 

test manual author. The five levels were: Concrete (0-7 

points), High Concrete (8-14 points), Transitional (15-17 

points), Low Formal (18-24 points), and High Formal (25-32 

points). 

Three additional variables used in this study were the 

sUbject's overall score on the CMC test (Variable 2), and 

the scores on each of the two types of multiple-choice 

questions (Variables 3,4) included in the CMC test. 

Variable 5 was an overall reasoning ability score consisting 

of two levels of concrete and formal. Concrete and formal 
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reasoning ability were determined by using the previous five 

levels of Variable 1. The Concrete group was determined by 

combining the bottom two levels of Variable 1 together (0­

14), and the Formal group was determined by combining the 

top two levels together (18-32). To protect against any 

possible overlap between the two groups on Variable 5, the 

Transitional group, or middle level of Variable 1 (15-17), 

was discarded. 

possible effects of demographic factors on reasoning 

performance were assessed by employing seven demographic 

variables with two or more levels for each. The procedures 

used for dividing each of the demographic variables into 

various levels were done in the following manner. Age data 

were divided into two levels of high (21 years and above) 

and low (under 21 years). Family size data were divided 

into three levels of small (4 or less), medium (5 or 6) and 

large (7 or more). Birth order data were divided into three 

levels of youngest, middle, and oldest or only child. 

Parental education data for each parent were divided into 

three levels of low (high school or less), medium (some 

college or vo-tech), and high (college graduate). Previous 

education data were divided into two levels of new (first 

year in college) and experienced (previous college 

experience) . 

statistical Design 

The statistical technique used to determine the number 
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of students functioning at each of the five reasoning levels 

was to simply convert the number of individual ATFR scores 

at each level into percentages. 

Relationships between the two assessment instruments 

were determined by computing three Pearson product-moment 

correlation coefficients. First, a coefficient was computed 

to determine the overall relationship between individual 

performance on both the administered tests. Second, a 

coefficient was computed to determine the relationship 

between individual ATFR scores and CMC rote-memory scores. 

Third, a coefficient was computed to determine the 

relationship between ATFR scores and CMC concept scores. 

These three correlation coefficients were computed to find 

relationships so that it could be determined whether or not 

a classroom test could be used as a general assessment tool 

of individual student reasoning ability. 

To examine the possible differences between concrete 

and formal reasoning individuals and their performance on 

each of the two types of mUltiple-choice questions, three 

one-way analyses of variance (ANOVA) procedures were used. 

For each of these analyses, Variable 5 was the independent 

variable and Variables 2, 3, and 4 were the dependent 

variables. These analyses were computed to provide specific 

information about whether or not formal reasoning sUbjects 

score better than concrete reasoning sUbjects on conceptual 

type questions. 
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Analyses of the different levels of each demographic 

factor were done using seven one-way ANOVA procedures. For 

each of the seven analyses, the various demographic factors 

(Variables 6 to 12) served as the independent variables and 

the ATFR scores (Variable 1) were the dependent variable. 
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Chapter 3
 

RESULTS
 

The number of students scoring at each of the five ATFR 

levels of reasoning was obtained and converted into 

percentages. These results are shown in Table 1. 

Table 1 

Percentage of Students scoring at Each of the Five ATFR 

Levels of Reasoning (N = 258). 

Level of Reasoning N Percentage 

Concrete 

High Concrete 

Transitional 

Low Formal 

High Formal 

6 

83 

66 

89 

14 

2.5 

32.0 

25.5 

34.5 

5.5 

It can be seen that only 40 percent of the sample 

population scored in the formal reasoning range, with only 

5.5 percent of the sUbjects scoring at the highest possible 

level. It should be noted that the 25.5 percent of subjects 

who scored at the Transitional level were not considered as 

formal reasoning students. 

In addition to the score obtained for each sUbject on 

the ATFR, three other scores were obtained from 

administration of the CMC Test. Test ranges, means, 
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standard deviations, and correlations between the ATFR and 

the CMC Test are presented in Table 2. 

Table 2 

Mean Test Scores, Standard Deviations, and Correlations 

between ATFR and CMC Scores. 

Test M SD Correlation 

Arlin 16.39 4.80 

CMC Total 36.02 6.75 .41* 

CMC Rote 19.44 3.66 .36* 

CMC Concept 16.58 3.99 .36* 

*2<·001 

It can be seen that a significant correlation was 

obtained between the ATFR scores and the CMC total scores, ~ 

= .41, 2<.001. In addition, significant and identical 

correlations were obtained between the ATFR scores and those 

obtained from each of the two CMC sUbtests, ~ = .36, 2<.001. 

Although these two correlations were identical, it should be 

noted that the mean performance score for the 35 concept 

items was 2.86 points lower than the scores obtained for the 

rote items. 

To determine the effects of reasoning ability on CMC 

performance scores, three one-way analyses of variance 

(ANOVA) procedures were conducted. Mean scores and ANOVA 
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results for each analysis are shown in Table 3.
 

Table 3
 

Mean Scores and ANOVA Results of Reasoning Ability on CMC
 

Performance Scores (N=192).
 

Test Reasoning Ability 

Concrete Formal 

N M N M x.
 

CMC Total 88 32.80 104 38.80 43.33* 

CMC Rote 88 17.89 104 20.90 35.76* 

CMC Concept 88 14.91 104 17.89 30.84* 

*2<·001 

It can be seen that a significant main effect of 

reasoning ability on CMC Total scores was obtained; I.(l, 190 

= 43.33, 2<.001, with the formal reasoning group scoring 

significantly higher than the concrete group. Significant 

main effects of reasoning ability on CMC Concept scores; 

E(l, 190) = 30.84, 2<.001, and on CMC Rote scores; I.(l, 190) 

= 35.76, 2<.001, were also obtained. For each analysis it 

was found that the formal reasoning group scored 

significantly higher than the concrete group. In spite of 

the fact that three analyses were conducted, adjustment of 

the alpha level was deemed unnecessary because the obtained 
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significance level for each analysis was less than .001. It 

should also be noted that mean performance scores for both 

reasoning groups were consistently lower on concept items. 

To determine the effects of each of the demographic 

variables on ATFR performance scores, seven one-way ANOVA's 

were computed. Mean scores and ANOVA results are presented 

in Table 4. 

Table 4 

Mean Scores and ANOVA Results of Demographic Variables on 

ATFR Scores (N=258). 

Variable Group H 11 ~ 

Age Low 216 16.31 .04 
High 42 16.79 

Gender Male 108 17.02 3.23 
Female 150 15.93 

Family Size Small 108 15.99 .65 
Medium 108 16.72 
Large 42 16.55 

Birth Order Youngest 94 15.70 2.59 
Middle 57 17.52 
Oldest 107 16.38 

Father's Education Low 93 16.80 .56 
Medium 90 16.07 
High 75 16.27 

Mother's Eduction Low 97 16.70 .34 
Medium 96 16.15 
High 65 16.28 

Previous Education New 206 16.42 .04 
Experienced 52 16.27 
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The ANOVA results revealed no main effects for any of 

the seven demographic variables on ATFR scores. Although 

mUltiple analyses were conducted, the alpha level for each 

analysis was not adjusted because of the fact that no 

significant differences were obtained at the .05 level. In 

spite of the lack of significant differences obtained for 

each of the demographic variables, it should be noted that 

the means of the gender and birth order factors showed 

noticeable differences between the levels. 
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CHAPTER 4 

DISCUSSION 

Piaget's theory of cognitive development proposes that 

concrete operational reasoning ends approximately at the 

beginning of adolescence, thus ushering in the ability to 

think hypothetically and abstractly (Piaget & Inhelder, 

1969: Piaget, 1972). However, research studies done by Bart 

(1971), Kuhn (1979), Logan and Dungan (1990), and others, 

has indicated that many late adolescents and adults are 

still functioning in the concrete stage of thinking. 

The results of the present study indicate that only 

forty percent of the students tested on the ATFR were 

functioning at the formal operational reasoning level. 

These results are not in agreement with Piaget's theory of 

cognitive development, thus providing additional evidence 

that there is presently a strong need to accommodate 

concrete thinkers at the college level. However, the key 

factor is first to identify these students, so that they may 

be taught in more concrete ways (Renner & Paske, 1971: 

Schneider & Renner, 1980) or taught to apply formal 

reasoning strategies (Danner & Day, 1977: Keeley, Browne & 

Kreutzer, 1982). 

Inhelder and Piaget (1958) originally utilized the 

clinical interview method to identify specific stages of 

cognitive development. However, this method of individual 

assessment is a very time consuming process which involves 



31 

the use of a trained evaluator. These limitations have 

rendered the clinical interview method an impractical tool 

for assessment of large groups of students, thus creating a 

need for the development of group paper-and-pencil tests. 

Although there are currently several group tests of formal 

reasoning available, most are seriously flawed in one way or 

another (Nagy & Griffiths, 1982). However, based upon 

several critical reviews by Fakouri (1985) and santmire 

(1985), it appears that the ATFR (Arlin, 1982, 1984) is both 

a valid and reliable instrument of formal reasoning ability. 

The present study attempted to establish relationships 

between the ATFR and CMC tests, so that the latter tests 

could be utilized as ongoing assessment tools of student 

reasoning abilities. The significant relationships obtained 

between the two types of tests, provided some evidence that 

CMC tests could be used in the above mentioned manner. The 

significant correlations obtained between the ATFR and each 

of the CMC scales indicates practical significance for CMC 

tests. In the construction of any test that measures 

complex human factors, practical significance is indicated 

when correlations account for even small amounts of 

variance. Although higher correlations would have been more 

desirable, it can still be concluded that CMC tests, 

utilizing both conceptual and rote-memory items, have the 

potential to measure general reasoning ability. 

In spite of the identical correlations obtained between 
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the ATFR and the two CMC subtests, student mean scores were 

almost three points higher on the rote-memory items. These 

results indicate that conceptual items were considerably 

more difficult to complete successfully than were the rote­

memory items. These results are in accordance with the 

findings of Bloom (1956), Cornbleth (1986), and Norris 

(1986, 1988), each of whom suggested that classroom tests 

need to assess more than one type of thinking. 

The present study also provided strong support for the 

hypothesis that formal reasoning students would perform 

better than concrete thinkers on conceptual items. The 

significant main effects of reasoning ability'on each of the 

CMC scores showed quite clearly that formal or abstract 

reasoning ability increases accuracy of performance on both 

types of CMC items. These findings are in agreement with 

those of Niaz (1985) who found that reasoning ability was 

significantly related to overall grades. These results 

indicate that current measures of student learning need to 

utilize conceptual type items if higher order cognitive 

processes are to be measured. The present results also 

provide additional evidence that CMC tests can be utilized 

by classroom instructors to differentiate between concrete 

and formal reasoning students. 

The last issue addressed by this study was the possible 

effect of demographic variables on reasoning ability. The 

absence of main effects for each of the seven demographic 
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variables indicates that classroom instructors need not be 

concerned with these demographic factors when attempting to 

identify reasoning abilities of individual students. These 

results contradict the findings of Lawson (1975), Peskin 

(1980), and Williams (1989) who each reported that males 

scored significantly higher than females on formal reasoning 

tests. The results of the present study also contradict the 

findings of Patterson and Milakofsky (1978) and Sinnott 

(1975) who reported significant effects of age on reasoning 

ability. The remaining five demographic factors were 

examined as exploratory research, and as previously 

mentioned there were no main effects obtained. 

In summary, the results of this study support the 

assertion that a large number of college students are 

currently functioning below the formal operational level of 

reasoning, and that the lack of ability to think in 

abstraction impairs performance on conceptual type 

questions. This would seem to indicate that a strong need 

exists to accommodate concrete thinkers at the college 

level. The present results also provide evidence that CMC 

tests can be utilized as ongoing assessment tools to 

identify individual student reasoning skills. 

The lack of effect of each of the seven demographic 

factors on reasoning ability suggests that these specific 

individual differences do not have any significant impact on 

overall cognitive development. Because the present study 
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was conducted on a select population, it is suggested that 

further research be conducted on both the factors of age and 

gender to shed further light on the conflicting results that 

presently exist. In addition, the results of this study 

also provide some structure and framework for further 

research to be conducted on CMC tests in relation to 

assessment of reasoning ability for college students. 
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