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ABSTRACT 


THE EFFECTS OF COMBINING A COGNITIVE ROUTINE STRATEGY 

AND THE CORRECTIVE FEEDBACK PARADIGM 


IN A COMPUTER-BASED LESSON 


John Steven ) Ph.D. 
of Education 

sity of Illinois at Urbana-Champaign, 1985 

A bas assumption of this that the problem of 

educat can be ly addressed by the 

effectiveness of the instruction students receive. Two 

, a rout and the 

GUL~W, were researched a computer-based lesson that the 

re between parabo and their equations. 

A two-by-two factorial des was used to determine the 

and effects of the rout and the Correct 

Paradigm. The findings indicated that combining the two 

a ional te The 

effects of both the (p=.004) and the 

Paradigm .005) were 

Recommendations are made regarding the poss uses of this kind 

of technique as well as extensions of the te The 

ion of these techniques into a cohesive ional design 

power of the computer to s type of 

are The possible contribution these techniques 

can make to overall cular and obj is 
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CHAPTER I 


INTRODUCTION 


1 scores are ~n Amer Nat 

concern over the decl well icized. In 
~~~~~==~~~~~~ 

( , p. 5). the National sion 

on Excellence in Education reports that educational foundations of 

our so are eroded by a tide of medio Ii 

The Commiss suggests several educational reforms, such as 

ing school graduation s, ssion 

standards in co , devoting more time to the IINew Bas ," and 

improving the preparat of teachers. One they do not propose 

ing the of the truction students 

Evolving instructional design strategies and recent 

technology are being to create highly 

approaches to instruction. 

Bloom (1976) a model that 

based on the ideal interactions of a very good tutor with a single 

student. A very good tutor can careful a single student's 

progress, and help and feedback as needed. S there 

one student, the tutor can guarantee that the student masters each 

lesson or before on to the next. Bloom identif three 

of a successful s student tutor 

interaction: 
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o 	 Cues. The student is written or verbal 

explanations, demonstrations, and/or models. 


o 	 Part The student must ~~~~~ the responses to 
be learned. 

o 	 Reinforcement. The reinforcement is posLtLve or negative, 
or extrinsic. It is provided as is 

and where it ly to be most effective. 

Bloom advocates that this model be applied, as well as it can be, to 

who ins In years of research and study, Bloom 

found that classrooms that re mastery icantly 

similar 	classrooms that 

A teacher must in applying the single student/good tutor 

model to whole-class One teacher simply cannot 

individualize instruction for a whole class of students as well as a 

tutor can for one student. Bloom acknowledges and recommends that 

the s should 

Carefully designed 	 instruction, however, ~ offer 

individualized instruction. Experiments with 

have prevailed in s the early 

,1927). Today, effective instructional des 	 can 

be 	 on powerful computer techno to del 

individualized instruction to the student. 

In an art entit Shame of can Education,1I 

B. 	 F. Skinner (1984) that computers should be used as "teaching 

" in classrooms. He would have them teach careful programmed 

subject 	matter. skills that students are to acquire would be carefully 
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and Instruct would be planned so that students 

learn the simpler, Is first and the more ones 

later. It would be individualized, and students would progress at the1r 

own pace. asserts that, us computers s way, students 

would learn twice as much in the same amount of with no additional 

effort. 

Some educators object to such a structured use of s in 

In , there 1S the of the 

programming the child versus the programming the computer. In 

Seymour (1980) advocates that, by the 

computer ( LOGO), the child ishes an int contact with some 

of the from • from • and from the art of 

intellectual model building!! (p. 5). In such an environment, the 

student is a tool with to The 

determines the problems he 1 , and essentially. the content he 

will Where a programmed or guided-discovery environment is 

des to teach sand of them, the 

LOGO 1S designed to provide a to discover 

and solve 

Unfortunately, the research on such a teaching strategy has been 

Studies have shown that students who use LOGO 

environment do not learn better Ivingan ===::.===

Is , 1983; Tetenbaum & Mulkeen, 1984). Ausubel (1968), 1n 

surveying a variety of unguided and guided-discovery s, 

concluded that programs are suces due "to the teacher's or textbook 
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writer's ion of the data from which the discovery is to be 

made, rather than to the act of scovery 1£" (p. 491). When 

environments are successful, they succeed of 

the careful , or , of the discovery process. The 

child, rather than being , II being 

1.ns designed to concepts as clear ly 

as possible, and to guarantee the ld's success in the 

l. 

The ion for the classroom teacher: if the 1 

des does not the , the teacher must. One 

of currently computer-based is an 

cost t and trouble to the teacher (Brophy & Hannon, 

1 ). Therefore, instructional programs that rely on 

the teacher to supp structure and organization run the risk of 

lure. Teachers should not have to do the extens analysis and 

te required in des successful educational programs. For 

to succeed, must be an asset to the teacher. 

Siegel and Davis ( ) describe a of computer-based 

educat ion, that call IIcomplete (p. 56). This 

includes mastery-based lessons and a that keeps track 

of a student's progress through the lessons, and that provides 

information and to the teacher detail, from lesson 

data to overall data. The teacher can be assured that a 

student has mastered content when that has successful 

completed his instruction. management 
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of each student's progress. Such a used on the PLATO 

Educat The PCP SYS IV Management System 

( & Felty, 1983; S 1 & 1 ) a teacher great 

f in setting up individual sequences of instruction for 

students, and tracking progress through those sequences. 

The lesson tested in this study provides idua1ized, mastery-

based truction. The specific des used the tested 

lesson were carefully chosen based on their ss and 

Edwards (1 ). Edwards constructed a lesson that an 

an effective feedback to teach the 

re1at between the placement and of a lic graph 

and its ion. The lesson was designed us a technique of concept 

1mann and Carnine (1982), the Corrective 

Feedback 1 & Misse1t, 1984), and intr 

(Dugdale, 1 ). The results showed this to be a 

combination of strategies. In , the lesson 

incorporates an feature, a "cognitive routine" 1mann & 

Carnine, 1982), to the 

involved. 

Concept Analysis 

1mann (1969) and 1mann and Carnine (1982) a 

of instructional des that is a combination of concept analy and 

The 

11 

ana1ys 

tasks 
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learner can learn a the of , and 

psychological theory. The theory based on the as ions that a 

can generalize the concept to new examples. Given this, the 

1 des can a sequence of that 

effectively communicates the concept to be learned. sequence 

and chosen to 

the range and boundary of the The first step in this 

process is the production of a that 

1ess" ( 1). 1mann and Carnine provide the instructional 

clear lines for the creation and of 

faultless communicat If the ion is 

faultless and the learner s to learn, then the learner's 

truction is designed. after 

the instruction has been analyzed and verified as faultless are the 

learner's responses studied. 

This type of instruction engages the learner a process of 

discovery and The faultless ion is a 

carefully chosen sequence of ~~~~= of a concept from which the 

learner must the Since the faultless communication 

demonstrates the range and boundary of the , the learner is 

to generalize from the to the broader 

concept. 

des 

and 

1 



7 

N 1. 

N 2. 

p 3. 

p 4. \ 

p 

N 
6. l 

p 
7. \ 

N 8. 

N H. 

P 12. 

I 

P 13.~ 

A 

(b) 

l<C) 

(d) 

less 

Teacher \-lording 
(Student ) 

"The arrow ~s not slanted." 

(a) 
arrow is 	not slanted." 

liThe arrow is slanted," 

arrow ~s 	slanted. 1I 

liThe arrow slanted. 1I 

arrow is 	not slanted. 1I 

"Is the arrow slanted?" 
("Yes.") 

"Is the arrow slanted?" 
("No.") 

s the arrow slanted?" 
("No.") 

"ls the arrow slanted?" 
( ." ) 

s the arrow slanted?" 
("No,") 

"Is the arrow slanted?" 
( ." ) 

"Is the arrow slanted?" 
( .") 

ion" designed to teach the 
concept IIslanted." It lustrates (a) a cons 

(c) 
(b) 	teaching the concept boundary by present 

es, 
to lustrate the 

concept. 	and (d) random examples for test "N" denotes a 
example or test item; liP. II a pos 

and 
maximally 
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and (1982) des a specific s for 

des probleminstruction ( this study, the 

determination of equations for parabolic strategy 

the general of psycho and conceptual 

ana as well as the design of a 

is a set of , or ithm, leads to the 

solution of a problem. It would be and to the 

learner to to teach the ic solely 

through a sequence of positive and negat examples. A well-designed 

rout , taught an 

facilitates the learner. routines are designed with the 

fol features: 

o 	 All necessary steps that lead to the solution of the 
problem (deriving the equation of a ) 1n s study) 
are made overt. 

o 	 This of must reliably produce the right 
answer for every example included in the set for which the 
routine was des 

o 	 Appropriate feedback provided to the learner - 

corre for incorrect appl 
 of the rout 

cement for correct app 

In a faultless communication, the discovers a concept based 

on the presentation of of the concept. A cognitive 

supplies the student with a re method of deriv correct answers. 

The student's task to learn to apply the cognitive 

Des cognitive routines involves four 

A 

way, 
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o 	 Specification of the range of examples the cognitive 

routine is designed to process. 


o 	 Definition of the rule that describes how to solve every 
task included in the range of examples. 

o 	 Design of tasks that test the application of each 

component of the rule. 


o 	 Design of tasks that test the application of the series of 
steps in the rule. 

While there may not be one "right" cognitive routine that is the 

solution to a particular problem, there are usually recognizably "good" 

ones. These "good" ones result from a thorough and conscientious 

concept analysis and application of the four cognitive routine design 

steps mentioned above. The cognitive routine, as implemented in the 

lesson used in this study, is illustrated in Appendix A. 

The 	 Corrective Feedback Paradigm 

The Corrective Feedback Paradigm (Siegel & Misselt, 1984) is based 

on instructional design strategies implied by Engelmann and Carnine 

(1982) and instructional feedback methods (Kulhavy, 1977). The 

corrective feedback paradigm (CFP), first developed in 1975, is a 

computer-based drill strategy that adds several features to traditional 

computerized drills, namely: 

o 	 adaptive feedback 

o 	 discrimination training and 

o 	 increasing ratio review. 



Adaptive feedback and are for 

distinguishing between different of response errors, and 

forms of feedback. If a student a response that is not an 

answer to another item in the 11, an out-of-list error (OLE), 

and the correct response If the types a response 

that is an answer to another item the 11, 1S a discrimination 

error, and discrimination feedback ~~~~ are provided (Siegel & 

It, 1984). 

Traditional computerized drills ctly answered items at 

the end of the list of items to be This has two 

weaknesses: (a) the list of , then the student will 

s the incorrectly answered he I have 

the correct response by the the reappears for 

and (b) if the list is short, then the reappears too 

• and the probability low that the will 

remember the item over a longer period of 

CFP addresses this in two ways. In a CFP 11, when a student 

gives an response, the item will reappear in the 11 

to a schedule. If the schedule were a 

I-later, 3-later, review schedule (Figure 2), the missed 

would appear after was missed. Then, if is answered 

correctly, would appear three items later. If answered 

corre would then appear five items later. In to 

this then at the end of the list to sat 

a " The designer specifies the 
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a 

I-later [: 3-later 

c 

d 

5-later b 

e 

f 

g 

h 

b 

1

j 

k 

1 

m 

Figure 2. Increasing ratio review for a missed item in a CFP 
drill. The upper-case "B" is the missed item. Each lower
case "b" is a correct response to the 1-3-5 later review 
schedule. 
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number of times the student must answer the item correctly, without 

intervening mistakes, before it is retired from the list. These two 

features of CFP, increasing ratio review and the retirement criterion, 

increase the probability of long-term retention of drill items. CFP has 

been used successfully in a number of instructional design projects 

(Alessi, Siegel, & Silver, 1982; Siegel, 1978, 1978-1979, 1983) and is 

an integral part of a comprehensive computer-based tutorial model 

developed by Dixon and Clapp (1983). 

Intrinsic Models 

Dugdale (1982, 1983) and Dugdale and Kibbey (1977, 1980) describe 

one use of computers that frees the student from having to do tedious 

numeric calculation and allows him to attend to the larger mathematical 

concepts, such as problem solving. An environment is created in which 

the student ~s encouraged to explore innovative problem solving 

strategies. The student can manipulate and explore the environment any 

way he (the masculine pronouns used in this paper represent both the 

feminine and masculine genders) chooses, and is guided by "intrinsic 

feedback." Dugdale (1983) offers the following design principles as 

being characteristic of "intrinsic mathematics models": 

o 	 The student ~s given a working model to explore and 

manipulate. 


o 	 The mathematics to be learned is intrinsic to the model. 
It is not superimposed on a nonmathematical game format, 
such as a crossword puzzle. 



0 	 The model provides a rich environment 

students of widely vary mathematics 

abil s, and students that the 

they the better succeed. 


Feedback is ct, relevant, and diagnostic. way, 
students can tell at a what errors have made 
and how those errors may to a correct solution. 

0 

o 	 The mathematics is treated as ting in and of If 
and not that are 
unrelated to 

o 	 The rules of the game are simple--never more complex than 
the to be • (p. 40) 

In study, only the feedback of the I.C model 

used. It is a ly compat and powerful feedback technique when 

used with the more systematic or "programmed ll 	 techniques 

described. 
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CHAPTER II 


METHOD 


Lesson Design 

The design of the lesson used in this study consists of two logical 

parts: (a) the systematic component, which includes the conceptual 

analysis, the cognitive routine, and the Corrective Feedback Paradigm; 

and (b) the intrinsic component. The systematic component is based 

primarily on the theory developed by Engelmann and Carnine (1982) and 

Siegel and Misselt (1984). The intrinsic component incorporates the 

feedback technique described in the Dugdale (1983) intrinsic model. 

In the lesson, the student is shown a parabolic graph, and asked to 

type ~n the equation for the graph. The student must understand how the 

different parts of the equation cause a change in both the position and 

orientation of the graph (graphs can be off the axes, inverted, turned 

on their sides, etc.). The concept analysis reveals four basic concepts 

the student needs to understand in order to perform successfully on the 

tasks. They are: 

I. 	 changing the ax~s of symmetry (IIX::" or "y::"). 


2
II. 	 inverting the parabola (y==x ). 

III. 	 moving the graph along the axis which is not the ax~s of 
symmetry -- the most difficult, counter-intuitive concept2
of the four (y=(x-b) ). 

IV. moving the graph along the 	axis of symmetry (y=x2+c). 
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A will be or d up or down, an will be 

sideways. A minus sign in front of the term will 

t a graph. last two 1ve moving the graph up or 

down or laterally relative to the axes. The third concept difficult, 

because the moves the of the s of "b." 

Concepts II, III, and IV apply to "x=" graphs as well as "y=". 

The routine the ana sis follows: 

or ," depending on whether the 
up/down or s s. 

o 	 Transform the equat by applying concepts II, III, and 
IV, listed. 

o 	 Not all all transformations -- any 
are simply from the 

routine. 

When the student types an ct ion twice or requests he ,he 

is led step by step through the necessary transformations of the 

cognitive (Appendix A). If the student types an 

answer twice while being led through the cognitive routine, he 1S 

the answer and required to type ion of the cognit routine 

results in the correct equation for the original task and a graphic map 

of how was a 

The conceptual analysis indicates an optimal order for present 

tasks (Table 1). Each task s a set of 

generalization) that is defined by the equation (except as 

noted). Each generalized task one or more of the above 

o 

unnecessary 

(or 



16 

Table 1 

Task Equation 	 Concepts 

1. 	 (n) I 

2. (n) 	 I, II 

3. , CfO 	 I, IV 

4. , cfO 	 I, II, IV 

5. x-b) 2 , 	 I, III 

6. x-b) 2+C, bfO, cfO 	 I, III, IV 

7. y=-(x-b) 2 , bfO 	 I, II, III 

8. y=-(x-b) 2+c, bfO, 	 I, II, III, IV 

9. 	 (n) I 


2
10. 	 x=-y (n) I, II 

211. 	 x==y +C, cfO I, IV 

2
12. x==-y +c, cfO 	 I, II, IV 

13. x=(y-b) 2 • 	 I, III 

14. 	 y-b) , cfO I, III, IV 

15. x=-(y-b) 2 , 	 I, II, III 

16. 	 , CfO I, II, III, IV 

(n) denotes a ontask. Concepts are 
p. 14. 
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illustrat eachdescribed concepts. Specific 

are in 

The Corrective used this lesson incorporates a 

1-3-5 later review schedule. Items are 

selected from the appropriate genera class for each that 

represents a Items that are tasks or 

instances of a , are as s 

tasks. The retirement criterion 1S set to ensure that all students 

40 in the lesson. 

Intrinsic feedback is used in this lesson because it indicates 

or not an answer is correct as well as 1es a maximum of 

information regarding the nature of any errors 3). The 

student can ly compare the graph with the graph answer 

generated. The ic model is not used, however. When a 

student errs in responding to a icular 

led through the cognitive rout A purely intrins model would allow 

the student to and 

A 2 X 2 des 1S used in this study (Figure 4). The two 

factors are the strategy and the Corrective Feedback 

Each factor has two levels represented by the presence or 

absence of the 1 te (CR and No CR, CFP and No CFP). 

The optimal task order 1n 1 1S used in all four treatment groups. 
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'- ....... 

1£l 

~---. 

. -r- . 

(a) 

.,. 
,---. 

.+-

(b) (c) 

feedback deriving ions for 
(a) the graph, (b) an incorrect response, 

and (c) a correct response. 
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CORRECTIVE FEEDBACK PARADIGM 


C R 
CR 

G U 
o 0 

CFP 
N T 
I I 
T N 

No CR 
V 
I E 

CFP 
E 

Figure 4. Research des CR 
CFP = Correct Feedback 

CR 
No CFP 

No CR 

No CFP 


ive Rout 
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In each of the groups, the student LS allowed two tries on each 

task. In the CR groups, if the student mLsses twice, he is led through 

the cognitive routine to the correct equation. In the CFP groups, if 

the student mLsses twice, he is supplied with the correct answer, 

required to type it, and receives 1-3-5 increasing ratio reVLew on the 

item. In the CR/CFP group, if the student mLsses twice, he is led 

through the cognitive routine for the item and receives increasing ratio 

review. In the No CR/No CFP group. after two misses, the student is 

supplied with the answer and required to type it. 

The CR/CFP group combines an overt cognitive routine with a 

computer-based drill strategy (CFP). The cognitive routine LS presented 

to the student only when he requires it (misses an item twice, or 

presses HELP). The cognitive routine then requires the student to 

respond overtly to each step of the routine. These are the "strong 

production" responses described and recommended by Engelmann and Carnine 

(1982, p. 199). Engelmann and Carnine also state that any difficult 

components of a cognitive routine should be allotted more practice time 

(p. 214). CFP provides for this automatically (increasing ratio review) 

and individually (each student receives only the review that he needs). 

The CR/CFP group represents a theoretically optimal combination of 

instructional techniques. 

The No CR/CFP group essentially replicates the highest performing 

group of the Edwards (1985) study. The combination of increasing ratio 

review with a carefully selected task order is a successful strategy in 

itself. It is possible that an optimal task order teaches the cognitive 
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routine ly. Increas ratio the extra 

needed for ficult in the !limpl rout 

The CR/No CFP group provides a of an overt 

routine strategy with the No CR/cFP group. Both groups an 

task order. The CR/No CFP group teaches the student the 

solut algorithm overtly, and s strong production responses for 

every of the routine. The No CR/CFP group provides 

review and practice for any the student might find difficult in 

the group the 

as des in the theory. Both groups, however, a 

test between "overtness ll and "practice." 

The No CFP group simply presents the tasks to the learner 

the order. There no overt cognitive rout and no 

ratio The can imp1 learn the 

routine from this strategy_ However, he does not from being 

overt taught the nor is he g~ven on the diff It 

steps of the routine. 

Subjects 

The 1 subjects were 1 students enrolled one of s 

sections of a university basic Algebra class. There were 113 freshmen, 

22 ) 11 jun 4 and 2 students in an unclassified 

status. Three instructors the six sections (one three; 

the second, two; and the third taught one section). The course 1 

covered prior to the study involved study quadratic 
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equations. All subjects were at the same place ~n the course material 

when they participated in the study. 

Procedure 

The study was conducted on three consecutive days. On the first 

day, the students were given a written pretest, which was similar to the 

written posttest (Appendix C), but consisted of twelve problems. They 

were also given a written introduction to the PLATO computer keyboard 

(Appendix F). On the second day, the students were given sign-on 

instructions to PLATO (Appendix G) just before taking the computer-based 

lesson. Then they completed the lesson, and took a ten-question online 

mUltiple-choice test (Appendix D). Various data were gathered that 

described the students' performance ~n the lesson and on the multiple

choice test (Appendix E). The written posttest was administered the 

third day. 

The PLATO IV Computer-based Education System (Smith & Sherwood, 

1976) was used to present the lesson. Students were assigned to the 

treatment groups as they signed on to the system. The first student to 

sign on was assigned to group one, the second to group two, the third to 

group three, and the fourth to group four. The sequence then repeated, 

with the fifth student being assigned to group one, the sixth to group 

two, and so on, until all of the students had completed the lesson. 

They received an on-line introduction to the PLATO keyboard, and to the 

lesson. Each student spent 40 minutes in the lesson. A progress bar at 

the bottom of the terminal screen indicated the approximate amount of 

time used up. 
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The pretest and test paralleled the problems ~n the computer-

based lesson. Students were allowed six to ete the 12

problem t. They were allowed twelve to complete the 26

problem posttest. On both tests, were worth between one and seven 

po s for a total of points on the and 122 po s on the 

posttest. Points were awarded as follows: 

a 	 1 po for the correct axis of 

a 	 1 point for the squared term negative when the 
graph was inverted. 

o 	 1 point for the correct value of "bl! when the 
the that is not the axis of symmetry. 

o 2 points for the correct s of lib" (most difficult 
because counter-intuitive). 

a 1 for the correct value of "C" when moving the 
a the axis of 

o 	 1 point for the correct of "c." 

For the 	 3 as a test~n 

item, the correct response (" C" in Figure 3) on the written test would 

be worth seven points (1 for " 1 for , 1 for the correct 

value of lib,!! 2 for the correct s of lib,!! 1 for the correct value of 

lie," 1 for the correct s of "C"). The response (lIb" in 

3) would be worth f 11 of the same po s 

awarded except for correct axis of symmetry and inversion). 



CHAPTER III 

RESULTS 

is of and analysis of te were 

used to the effects of the routine and the 

Feedback Paradigm on the posttest scores. An 

was used to the of CR and CFP on 

the mul 1ce test scores. The statistical tests and 

methods used in this data sis are 

(Hull & Nie, 1981). 

The group means and standard of the st and 

posttest scores and the on-line mu1t test scores for the four 

treatment groups are indicated Table 2. The assumpt of 

of 1S for each set of scores 

by the tests in Table 3. 

An analysis of of the s of the cognitive rout and 

the Corrective Feedback on posttest scores appears in Table 4. 

ana that the of the routine ) 

was nearing s ignif icance at the • 05 level (p=.069) • The Corrective 

Feedback (CFP) was s (p== • 031) • No effect 

can be assumed for CR and CFP .233) • 

Table 5 the results of an analysis of covariance, us 

the the of the 

increases the s 1cance of both ma1n further 1ng 
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Table 2 

Pretest Posttest Mult 

CR/cFP 

M 19.71 87.55 7.16 

7.86 22.33 1.88 

No 

11 17.90 74. 7.26 

9.44 26.12 1.67 

CR/No CFP 

11 19.05 73. 6.68 

8.10 26.39 2.13 

No CRINo CFP 

l:! 21.87 70.90 6.37 

8.85 27.29 2.26 

cognit and the Corrective 
= the Correct Feedback only; CR/No CFP = 

CR/No CFP = ne used. The 
were: pretest 51, posttest - 122, mult - 10. 

n = 38 for all four groups. 

ive routine only; No 
~a.~~u,~ possible scores 
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Table 3 

Pretest 

Cochrans C(37,4) = .30201, p .45 (approx.) 

Barlett - Box F(3,39427):= .51155, p .67 

Posttest 

Cochrans C(37, = .28404, p = .73 (approx.) 

Barlett - Box F(3,3 ) p == .65 

Mult 

C07,4) .31927, p := (approx.) 

Barlett - Box F(3,3 ) := 1.28384, p .28 



Table 4 

Source of Variation SS df MS F P 

Within Cells 97019.42 148 655.54 

Constant 895058.53 1 895058.53 1365.38 0 

CR 21 .92 1 2197.92 3.35 .069 

CFP 3114.11 1 3114.11 4.75 .031 

CR by CFP 940.03 1 940.03 1.43 .233 

sis of var~ance of posttest scores with CR and CFP as 
factors. 
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Table 5 

Source of SS df MS F P 

Within Cells 92884.26 147 631.87 

ssion 4135.16 1 4135.16 6. .012 

Constant 99703.16 1 99703.16 157.79 0 

CR 2377 .41 1 2377 • 3.76 .054 

CFP 3819.50 1 3819.50 6.05 .015 

CR by CFP 469.50 1 469.50 .74 .390 

Ana sis of covariance with t scores as the teo CR 
and CFP as factors. 
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the p-value of the interaction effect. The adjusted group means appear 

in Table 6. The contribution of the covariate in this analysis was 

significant (p=.Ol2). 

The analysis of covariance model used in Table 5 assumes that the 

regression slopes are the same for all cells. This was tested by 

pooling the effects of the covariate (PRE) by CR, PRE by CFP, and PRE by 

CR by CFP. The assumption of homogeneity can be accepted if the result 

of this test is not significant. The test had a value of p=.072, which 

was not significant at the .05 level, yet quite close. Two alternative 

models were then tested: a) the model with different slopes for each 

level of the first factor, CR; and b) the model with different slopes 

for each level of the second factor, CFP. 

The first model was tested by pooling the effects of PRE by CFP, 

and PRE by CR by CFP. The second model was tested by pooling the 

effects of PRE by CR, and PRE by CR by CFP. These tests are similar to 

the original test of homogeneity of slope described above. They differ 

because the interaction term between PRE and the factor in which the 

slopes are assumed different at each level of the factor is removed from 

each. 

The test of the model assuming different slopes for levels of CR 

had a significance level of p=.897, indicating that this model of 

covariance was more appropriate than the model assuming homogeneity of 

slope. The test of the model assuming different slopes for levels of 

CFP had a significance level of p=.030, indicating that this model 

should not be used. The regression coefficients for No CFP and CFP were 
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Table 6 

Unadjusted and Adjusted Group Means - Written Posttest Scores 

Group Unadjusted Means Adjusted Means 

CR/cFP 87.55 87.50 

No CR/cFP -74.97 76.04 

CR/No CFP 73.53 73.88 

No CR/No CFP 70.90 69.52 

Note. Adjusted means calculated by removing effect accounted 
for by the covariate. 
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1 (T-va1ue of 1.7 2. p=.086) and .63340 (T-va1ue of 1.87579, 

p=. ). respectively. 

Table 7 indicates the results of the analysis of covariance in 

ch the regression of the variable (posttest score) on PRE 

was assumed to have different for each level of CR. The results 

of the test further an model ion of the 

among the four treatment groups. The effect of the cognitive 

is s icant .004), as is the effect of the Corre 

Feedback Paradigm (p=.005). The ection of interaction is 

also further supported (p=.505). 

The different regression coe s used in this model were 

1.1 (T-va1ue of 3.70159, p=.0003) for No CR, and -.09775 (T-va1ue of 

-.27 , p=.786) for CR. This a contribution of the 

(PRE) the of the routine. and nO contr when 

the routine was present. Two possible explanations 

are: a) these between the CR and No CR groups sted 

to treatment, and b) the effect of the routine on posttest 

scores is unrelated to prior ity. 

An of var1ance of the s of the cognitive and 

the on mUltiple-choice test 

scores appears Table 8. This that the effect of 

the (CR) was not s (p=.746). The Correct 

Feedback was significant (p=.037). No ion effects can 

be assumed for CR and CFP (p=.517). Further analysis indicated that, 

an analysis of • the as did not have a 
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Table 7 

Source of SS df MS F P 

Within 0: Residual 886 .34 146 607.22 

Constant 895058.53 1 .53 1474.02 0 

PRE CR 4151.78 2 5.89 3.42 .035 

CR 5332.36 1 2.36 8.78 

CFP 4862.28 1 4862.28 8.01 .005 

CR CFP 270.71 1 0.71 .45 .505 

Note. The ==~~~~~ term represents the regression effects 
each level of tional strategy (CR and 

No CR). 
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Table 8 

Source of S8 df MS F P 

Within Ce 11s 591.47 148 4.00 

Constant 7170.63 1 7170.63 1794.25 0 

CR .42 1 .42 .11 .746 

CFP 17.79 1 17.79 4.45 .037 

CR by CFP 1.68 1 1.68 .42 7 

s~s of variance of mul Ie-choice test scores CR and 
CFP as factors. 
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significant effect predicting the multiple-cho test scores 

(p=.629). Therefore. an ana sis of is not for the 

multiple-choice test scores. 



35 


CHAPTER IV 


DISCUSSION 


This research a of the effectiveness of a combination of 

instructional te on the computer. The research also 

represents a and approach to instructional 

In a larger context. the can 

contribute to school curricula. 

The Techniques 

The results of the that a cognitive 

routine approach with the Corre Feedback Paradigm is an effective 

way to teach the types of s For the type 

by 

of learning task involved in s study, it appears that teaching the 

student how to solve a problem (cognitive rout ) and him 

I practice when he needs (Corre Feedback Paradigm) are 

efficient and powerful approaches. 

The data analysis indicates that CR and CFP both had s icant 

on the written posttest scores, CFP had an effect on 

the multiple-choice test scores. This could have been caused by the 

nature and timing of the two tests. The st. 

after the lesson, required a response. It 

pass that the cognitive routine he the to the 

lved and to produce the required was 
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probably not as much of a factor on the 

1y after the lesson. The results that CR and CRP 

should be used where retent and production responses are 

test 

Future research could be designed to more ct1y the 

contribution of the cognitive routine to ~~~~~~ concepts versus 

producing responses. For , this 's research design could be 

modified to administer the written posttest 1y after the PLATO 

lesson and one or more later (with test items). If the 

cognit1ve routine enhances memory, then the gap between the CR and the 

No CR group scores should significant on the later test. If 

the cognitive routine enhances the making of a production response, then 

should have a s effect on CR group scores on both tests, 

but should not contribute to an se the gap between the CR and 

the No CR group scores on the later test. 

An alternative research des would be to combine multiple-choice 

and production response quest in one test. The test could be 

after the PLATO lesson and one or more days 

later (with different test ). Seperate analyses of the effect of 

the rout on the mul responses, and s effect 

on the production responses could then be performed. Ita effect on 

memory for both types of responses could also be ana 

The difference the regress slopes for the No CR and CR groups 

suggests further research. The data s s that the 

of the rout on test scores not on a 
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student's ability. It possible that students of varying 

ability levels can equally well and apply a clear 

solution algorithm to a set ems. If further 

research this the ion is that the 

and effort takes to do a analy and to a 

good well 

Further research could also be conducted on the appropriateness of 

these to other problem-so tasks, both mathematics and 

in other subject areas. One that as solution algorithms 

become less clear ( the social sciences, for example). and the 

knowledge space less well-def • this of approach might lose 

effectiveness. Further research could both the range and 

of of these techniques. 

The of the techniques that were experimentally 

1.n this cannot be The use of 1.C 

feedback gave a student immediate and powerful visual ion about 

to solve a The careful of tasks 

a gradual and logical of the the student was to 

learn. 

It 1.5 like that several other features contributed to the 

eff ss of the lesson. For example, whenever a student 

the answer to a problem (by press the ANS ). he was prov with 

the answer. However, he was required the answer before he 

could ( did not on the screen). The ask 

for the answer needed, always disappeared when he 
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pressed NEXT order to type answer. s unre feature was 

probably more than simply allowing the student lito copy" the 

answer. 

The screen design and of were not 

The screen design and wording were made as efficient and 

unobtrusive as poss The was that a poor design could 

stract the student and hinder It was felt that the best 

des would be one that caused the (as a medium) to be as 

transparent as pass to the student. 

Even though research was igned to the 

effectiveness of a cognitive routine strategy combined with the 

Corre Feedback , these other techniques and des 

were of critical importance. A ss in anyone of these areas could 

have negated the effects of the strategies researched. Had the 

routine been implemented, , so that each step of 

the routine appeared on a separate screen, the student may not have made 

the conne among the Had the been obscure or 

overly wordy, the would have had to spend more figuring out 

the and less time f out 

to the successful implementat of 

these the medium If. The ion of 

the cognitive , CFP, and ~c feedback, this lesson, 

maximum use of the strengths of the computer as a medium of 

instruct delivery. The computer eas handled the ing 

rat of CFP. It also a large number of graphs to each 

One last 
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student (see E) and handled the accompanying ic 

to their responses. The routine was ly~ve 

~ss times in the CR groups. It difficult to a good tutor 

providing s of instruction and feedback to even one student ~n 

forty minutes. During the course of the study, the handled up 

to forty students s ly the lesson. 

Maximizing the strengths of the computer ~n this manner took 

of its potential to be a tutor. The techniques used 

parallel Bloom's (1976) single student tutor model described ~n the 

The rout the cues; CFP, the 

~cpractice; and the reinforcement. The resulting 

mastery-based lesson could eas fit into the computer-based system of 

teaching ll also described in the Introduction. 

The choice to use the computer as a tutor is compatible with 

scovery In fact, two of the techniques used the lesson, 

CFP and intrinsic feedback, a drill strategy and a more 

, respective These two ly 

contradictory techniques complemented each other well the lesson. An 

of requ s some of the traditional views 

of discovery and programmed 

In class lessons as coveryll or ,II it is 

possible to assume that there little or no discovery involved ~n 

However, an alternative view would be that 
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programmed students to discoveries. could 

be considered an act of discovery. Then, the difference between 

scoveryll and would be the and 

of the the student 

In the ic models the • there are, 

fact, carefully chosen levels that the student passes through 

making s discoveries. These levels begin s problems and 

build to more ex ones. This is s to the programmed 

the Introduction and is one of the reasons why 

intrinsic feedback is not incompat with the sy techniques 

used the researched lesson. 

The ion of vs. programmed learning is a valuable 

research question on a theoretical level. In the actual des of 

• however. the designer must make choices the 

and amount of the student re In lesson, the 

choices were somewhat constrained by the controlled nature of a research 

study. If the lesson were to be in an actual lum. 

the des would need to cons the and obj of that 

when these choices. 

II or a IIprogrammed"It difficult to advocate a 

approach for a lesson without how fits into an 1 

culum. The lesson in this study could be used in a 

ways. A teacher could use it (and exploit the computer to 

of 



quickly give students with the relationships between 

parabolic graphs and This experience could then be fol 

with a live whole-class presentat and discussion of how elements of 

parabolic graphs and compare to previously studied conic 

sections the of a 1 discussion to 

to the concepts learned in the lesson). 

The lesson could have to allow the teacher to 

manipulate parameters that alter the very nature of the lesson. For 

e, the teacher could have the to choose whether the lesson 

uses CFP or not. If the teacher chose to CFP, then the review 

schedule (1-3-5, or 2-4, or 1 , for e) could also be under 

teacher or curriculum designer control. the lesson would be 

used only as a quick introduction to , and the student 

would not need to attain mastery. 

The same options could be e for the routine. If 

the teacher desired to explicitly teach the s involved in 

the equations, then the teacher could choose the inclusion of 

the CFP could also be selected mas 

The lesson, used in this way, becomes more of an 

1 tool that can be flexibly used to a of 

1 goals. Whether it is more discovery-oriented or 

ion based on curricular goals. The teacher 

who does want to have to specify these types of would s 

the default of the lesson. 



42 


The power and rapid display of computers 

these possibilit even further. At the of each 

new (such as , in which "C" s the placement of 

the graph on the ), the student could have the option of 

new One s way to s would be to 

have enter a mode where the up-arrow and down-arrow on the keyboard 

move the up and down the the resu ion 

next to the The teacher could have the option to limit 

this mode, either by time-limit or of 

Then, the student could be returned to the mode and 

to do a problem. 

There are many possible that discovery and 

programmed approaches. One poss approach would be to allow 

where desired, with the techniques as a 

"safety net" for those students who do not master the content 

by alone. Computer-based lessons can be des d that allow 

for this flexibil 

The ultimate goal of 

des is to fulfill the 

school curricula. The computer can be used to perform certain 

1 tasks that are diff , or e, for the teacher. 

The computer is no different from any other instructional medium in 

respect. Books, for e, can accurately and ly a 

large volume of information to a student. This is a of the 

book medium. Individualized and feedback with a group 
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of students are of the Imparting and 

dealing with the really difficult or sting quest are strengths 

of a live teacher. An intelligently des curriculum employs each of 

the various media, maximizing their various strengths, to meet the 

instruc goals of the curriculum. 
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CHAPTER V 


CONCLUSION 


Today's students are not learning what we expect them to learn. It 

~s not likely that this situation will change, unless we either alter 

our expectations of modern students or find more effective ways to help 

them learn. The perspective offered in this paper ~s that we can teach 

students what we want them to learn. 

In this research, we explored a potentially powerful computer-based 

technique, CR and CFP. It proved to be an effective method of teaching 

one type of problem solving task. It has the potential to be used in 

both discovery and programmed environments. It can provide a computer

based equivalent of Bloom's (1976) single student/good tutor model. 

The technique, however, must be part of a much larger endeavor. It 

must contribute to curricular goals and objectives, where we clearly 

define what we want our students to learn. It should be one among many 

techniques, each chosen based on its potential to contribute to the 

larger curricular goals. An appropriate synthesis of curricular goals 

and instructional techniques can lead to increased educational 

achievement. 
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COGNITIVE ROUTINE 
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, " , ,,., : : : 
- HII-+.,+-._:"+-,+, +, +, -+,-l-t,-+.-+,~.~.:""'.>-.I-+-.+-l, ur 

/ ... \ .... 
I: : . : :\: : : : 

, : : : : ~ : : ... , . , ... : 

Presentation of the graph. This graph 
is a specific instance of task 8 in Table 1. 
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. \ ' 

, :\: . : : 
: : \ . : 

. , .... , . 

~ y= (x-7) 2+2 


y=(X-7)2+ 2 (1st try) 


An incorrect response; intrinsic and ten feedback. 
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l . 

I: : : : :\: : .. 
. . \ .. 

y~ (:.:-7) 2+2 

y-(x-7) 2+2 (1st try) 

A second incorrect response; ion of the cognitive routine. 



\ f) 
.2 

I: : :\: . 
. \: .. 

For eff cy, is drawn; the 
begin the next cognitive 
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I: : : : :\: . : : 

:::<\::: 

\tJ 

-1.0' 
· ...... I 
· ..... "/' 
· ..... ·1· 

. : : . : : : :J:: 
. :: i· 

\ ....... . 

.\....... . 

. \ ...... . 

::\:::':: . 
:. \::' .. : 

,2 

1.0' 

Presentation of a routine target graph. 
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.. .....~' 

, J '\ "" 
l!if 1-+7-+<+----!-+--++-+-+-I ur-

I: : : : :\: : : 
\ . 

A correct response. 
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: I . \ : : : : : 
- 1.0' 1-+.+-+-+<-1-+-+-+-+--1-+-+-+-+-1-+++-+-1 1!1f 

, . 
I··· \ ........... . 

I: .. : :\: : .. 
· .. , . .. . 

\ ' 

· I \ .... , 
'/' . '\' , , ..· , . , . , , .. 

I: : : : :\: : : : 
: : : : : \ : : : 

l.on of a l.ve routine 
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I: : : . \: 
: : : \ : : . 

, , .... , 

ft\ 

I: :::\::.: 
" . : \ ' : : 

~. Y=_ (x-7) 2 

y=- (x-7) 2 (1st try) 

An ct response. 
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,I ... \ . . . 

I: : : : : \: .. . 
. . \ . 

. I" . . \ .. 

I ... \ .... 

J: : : : :\: : : : 
. . .. : \ : : : 

ANS: y=- (x+ 7) 2 

.., 
y=-x~ 

Remember the a.nswer. Then press NEXT. 

Student requested the answer; 

it will disappear when he presses NEXT. 




A correct response. 
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1ff 1ff 

I: : . : :\: : .. 
: \ : : 

-1ff 1ff 

. y=_ (x+7) 2 

y= (x+7) 2 
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I ... \ . . .. . ....... . 


I: 	... y ... 
: : : \: : 

i •••••• , •• 

1Qf 1Qf 

, '..,r-... • ••.•. 

1-+7'+-' +-' ...,'+'+' +' +'-;.'-t
... , 

I . \ .... 

J: .. : :\: : : : 

: : :: :~ : : : 

-+'.....-!.-!..,.r-.!-.!-+-.+-;' 

y= 

? y=- (x+ 7) 

Presentation of a routine 
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- 1.0' I-.~/"""'-!-\.t:+:+:+:+-:1-H>-+-!--t-++-+-+-I UJ 

I· .. \ . · . . . . . . . 

J: 	 .. : :\: ... 


· .... \ .. . 
· , .. . .. . 

y= 

Y=- (x+7) 2 

A correct response; ion of the cognitive rout 
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APPENDIX B 


TASK EXAMPLES 


The graphs illustrated on the following pages are ic 
es of the formulas in Table 1 (p. 16). 
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APPENDIX C 


WRITTEN POSTTEST 
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Last Name First Init. Last Name 

DirectLons: For each graph, te the equation the blank. 
down as much of each as you can. 

Don't spend too much on one problem. Do as 
well as you can, then move on to another 

e: 

-1.0 

test.There are 26 problems. You 1 have 12 s to 

the test.Raise your hand you have a question 
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1.0" 


:::::::\ :: I: 

: : : : : : : : : t : : : :/. : : : 

: : : : : : : :: \::: I : . : : 

. . . . . . . .. .\... l:' . 

::::::::: :~J::::: 

......... -........ . 


UJ -ur 1.0" 



. . . . . . . . . 1-. . . . . . . . . 

- 1.0' H'H'H'H'-+;-f'-f'"",,'<+'++'+'T'+'+'+-' +-' +-'H' 1.0' 

::: : ~ ~.(:'\\ : : : : :: : : : 

:::::/::: ~::::::::: 
: : : : : : : :: \: : : : : : : : : 
: : : : J; : : :: \:::::::: 
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....... \ .. /.1 ...... . 


..............~/""""..
~.~ ~ ~.~.... 
· . . . . . .. f-........ 
· . . . . . .. .. . . . . . . ~ ~ 

H-.+-. +-. +-. !-.+-. +-. +-. +-. +-+-.+-. +-. +-,4-+-. +-. +-. H.1. 

· . . . . , . . . -f-. . . . . . . . . 

- 1.0' 

-1f1' 

1fI' 

1.0' -lf1' 10 



68 


-1.0' 1.0' -1.0' 1.0' 

.........

t-: t-: t-:.....: t-: 

~/ .. 
--: : . : : : : : : 
......... 

I--~I-:I-:I-~Sl-:1.0' 

........ . 

+-+-:+-:;-: ;-: ;-: +-:;-:.....: +-i: 

_ ........ . 

- 1.0'-1.0' 1MJ 
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: : : : : : : : : -l.: : : : : : :J: : 
. . . . . . . .. /.......1..


: ::::::: \::: :/1: : 

• • • • • . •. }l •••..• • 

......... \ ... I .. 

: . : : : : : :: '\" '/ ., 
, ,., ,.. . '\,' , '}" , 

: : : : : : ::: :: \:\~/: :: : 

-1.0' 

-1.0' 

10 


1.0' -1 


.•..•. :r· 
:::::> :.:/:::::::

j::':::: : 
~~~~~~~~1.0' 
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APPENDIX D 


ON-LINE MULTIPLE-CHOICE TEST 
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Explanation 

In this • the arrow s the correct response to 

each problem. During the actual test, the right arrow pointed to the 

answer that the student had chosen. The student was allowed to 

an answer by simply pressing another letter. 

the test, the ins your answer ••• " (which 

appear below problem 1) appeared below each problem after the student 

had made 1 cho In are shown on 

1 to save space. 



l:: 
". 

- 1.0' 1.0' 
You will be shown "' , then asked to pick 
the correct eCluat ion. Press a, b, c, or d 
to make ),!oUl~ choice. 

You can your· ansl)Jer pressing 0. di fferent 
letter. When you press NEXT, ~iOU I!-!i 11 go on to the Choose the correct equa"tion: 
next lem. 

<3.• y=IX+3J 2 -2 

Try to answer as quickly as y'OU can. -+ b. y= (x-3) 2_2 

c. x= Iv-3) 2 

d. X= (v+3) 2 2 

Press !'·lEXT to 1 n 

To change your answer, press another letter. 
Press NEXT for the next lem. 

1 

...., 

.j:'



- 10 10 -10 IfI o10 I 1 1 I , I 1 , 1 1.'" 1 1 1 I 1 1 1 1 \ 

Choose the correct i-on: 
Choose the correct ion: Choose the correct ion: 

... a .• )1'" 
23.• (~)+ 5) 2 a.. V" (x+4) 2 2 

b. x= 
b. X= 5) ... b. )1= (x+2) 2+4 

c. X= 5) 2 c. x= 4) 2 2 
c. )1=~.;--1 

d. x=v"'-I 
... d. x= (v- 5) 2 d . X=- (y+2) 2+4 

2 3 4 
-...j 

\Jl 



- 1.0' I I I 1 I I I '/ 1,1 I I I I I I I I I I 11.0' ..... ; ; I 1"1 ! ! ! I 11111119.5 -1 a L-L.'.. 1 I I 1 I I I I~-',..~- . :~. " I I I " I 111.0"-19.5 I, I I II .._/_
.. :'-)

~-:--:------, . 
-~-:/ 

Choose the correct equation: Choose the correct equation:Choo:.se the correct equation: 

? a.. y'= (x-3) 2+3 a.. x=- (7'+2) 2 
d .• ).'=-x

b. x=Cy-3)2+ 3 -+ b. ;,J= - (x+ 2) 2
b. x=~y'2 

c. 7'=- (x+3) 2_3 c. X= (7'- 2) 2x=_y2-+ Coo 

-+ d. X=- (7'+3) 2_ 3 d. 7'= (x-2) 2
d. )/=)<2 

5 6 7 
-...J 
(J'\ 

http:Choo:.se


.. 

10' \-Hf-H+l-+-l-+-t-+-+-+->· 10' 
1.0 10' 

-10' 

Choose the correct equatiQn: Choo:se the correct ion: 
Choose the correct equation: 

d .• y= (x+ 6) 2 + 1 
d .• y'" (X+ 4) 

--j; d .• x==\"etC. 6 

b. x= (,)+6) + 1 
--j; b. +4 b. »)=~.;"- - 6 

c. Y=lx-6)2+ 1 c. x= 4) 2 
c. x= +6 

--j; d. x= 6) 2+ 1 
d. +4 d. y= +6 

8 9 10 
-.,J 
-.,J 

1.0 
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APPENDIX E 


ADDITIONAL DATA 
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The fol tables contain data that were collected, but not 

analyzed. The values in each table are treatment group 

averages. The sixteen tasks corre to the lesson tasks in 

Table 1 of the text. The data ile the number of attempts and misses 

on each task. For example. because of ing rat • the CFP 

groups have a larger number of tries on tasks that were missed. The CFP 

groups also tended to do more total tasks. The average number of times 

the student asked for the answer or entered the cognitive routine (CR 

groups only) are also indicated. 

An 1 column appears for the two treatment groups that 

rout The of Tries" column does 

lude of the task a cognit routine. The 

"Number of Tries CR" column a tota 1 of "Number of 

and 1ve of that task. 

Additional data were also gathered for the multiple-choice 

test. The average total to take the test is for each 

group. The average response time per answer and per =~!::.. an swer are 

also Average response time per answer a response 

time average of only those items the student got For 

the No CR/No CFP group had the st total the test and took 

the longest to respond to test items. The CR/No CFP group had the 

shortest 

II 
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Summary Lesson Data - CR/CFP Group 

Task Number of Number of Number of Tries 
Tries Misses Including CR 

1 2.6 .4 2.6 
2 2.1 .2 5.4 
3 2.3 .3 2.3 
4 2.6 .5 2.6 
5 5.4 1.7 8.1 
6 5.0 1.7 5.0 
7 5.4 1.9 5.4 
8 3.1 1.0 3.1 
9 1.9 .3 1.9 

10 1.2 .0 3.1 
11 2.6 .7 2.6 
12 2.6 .9 2.6 
13 2.6 .9 3.6 
14 1.8 .8 1.8 
15 1.1 .3 1.1 
16 .9 .2 .9 

Totals 43.2 11.8 52.2 

Asked for answer: 6.0 times 

Entered Cognitive Routine: 5.8 times 

Multiple-Choice Test 

Total time in test: 161.4 sees 

Average time per answer: 16.1 sees 

Average time per right answer: 15.0 sees 



SI 


Summary Lesson Data - No CR/CFP Group 

Task Number of Number of 
Tries Misses 

1 3.0 .6 
2 2.6 .4 
3 2.7 .5 
4 3.7 1.0 
5 7.5 2.8 
6 7.1 3.1 
7 5.1 1.7 
8 3.4 1.3 
9 2.2 .4 

10 1.4 .2 
11 3.1 1.0 
12 1.9 .4 
13 3.1 1.2 
14 1.4 .5 
15 1.9 .7 
16 .9 .2 

Totals 51.2 15.S 

Asked for answer: 9.S times 

Multiple-Choice Test 

Total time in test: 157.6 sees 

Average time per answer: 15.8 sees 

Average time per right answer: 15.0 sees 
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Summary Lesson Data - CR/No CFP Group 

1 2.5 
2 2.2 
3 2.3 
4 2.2 
5 3.2 
6 3.0 
7 2.6 
8 2.2 
9 1.9 

10 1.6 
11 1.8 
12 1.7 
13 1.9 
14 1.9 
15 1.5 
16 1.6 

33.9 

Asked for answer: 8.3 

Cognitive Routine: 6.8 t 

.4 

.2 

.3 

.2 
1.2 
1.1 

.8 

.5 

.3 

.0 

.3 

.1 

.5 

.5 

.3 

.5 

7.1 

2.5 
3.7 
2.3 
2.2 
4.8 
3.0 
2.6 
2.2 
1.9 
2.7 
1.8 
1.7 
2.9 
1.9 
1.5 
1.6 

39.1 

Task 
Including CR 

Total t 1n test: 144.7 sees 

per answer: 14.5 sees 

per right answer: .0 sees 
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Summary Lesson Data - No CR/No CFP Group 

1 2.9 .5 
2 2.9 .5 
3 2.8 .9 
4 2.8 .9 
5 2.8 2.4 
6 2.7 1.8 
7 2.6 1.6 
8 2.5 1.5 
9 2.4 .6 

10 2.4 .4 
11 2.4 1.2 
12 2.3 .9 
13 2.2 1.8 
14 2.1 1.2 
15 2.1 1.1 

1.9 1.1 

39.9 18.5 

Asked for answer: 15.9 

Total test! 173.0 sees 

Average t per answer: 17.3 sees 

Average per == answer: 16.0 sees 
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KEYBOARD INTRODUCTION 
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The letter and number keys on the PLATO keyboard are very much like the 
keys on a typewriter. Use these keys along with the mathematical 
operators found on the left of the keyboard to type equations just as 
you would write them. You should particularly know where to find +, 
=, (, ), x, y, and the numbers 0 through 9. 

The function keys on the right are important for interacting with PLATO. 
The following keys will be useful to you: 

NEXT Press NEXT when you are finished typing your answer and you 
want PLATO to judge it. 

ERASE Use ERASE to change your answer before you press NEXT. Each 
time you press ERASE, a single letter or number will be erased 
from the end of your answer. 

SUPER Press S~PER before a number you want to be an exponent. To 
type "x " you would press x, SUPER, 2. 

ANS Press ANS (marked TERM/ANS) when you want PLATO to tell you the 
answer to a problem. 

HELP Press HELP when you want PLATO to help you with a problem. 
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APPENDIX G 


PLATO SIGN-ON INTRODUCTION 




1. 	 When you sit down at a PLATO 1, the screen 1 say 
s NEXT to II Press the NEXT key. 

2. 	 The next screen display 1 show the date and time and will 
ask you to type your PLATO name. Your PLATO name is your last 
name followed by a space and your st 
completely in lower case letters. 

For 	example, Al Thompson would 

a 

(Not there are no capitals or punctuation marks in your 
PLATO name.) 

Type your PLATO name. Then press NEXT. 

3. 	 The next screen disp will ask for your PLATO group. The 
group for your class 

(Again, there are no Is or ion marks in your 
group name.) 

Type your group name, and then, while holding down the SHIFT 
, press the STOP key. 

After complet the sign-on process, you will be taken directly to the 
lesson. 
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