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ABSTRACT

The genera l objective of the proposed research was to determine how
reason i ng ability , or intellectua l capacity . affects gain in reading ability .
The theory underl y ing the presen t research was tha t poor readers consist of
two types-—those who read poorl y because of deficits in their reasoning
abi l ity and those who read poorl y because of deficits in reading practice ,
or experience. The effect of reading practice upon reading ability was
investi gated us i ng hi gh schoo l students who read poorly. The reading
training involved a recently developed technique , called prog rammed prose,
wh i ch allows regular reading ma terial to be automaticall y converted into
training ma terial. Each programmed prose passage was read and reread until
mastery (100% accuracy) was ach i eved . A PLATO IV computer termina l was
used to administer the programmed prose passages. Each studen t was given
50 to 70 hours of individuali zed instruction on the term i nal. There were
three sepa rate studies with six high schoo l students in each study. All
students were at about grade level 5 in  reading ab i lity prior to the instruc-
tion . One half of the students in each study were selected because they
purportedly had hi gh reason i ng ability , as indicated by hi gh scores on the
Raven Progressive Matrices Test; the other one half had low scores on this
test. The results were consistent across all three stud i es. The hi gh
Raven groups , who supposedly had hi gh reasoning ability and should benefit
greatl y from reading training, did not gain more than the low Raven groups.
When gain in reading ability was measured usin g a test that was just like the
task emp loyed in the reading training, there was a large amount of gain——from
grade level 5 to 8. However, when gain in reading ability was measured
using other techniques , there was little or no evidence tha t the training ,
i.e., reading practice , produced gain. Also , the Raven test was administered
under special research conditions , and the results suggested tha t the
ori g ina l test results , wh i ch were used to divide the students into hi gh and
low groups , may not have been valid . This research failed to find a re-
lationsh i p between reason i ng ability and gain in reading ability but this
failure could have been due to: (a) ineffective techn iques used to pro-
duce gains in reading ability , and (b) ineffective techniques used to
measure reasoning ability .

S/ N 0102. LF.014. 66Oi
Unc lassi fled

SECuRI~ v CLASSIFICATION OF THIS PAGE(WP,.. D.~. ~~~..,4)



THE RELATIONSHIP BENEEN REASONING ABILITY
AND G A I N  IN  READ I NG A B I L I T Y

Ronald P. Carver
Princi pal I nvesti ga tor

FINA L REPORT

Pre~ared under Con tract to the
Personnel and Training Research Programs

Ps ycho l og ica l Sc i ences Division
Office of Nava l Research
Departmen t of the Navy

Con tract No. N0001’+-75—C-0958
NR No. 150—369/12-13-71+ (1458)

Approved for public re l ease; distribution unlimited.
Reproduction in whole or in part is permitted for

any purpose of the United States Government.
—

University of Missouri-Kansas City
— Schoo l of Educa tion

~~Educationa l Psychology and Resea rch Division )

A ugust 1977

_ _ _ _ _ _  -— —



ABSTRACT

The genera l objective of the proposed research was to determine how
rea soning ability, or intellectua l capacity , affects gain in reading ability .
The theory underl y ing the present research was tha t poor readers consist of
two types--those who read poorly because of deficits in their reasoning
ability and those ~;no read poorly because of deficits in reading practice ,
or experience. The effect of reading practice upon reading ability was
investi gated using hi gh schoo l students who read poorly. The reading
training invo l ved a recently developed technique , called programmed prose ,
wh i ch allow s regular reading material to be automaticall y converted into
training material. - Each programed prose passage was read and reread until
mastery (100% accuracy) was ach i eved.> A  PLATO IV computer termina l was
used to administer the programed prose passages . Each student was g iven
50 to 70 hours of individualized instruction on the term i nal. There were
three separate studies with six hi gh schoo l students in each study. All
students were at about grade level 5 in reading ability prior to the instruc-
tion . One half of the stuc5ents in each study were selected because they
purportedl y had hi gh reason i ng ability , as indicated by hi gh scores on the
Raven Progressive Matrices Test; the other one half had low scores on this
test. The results were consistent across all three studies . The high
Raven groups , who supposed l y had hi gh reasoning ability and should benefit
greatl y from reading training, did not gain more than the low Raven groups .
When gain in reading ability was measured using a test tha t was just like the
task emp loyed in the reading training , there was a large amount of gain——from
grade level 5 to 8.~~However, when gain in reading ability was measured
using other techniques , there. was little or no evidence tha t the training,
i.e., reading practice , produced j~trrp~ A l s o , the Raven test was administered
under special research conditions , and the results suggested tha t the
ori g ina l test results , which were used to divide the students into hi gh and
low groups , may not have been valid. This research failed to find a re-
lationshi p between reasoning ability and gain in reading ability but this
failure could have been due to: (a) ineffective techniques used to pro-
duce gains in reading ability , and (b) ineffective techniques used to
measure reasoning ability .

AC CV ~~ 
r /

N1~S w i  ~~~~~
Se~t,Ofl D

D

~~~~~ ~BlU1~ COMS .
~1. ‘ii or S~~CIAL

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

f .  . 
-

* 

?R~CEn I~U PAG~~ B J ~C~i~? FTU€D
0 -,.. - . . *.—‘. - - . 

- 
~~~~~~~

-
‘fl--



ACKNOWLED GEMENTS

The da ta collection and da ta analyses were accomplished with the assist-
ance of Fred Du f f e l meyer , James Hoffman , Ma rk Condon , D rew Love , R uth Cassa nd ras ,
Ma rc Rebs tock , Greg Savage, and Frances Wenner.

Without the cooperation of the administration , facu l ty , and ;tudents of
two Kansas C it y , ifissou r i h i gh schools , Pas eo and Southwe st , th i s  research
would not have been possible. Special thanks goes to Anna Marie Peterson and
Ba rba ra Lusk of Paseo , J. C. Reneau , Princ i pal; and Jim Woods of Southwest ,
Thoma s K i pp, Princi pal.

i i i

— --- - -  - — —-- -.- -~~



TABLE OF CONTENTS
Page

ABSTRACT

ACKNOWLEDGEMENTS

LIST OF TABLES V

L I S T  OF FIGURES v i

INTRO D UCTION 1

REASONING ABILITY 1
READING PROCESS 2
READING PROGRESS 2
POOR READERS 3
MEASUREMENT METHODS 5
R E A D I N G  PRACTICE 6
EX I ST I NG DATA 8
OVERVIEW OF METHOD 9

STUDY I 10

I NTRODUCTION 10
METHOD 10
RESULTS AND DISCUSSION 11+

STUDY II 17

I NTRODUCT I ON 17
METHOD 17
GROU P RESU LTS AND DISCUSSION 18
RAVEN RESU LTS AND DISCUSSION 25

STUDY III  31

I NTRODUCTION 31
METHOD 31
GROU P RESULTS AND DISCUSSION 31
RAVEN RESULTS AND DISCUSS I ON 36

TRAINING EFFECTIVENESS 1+1

I NTRODUCT I ON 1+1
STUDY II DATA 41
TRANSFER DATA L~4
SUMMARY OF TRAINING EFFECTIVENESS RESU LTS 49

SUMMARY AND CONCLUSIONS 50

IMPLICAT IONS AND RECOMMENDAT I ONS 52

REFERENCES 55

APPENDIX A: RESCAL ING ThE RAVEN 58

APPENDIX B EXPECTED READING ABILITY 70

lv



LIST OF TABLES

Page
1 . Verba l and Performance IQ Scores from the ‘dISC for the 6 29

Students

2. Raven Scores in Grade Equiva l ents for the 6 Students in 29
Study II.

3. Raven Scores in Grade Equiva l ents for the 6 Students in 40
Study I I I .

4. Pretest to Posttest Gains in Study II.

5. An Overv i ew of the Testing and Training Schedule for the 1+6
Study II and Study II I  Students.

V

-J



LIST OF FIGURES

Page

1 . An examp le of a prog rammed prose passage. (Taken from 8
Ca rver , 1.975).

2. An examp le of the programed prose task as imp l emented by 12
the PLATO IV computer term i nal.

3. Stud y I . PRETEST RGR , in Wpm , as a function of passages mastered 15
for the Low and Hi gh Raven groups.

4. Study I . PRETEST RGR , in Wpm , as a function of TOTA L 16
TI ME , in m m ., for the Low and Hi gh Raven groups .

5. Study II. POSTTEST HIGHER RGR on the initial practice 19
passage as a function of sessions completed for the Low
3nd Hi gh Raven groups.

6. Stud y II . PRETEST TIME , mm ., as a function of 20
PASSAGES MASTERED for the Low and High Raven G roups.

7. Stud y II. PERCENT ACCURACY on the prete st as a 2 1
function of PASSAGES MASTERED for the Low and Hi gh
Raven groups.

8. Study II. TRIALS TO MASTERY as a function of PASSAGES 22
MASTERED for the Low and Hig h Raven groups .

9. Stud y II. TOTA L TIME spent working on the pa ssages as a 23
f un c ti on of PA SSAGES MASTERED fo r the Low and H i gh Rave n
groups.

10 . Stud y II. POSTTEST HIGHER RGR , in Wpm , as a function of 24
PASSAGES MASTERED for the Low and Hig h Raven groups .

11 . Study II. PRETEST RGR , in Wpm , as a function of PASSAGES 25
MASTERED for the Low and High Raven groups.

12. Stud y II. PRETEST RGR , in Wpm , as a function of TOTAL TIME , 26
in m m ., for the Low and High Raven groups .

13. Study II . POSh EST HIGHER RGR , i n Wpm , as a function of 26
TOTA L TIME , in m m ., for the Low and H i gh Raven groups .

14. Study II. POSITEST HIGHER RGR , in Wpm , for the practice 27
passage as a function of the training session attended for
each subject

15. Study II . POSITEST HIGHER RGR , in Wpm , for the practice 28
passage as a function of PASSAGES MASTERED for each subject.

16. Study II I .  POSTTEST HIGHER RGR on the initial practice 32
passage as a function of sessions comp let ed for the Low
and Hi gh Raven groups .

v i

- - ,r.t.. .
~~~_ •—~——————— - — -——*.- -————- —-  ~———*— — -___*__*_._- ~~~~~~~~~~~~~~~~~~~~ — —



17. Study I I I .  PRETEST T I M E , in m m ., as a function of 33
PASSAGES MASTERED for the Low and Hi gh Raven G roups.

18. Stud y I I I .  PERCENT ACCURACY on the pretest  as a 34
function of PASSAGES MASTERED for the Low and Hi gh
Raven groups.

19. Stud y I I I .  TRIALS TO MASTERY as a function of PASSAGES 35
MASTERED for the Low and Hi gh Raven groups .

20. Study I I I .  TOTA L TIME spent working on the passages as a 36
function of ~ASSAGES MASTERED for the Low and Hi gh Ra ven
groups .

21. Study I I I .  POSITEST HIGHER RGR , in Wpm , as a function of 37
PASSAGES MASTERED for the Low and Hi gh Raven groups .

22. Stud y I I I .  PRETEST RGR , in Wpm , as a function of PASSAGES 37
MASTERED fo r the Low a nd H i gh Raven groups .

23. Study I I I .  PRETEST RGR , in Wpm , as a function of TOTAL TIME , 38
in mi ii. , fo r the Low and H i gh Raven groups.

24. Study I I I .  POSITEST HIGHER RGR , in Wpm , as a function of 38
TOTA L TIME , in m m ., fo r the Low a nd H i gh Raven groups .

25. Study Ifl . POSTTEST H1GHER RGR , in Wpm, for the practice 39
passage as a function of the training session attended for
each subject.

26. Study I I I .  POSTTEST HIGHER RGR , in  Wpm , for the practice 40
passage as a function of PASSAGES MASTERED for each subject.

27. Study II .  For each student , the PRETEST RGR , in Wpm , for 42
blo cks of the Set A and Set B passages.

28. Grade l evel scores on the MRS for the Study II and Study II I  47
students when tested under various pre— and post—training
cond I t ions .

29. Grade l eve l scores on the NRS reading test and the subtests I48
of Ga tes-MacGinit ie reading test for two testing periods;
one graph is for the Study II students and the other graph
is for the Study II I  students .

v i i



I NT R O D U C T I O N

In 1917, Edward L. Th. -nd i ke analyzed reading, and he argued tha t reading
was basicall y a reasoning process. In 1971 , Robert L. Thornd i ke presented cor-
relationa l and factor analytic da ta of individua l differences which he inter-
preted as supporting this analysis of the elder Thonndike . Robert L. Thorndike
went a step further and argued tha t if we des i re better readers , the challenge
is to develop ways of teachin g people to think ra ther than concen trating on
reading. He concluded tha t it is primaril y meager Inte l lectua l processes tha t
are limiting reading comprehension , not deficits in one or mo re specific and
readil y teachable skills.

If reading is primaril y reasoning and if individ w ’ l differences in the
ability to reason do account for almost all  of the variation in indi vidua l dif-
ferences in reading ability, then is reading training a waste of time for most
poor readers? The answe r to this theoretica l question has important practica l
consequences. Many hi gh schoo l students and adults are extreme l y poor readers ,
i.e., they are described as functionally illiterate. The question is , are most
of these people poor readers because they are poor reasoners , or thinkers? If
so , then reading instruction is likely to have very little  effect upon their
reading ability. Policy makers in training, and education in genera l , should
not p lace a grea t dea l of resources into reading training for poor readers if
these theo retica l i deas of Thorndike are correct.

It would seem to be of grea t practic a l benefit to anyone concerned with
education to have emp ir ica l da ta directly relevant to the above theoretica l issue.
What is the relationsh i p between reasoning abi l ity, or intellectua l capacity,
and improvement in reading ability ? The emp iri ca l da ta collected up to now has
focused upon individua l differences in reading ability and how they relate to
individua l differences in intellectua l capacity . There has been little atten-
tion g iven to research that is directl y re l evant to the issue in question , i .e.,
how does reasoning ability , or intellectua l a b i l i ty, relate to within —individua l

in readin g ability.

The following parts of this introduct ion section wi l l  present the back-
ground for an emp irica l study of th-- relationship between reasonin g abil i t y  and
gain in readin g abil ity .

REASO N ING A B I L I T Y

This section wi l l  briefl y presen t more of the theoretica l background under-
l y ing the investi gation . For the purposes of th is research , reasoning ability ,
intellectua l capacity , and intellectua l ability w i l l  be regarded as synonomous .

Palermo and Molfese (1972) found tha t menta l age was closely related to
perfo rmance measures of language development and they argued that “...a theory
of language development must be embedded within the larger context of a theory
of cognitive developmen t Lp. 426/.H Cra no , Kenny, and Campbell (1972) car riec
this i dea one step further when they contended tha t their data ind ic a te tha t
“...nonverba l i ntelli gence causall y influences verba l IQ, an ability which , in _
turn , is a predictor of many of the more concrete linguistic ski ll s ....Lp. 2J~I . ”
Singer (1976) argued tha t under certain conditions IQ was like l y to have a si g—
—l fi cant relationshi p with the rate of ac quisiti on of a task.

The importance of conducting research in this a rea has been articu lated by:



(a) Harber and Bryen (19:~6) who wrote tha t “ . . .more information is needed con-
cernin g_ other variables tha t affect reading performance , such as int e l l i gence
Lp. 400/, “and (b) Lohnes and Grey (197? ) who wrote tha t “...reading experts
must understand intelle gence to understand readin g Lp . 475 /.”

R E A D I N G  PROCESS

There is l i t t l e  or no doubt but tha t the reading process does invo l ve
interactions with such constructs as thinking, reasoning, and intellectua l ca-
pacity. In the recent past a large number of “models ” of the reading process
have been advanced (see rev i ew by Geyer , 1 973), and none of these models suggest
tha t reading is exclusivel y a type of rote psychomotor performance tha t does
not require hi gher order intellectua l processes such as reasoning . Basic inte l-
l e c t u a l competency is gene rall y i m p l i c i t l y regarded as a “g iven ” in such dis-
cussions. There has been little concern for how individua l differences in
reasoning ab ili ty interact with t’-ie reading process. Some individuals may be
better able to comprehend the relationshi ps among things better than other in-
dividuals and this basic intellectua l s k i l l  may simpl y manifest i tself in the
readin g situation , i .e., a situation wh i ch involves the cognition of relations
between words.

Carver (1973) has isolated levels of the reading process as described in
the reading litera ture (see Spache , 1963), and has related these levels to in-
tellectua l functioning. Level 1 is associated with words as units and i nvolves
both the decoding of words and the determ i nation of their meaning as used in the
particular sentence being read. Leve l 2 is associated with the sentences as
units and involves the comb i nation of the meanings of the individua l words into
the complete understanding of the sentence . Level 3 is associated with the pa r-
agraph as a unit and may involve such processes as the recognition of the imp l i ed
main idea of a pa ragraph. Level L~. is associated with no particular un it and may
i n v o l v e  thinkin g activities which are not at all associated with the litera l ,
imp lied , or tangential meanings of the prose. By definition , Levels 3 and 1+ are
primarily reasoning processes , i .e., intellectua l functioning processes that are
not inherent or specific to reading and do not occur simu l taneousl y with the
reading process i tself. Therefore , it is misleading to suggest tha t reading is
primarily reason i ng when reading refers to Levels 3 and 1+ because Levels 3 and
1+ involve reasoning by definition. Levels 1 and 2 are inherent to the reading
processes , i .e., they involve an ongoing interaction between the stimuli per-
ceived , i .e., the words , and the cognition of the intended meaning of these
stimuli. Levels 1 and 2 of reading do not i nvolve reasoning abi l i t y  or intel-
lectua l capacity by definition.

In summary , the essence of reading, i.e., the process of recognizing ~~~~~

intended meaning of words and sentences as in Levels 1 and 2 above , i s a process
which would seem to depend upon a fundamenta l intellectua l a b ility such as rea-
s o n i n g .  The refore , it would seem tha t differences in reasoning abi l i t y  would
place limits upon the reading ability of individuals.

READI NG PROGRESS

The preceding discussion has been restricted to the relationship between
reasoning ability and the reading process for mature readers , i.e., individuals
who are primarily reading to learn rather than learning to read. In most learn-
ing to read situations , the relationshi p becomes more complex. This is because
most of the individuals who are lea rning to read are also maturing intellectuall y
so tha t reasoning ab i l i t y  and reading abil i t y  are both progressing at the 

same2



time. Such a dynamic relationship is not as simple to scrutinize and to ex-
p lain. An explana tion of these complex relationshi ps can be facili tated using
Carroll’ s (1963) model of schoo l learn in g. This model w i l l  be described briefly
before attempting to inte grate it into the reading situation.

Carroll envisioned schoo l learnin g as being influenced by five prima ry
factors. Three of these factors were interna l or individua l difference factors
while two were externa l to the individua l , i .e., trea tment factors. The three
individ ua l difference factors were: (1) aptitude --the amount of rime needed
to learn the task under optimal ins tructiona l condition s , (2) ab i l i t y  to under-
st and instruction , and (3 ) per severence——the amount of time the individua l is
‘..~i l l i n g  to engage in lea rnin g. The two t reatment factors , or externa l factors ,
were : (4) opportunity--time allowed for lea rnin g, and (5) the qualit y of in-
struction . Carroll regards his aptitude factor as relatively resistant to
cha nge and musters support for this stance by referring to the resea rch which
has found the lQ to be relativel y cons tant. Carroll regards his second factor ,
a b i l i t y  t~ un dersta nd i ns t ruc t ion , as a comb i na tion of genera l a nd verba l
i n t e l l i gence , i .e., as assessable ”... i n  r e l a t ive  ter ms by cu rr en t l y a v a i l a b l e
measurin g devices /p. 72~ /.” Carroll’ s mode l is an excellen t one because it
focuses upon measurable en tities wh i ch allow his theory to be emp i r i c a l l y
tested. There is emp i rica l support for Carroll’ s theory (e.g., see Ca rver , 1970).

The five precedi ng fac tors are considered by Carroll as influencin g the
amount of time the learner needs to master the learning task. Degree of learn-
ing is ‘ ...a function of the ratio of the amount of time the learner actuall y
spends on the learning task to the tota l amount he needs /p. 730/.” O ther
th i ngs be i ng eq ua l , degree of lea rning ... i s  a s i m p l e  f u n c t ion _of the amou nt
of time during wh i ch the pupil engages activel y i n l e a r n i n g  

~
p. 732/.~

POOR READERS

An attempt w i l l  now be made to app l y the preceding theoretica l background
to a specific reading situation of grea t practica l interest. Wh y do some students
read poorl y ? It is hypothesized tha t , as a grou p , poo r readers con tain two gen-
era l types ; each type reads poorl y for different reasons.

The Type I ind i vidua l reads poorly because of low reasoning abil i ty. This
individua l may have a chronolog ica l age of 18 but have the reasoning abi l i t y  of
a ten yea r old and read at a l eve l equivalent of tha t of a 10 yea r old. This
person onl y reads poorly when compared to other individuals of the same chrono-
log ica l age. Th is individua l may be considered as an average reader if compared
to other individuals of the same reasoning ability. The Type I poor readers are
the type tha t Thorndike (1971) was talking abou t when he contended tha t it was
p r i ma r i l y meager intellectua l s k i l l s  tha t were contributing to poor reading and
tha t increases in reading a b i l i t y  are not like l y to precede increases in thinking
ability . In Ca r roll’ s model , the Type I poor reader has spent the amount of time
needed in reading situat ions. This individual’ s poor reading does not result
f rom a lack of an opportun i ty to read , from poor instructiona l quality, or from
lack of pe rsona l perseverence.

The Type II individua l reads poorly primaril y because of a lack of reading
practice . This ind ividua l has not spent the time tha t was necessary to rea d at
a level that would be expected from his/her intellectua l capacity . There are
many possible reasons why this type of individua l has not spent a sufficient
amoun t of time reading. Preschoo l cultura l or environmenta l forces may have
influenced the individua l to focus upon phys i ca l aci t i v i tes rather than words
and language. In schoo l , the individua l may have found tha t he was behind and

3
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that catching up was a difficult and time consum i ng task. Furthermore , he may
not have been w i l l i n g  to persevere. Upon getting behind earl y, the schoo l in-
struction also may have been inappropriate to the individual’ s level . Therefore ,
even the effort expended by the individua l did not result in the same amount of
learning as peer students because the quality of the instruction was not optimal.
This interaction between poor reading ~in relationshi p to peers) and poor in-
struction (in relationshi p to peers) may have severl y discou raged partici pation
in the act of readin g to the point where reading was avoided if possible. Such
an effect , as described above , would multi pl y the disparity between an individua l
and his peer group. It is theorized , however , tha t the abi l i t y  of the individua l
could be predicted g iven a knowledge of the amount of time the individua l had
engaged in the reading act durin g his schoo l years. Tha t is , this individua l
mi ght be rega rded as an average reade r when his/her tota l amount of reading ex-
perience or practice is compared to other individuals who have spent compa rable
amount of time reading.

Stated differentl y, the Type I readers are conside red to be norma l achievers
who have a l evel of reading abi l i t y  which is commensurate with their level of
reasonin g abili t y .  The Type II readers are underachievers who are reading below
their potential primaril y because they have not engaged in the amount of reading
practice tha t would be expected from their years in school. Usin g the parlance
of verba l lea rning theory , the amount of the nom i na l stimulus (yea rs of schoo l
instruction) for the Type II individuals is an overestima te of the amount of the
effective stimulus (years of reading practice).

There is a very i mportant hypothesis tha t can be derived from Carroll’ s theory
which is directly relevant to reading. Ca r roll mentioned but did not speculate
upon the cumulative effects of learning different tasks and how this factor
interacted with time . For example , suppose Individua l A in an elementa ry schoo l has
a hi gher reasoning abilit y  than Individua l B , and therefore needs less time to
master the material con tained in one of the basa l readers used for ins truction . I n-
dividua l A w i l l  therefore have comp leted tha t particular level of the basa l reader
series and be working on a hi gher leve l while Individua l B is s t i l l  working
at the same level. The tota l time spent readin g for the two individuals would
be equa l but Individua l A would have progressed to a hi gher l eve l of readin g ab i l i t y
during a fixed amount of time . From Carroll’ s mode l it could be hypothesized
that: (a) equa l amounts of reading practice , from a task—mastery standpoint ,
would result in equa l ga i ns in reading ability no matter wha t the individuals ’
reasonin g ability , and (b) equa l amounts of time would produce unequa l amounts
of gain in reading ability depending upon the individual’ s reason i ng ability .

The above theoretica l relationshi p concerning task-mastery and time spent
learnin g w i l l  now be integrated into the previously discussed theoretica l differ-
ence between Type I and Type II poor readers. Suppose a group of Type I readers
and a group of Type I I readers were g iven a number of passages that they must
learn to read to a certain cri terion l evel of accuracy . The task—mastery hypo-
thesis would predict that: (a) at the point where both groups had mastered the
same number of passages , their reading abi l i t y  would also have increased to an
equivalent leve l , and (b) the Type II readers would master more passages in an
equa l amount of time and would therefore have reached a hi gher level of reading
ability when the amount of time engaged in reading was equal.

In summa ry , it is theorized tha t poor readers are of two types. Both types
gain equa l amounts in reading ability when they have mastered equa l amounts of
instructiona l tasks . However , the Type I poor readers have a hi gher reasoning
ability and this results in their gaining more than the Type II poor readers
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during equa l amounts of time .
4

M EASURE MENT MET HODS

Introduction. In order to test this hypothesized relationship between
reasoning ab i l i t y  and gain in reading abi l i t y , valid measurement technique s
must exist. This section w i l l  contain a discussion of measuremen t techni ques
to be used to prov i de ind i cators of reasoning ability , reading ab i l i t y ,  and
degree of underach i evement.

Reason i ng Abi l i t y .  The following quotation f rom Robert Gagne (1973) pro-
vides a sumary of know l edge abou t reasoning ab i l i t y ,  or intellectua l capacity :

.there are vast differences in the capacity for learning
among different individuals. By capacity I mean to refer
to geneticall y determined intellectua l potential . The
exact nature of these differences in capacity remains a
mystery today, desp ite many_years of investi gation into
wha t we call intelli gence Lp. 2/.

Althou gh there may be a lack of consensus about how one should measure intel-
lectua l capacity , or reasoning ability , it is possible and reasonable to in-
vesti gate hypotheses about reasoning ability using psycholog ica l tests.

At this point , it is necessary tha t a clea r distinction be made between
reasonin g ability and IQ, An IQ test is generall y rega rded as measuring i ntell
gence , and such tests normall y measure intelli gence in relationshi p to a normative
group, e.g., same age peers . Intelli gence , as measured in this manner , stays
relative l y constant from childhood to adulthood . However , during these years of
constant IQ, reasoning ability increases each year. In this sense , reasoning
ability is conceptuall y equivalent to wha t was formerl y measured by Menta l A ge ,
M .A., i.e., before IQ was changed to a deviation IQ .

Existing group tests of intelli gence are usual l y con taminated by requirin g
an ability to read. One group test which does not require reading and yet appears
to be an excellent measure of reasoning ability is the Raven Progressive Matrices
Test. It consists of 60 fi gu res with parts missing. The task is to select one
of the alternatives g iven which correctl y comp l etes the fi gu re. The fi gures
invo l ve the understandin g of re lationshi ps which vary from extreme l y easy to
extreme l y difficult , so intellectua l capacity can be measured from a menta l age
of about 8 on up to maturity . In the test manL ’I , the Raven is alterna te l y de-
scribed as p roviding a measure of “reasoning, ” clea r thinking ,” and “intellectua l
capacity .”

The Raven has been considered by Charles Spea rman (1946), and others (see
Vernon , 1 947; Vincent , 1952; Jensen , 1969) as the best of the nonverba l tests
for measuring ~~~, genera l intelli gence. In Guilford’ s (1967) Structure of the
intellec t , the Raven is considered as measuring the Cognition of Relations bet-
ween fi gures (Fi gural). Reading would be considered as measuring the Cognition
of Relations between words (Semantic). Tha t is , the Raven could be considered
as involving the same type of menta l a bility as reading——cognition of relations—-
except the conten t would be different-—f i gures versus words. The Raven has also
been used in studies of learning prof iciency (e.g., see Rohwer , Ammon , Su7uki ,
and Levin , 1971). and a relatively recen t administration of the Raven to fraterna l
and identica l twins ind i cated that about 85% of the variance of the a trait , as
estima ted by th is test , was inherited (Pezzullo , Tho rsen , & Ma da ns , 1 972). Nelson
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and Edelstein (1963) suggested tha t the “. . .Raven Progressive Matrices Test
mi ght offer an additiona l method of assessing the int e l l i gence of children
with language and/or cultura l handicaps Lp. 46/.”

The Raven is probabl y the best available group test to use to estimate an
individual’ s genera l intellectua l a b i l i t y  or reasoning abi l i t y , especially when
the ultimate use of the test is to estimate readin g potential in a manner tha t
does not involve words .

Reading A b i l i t y .  Existing standardized tests for measuring reading achieve-
ment suffer from two interrelated deficiencies . First , the tests have been de-
si gned to be maximally efficien t in reflecting individua l differences in reading
abil i t y ,  and therefore do not allow perfo rmance to be measured on an interva l
or ratio scale. Second , by sel ecting i tems which best discriminate between
individuals , the tendency is to select i tems which measure reasonin g, inference ,
or ability to think. Therefore , the results from these reading tests are arti —
factuall y contaminated , usuall y to an unknown degree , by individua l differen ces
in reasonin g ability (see Carver , 1 973). Lohnes and Gray (1972 ) argued that in
the “...U.S.O.E. Reading Stud ies measurements were overwhelmingly saturated with
genera l i n t e l l i gence L p. 1+66/.” If one is studying the relationship be tween
reasoning abilit y  and readin g, one should not choose a reading tes t which had
been inadvertently des i gned to reflect reasoning ability .

Rece nt l y, a test has been developed wh i ch seems to overcome both of the
above problems (Carver , 1977a). The test is called the Nationa l Readin g Stand-
ards (NRS). This test was desi gned to measure the most difficult material tha t
an individua l can accuratel y read in a reasonable length of time . The passages
on the test were selected to reflect a scale of difficulty and the i tems on the
test were objectivel y chosen using an al gorithm to reflect the difficulty of the
passaoes (see Carver 1975). The test refLects reading ability in a manner tha t
is re u at ive l y independent of the subjective judgments of the test constructor
and not artifactually con tam i nated by reasoning ability. The NRS provides a
scale which measures readin g ability in grade level un i ts so tha t a grade level
score of 5 may be interpreted as indicating tha t the individua l can read and
understand approx i matel y 50% of the reading material tha t is written at the fifth
grade leve l of difficulty .

In the development of the NRS , des cr i be d above , the Raven was also admin-
istered to the same students as was the NRS , from Grade 2 to Grade 12 . Using
these data , the Raven was rescaled to provide an interva l scale (see Appendix
A ) .  A l s o , a grade equivalent score was developed so tha t a Raven raw score can
be converted into an exoected readin g grade level (see Appendix B). The Type I
poor readers can be ope rationally defined as those who have an actua l reading
ab i l i ty sco re , f ro m the NRS , wh i ch is  a pp rox i ma te l y equa l to their expected
reading ability score , from the Raven . Likewise , the Type II poor readers are
those who have an actua l reading ability score which is lower than their expected
eading abil i t y  score. The technique used for converting the scores from the

Raven into expected reading ability scores is explained in detail in Appendix B.

READING PRACTICE

Practice seems to be one of the most important variables affecting com-
plex cognitive activities . Simon and Chase (1973) studied chess players and
they estimated tha t a master chess player has spent around 10 ,000 to 50,000
hours sta r ing at chess positions while a Class A players has only spent 1 ,000
to 5 ,000 hours doing this. They ask , how does one become a master in the first
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p lace , and then they state:

The answer is practice— -thousands of hours of practice... .wha t
is needed is to build up in long—te rm memory a vast reperto i re of
patterns and associated p lausible moves... .such a learnin g process
takes time——years——to build up the thousands of familiar chunks
needed for master level chess jLp. 1401/.

This idea about the importance of practice has also been app lied to read-
ing with grea t fervo r by Sm i th (1973). He sta tes:

Al l  proficient readers have acquired an implicit knowledge of
how to read , but this knowledge has been developed through the
practice of readin g, not through anything tha t is taught at schoo l
....Learning to read is not a matter of mastering rules. Children
lea rn to read by reading Lp. 1 81+1.

Smith elaborates upon this point in another publication (1971):

Wha t are the circums tances in wh i ch the skill of i mmediate
meaning i dentification is acquired?.. .1 can sum up the answe r
in a sing le word , “experience ” (or to use a sli ghtl y more tradi-
tiona l term , “practice ”). Learn i ng to read is akin to any other
skil l ;  there are perhaps some specialized exercises tha t one can
undertake to i ron out particular difficulties , but there is no
substitute for engag ing in the activity i tself. Reading i nvo l ves
looking for si gnificant differences in the visua l confi guration
to eliminate alternatives , and knowledge can be acqu ired of wha t
differences are si gnificant onl y throug h experience. This know-
led ge cannot be taugh t , it has to be acquired ; the major contribu-
tions tha t the teacher can make are to provide information , feed-
back , and encouragement.

The theoretica l rationale seems stra i ght forwa rd . If we wish to help
poor readers read bette r , we should get them to practice the act of readin g, i .e.,
we should provide reading training tha t forces the students to engage in reading.

Practicing reading is seem i ng l y a simp le concept but i t  is not simp le
to actually mani pulate reading practice in an experiment. If an individua l is
handed a reading passage and asked to read it , the nom i na l stimulus is stra i ght
forward , but the effective stimulus is large l y unknown. Anderson (1970) quite
simp l y stated the problem as follows : “One cannot be_sure wha t a studen t is
doing when he is looking at the pages of a textbook L~. 

3Le~/.” A solution to
this p roblem is now available through the use of programmed prose materials
(see Carver , 1975). An example of programmed prose is presented in Fi gure 1 .
Notice that an individua l must choose wh i ch words be l ong in the sentences of
a passage. This task forces an individua l to active l y engage in reading and
it can prov i de feedback to the experimenter regarding the reader ’s accuracy .
When the programed prose task is imp lemented with a computer , it is also pos-
sible to give the studen t immediate feedback; the correct answer to each i tem
can be given immediately following the student ’s choice. A student can be re-
quired to read a passage to a certain criterion of mastery , such as lO0~/~ correct.
With this technique , it is possible to meaningfully and accuratel y measure the
number of tasks mastered , mentioned earlier in the task-mastery hypothesis. A l s o ,
by recording the time required for mastery of each task , the tota l amount of
time spent reading can also be measured . Thus , the practice theory discussed
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above can be implemented usin g a computer to administer the programed prose
technique.

There is one further matter to be discussed re l evant to practice . It
would seem tha t the practice should take place usin g a level of material dif-
ficu l ty tha t was nea r or at the level of reading ability of the individual.
Using conventiona l reading ability tests and conventiona l reading difficulty
formulas, it is not as simple to operationalize this i dea as it appears to be.
This is because conventiona l reading ability tests have not been des i gned to
measure ability in terms of the level of material difficulty tha t an individua l
can read. The NRS test , desc ri bed ea r l i e r , has a ready— made solution to this
prob l em since material difficulty and individua l a b i l i t y  are measured along the
same scale. Thus , the difficu l ty of the material used to train readers , the abil-
ity of the readers , and the expected l eve l of reading ability are all measured
a l o ng a meas u remen t scale  tha t i s in fac t equ i v a l e nt in stead of b e i n g  superf i c a l l y
equ ivalent. This sta te of affairs ma kes research much more precise and inter-
nally consistent.

EX I ST I NG DATA

Any time a reading test and an intelli gence test are g iven to the same
group, it can be predicted tha t there w i l l  be a hi gh correlation between the
two. For example , most of the correlations between the STEP Reading Test and
the SCAT Test (an intelli gence test) are reported to be above .80, accord i ng to
the manua l for the STEP test. It is for this reason tha t R. L. Thorndike con-
cl uded tha t poor readers are poor thinkers. Yet , there k a lack of good ev i-
dence relevan t to what happens when poor readers practice reading. There are
a number of so called expentancy formulas in reading which use a measure of
intelli gence to ge t an expected grade l evel of reading ab ility. However , these

fo rm u l a s  a re u s u a l l y valida ted by correlati ng them with actua l grade levels (e.g.,
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see Dore—Boyce , Misner , & McGu i re , 1975). Wha t is needed is experiment a l
evidence regarding whether or not those individuals who are actually reading well
below their expected level do in fact gain more f rom hi gh quality instr uction
than those who are not readin g below their expected level.

OVERVIEW OF METHOO

Type I and Type II hi gh schoo l students who read poorl y were g i ven read-
ing training. The training consis ted of reading practice usin g a computer ter-
mina l to administer the programed prose techn i que described earlier. Part of
the ori g ina l research hypothesi s was tha t the Type II readers would become better
readers as a result of such practice since it was hypothesized tha t the primary
reason they read poorl y was because they had spent little time reading. The
other part of the resea rch hypothesis was tha t the Type II readers would gain
more as a result of the t ’aining tha n the Type I because the reason the Type I
read poorl y was not because of a lack of practice but because of a l ower inte l-
lectua l capacity.

Al l  the students for the resea rch were selected because they read equall y
poorl y. However , one-half of those selected had high scores on the Raven test ,
mentioned ear l i e r , and the other hal f  had low scores on th is test .  The Low
Raven group therefore represented the Type I poor readers and the Hi gh Raven
group represen ted the Type II poo r readers .

The t ra in ing  was adminis tered using a PLATO IV computer termina l which pro-
vided i mmediate feedback to the students regarding the correctness of their re-
sponses and automaticall y mon i tored progress; a student could not progress to
a subsequent reading passage unti l  the present one had been mastered to a 1 00%
correct c r i t e r i on . The primary advantage of the PLATO term ina l was tha t it
provided objective and re l iable contro l of the practice . The prima ry dis-
advantage was tha t onl y one student could be g iven the reading training at any
one point in time . Thus , onl y a few students could be given the training.

The research was conducted in three stud i es , Study I involved 6 students
for an 8 week summe r session , Jul y and August. Stud y II involved 6 students for
a semester , September to December. Study Il l  involved 6 students for another
seme s ter , Janua ry to A p r i l .
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STUDY I

I NTRODUCT ION

Althou gh there was pil ot data collected prior to Study I , this study was
st i l l  in many respects a p ilot study itself. It i nvolved the first grou p of
poor reading, hi gh schoo l students who were admin is tered the reading t r a i n i ng
for an extended period of time .

METHOD

Selection of Subjects. The six subjects involved in Study I were the end
result of a lengthy selection procedure.

Two lo ca l  h i gh schools were asked to cooperate in the project. A reques t
was made to each schoo l to select students in grade 10 with readin g levels approxi-
mately grade 3 through grade 7. In one schoo l , Schoo l A , the reading coordina tors
selected such tenth grade students from thei r own classes and they also asked
the teachers in the Eng lish classes to submit names. This combination of efforts
resulted in a lis t of 61+ ind iv idua ls  who were invited to be tested . In the other
schoo l , Schoo l B , the counseling depa r tment used teacher and counselor records
and also standa rd i zed test scores to select students from grades 9, 10 , and 1 1
who probably were readin g around g rade lev e l s , 3 to 7. This effort resulted in
a list of 100 individuals who were inv i ted to be tested .

In bo~ , schoo ls , the Pa ragraphs Test and the Vocabulary Test from the Lit-
eracy Assessment Battery (Stich t & Beck , 1 976) were administered to the selected
students. The test instructions were tape recorded for standardization and con-
venience in administration . The entire testing required onl y abou t 50 minutes .

I n Schoo l A , the tests were administered to 1+8 students in fou r different
groups. In Schoo l B , the tests were administered to 56 students in one large
group.

The re i s a read i ng and aud i ng form of bo th the Paragraphs Test and the
Vocabulary Test so there were a tota l of four different raw scores . Usin g tables
presented in the test manua l , each raw score was converted into a grade equiva-
lent score. From the tota l of 1014 students tested in both schools , the 1+0
students who had one grade level score less than 6.5 on one of the two reading
test were inv i ted to come to the resea rch site for additiona l testing.

From the 40 inv i ted for additiona l testing, 21+ responded and participated .
I n  two tes ti ng sess i ons, these 24 students were administered a battery of tests——
the Na t io na l  Read i ng Standa rds , Form 2A , the Raven Progressive Matrices Test ,
the Nationa l Reading Standards , Form 3A , and the Vocabulary section of Survey D ,
Fo rm 1 , Gates-McGinitie Reading Test. They we re paid $5.00 for two hours of
testing.

The two forms of the Nationa l Reading Standa rds jointly provided a sing le
measure of readin g ability in grade level terms . A rescoring system for the
Raven Progressive Matrices Test (see Appendi x A and Appendix B) prov i des a
measure of intellec tua l a b i l i t y  in grade level terms . The score on the Gates-
McG init i e also provides a measure of readin g vocabulary in grade equivalents.

The fina l 6 students selected were all just finishing their junior yea r of
h i gh school -— four were boys and two were g irls. These s ix students all were
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readin g around the fifth grade leve l . Thei r  grade equ i va l en ts  in reading a b i l i t y
were between 1+ and 6 as measured by either the Nationa l Reading Standard s
or the Ga tes—McGinitie. Three of the students had hi gh Raven scores , i .e.,
grade equiva l ents of 7—9, and three of the students had low Raven scores ,
grade equiva l ents of 2—4. Thus , the Raven grade equiva l en t scores from 3 of the
students indicated tha t they were readin g at a grade level tha t was approx—
ma tely commensurate with their grade level of reasonin g ability (Low Raven
Group ) ,  and the Raven scores f rom the other three students ind ica ted tha t
thei r  grade level of reasoning a b i l i t y  l eve l was hi gher tha n their  grade
level of reading a b i l i t y  (Hi gh Raven Group).

Procedures. The students came for training sessions tha t lasted two
hours , five days a week for 8 weeks . The first session started at 8:00 am
and the last session ended at 8:00 pm. Each studen t came every day at the same
time period during the day.

The sessions involved interaction wi th the PLATO computer (Bitzer , Sherwood ,
& Teczar , 1973) using programs developed especiall y for this reading trainin g
project. There were two programs --the Measuring Reading Efficiency (MRE) prog-
ram , and the Programmed Prose program (PP). These prog rams wi l l  be described
in a later sect ion . The MRE program was administered as pre and post tests
for the PP prog ram; this measuremen t program was not successfu l and was dis-
continued after Study I

Passages. The passages used as reading material for the research were
selected from the set of 330, 1 00-word passages studied by Bormuth (1969). The
passages were selected from actua l curriculum materials used in schools from
grade 1 th rough college. The readility of these passages in grade equ i va l ents
has been measured by the Rauding Scale (Carver , 1 975-76). For the present
research , ten passages were random l y selected from each set of passages at each
of grade levels , 2, 3, 4, 5, 6, 7, 8, and 9 (on the Rauding Scale), g ivin g
a tota l 80 passages. -

Measuring Reading Efficiency Program. This experimenta l testin g program
was tried out for the first time with these subjects. Each set of 10 passages
at each grade level was presented for different periods of time rang ing from a
very short length of time , 5 seconds , to a relative l y long length of time , 2 min-
utes . Afte r each passage had been presented , there were 10 test items presen ted
one at a time . Five of the i tems were pa raphrases of the information pre-
sented in each 1/5 of the passage. When a student was presented one of these
i tems, the student should have depressed a key indicating a “yes” response to
the question , Does this sentence say about the same thing as something you read
in the passage? The other 5 i tems were “No” i tems , i.e., they were not necessar-
ily wrong or untrue i tems but they did not represen t information tha t was con-
ta i ned in the passage that had just been presented. There was a No i tem written
to correspond to each Yes i tem , i.e., two items for each part of the passage ,
Part 1 , Part 2, Part 3, Part 4, and Part 5. The 10 i tems were presented in
order from Part 1 to Part 5 and Part 1 to Part 5 again with the Yes or No i tem
for each part randoml y determined .

This type of test turned out to be exceeding l y difficult for these Ss. even
for grade 2 passages . The i tems were so difficult tha t the da ta were not use-
ful enough to present.

Programmed Prose Program. An example of the output from this p rogram is
presented in Fi g. 2. Every fifth word was an i tem choice. In this example , the
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This ia our Post Office . It is in our
city. Marty people work here There is a Post Offic e
in every ci ty in our country . And Post O f f i c e s
in every country in the world.

A Post Office helper must be honest. He rrs.is~
be a good worker. A Post Office helper hRndles

lots of mail. A Post Office helper handles
lots of money .

The Post Office sends letters and packazes,
magazines, and newspapers all over the world.
It Joftsends~ small animals and plants, hand es*too
It saves money for us*plantsl. It puts money to wor emone.

for us, too.

Fi g. 2. An e ‘ I i  of th. progremawd prose task as no t reented by th. 51A10
IV ~~~out. r t . rmin a l .

student has a l ready responded to the f i r s t  16 i tems ; the remaining four i tems
are represented by the fou r boxes enclosing the four pa i rs of words. The student ’s
task was to choose either the ri ght or left word as best fitting into the sent-
ence by pushing the appropriate key on the ri gh t or le f t s i de of the keyboar d
in fron t of them. The alternative wrong words were choosen by an al gorithm , described
in detail elsewhere (Carver , 1975). When the student chose the correct word
for an item , the incorrect word and the box simply disappeared. When the student
chose the incorrect words , the word I NCORRECT f l a s h e d  b ri ef l y i mmedia tel y be low
the passage ; the incorrec t word and the enclosing box disappea red as soon as
INCORRECT was th rough flash ing. After a passage had been completed , a feedback
page appea red with the following information g iven : number ri ght , tota l number
of  it ems , time taken in m m ., and Ra te of Good Reading (RGR) score. The RGR
score is a type of reading efficiency score which is computed from a formula
wh i ch combines the accuracy , rate , and grade leve l of difficulty of the passage .
The hi gher the accuracy, the hi gher the RGR score . The faster the rate , i .e.,
the lower the amount of time taken to complete the passage , the hi gher the RGR
~core. The more difficult the passage , the hi gher the RGR score . The formula
itself was a modification of the reading effici ency formula presen ted in the
manua l for the Nationa l Readin g Standards , Tha t formula adjusted for the dif-
ficu l ty of the material by use of average word length . The present formula
uses the equa ti ons g iven by Ca rver (1976 ; 1 977a) for predicting average word
le ngth from grade level of difficu l ty . The end result is the followin g equation:

RGR — 1.1+68 (2.l+R-1.2T)(.O787G+3.861) 
+ 136 7 (1)t

where RGR is the Rate of Good Reading,
R is the number of ri ght or correct i tems ,
T is the tota l number of items for the passage (20 items),
G is the grade level of the passage as rated by the Rauding Scale ,

and t is the time in minutes spent working on the i tems .

No t ic e tha t the lowes t p o s s i b l e  RGR sco re , at an infinitely large amount of time
or an infinitely low rate , is 136.7 words per minute. Since the grade level
of d iff icu l ty of the passages , G , var i ed on l y f rom 2 to 9,  the average word
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length term in Equation 1 varied onl y from 4.0184 to 14.5693 cha racter spaces
per word (see Carver ,1976). Thus , the effect of the grade level diffi culty
upon RGR varied onl y l3.7~ from the grade 2 to grade 9 training material s.

The students were instructed tha t the first time they saw a passage they
should trea t it as a test: “You should try to get the items ri ght; you should
try to work as fast as you can; you should try to get you r RGR score as hi gh
as possible. ” After the first trial on the passage , they were then instructed
to take their time and try to get all of the items correct. They then kept
working on a passage until they got all the i tems correct. Each new trial on
a passage presented the same passage but new items . There were five diff erent
possible sets of correct i tems , i .e., the first could start with the first
wor d , sec ond word , th i rd word , fourth word , or fifth word. Even if two trials
on a passage involved the same set of correct answers , the wrong answers would
be differen t since for each new trial the incorrect alternatives were random l y
selected , with certain restrictions (see Ca rver , 1975), from the surroundin g
text. After the student got all the i tems correc t (there were 20 items), then
the student took two tests on the passage prior to going on to the next passage .
The instructions for the tests were exactl y the same as on the firs t trial and
the i tems for the tests were selected according to the same al gorithms used on
all the other trials. These two tests also gave the student practice in going
fast i mmediate l y prior to taking the test upon the first presentation of a new
pas sage.

The students proceeded throug h the 80 passages in order of d i f f i c u l t y  from
grade 2 through grade 9 with the order of the 10 passages within each grade level
randoml y determined , i n i t i a l l y, but constant and the same for a ll  students .

After each trial , the student recorded the data from the feedback page onto
a da ta sheet. These da ta sheets provided the da ta tha t were subsequentl y ana-
l yzed . These da ta were also recorded by the computer and a ha rd copy prin tout
allowed the accuracy of the student to be verified . No discrepancies were noted .
When the da ta had been recorded , the student pressed the space bar on the key-
board and the computer started preparin g the next passage to be presented. This
required about 20 to 30 sec. depending upon the loa d upon the computer at tha t
particular time . The time required to comp lete a passage ranged f rom about 1.5
m m . to 3.0 m m . dependin c’ upon the student ’ s rate of working. The intertria l
interva l includin g da ta rec rdi n g time and processing time for the computer was
around .5 to 1 .0 m m .

Order of Presentation of tIRE and PP. The Grade 2 and Grade 3 sets of 10
passages were considered as practice by the experimenter althoug h the students
were not told this. The MRE testing on Grade 2 and Grade 3 passages preceeded
the PP activity on the Grade 2 and Grade 3 passages. The MRE testing on sub-
sequent passages took up mos t of the initial sessions but PP on Grade 2 and 3
was also initiated during the initial sessions. The grade 4-6 passages were
t reated as one block. All of the tIRE testing on grade 4—6 passages had been
completed prior to the PP activity on the grade 4—6 passages . When the PP
activity on the grade 4-6 passages was completed , then the MRE post testing on
the grade 4-6 passages and the tIRE pre testing on the grade 7-9 passages was
completed prior to resumming the PP activity . When the PP activity was com-
pleted on the grade 7—9 passages the tIRE testing on tha t block of passages was
initiated .
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The very first passage presented to the students , i .e., the first Grade 2
passage , was desi gnated as a practice passage . This practice passage was presen ted
prior to beg inning the PP each session . This procedure allowed a wa rmup to a
constant criterion of performance prior to the continuation of the PP activity.

Data Analysis. The prima ry variable was the RGR score on the first trial
which was a test trial where the student had been instructed to try to get the

• RGR score as hi gh as possible by going fast without making very many mistakes.
The RGR score was probabl y the best index of whether the students are improving
their genera l reading ability. This measure combines rate and accuracy so any
improvement in either of these two compoments of reading efficiency should be
reflected in this score. This first trial RGR w i l l  be called the PRETEST RGR .

The other two variables were the number of PASSAGES MASTERED and the amount
of time spent mastering passages , i.e., TOTA L TIME. The PASSAGES MASTERED
variable was sca l ed , for convenience , as 2 . 3, 14, 5, 6, 7, 8, and 9 with these
8 numbers from 2 to 9 representing the 10 passages at tha t particular grade
level  of d i f f i c u l t y , e .g . ,  “2” desi gnates the 10 passages at grade 2 difficu l ty.

For da ta ana ly s i s  purposes , the 10 passages at  each grade leve l were broken
into two subsets of 5. The median RGR score for each consecutive subset of 5
passages was the primary unit of analysis. Thus , there were two blocks of five
passages at each grade leve l since there were 10 passages at each grade level
altogether. The mean of these two medians for each level of passage d i f f i c u l ty ,
e.g. 2, provided an ind i ca tor of the typ ica l performance of the individua l for
tha t set of 10 passages ; the ind i ca tor of typ ica l performance for each of the
two groups , i.e., Low Raven and Hi gh Rave n, was obta i ned by ca l culating the mean
of these three means for the th ree individuals in each group.

The TOTA L TIME variable included the first trial tes t , all  trials to mastery ,
and the two post tests. The tota l time for the first block of 10 passages , for
example , was simp l y the sum of the tota l times for each of the first 10 passages.
The time for the second block was the sum of the times for the first block and
the second b l o c k , i .e., the tota l time spent up through the second block. Thus ,
the TOTA L TIME variable was the tota l time spent on the reading tasks from the
beg inning up through each successive block of 10 passages.

RESULTS AND DISCUSSION

Fi g. 3 con tains the PRETEST RGR scores as a function of PASSAGES MASTERED
for the Low Raven and Hi gh Raven groups .* For example , th e RGR va l ue for the
Hi gh Raven group on the grade 2 passages (RGR.l97) was the mean of the two med-
ian values representin g the first and second bloc k of 5 passages for al l  three
students in the Hi gh Raven group. Notice tha t the three students with Hi gh
Raven scores are not distin guishable as a group from the students with low
Raven scores. The Low Raven group did start out somewhat lower but as more
passages had been mastered , the Low Raven group improved to a point where their
RGR sco res we re s l i ghtly hi gher than the Hi gh Raven group. This resul t is in
accordence with the research hypothesis which held tha t there would be no dif-
ferences between the Low Raven group and the Hi gh Raven group when the number
of passages mastered was held constant.

~Note that the scale in Fi g. 3 seems disproportiona te. This scale was selected
because it is consistent with the remainder of the da ta to be presented in
Study II and Study I I I ,
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In Fi g. 14 , the PRETEST RGR scores are presented as a function the amount
of TOTA L TIME. These da ta do not present results tha t are si gnificantl y dif-
ferent from those in Fi g. 3. The Hi gh Raven grou p is not distin guishab le from
the Low Raven group. This result is not in accordance with the research hypothe-
sis. When time was held con stant , it was hypothesized tha t the High Raven
group would gain more as compared to the Low Raven group. There is no evidence
to support th is hypothesis in Fi g. 1+. The i nd i v i dua l s  w i t h  supposedly lower
reasoning ability seemed to gain just as much in a fixed amount of time as the
group of individuals with supposed l y higher reasoning ability. There was no
evidence in Stud y I to support the research hypothesis regarding Type I and
Type II poor readers .

It is possible tha t the Raven scores for this group were not re l iable. It
could be tha t some of the students in the Low Raven group simpl y did not try
their best and were therefore categorized erroneousl y. Eysenck (1966 ) states
tha t the two main personality factors which influence performance on inte l l i gece
tests “...may be called by their popular names , ca relessness and lack of persist-
ence L~

. 16/.” Thus , it could be tha t some of the students in the Low Raven
group were i mpulsive , i.e., refused to persist and carel essly answered with the
first answer that came to mind . Before rejecting the research hypothesis outlined
at the outset. it seemed pruden t to focus on the re l iability and validity of the
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Raven test , and to mod i fy the experimen ta l procedures in other ways to see
if these results were rep licable.
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STUDY I I

I N T R O D U C T I ON

This s tudy was s imlar in most ways to Stud y I ; however , there  we re seve ra l
i mportant differen ces .

An a ttempt was made to more -~e l i a b l y mea sure reason i ng a b i l i t y  with the Raven.
The me thod of administeri n g th is test in the select io n process was changed in
a ma nne r tha t was des i gned to e l i c i t  grea ter attention f rom the students . A l s o ,
the Wechs ler Int e l l i gence Scale for Children was admini stered to the students
who were finall y selec ted to provide another measure of intel l ectua l a b i l i t y .

The MRE tes tin g was eliminated and the number of passages tha t were to be
mastered was increased from 80 to 160 , to prov ide more reading training or prac-
ti ce. By increa sing the amount of training time , a n y  d i f f e r e nces tha t i n fac t
exist shou ’d become more pronounced.

There were othe r differences between Stud y I and Stud y H which w i l l  be
exp I~~ined in the method Section .

METHOD

Selec tion of Subjects. A ga i n , the six subj ects involved in Stud y II we re
the end result of an elaborate selection procedure. The procedure was si m i l a r
to wha t was used in Stud y I bu t deviated in certain ways as w i l l  be described
be I ow.

I n Schoo l A , the reading coord i nator positions had been eliminated over
the sumer and the two read ing coordina tors had been assi gned to teach Eng l i s h
classes. The i n i t i a l  testin g involved the 99 ninth and tenth grade students
who attended the first four Eng lish classes taught by one of the forme r rea d-
ing coord ina tors in School A. Form 3A of the Nationa l Reading Standards was
administered to these classes. Those students who scored at grade level 7 or
hi gher on this test were not invited for further testing. After this group
had been elimina ted , the students with the remaining hi ghes t 50 scores were
i nv i ted for an additiona l testin g Session of 2 hours duration at the research
Site. This testing was conducted after schoo l hours in three , 2-hour sessions ,
and the s tudents were paid S5.00 for their par tft pa t ion . A tota l of 28 students
participated in this phase of the testing. Each student was administered the
Nationa l Reading Standards , Fo rm ZA , the Raven Progressive Matrices Test , and
the Vocabulary section of Survey 0, Form 1 , of the Ga tes—McGinitie Reading Test.
The preceeding tests were also administered in Study I . However , in Study II ,
the Raven test was administered in a manner tha t deviated from the standarized
procedures . After the test had been administered once in the standard manner ,
it was scored and the students were asked to take it again toward the end of the
same 2-hour testing session . The second time , they were g i ven an answer
sheet whicn rtad the ones they had missed the first time marked with an X . Thus ,
they :ould see how many they got ri gh t and which i tems they got wrong but
they had no clue as to which specific alternatives were ri ght or wrong. This
info rmation by itself shou ld not have much of an effect upon the scores because
the Raven has 6 alternative answers for the first 24 i tems and 8 alternative
answers for the remaining 36 i tems .

The six subjects finall y selected were all reading at the fourth , fifth
or sixth grade levels according to both the NRS test and the Gates-McGinitie
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Vocabulary test. Three of the subjects had hi gh Raven scores , 8-9 (H i gh Raven
group), and three had Low Raven scores , 3—5 (Low Raven group) , as measured by
the second administration of the Raven. The six subjects were al l  starting either
the ir ninth or tenth grade in school-—three were boys and three were g irls.

Procedures. Each student came for a two-hour session , three days a week.
The sessions were scheduled from 3:30 to 9:30 pm , dail y and from 12:00 to 6:00
pm . on Saturday. The subjects came at the same time periods each week—-three
came Monday, Wednesday, and Friday, and three came Tuesday, Thursday, and
Saturday.

As mentioned earlier , there were no MRE activities in Study II .  The
programmed prose activity for each passage was exactl y the same as was outlined
in Study I but there were changes in the overall PP trea tment. In Stud y I ,
the experimenter considered the Grade 2 and Grade 3 sets of 10 passages as prac-
tice. In Stud y I I , there was no practice except for the first passage-—the prac-
tice passage; there was no practice from either the subject ’ s standpoint or the
experimenter ’s standpoint. The f i r s t  80 passages , passage Set A , were exactl y
the same as in Study I. The nex t 80 passages , Passage Set B , pa r a l l e l e d
the first set and were selected the same way as the first set; no overlap
between sets was allowed . When a subject f i n i shed  the last  passage in Set A ,
i .e . , a passage at the ninth gr ade l e v e l , then the subj ect was started i mmed i-
atel y on the first passage on Set B , i.e., a passage at the second grade level .
A gain , the student always started out each session with the practice passage .

The fastest student in the group completed the 80 passages in 17 sessions
and the slowest student took 31+ sessions. When the faster students finished
they were asked to S ta r t  a l l  over again at  the beg inning to keep them partici pating
in the project. Al l  students comp leted at least 28 sessions.

Wechs ler Testing . The Wechs ler Int e l l i gence Scale for Children (WISC)
was administered to each of the 6 students toward the end of their first month
of partici pation. It was administered by a research assistant on the project.

Da ta Ana lyses. The data ana l ysis procedures were s imilar to those in
Stud y I but were much more intensive. A l though the posttesting on each passage
acted primarily as a warmup for the pretesting on the subsequent passage , the
data from the posttesting also reflects gain in efficiency of performance as
a result of practice. Simi l a r l y, the practice passage tha t was administered
at  the beg innin g of each 2 hours session was presented primaril y as a wa rmup
but the RGR da ta f rom this passage also reflects performance gain. Therefore ,
the hi gher of the two posttest RGR values for both the regular passages and
the p rac t i ce  passage were ana lyzed in  S tudy I I ;  th i s var i a b le  was c a l l e d the
POSTT EST HIGHER RGR .

Also in thi s study, the components of certain variables were anlayzed. The
t ime and accuracy components of the f i r s t  t r i a l  RGR was ana lyzed , i.e. , the
PR ETEST TIME v a r i a b l e  and the PERCENT ACCURACY variable. The PERCENT ACC URACY
variable was actually a corrected value , i .e., using the correction for guessing
fo rm ula——ri ghts m inus wrongs . In addition to ana l yzing the tota l time taken on
each passage , the number of trials required to reach mastery was also analyzed .
This la tter variable was called TRIALS TO MASTERY .

GROUP RESULTS AND DISCUSSION

In Fi g. 5, the POSTTEST HIGHER RGR values on the in i t i a l  practice passage
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for each session have been presented for the Low Raven and Hi gh Raven groups .
On the average , these students s tar ted at around 220 words per minute a f te r
mastery of the practice passage and steadil y improved to about 400 words per
m m .  Notice tha t both groups start out almost exactly equa l (220 and 221) bu t
the Low Raven group consistentl y does better than the Hi gh Raven group from
about session 12 on. These da ta ind i cate that both groups consistentl y im-
proved the speed at which they could comp lete this practice passage. These
data also ind i ca te that these groups have an ultimate potential of a round 1400
words per minute for RGR performance . This means tha t any RGR scores lower
than this reflects the amount of thinkin g or reasoning time required to process
a less familar passage as opposed to a ceilin g imposed by the equ i pment or
the simp le reaction time of the s tudent.

Fi g. 6 con tains PRETEST TIME as a function of PASSAGES MASTERED . The
values plotted for each grade leve l of d i f f icu lty were the end result  of the
same type of averag ing procedure as was expla ined in Study I. In Study II
there were two sets of passages at each grade leve l and the second set , Set B ,
fo l lowed the f i r s t  set , Set A. Notice that the time required to complete
the pretest was ove r 2.00 minutes at the beg inning and decreased to abou t 1 . 1+0
m m .  at the end of the 160 passages tha t were mastered, The Low Raven group
started out considerabl y slower than the Hi gh Raven group, but took less
time in most cases on the Set B passage.
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Fi g. 7 contains PERCENT ACCURAC Y as a function of PASSAGES MASTERED . As
mentioned ear l i e r , the percen t accuracy score is a score tha t has been corrected
for guessing ; the number of items answered w rong was subtracted from the number
of i tems answered ri ght and the result was divided by the tota l number of items
and mu ltipled by 100. For both the Hi gh Raven g roup a nd the Low Rave n group,
the sco res tend to dec rease as the l eve l of d i ff i cul ty of the pa ssages i nc reases
from grade 2 to grade 9. In genera l , there was little difference between the
Low Raven group and the Hi gh Raven group. Toward the end of the Set B passages
the Low Raven group seemed to score abou t 5 to 10 percent hi gher than the Hi gh
Raven group.

Fi g. 8 contains the average number of trials to reach mastery , TRIALS TO
MASTERY , as a function of PASSAGES MASTERED. The pretest was counted as the
f i r s t  t r i a l  so if the students had a l l  reached mastery  on the pretest , the
average number of trials to mastery would have been its lowest possible va l ue ,
1 .0. The number of trials to mastery tended to increase as the difficulty of
the passages increased from grade 2 to grade 9. There appeared to be no con-
s i s ten t d i f ference between the Hi gh Raven group and the Low Raven group. The
Se t B passages tended to be mas tered fas te r than the Se t A passages , thus re-
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flecting a lea rnin g effect. On the Set B Passages , about 1+ trials were re-
quired on the grade 2 and 3 passages and abou t 3 trIals were requ i red on the
grade 7-9 passages . These data , taken with the percent accuracy da ta pre-
sented in Fi g. 7, sugges t tha t the difficulty of the t-ainin g material was
in fact being mani pulated by these passages wh i ch were ori g inall y des i gnated
as grade 2 to grade 9 by the Rauding Scale.

Fi g. 9 con tains TOTA L TIME as a function of PASSAGES MASTERED . Notice tha t
the Low Raven group tended to take more time than the Hi gh Raven group. However ,
the difference between the two groups at the end of the Set A passages did not
change all through the Set B passages. This means tha t the rate at wh i ch both
groups worked on the Set B passages was exactly the same. Thus, the rate of
learning difference in favor of the Hi gh Raven group evaporated af ter the Set
A passages had been mastered .

Fi g. 10 contains the POSTTEST HIGHER RGR as a function of PASSAGES MASTERED .
Both groups have hi gher scores as the number of.passages mastered increases ,
s tar t ing  w i t h  an RGR a round 22 5 for the i n i t i a l  grade 2 passages and increasing
to around 325 for the fina l grade 9 passages . There was no consistent differ-
ence between the two groups un til the Set B passages was reached where the Low
Raven group tended to score hi gher than the Hi gh Raven group. Since these test
da ta re f lec t  performance af ter  1OU% mastery has been achieved , increases in RGR
is large l y a result of decreases in the time required to complete the passage.
Th us , these data reflect approxima tely the same trend as the da ta from the practice
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passage presented in Fi g. 5. The major difference is that those da ta do not
reach the hi gh val ues tha t approach 1+00, partl y beca use each passage i s on l y
mastered once in Fi g. 10 whereas the same passage was mastered 28 times in
Fi g. 5.

Fi g. 1 1 and Fi g. 12 contain the pr imary  data from Study II .  These da ta
pa r a l l e l  those da ta presented in Fi g. 3 and F i g. 1+ for Study I , except the
students in Study I did not complete the Set B passages. The research hypothesis
was tha t there would be little or no difference between the Low Ravens and
the High Ravens when gain in proficiency was measured with the number of passages.
ma stered held constant , as in Fi g. 11 . But , the re wou ld be a d i f fe rence  in fa vor
of the Hi gh Raven group when gain in proficiency was measured with the tota l
amount of time spen t lea rning held constant , as in Fi g. 12. This hypothesis
received no support from these da ta since the Low Raven group scored hi gher in
both Fi g. 11 and Fi g. 12. In spite of the fact tha t the Low Ravens and the
Hi gh Ravens started out approximately equa l , RGR equa l to abou t 195 , the Low
Ravens ga i ned to an RGR around 230 after around 900—1100 minutes of effort while
the Hi gh Rav ens ha d on l y ga i ned to around 205 after the same amount of time .

In order to determine if this lack of support for the research hy-
pothesis held for another ind i cant of prof iciency , the POSTTEST HIGHER RGR
va l ues were also plotted as a function of the tota l amount of time spent
work ing on the passages. Fi g. 13 con tains these data . Thus , the da ta in Fi g.
10 and Fi g. 13 con tain data which are pa rallel to the da ta in Fi g. 1 1 and Fi g.
12 except the ind i cant of proficiency is POSh EST HIGHER RGR instead of PRETEST
RGR. THE POSTTEST HIGHER RGR da ta in Fi g. 10 and Fi g. 13 also do not support
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the research hypothesis. These da ta ind i cate l ittle or no difference between
the RGR scores of the Low and Hi gh Raven groups for eithe r the passages mas-
tered or tota l time variables.

Even though there were no consistent differences between the Low and Hi gh
Raven groups , there were large differences within the Low Raven group. The
fastest and slowest lea rners of all 6 students were both in this Low Raven
group. This was true for PRETEST RGR , POSTTEST HIGHER RGR , and also for the
PO STT EST HIGHER RGR on the practice passage. Fi g. 14 contains the POSTTEST
HIGHER RGR data for the practice passage presented for each session . Although
S4 (student 4) started abou t 55 words per minute hi gher than S6, S1+ was over
195 words per m m .  hi gher than S6 by Session 28. Also included in Fi g. 11+
are the da ta from 2 research assistants , graduate students , who worked on the
p roject. These two gradua te students followed exactly the same procedures as
the other 6 students except they comp l eted the Set B passages before the Set
A passages and there was an interupt ion of over one mon th between the corn-
p let~on of the Set B passages and the starting of the Set A passages.

Notice tha t the two graduate students , S7 and S8, completed all 160
passages in onl y 4—5 sessions wherea s the other 6 students required around
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25—30 sessions. These two students had ach i eved a performance level by the
fourth session tha t was hi gher than 5 of the other six students had reached
in 25 sessions.

The rate of gain per session for the two graduate students was much
hi gher than the other six students even including SI , the fastest of the other
s ix. Althoug h the ra te of gain per session var ied considerabl y among the
8 students , the rate of gain per passage mastered was relative l y constant
across the 8 students; these da ta are presented in Fi g. 15. (Remembe r tha t
the two gradua te studen ts ac tu a l l y worked on the Set B passages prior to the
Set A passages.) It can be seen that all 8 curves are approxima tely pa r-
allel ind i catin g tha t the rate of ga in per passage mas tered i s a ppr ox i ma te l y
cons ta nt acc ross a l l  e i ght students. This type of result was wha t had been
hy pothesized for the PRETEST RGR da ta from the Low and Hi gh Raven groups .
These da ta i n Fi g. 15 indicate tha t no matte r wha t the level of abi l i t y , as
indica ted by the Raven , everyone tends to gain the same amount when the amount
of quality practice is held constant. However , the da ta in the earlier fi gure ,
Fi g. 11+ , indica tes tha t the Raven was not a good predictor of the differences
in gain per equa l amounts of time spent lea rning. This is because time is
constant in Fi g. 14 and one of the students in the Low Raven group turned
ou t to be by fa r the fas tes t lea rne r of the s i x h i gh schoo l students.
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RAVEN RESU LTS AND D I S C U S S I ON

Introduction. The results from the three students in the Hi gh Raven group
tended to be approximatel y the same in Fi g. 11+ , but the da ta from three students
in the Low Raven group was very dispa rate. One of these three Low Raven
students was a very fast learner , Si+, while another one was approximatel y equa l
to the Hi gh Ravens , S5. and one was very slow , $6. It seemed possible tha t
the theory m i ghr be va l id , in sp ite of the da ta presented , if the Raven da ta
was somehow inaccurate or unre l iab le. Suppose S~+ and S5 happened to belong
in the Hi gh Raven group but tested out to be in the Low Raven group simp l y
because they failed to do their bes t on the test. This section wi l l  con tain
evidence relevant to tha t possibility . Since there was such a lack of homogene i ty
in the Low Raven group , the results from each student w i l l  be presented .

Wechs ler Data. Table 1 contains the data from the WISC. The median Verba l
IQ of the Hi gh Raven group is 79 and the median for the Low Raven group is 76.
The lowest Verba l IQ was for $6, the slowest learner as discussed earlier. For
the Perfo rmance IQ’ s , the median of the High Raven group was 104 and the median
of the Low Raven group was 79. These da ta seem to replicate the reading test
da ta and the Raven da ta used to select these students. The reading test da ta
is in pa rallel with the Verba l IQ da ta and the Raven test da ta is in pa rallel
with the Performance IQ da ta . The Raven grade leve ls were used to select students
who seemed to have hi gh potent ial for lea rning to read better . The three Hi gh
Raven students had a median Performance IQ,, 104, which is considerabl y hi gher
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than their median Verba l IQ, 79, wh i ch also would suggest hi gh potential for
this group. The Low Raven group was selected because their Raven grade levels
suggested low potential with respect to learning to read better. These three
students have a median Performance IQ, 79, which is connensurate with their
median Verba l IQ, 76, indicatin g little potential from a verba l standpoint.
Thus , the W ISC tends to reinforce the reliability and validity of the Raven
rather than suggesting tha t it was inaccurate.

Raven Da ta. The hypothesis about the inaccuracy of the Raven was investi-
ga ted further in spite of the W ISC data wh i ch supported its reliability and
validity . The reason the fast learners in the Low Raven group scored low on~
the Raven may have been because they did not try their best or because they
were impulsive . A small subsidera ry da ta collection effort was initiated to-
ward the end of Study II to investi gate these possibilities . The Raven was
admi n istered again , individua l l y, under quite different conditions. The
studen t orall y stated the answer to each item and was imediatel y g iven a dime ,
1O~ , if the answer was correct. If the student was wrong , the student was
asked to try again. To reduce impu ls ivi t y , the student was asked to wa it one
m m ., ~s ind i cated by a stop watch tha t the student could see , be fore g iving
the second answer. The two scores wh i ch resulted as well as the scores from
the two earlier testings , are p esented in Table 2. For ease of interpretation ,
the grade equiva l en t scores for each individua l have been presented and they
have been rounded off to the nea rest grade level.
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Notice in Table 2 tha t the fastest lea rner , $4, still  made a low Raven
score , 5, even when paid 1O~ for each correct answer on the th i rd admini stration
of the test. Thus, lack of motivation did not seem to be a good hypothesis for
exp laining the low Raven score. However , when the second try results , i .e.,
the fourth administration of the tes t , were scored as though they were simp l y
another Raven Test , it can be seen tha t $4 greatl y imp roved his score (to 9)
almost to a point where it equalled the scores in the Hi gh Raven group (10,10 ,
& 11). S6 also considerably improved his score as a result of the fourth
testing session . 55, however , ~cored closer to 56 on the Raven while being closer
to $4 and the Hi gh Raven group in terms of rate of learn i ng.

These data are mixed with respect to exp laining the lack of support for
the research hypothesis. It seems reasonable tha t the potential of $4, the
fastest learner , was not accurately measured by the Raven because of hi s
impu isi vity . It could easil y be tha t this student has an extreme l y poor
strateqy for tacklin g these problems . It seems reasonable tha t this student
would do much better on the Raven than the other Ss if he could be trained to
take his time , and sy st em tica ll y el iminate all wrong alternatives before choosing
his answer . Similarl y, it would seem tha t this student would have done much
better on the W ISC performance scale if he was tra i ned to take his time and
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TABLE 1

Verba l and Performance IQ Scores from the (4ISC for the 6 Students

Group Student Verba l Performance

74 118

Hi gh Raven 2 79 104

85 96

Median 79 104

1~ 76 85

Low Raven 5 81 79

Median 76 79

TABLE 2

Raven Scores in Grade Equiva l ents

for the 6 Students in Stud y I I

TEST A D M I N I STRATI ON

S First Second Th i rd Fourth

1 5 8 9 11

2 6 8 8 10

3 9 9 9 10

4 5 3 5 9

5 1~ 5 , 6 7

6 2 3 3 6

do his best . However , as satisf y ing as this explanation for $4 may be , the
da ta of ~5 st i l l  was inconsistent . $5 d id not ma ke much progress even wi th
the repeated testing. ,~5 was as fast a lea rner as the Ss in the Hi gh R3ven
group yet had a Raven score tha t was closer to 56 , the slowest learner ,

There is one additiona l piece of confounding information tha t needs to
be reported . $4 and $5 turned Out to have been schoo l friends prior to the
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experiment. They partici pated on different days but kept track of each other ’ s
$ progress in order to compete with each other . For examp le , $L4 sometimes did

not take 0he 10 m m . b rea k tha t was allowed at the end of the first hour so tha t
he could work to get ahead of 55. Th u s , ia riat ion in the motivati on -i ar i a b l e
dur i ng trainin g may have confounded the results.

30



STUDY I I I

I N T R O D U C T I O N

The da ta and results from Study II had imp l ica t ions for the de si g n and
da ta collection it ”  Study I I I .

It was decided tha t the focus in Study I I I  should remain upon comparin g
Hi gh Ravens with Low Ravens to see if the lack of support for the ori g ina l re-
sea rch hypothesis could be rep l icated a th i rd time . It was noted in an ana l y-
sis of the individua l data in Study II (not presented earlier ) tha t the s tudent
who gained as much or more than anyone on PRETEST RGR was the student with
the lowest WISC Verba l and Performance scores . Therefore , i t seemed reason-
able to attempt to select the next set of 6 students with s l i ghtl y lowe r reading
ab i l i t y  at the outset . The training procedure may result in gains tha t are
task specific for the betters readers but are more li kely to be genera lizable
to norma l readin g for the readers at a sl i ghtl y l ower level of rea d in g a b i l i t y .

METHOD

Selec tion of Subjects. Of the 28 students in Stud y II who came for the 2
hr . testing session that was part of the selection procedures , 9 of that group
was inv i ted to come again for another 2-hr. testing session . These nine students
had readin g test scores wh i ch were just l owe r than the 6 students who were
sel ected for Study I I .  The l owest readin g a b i l i t y  score of the 6 Stud y II sub-
jects , i n i t i a l l y ,  was grade L1’ , and the reading a b i l i t y  scores of the individuals
i n this Study I l l  group were grade 4 or grade 3.

From this group of 9 which was inv i ted to particpate and told they would
be paid $5.03 for their partici pation , 7 actuall y came for the testing.

A t this second pretestin g session , Form B of the MRS was admin istered ,
bo th Leve l I and Level 2. Then the Raven was administered again. The Ss were
reminded tha t they had ta ken the Raven tw i ce before, back i n September . They
we re told tha t the items on answer sheets that they missed the second time
th ey took the tes t had been marked  w it h an X. They were asked to ta ke the test
again , try ing to make sure they got the same i tems ri ght again and try i ng  harder
on the ones they missed before.

Six of the seven were selected to partici pa te in Stud y I l l - — f i ve g i r l s
and one boy. Using the student ’s hi ghes t score on any of the forms of the
NRS tha t were administered , these six Ss this time al l  scored between grade 4
and grade 6. The three student s choosen for the Hi gh Raven group scored a t
grade 9 and grade 10 on this th i rd administration of the Raven. The three
students choosen for the Low Raven group scored at grade 6 or grade 7.

Procedures. The trainin g procedures were exactly the same as reported
i n S tud y I I .

Da ta Ana lyses. The da ta ana l ysis procedures were also exactl y the same
as reported in Study II .

GROU P RESU LTS AND DISCUSSION

In Fi g. 16 , the POSTTEST HIGHER RGR values on the i n i t i a l  practice pass-
age fo r each session have been presented for the Low ~nd Hi gh Raven groups. A l l



students in each group finished at least 25 sessions. These da ta rep l icate the
re s u l ts of S tud y II (presented in Fi g. 5) in tha t there was l i t t l e  difference
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between the two groups and wha t difference there was tended to favor the Low
Raven group. These students in Stud y I l l  s ta r ted s l i gh t l y  l owe r in  s e s s io n
1 tha n the Study II students and were also sli ghtl y l ower at Session 25.

Fi g. 17 con tains PRETEST TIME as a function of PA SSAGES MASTERED . These
data tend to pa rallel those in Study II (see Fi g. 6) except the Low Raven group
pe rformed consistentl y faster than the Hi gh Raven grou p from the first to the
las t of the 160 passages.

Fi g. 18 contains PERCENT ACCURACY as a function of PASSAGES MASTERED . As
was the case in Study II (see Fi g. 7) there seemed to be no impor tant difference
be tween the Low and H i gh Raven groups .

Fi g. 19 con tains TRIALS TO MASTERY as a function of PASSAGES MASTERED .
As no ted earlier the first test was counted as a trial so the smallest possible
value for the TRIALS TO MASTERY variable was 1 . In genera l these da ta replicate
the da ta for S tudy II (see Fi g. 8) except the Low Raven group in Study I I I  tend-
ed to require more trials to reach mastery . It may be remembered tha t the Low
Raven group tended to go faster on the first trial (from Fi g. 17) and this may
acc~ int for why they required more trials on the average than the Hi gh Raven
group.

Fi g. 20 contains TOTA L TIME as a function of PASSAGES MASTERED. The data
from the Low Raven group is a almost perfectly coincident with the data from the
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High Raven group. These two groups requ i red abou t 1 265 mm . (21 .1 hrs .), on
the avera ge , to finish all 160 passages. Compared to the two groups in Study
I I , one group of thos e two requ i red 8% less time and the other group required
16% less time than the Study II I  groups. The da ta in  Fi g. 20 indicate again
that the Low Raven group tended to master the passages at the same late as
the H i gh Raven group.

Fi g. 21 contains POSTTEST HIGHER RGR as a function of PASSAGES MASTERED .
Again , these da ta tend to rep licate the corresponding data in Study II (see Fi g.
10). There was litt l e  or no difference between the Low and Hi gh Raven groups .
A gain , these two groups in Study II I  tend to start and finish sli ghtl y lower
than the two groups in Stud y II.
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Fi g. 22 and Fi g. 23 con tain the prima ry da ta from Study I I I . These da ta
rep lica te the results of Stud y I and Stud y II.  To reitera te , the resea rch
hypothesis was tha t there would be littl e  or no difference between the Low
Ravens and the Hi gh Ravens when gain in proficiency was measured with the num-
ber of passages held constant , as in Fi g. 22, but there would be a difference
in favo r of the Hi gh Raven group when gain in proficiency was measured with
tota l time held constant , as in Fi g. 23. The resea rch hypothesis again received
no support. There was very lit t l e  difference between the two groups in Fi g. 22
or Fi g. 23 but wha t difference there was tended to favor the Low Raven group
as was also the case in Stud y II.

As was the case in Study II , the da ta in Fi g. 24 wil l  be presented to
determine whether the lack of support for the research hypothesis also held for
another ind i cant of proficiency , POSTTE ST H IG HER . RGR. The da ta in Fi g. 21 and
Fi g. 24 con tain da ta wh i ch are pa rallel to the da ta in Fi g. 22 and Fi g. 23
except the indicant of proficiency is POSTTEST HIGHER RGR instea d of PRETEST
RG R . The POSTTEST HIGHER RGR Da ta in Fi g. 21 and Fi g. 24 also do not support
the research hypothesis. The da ta in Fi g. 24 tend to rep lica te the correspond-
ing results in Study H (see Fi g. 13) and do not indicate superiority for the
Hi gh Raven Group; instea d the da ta again indicated a sli ght super ior ity for
the Low Raven group.

As was also done in Stud y I I , the individua l POSTTEST -I GHER RGR data has
been presented for the practice passage that was administered at the beg inning
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of each training session. Fi g. 25 contains these da ta for each session . The
largest difference between two individuals is for S2 and S6. Also included in
Fi g. 25 are the da ta for another two graduate students , differen t from the
two in Study H. These latter two students followed the same procedures as
did the correspond i -g two graduate students described i n Stud y II .  A g a i n ,
these two gradua te students gained much more in a shorter period of t ime than
the 6 hi gh schoo l students. The drastic differences in gain (note the slopes
of the curves) between indi v iduals , w ith respect to gain in POSITEST HIGHER RGR , tend
to disappea r again , however , when they are related to PASSAGES MASTERED——p resented
i n  Fi g’. 26. These da ta repli ca te the da ta in Study II (see Fi g. 14 and Fi g. 15).
The I~ains of the fastest graduate studen t in Fi g. 26 are approxima te l y equa l
to the gains of the hi gh schoo l students. A gain , this was the type of result
expected but not ob tained for the PRETEST RGR data when comparing the Low and
Hi gh Raven groups . It was expected that: (a) the gains would be different
under equa l time conditions but the same for equa l mastery conditions , and
(b) that the fastest gainers under the equa l time condition s would be the students
in  the H i gh Raven group.
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RAVEN RESULTS AND DISCUSSION

As was the case in Study II , the Raven was again administered toward the
end of Study I I I  u s i n g  the same procedures as were used ir~ Study II. To
re i tera te , the students were paid 10~ as soon as they answered an item correctl y.
If they answered the i tem incorrectly, they were forced to wait one m m .  be-
fore g iving their second answer; they were paid 5~ if they answered the i tem
correctly the second time.

These Study Il l  students had taken the Raven tw i ce in September along
w i t h  the Study II students . Then , they took i t a g a i n  in December . Finall y,
they took it again in April under the pay conditions , Thus , they received
five different scores on the Raven . The first score was a regular Raven score.
The second score came from the second administration of the test where they
knew wh ich items they answered wrong the first time ; but they did not know
which al ternative they chose or which alternative was the wrong one. The th i rd
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score came from the th i rd administration where they knew which i tems (but not
which alternativ e they answered wrong the second time . The fourth score came
from the fourth administration where they were g iven no feedback from prev i ous
administrations but they were paid 1O~ for each correct answer . The fifth score
also came from the fourth administration but an incorrect i tem was changed to
a correct i tem for the fifth score as long as the i tem was answered correctl y
the second time . The results for each individua l on each scoring are presented
in Table 3. The scores are grade level equiva l ents ,as described earlier .

The 6 students were selected after the second scoring when the Hi qh Ravens
(Si , S2 and S3) ranged from 7 to 9 and the Low Ravens ($4, S5, and S6) ranged
from 4 to 6. After the fifth scoring, i t may be noted tha t the Hi gh Ravens
ranged from 11 to 12 and the Low Ravens ranged from 9 to 12. The difference
between the means of the Hi gh and Low Raven groups on the second scoring was 3.6;
by the fifth scoring this difference was onl y 1 .0. Thus , after motivation
supposed l y had been maximized and after impu l siv iti ty supposedl y had been minimized ,
then the differences between the two groups became much smaller , being of the
order 0f onl y one grade level difference.
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Table 3

Raven Scores in Grade Equiva l ents

for the 6 students in S tud y I I I

Scoring Occasion

S Firs t Second Third Fourth Fifth

6 7. 10 9 11

2 9 9 10 1? 12

3 5 9 9 9 11

2 6 7 10 12

5 5 4 6 8 10

6 3 4 6 7 9
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TRAINING EFFECTIVENESS

I N T R O D U C T  ION

The primary purpose of the research reported under Studies I , I I , and I l l ,
was to compare the ga in in readin g a b i l i t y  of the Low Ravens with the Hi gh
Ravens. Thus , the resea rch des i gn focused upon this compar ison . A secondary
concern , however , was the e f f e c t i v e n e s s  of the t r a i n i n g  procedure i t s e l f  as
a method for improvin g readin g abi l i t y . If the training procedures did not in
fac t increase readin g ab i l i t y , this would have a crucial effect upon the inter-
pre tation of the research results. This Section w i l l  focus upon the suppleme n tary
da ta tha t was collected relevant to the effectiveness of the trainin g technique
as a facilitator of ga in in genera l reading a b i l i ty.

The data from ~the practice passage in Studies II and II I  leave no doubt
but tha t the individuals in fact learn to read that passage more efficientl y .
Howeve r , th is type of task is far removed from ord i na ry reading since it in-
volves primaril y increasing the speed at which the correct word in a sentence
can be recognized when the sentence is part of a passage tha t has been read so
many times that i t  is probabl y a lmost  memorized . Compared to the POSTTEST
HIGHER RGR da ta for the practice passage , the POSTTEST HIGHER RGR da ta for the
160 passages is closer to ord i na ry reading. Each passage is not mastered more
than once , as was the case for the practice passage , Yet , this task is also
far removed from ordinary reading. It i nvolves the repea ted reading of the same
passage until all items are answered correctly, i .e., the passage is mastered.

— Thus , just because there is gain on this variable , there is l i t t l e  cause to
in fer  tha t this reflects gain in genera l reading ability . The best da ta as
discussed earlier , for inferring gain in genera l reading ability comes from
the first trial RGR variable , i.e. , the PRETEST RGR da ta . These da ta re f l e c t
how well the student reads a passage that the student has never seen , read ,
or heard before. This task is much more sim i l a r  to wha t happens during
ordina ry reading. Thus, these da ta . from Study I I , were ana l yzed in more detail .

Another way used to eva l uate the effectiveness of the training upon genera l
reading ability , was to administer standard i zed achievement tests . This was an
eva l uation of the degree to wh i ch the gain in skill on the computer administered
reading ta sks t ransfered to other reading s i t u a t i o n s .

The resu l ts  from the aforementioned Study II da ta and transfer da ta w i l l
be presented in the two subsequent sections.

STUD Y I I DATA

The PRETEST RGR da ta for each of the subjects in  Study II are presented in
Fi g. 27. These da ta were obta ined by ca lculat ing:  (a) the mean of the two
medians at each grade level for each group of 5 passages (this step was the same
in i t i a l  step as was described earlier when the Low and Hi gh Raven ana l yses were
described), and (b) the mean of the grade 2 and 3 means was calculated (called
Block 2.5), the mean of the grade 4, 5, and 6 means was ca l culated (called Block
5.0) and final l y the mean of the grade 7, 8, and 9 means was calculated (called
Block 8.0). This procedure was followed for both the Set A and Set B passages
for each student.

It may be noted in Fi g. 27 tha t for each Block , in d i ’a t ing equa l passage
diffic ulty, each person showed a gain between the Set A and Set B passage . rhese
data suggest tha t each of these six students ga i ned in their ab i l i t y  to rea d the
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sentences in the passages.

The gai ns in Fi g. 27 may have been caused by the readin g p ractice trainin g.
But they could also be tr i v i a l  g a i n s .  Fu r the rmore , there could be severa l alterna-
tive hypotheses tha t could just as easil y exp lain these da ta . The first a l t er n a t iv e
hypothesis is tha t the ga in in s k i l l  was specific to the task or the computer
equipment used in the research . Evidence relevant to this hypothesis and re-
le vant to whethe r the ga in is t r i v i a l  or not comes from the NRS test. This test
was administered prior to the trainin g, as desc ribed earlier , and also subsequent
to the training, i .e., at the end of the training sessions. Table 4 con tains the
media n grade equ ivalen t scores for the pre an-i post administrations of the NRS test ,
together with the gain scores . The gain for the 6 students was 3.6 grade equivalents ,

Table  4

Pretes t to Posttest Gains in Study II

Pretest Posttest Gain

NRS Tes t (Grade Equivalents ) 1#.5 8. 1 3.6

NRS Test (Estimated Readin g Rate
in words per m m .) 175.5 205.5 30.0

PRETEST RGR (set A , Block 2.5
fo r Pre and Set B , G rade
Block 8.0 for Post ) 201.5 216.5 15.0

PRETEST RGR (Median of first
5 passages for Pre and Median
of las t 5 passages for Post) 195.0 215.5 20.5

starting with 4.5 on the pretest and going to 8.1 on the posttest. Part of this
gain is no doubt due to repeated administrations of the test. Part of the gain
a l s o  could  be due to regression effects but this is not l ike l y since the NRS test
is a sequential type of tes t  where extreme ly hi gh or extremely low scores indic-

ate a hi gher or lower forms of the test should be g iven . The 6 subj ects made
ex t reme l y low scores on the NRS 3A test and were subsequentl y adm i nis te red the
NRS 2A t es t .  They made neither extreme l y hi gh or extreme l y low scores on this
t es t .  Therefore , regression to the mean should not be a major factor contri-
buting to this gain. Since there were not enoug h students who made equa l read-
ing scores and s t i l l  differed widel y on the Raven to form a contro l group, it
is difficul t to assess the amount of gain due to repea ted testing.

There is a rep l i c a t i v e  type of ev idence for the s i z e  of the gain as in-
d i c a t e d  by the NRS t es t .  Us ing the manua l for the test , the NRS grade equ iva len t
scores can be converted into rate of reading scores in words per m m .  This ra te
is supposed to be the rate at which an individua l would ord i n a r i l y read a pass-
age tha t was relativel y easy for the individua l to rea d . These da ta are also
presented in Table 4. Notice tha t the median pretest rate was 175.5 words
per m m .  and the median posttest rate was 205.5 words per m m ., r e f l e c ti ng an
absolute gain of 30 words per m m or a l7% ga in. The above gain can also be
compa red to the gain in the RGR variable , discuss ed earlier. The equation for
calculating the RGR , Equation 1 , was developed using the same formulas as was
the NRS rate of reading scores mentioned above. Therefore , the RGR scores should
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be comparable to these rate of ea ding scores. The onl y major difference
is tha t the MRS test requires tha t a pencil be used to mark the box in front of
the correct i tems while the computer task from whence the RGR scores came , re-
quires a key on the left or on the ri ght to be depressed to indicate choices.

The mean of the PRETEST RGR scores on Block 2.5 :or Set. A , in Fi g. 27, may
be used as an indicator of pre trainin g a b i l i t y  and the mean of the Block 8.0
for Set B in Fi g. 27 -nay be used as an indica tor of post training a b i l i t y .  The
medians of these i n d i v i d u a l means a re  a lso presented in T a b l e  3. The pre—traini n g
median was 201 .5 words per m m and the post t raining median was 216.5 wpni for a
ga in of 15 wpm or a 75 gain , This 15 wpm gain is not far from the 30 wpm ga in
on the MRS. Another way of ana l yz ing these same data would be to let the median
RGR of the firs t  5 passages ref lect pretra i r ling a b i l i t y  and the median RGR of
the last 5 passages reflect post trainin g a b i l i t y . This anal ysis is closer to
the beg innin g and the end ~f training, and may reflect the gain better . These
dat a are also included in Table 4. The median of these 6 pretr ai nin g indicators
was 195 .0 wpm and the median of the post trainin g indica tors was 215.5 wpm g ivin g
a g ai n of 20.5 wpm for a l l ~-~ gai n. These gain da ta are close to the NRS da ta ,
i .e ., the 30 wpm or l7~ ga in .

The ga ins  us ing  the p re tes t  RGR da ta and the ga ins  us ing  the NRS seem
to be relativel y compa rable. Thus , it appears reasonable to suggest that this
readin g s k i l l  training oroduced about a 10— 15% gain in reading efficiency f o r
these ind i v i d u a l s .  Th is increase may also be interpreted as a ga in of around
3-4 grade equiva l ents on a standardized test. However , inferre nces about the
s i z e of the ga i n sho u l d  be int erp re ted cau t io us l y s i nce the re was no con tr ol
group. Also , it should be pointed out tha t the PRETEST RGR data from the two
gra dua te students also showed gains; these data are also presented in Fi g.. 27.
S ince these two gradua te students showed large gains on the first trial RGR
data as a result of trainin g, sho u ld we a l s o  concl ude tha t they became bett er
readers as a result of this brief training ? The r gains were greater than the
hi gh schoo l students. It does not seem reasonable to expec t tha t these two
graduate students became better readers simp l y by comp letin g th is readin g train-
ing pract ice on these grade 2 throu g h g rade 9 passages. Their gain seems to be

~no re reasonabl y restr~~-rer~ to this task and not t-ans ferab le to their re gu lar
readin g. I f  this is in fact the case , then is it reasonable to expect the gains
of the 6 hi gh schoo l students to transfer to their regular read in g ? It could
be tha t a l l  of the reading progress is specific to this particular type of
task , and does not transfer to regular reading.

I n order to further assess the effectiveness of the training procedure
another da ta collection effort , described in the nex t section , was initiated .

TRANSFER DATA

Introduction. Additiona l testing was conducted in order to get an in—
dication of whether the gain in reading performan ce experienced by the hi gh
schoo l students was a gain in genera l reading a b i l i t y  or not. Since the NRS
test provides a task tha t is almos t exactl y the same as the training task
i t s e l f , i t  is qu i te p o s s i b l e  that the gain in genera l reading abi  I i ty m d  i c —
a ted  by t he MRS tes t  i s  a r t i f a c t u a l .  It could be that t h i s  ga in  is q u i t e
spec i fic to the task and does not transfer to ord i na ry readin g or to othtr read-
ing tasks. Thus , the following data collection effort was des i gned to prov id e
an answer to this question regardin g genera l or specific gains in reading
abi I ity.

The fu l l  set of the Gate s-MacGinitie Reading Test was ad mini stered to a l l
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of the Study II r1c Study I l l  Ss. This test has three subtests——Speed and
‘5k: u rac y , Vo cabu la y, and C niprehe n sion —— whi ch provided data relevant to
the ~enera 3ai n s , or the degree to which the s k i l l s  learned by the hi gh schoo l
s t u d e n t - 0 transfer to O t r I o r  readin g situa tions.

Da ta -,~ere also col leLt ed relevant to reading rate. It could be tha t Lh~~~—
stuJent s became more accomp lished readers onl y i n the sense of bein g able to
rea d  f a s t e r . That ic , they ‘sd ’~’ not be able to comprehend any more than they
coul d p r ior to tre flin g but they may be able to comprehend the same ma terial
in less time . They may have improved the efficiency with which they transform
the words in sentences into the complete thoughts the words represent (see Carver ,
1978) . Thus , it seemed important to collect da ta regardin g typ ica l , norma l , or
ordina ry read inq rate; a set of Readin g Rate measures was developed , as c’scrib ed
later .

Alternate forms of the Reading Ra te measures and the Ga tes-M a cGi n itie tests
were adminis tered du r in g Janua ry and A p r i l .  For the Study II Ss , the Janua ry
tes ting took place soon after they had finished trainin g, P O STTEST I NG , and the

A pr i l t e s t i n g  took p lace long a f t e r  they had finished training, DELAYED-POSTTESTING.
For the Study I l l  Ss , the Janua ry testin g was at the beg inning, PRETESTING , and
the A p r i l  testing was at ~he end of the trainin g, PO STTES TI NG.

The da ta to be presented in this section provided better evidence relevant
to whether the gains reflected by the reading efficiency measures and the NRS
tests were rep l i c a b l e  by other measures.

Tes t Procedures. The six Study II students were paid $6.00 each to return
for 2 hours of testin g in January. At the outset, four reading rate measures
we re administered. Four 100—word passages , two grade 1 and two grade 1+ , we re
g i ven to the student to read. The student was asked to rea d the passage at his
or her norma l rate and was told tha t no test would be g iven because the experi-
menter was onl y interested in measurin g norma l readin g ra te. The ex pe r ime nt er
measured the elaspsed time to read each passage using a stop watch. Altogether ,
there were 14 passages a t grade 1 difficu l ty and 14 at grade 14 d i f f i c u l t y  ( these
same passages were a lso used in a pr ev ious exper i ment , Ca rver , 1977b); dif-
ficult y le vel was measured usin g the Rauding Scale. Two of the passages at
each grade were administered durin g the subsequen t A pr i l  testing. The order of
administration of the passages and the specific passages administered to the
group were counterbalanced over the pre and pos t testing using an incomp le te
Lati n-squa re .

Af ter the readin g rate measures had been administered , the Speed and
A c , u r a c - 1  Subtest , the Vocabulary Subtest , and the Comprehension Subtest of
Survey 0. Form 1 of the Gate ’s MacGin i t i e Reading test were administered .

The Zix Study I I I  students were administered the sarie tests as described
above for the six Study II students. The fou r readin g rate measures and the
Speed and Accuracy subtest and the Vocabulary subtest of the Gates -MacGinitie
we re - Idministered at the beg i n n i ng of Ses s ion  3 and the Comprehension Subtest
of the Gates-Mac G i n i t i e  was administered at the beg innin g of Session 4.

The same measures that were administered during January were also admini stered
again in A p r i l  using the same procedures . However , for the A pr i l  testing, Survey
0, Form 2 of the Ga tes Mac Gin  i t i e  was used , and eac h studer’,t was asked to read
four different passages for the Readin g Ra te measures , as described ea rlier .
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As described earlier , the NRS testing, Form A , - 5~as administered in September
to both the Study II and Study I I I  Ss, The NRS Form B te sfin g was administered
in December to both groups. The NRS Form A testing was also administered again
durin g the A p r i l  Testin g.

An overview of the testin g and tne training schedu le for both the Study II
and Stud y I I I  students is presented in Table 5. Since he Study II students
we re g iven the NRS , th e Reading Rate measures , an d the Ga tes-MacGinities again
in A p r i l , long after they had finished their training in December , this testing
was referred to as the DELAYED— POSTTESTIN G for them . Since the Study I l l  students
were g iven the NRS tes t in September long before they began trainin g in January ,

Table 5

An Overv i ew of the Testing and Tra i n i n g

Schedule for the Study II and Study II I  Students

Month Stud y II Students Stud y I I I  Students

Septembe r PRETESTING: NRS ADVANCED—PRETESTING: MRS

Oc tobe r (TRAINING)

November (TRAINING)

December POSTTESTING: NRS PRETESTING: MRS

Ja nua ry POSTTESTING: Rate , Gat es PRETESTING: Rate , Gates

Feb rua ry (TRAINING)

Ma rch (TRAINING)

A pril  DELAYED—POSTTESTING : POSTTESTING :
NRS , RATE , GATES M RS , RATE , GATES

this testing was referred to as the ADVANCED PRETESTING. Althoug h the MRS was
g iven in December and the Rate and Gates measures were g i ven in Janua ry , they
seem ed to be c l o s e  enough i n time to l ump them together as POSTTESTING for the
S tudy I I  students and PRETESTING for the Study I I I  students.

Results and Discussion. Fi g. 28 contains the results for the MRS test.
Each da ta point represents the median of the six grade level abi l i t y  scores
on the NRS test. The pre to postest gain for the Study II students , a l s o  no ted
earlier , was f rom L+ .5 to 8.1 , i .e., a ga in of 3.6 years or grades . The cor-
res ponding gain for the Study I I I  student~ was from 14.7 to 8.6 , i .e., a ga i n
of 3.9 years or grades. It may be noted tha t the Study I l l  students almos t
pe rtec t ly replicated the pre to posttest gain of the Study II students. There
was a small gai n for the Study I I I  students from the ADVANCED PRETESTING to
the PRETEST I NG , 1 .3 which suggests some improvement due to repeated testin g.
There was no change for the Stud y H students f rom the POSTTESTING to the
DELAYED-POSTTESTING , whi ch sugges t s  s ta b i l it y for the gains over time .

These data seem to reinforce the conclusion tha t there was a gain in
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read ing per formance as a resu l t  of t ra i n i ng  at least  as measured by a test  tha t
involved almost exactl y the same type of readin g task as was involved in the
tra in ing i t s e l f .

Fi g. 29 con tains the Gates-MacGinitie test scores as well as the MRS test
scores for comparison purposes , The left side of the f i gu re con tains the re-
sults for the Study II students , and the r i ght side con tains the results for
the Study II I  students. Each side con ta ins the results for the December/Janua ry
testing versus the A pr i l  Testing, i.e ., the same testing periods.

For the Study II students , the December/Janua ry testing is the POSTTESTING
and the April testing is the DELAYED— POSTTESTING. The scores for the Study I I
S should be stable between the two tes ting , and they were . The POSTTESTING
scores on all the Gates subtests are closel y clustered around grade level 5
wh ile the correspond i ng score for the MRS is about 8. Thus , the hi gh gain
to abou t grade l evel 8 reflected by the NRS for the Study II students in Fi g.
28 does not seem to generalize to other ind i cators of reading ability . It
is not surprising that the Gates Vocabulary scores were not hi gher , i.e.,
a round grade 8, because the training was not focused upon vocabulary training.
However , if the students had learned to read more efficientl y it would seem
that this increase in a b i l i t y  would have resulted in approxima tel y grade 8
scores on the Speed and Accuracy subtest or even the Comprehen sion subtest
since it is also a speed test. (Note: The Gates—MacGinitie test manua l g ives
two grade equivalent scores for the Speed and Accuracy subtest , the Speed score
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is based upon the number attempted and the Accuracy score i s based upon the num-
ber correct.) The da ta from the Stud y II students do not support the idea that
the training produced a gain in genera l reading ab i l i t y . On t~ . cont’ar y ,  these
da ta suggest tha t the training used does not transfer to other readin g tasks.
The A pr i l  testing, i.e., the DELAYED—POSTTESTING da ta si rn p l-i replicated the POST-
TESTING data thus suggesting tha t these results were reliable; there was no
training administered between the December/January testin g and the Ap r i l  testin g
for the Study I I  s tude nt s , and there was also very l i t t l e  change in the scores
dur ing this period .

For the Stud y II I  s tudents , the December/Janua ry testing was the PRETESTING
data and the A pril testing was the POSTTESTING da ta . These data indicate that
all  the measures of reading ab i l i t y  are in agreemen t in estimatin g the readin g
ab i l i t y  of these students to be around grade 14 or 5 prior to training , i.e. ,
the PRETEST I NG da ta . After training however , the NRS shows a drastic gain to
abou t grade 8 while the Ga tes—MacG lnitie subtests show litt l e  or no gain with
all scores clustering again around grades 4 and 5.

The preceding transfer data may be summari zed as follows :

1. The sub tests on the Gates- MacGinitie readin g test indicated tha t
both groups of students had about a grade level 5 average in
readin g ab i l i t y  prior to and also subsequent to trainin g, i.e.,
the Ga tes—MacGinitie ind i cated no gain from grade 5 a b i l i t y  as a
result of the reading tr ai r~ing.

2. The NRS test results repli cated the Gates-MacG ini tie test results
prior to training i.e., both groups of students average around

grade level 5 ability prior to training, but the NRS test results
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do not re ’-slica~ e the Ga tes-MacGin it ie subsequent to trainin g
s ince the NRS scores showed a gain to around grade 8 for both

grou ps.

3. These da ta may be interpreted as ind i c a t i n g  that the readin g train-
ing was not effective in increasing genera l readin g a b i l i t y  but
was o n l y effective in increasing the a b i l i t y  to perform the pro-
gramed prose type of reading task that was used in trainin g and
emp loyed in the MRS test.

The reading rate data for the first , second , th i rd , and fourth aassages
we re analyzed sepa ratel y, i n i t i a l l y. Tha t is , the median ra te for the six stu-
dents for each of the four orders was calculated and then the mea n of these four
median rates was calculated as a measure of the typica l rate under each con-
dition . For the Study II I  students , the re sulting value was 121 Words per minute
fo r the PRETESTING and 1144 Wor ds per minute for the POSTIESTING. For the Study
II st udents , the resulting value was 154 Words per mm , for the POSTTESTING and
168 Wo rds per m m . for the DELAYED—POSTTEST ING . Th us , the training effect ~or
the Study II I  students seemed to be a ga in of 34+ Words per n u n , to b rin g them
from 121 to 155 Wpm and ma ke them equa l to where the Study II students were
when they finished their training, i .e., 154+ Wo rds per m iru . Yet , th i s ga in
s difficult to interpret since there was no direct con tro l . The Study II S tu-

dents gained 214 Words per m m .  w ith no training condition in between and this
detracts from directl y interpretating the rate gain of the Study I l l  students
as being attributab l e to the training.

The reading rate da ta are not clea r-cut wi th respect to providin g evidence
either for or against the training being effective in producin g a gain in read-
ing a b i l i t y  tha t transfers to typ ica l reading situation .

SUMMARY OF TRAINING EFFECTIVENESS RESU LTS

Al thoug h the reading rate da ta may lea ve some room for doubt , the results
of the Ga te s-M acG initie test indicate that the readin g t raining used in this
resea rch was not effec tive in produc ing an increase in genera l readin g ab iMt v.
If there was such a gain , i t  would seem to have been small at least in com-
parison to the large ga in tha t was artifactua ll y reflected by the NRS test.
Based upon a l l  of the evidence presented , i t seemed reasonable to conclude
tha t the 60— 70 hours of reading train in g adm inistered to each studen t by the
PLATO computer termina l was mi n i m a l l y e f f e c t ive  i n produc in g ga i ns i n ge ne ra l
reading a b i l i t y .  There were in fact large gains in the ability to perform
the programed prose type of reading task that was ut ilized in the training.
However , there was ev i dence tha t ind i cated tha t these increases in a b i l i t y  were
large l y specific to this task.
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SUMMARY AND C O N C L U S I O N S

The da ta presented f rom Study I , and Study II , and Study I I I  a l l  indicated
no support for the hypothesis tha t poo r readers consist of two types——those
tha t read poorl y beca use of meager reasoning a b i l i t y  and those tha t read poorl y
because of insufficient readin g practice. From these da ta i t  may be concluded
tha t if a group of students who rea d equall y poorl y a re d i v i ded on the bas s of
their reasoning a b i l i t y , the low g roup w i l l  gain just as much from readin g
t- - inin g as the hi gh reasoning a b i l i t y  group.

Superficiall y, the da ta were quite definitive with respect to the preceed—
in g conclusion . Da ta supp l emen ta ry to tha t outlined above , however , renders
this conclusion questionable at best. Pa rt of this supplementar y da ta comes
from the Raven Progressive Matrices Test. It was used as a screening instru-
ment for sepa rating students into low and hi gh in tellectua l a b i l i t y .  The re-
l i a b i l i t y  and val i d i t y  of the da ta from th is test was questioned earl y in the
research and addi tiona l da ta was collected . The firs t data collected prov i ded
evide nce for the va l i d i t y  of the Raven ; the Verba l and Performance scores on the
WISC test provided constructive replication da ta (see Lykken , 1 968) for the Raven.
The Low Raven group tended to score low on both the Verba l and Pe rformance sec-
tions of the WISC thus suggesting low potential with respect to gain in read-
ing a b i l i t y  as a re sult of training. The Hi gh Raven group tended to score
hi gher on the Performance section as compared to the Verba l Section thus
sugges ting hi gh po tent ia l with respect to gain in readin g a b i l i t y  as a result
of training. However , the va l idity of the Raven da ta was put in jeopardy from
another direction . The test was repea tedly g i ven under severa l conditions wherein
possible ia riation in motivation and impusivity was desi gned to be reduc~ d to
a m inimum . Under these conditions , the differences between the Low Raven group
and the Hi gh Raven group almos t evaporated comp letel y. It was also suggested
tha t the W ISC da ta would be sim i l a r l y  affected by this type of testing control .
Thus , it is reasonable to question whether the difference between the two reason-
ing a b i l i t y  groups was large enoug h to be i mportant. If the differences bet-
ween the Low Raven groups and the Hi gh Raven groups were in fact very sma ll
with respect to reasoning a b i l i t y ,  the n the orioina l hypothesis guidinq this
research was not tested and the preceeding conclusion is questionable at best.

Ano ther qualification tha t detracts from the va l i d i t y  of the conclus i on
d rawn at the outset of this section , involves the training effectiveness results.
If the training was of questionable effectiveness in producing a genera l gain
in readin g ability , then any conclusions d rawn from the research results abou t
the relationship between reasoning a b i l i t y  and gain in reading a b i l i t y  also
become hi ghl y questionable from this standpoint.

There was one aspect of the research results tha t ind i rectl y supported the
theoretica l rationale g i ven at the outset. Gain in the efficiency with wh i ch
the students could perform the programmed prose task on the practice passage
showed grea t variability between students when gains in performance were con-
sidered wi th respect to the number of training sessions or the tota l amount
of tim e engaged in the reading training. However , when the gains in pe r-
formance were considered with respect to the number of reading passages tha t
had been mastered to a quality criterion , then the individua l differences in
ga in vanished .

From this research da ta in its entireity , it seems reasonable to conclude
the following:

1. The Raven Progressive Mat r ices Test is of questionab le validity for
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mea s uri ng the i nt e l l e c tu a l  a b i l i ty of poo r readin g, hi gh schoo l
s tu den t s un less  i t  i s g iven under special conditions wher ein rr io tivia—
tion can be mani pulated to a hi gh level and impusivi ty can bn reduced
to a low l evel .

2. Use of the programed prose readin g task as a traini n g  procedure for
poor reading, hi gh schoo l students does in fact produce gains in a b i l i t y
to perfo rm this type of reading task. Unfortunatel y, the ga ins in
th i s  s k i l l , or ab i l i t y , seem i ng ly do not transfer , to any substancial
degree , to other types of reading situations that may be more common
to typ ical reading situations.

3. Individua l differences seem to approach a vanishing point with respect
to gain in the ab i l i t y  to perform the programed prose readin g task
when gain is not related to time spen t master ing the task but is
related to the number of successfull y mastered tasks.
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I MP LICAT I ONS AND RE COMM ENDAT I ON S

This section con tains speculations tha t in some area s go well beyond the
da ta colle cted in the present research.

Program med prose , as a trainin g tec hni que for improving reading a b i l i t y ,
seems to have limited potential. The present research indicates tha t i t  is not
a pa nacea for improvin g the readin g a b i l i t y  of poor readin g, hi gh schoo l
students. The fac t tha t these students showed gains on this readin g task in-
di ca tes tha t they are capable of learning but tha t the sk i l l  learned does not
re a d i l y transfer to other reading tasks . Thus , it would seem tha t if these
students are ~a p ab l e  of lea rn i ng , it is s t i l l  the task of education to fi gure
out how or wha t they need to be taught in order for them to become average
readers i ns tead of poor reade rs. The present research results suggests tha t
si mple practice in reading words , i .e., de ter m in ing wh ich wo rds be lo ng in
se nt ences , is not a sufficient condi tion for improving reading a b i l i t y  in gen-
e ra l . Thus , i t would seem that readin g p ractice in and of i tself is of
l imited usefulness for these students.

I t seems tha t the genera l advice g iven by Smith (1971 ; 1973) re ga rdin g
practice and reading i mprovement needs to be refined. Readin g practice under
feedback conditions does not seem to have the effect suggested by Sm i th . Pos-
s i b l y Smi th ’ s a d v i c e i s  s t i l l  good ad vi ce for  beg innin g readers , i .e., readers
who need decoding practice. However , those readers who have advanced to aroun d
grade level 1+ or above may not benefit from such practice . It seems more
like l y tha t the poo r readers who have advanced this far are only going to
improve their genera l reading a b i l i t y  by improvi n g their background know-
led ge or experience. If reading practice means tha t the ind Iv idua l is com-
prehending thoug hts never before comprehended , then this type of practice is
l i k e ly to be effective in increasing genera l readin g a b i l i t y .  However, if
read in g pra c t ice s i m p l y means tha t the student is learn ing which words be l ong
in sentences , by repeated attempts with feedback , this type of practice seems
to be of low or zero effectiveness in improving genera l reading abi l i t y .  It is
possible that certain poo r readers have low degrees of reasoning a b i l i t y  and
this in turn li m i t s  their potential reading a b i l i t y .  However , the fact tha t
the present poor reading ,hi gh schoo l students continued to improve on the
Ra ven tests, all  the way up to grade 10-12 abi l i t y  l eve ls , when motivation
was increased and impulsivity was decreased , suggests tha t limited reasoning
abil i t y  is not likely to be the prima ry cause of their poo r reading. It
seems more like l y tha t the cause of poor reading is p r i maril y low background
know l edge . Anyone , includin g college graduates , could be considered as poor
readers if g i ven a comprehension test on extreme l y difficu l ty material in a
subject matter area with which they are unfamiliar .

It would seem tha t poor readin g hi gh schoo l students could be g iven prac-
tice in reading, as was the case in this research , and could be g iven training
in how to th ink , using some technique approved by Thorndike , and st i l l  not
become better readers. A more likel y possib ility for improvin g their readin g
ab i l i t y  would be to focus upon educating them i.e., providing direct and vicario i.s
cognitive experiences wh i ch provide background knowled ge , or schema s , allowing
them to better unders tand ~hat they rea d or what they are told.

The prob l em then becomes circular. The best way to become a better reader
is to ga in more back ground knowledge abou t the ma terial that one mi ght be
called upon to read , and the best way to gain this knowiedge is by reading.
The solution to this circularity problem probabl y lies in subject matter specializa-
tion . Rather than try ing to get the poor readers to become better readers in
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genera l , t ry  to get them to become better readers with respect to a specific
subjec t matter area . For example a hi gh schoo l student who wanted to become
an au to mecha n i c  cou ld  be g iven reading instruction usin g books and man uals
dealing wi th automobile repair. This is the instruc tiona l strategy that was
advoca ted and implemented by Sticht (1975) with respect to readi ng t rainin g
in the U.S. A rmy . The present research has not resulted in evidence for
a v iable alternative to this approach. Probably the best strategy to use to
improve the readin g a b i l i t y  of poor readers is to concentrate on makin g these
students better readers in a specific subj ect matter a rea and g ive up tr / ing to
ma ke them better readers in genera l . This means tha t the educa tiona l system
is l i kel y to be a b l e  to hel p poo r reading, hi gh schoo l s tu den ts become be tte r
readers of autonicbi le repair manuals , fo r example. Yet , no one should ex pec t
successful achievemen t of this goa l to result in considerabl y be tt e r gene ra l
readin g a b i l i t y  as reflected by a standa rdized reading test such as the Gates-
MacGin i tie.

When the p resent research was conceived , i t was pe rcei ved tha t i f  the Type
II poor readin g hi gh schoo l s tudents actuall y ex isted and could be isolated
using the Raven test , then they could be turned into good readers usin g modern
technology , PLATO I V , to administer reading practice. Thus , i t was d i sapp o in t ing
f rom a practica l standpoint to find tha t the readin g t rainin g resulted in l i t t l e
or no improvement in genera l readin g a b i l i t y .

The present results may be interpreted as suggesting that the idea s of
Thorndike , and the refinements of those ideas as expressed in the Type I and
Type II poor reader hypotheses tha t guided the present research , are either
w rong or too simp l i s t i c .  The i dea tha t simp le prac tice in reading with feed—
back wi l l  redeem poor readers found no support in the present research. Yet ,
the fact tha t the poor readers did gain in reading proficiency on the programmed
prose task withou t any direct trainin g in intellectua l functioning, suggests
tha t meager intellectua l a b i l i t y  is not the sole cause of poor readin g as
Thornd i ke seems to suggest. Furthermore , the l a rge  g a i n s  made b y the poo r
readers on the Raven test , up to grades 10-12 a b i l i t y , wi thout  any d i r e c t
training in think ing or s t ra teg ies  (other than test taking controls) also
seems to provide evidence agains t the i dea tha t their poor readin g was prim-
ari l y due to meager reasoning ability .

In the beg inning, it was no ted tha t Thorndike suggested tha t if we want
better readers then we should develop better ways of teaching people to think
rather than concentratin g on reading. This approach does not seem to have
a s o l i d  theoret ica l ra t iona le  support ing it , and emp irica l evidence to sup-
port it seems to be almos t exclusivel y correlational rather tha n causa l or
experimental. On the con tra ry , the present data , althoug h meager , suggest
tha t d i r e c t  e f f o rt s in try ing to teach people to think would not like l y be
a successful way of hel ping poor readers become better readers. On the other
hand , the idea d i r ec t l y invest i gated in the present research does not se~m to
hold much potential either , i.e. , practicing reading does not seem to improve
the reading ab i l i t y  of poor readers. Thus , it seems tha t the onl y way l eft
for the vast maj ority of the poo r readers in the United States to improve their
readin g ab i l i t y  is to improve their background knowled ge relevant to wha t
they are reading. Since the best way to increase back ground knowledge re l evant to
a specific reading passage is usuall y to read other material that is relevant
to the co~nprehens ion of that passage , the potential for helping most poor
readers appears to be quite dismal. There appears to be no direct training
procedures tha t w i l l  help in any genera l way since readi ng improvement can
almost be likened unto the difficul ty of l ift i n g  oneself by one ’s own boot-
straps . Of course , gain in reading ab i l i t y  is not quite tha t difficult ,
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o tnerwi se there would not be so many good readers. Gain in knowled ge and gai n
i n reading a b i l i t y  seem to be hi ghl y related in our society, at least by the
ti me the student reaches the point where he/she can comprehend by reading
almos t everythin g tha t can also be comprehended by auding. From this point
on , a sma l l  gai n in knowled ge results in a small ga in in reading a b i l i t y  and
tha t small ga in in readin g a b i l i t y  may be used to effect another small ga in in
knowledr~~. Th is theorized interp lay be tween gai n s i n knowledge a nd gains in
reading ab i l i t y  seems to explain why the present research failed to produce
a substantial gain in genera l reading abi l i t y . The present research did not
focus upon a gain in knowled ge by somehow forcin g the students to comprehend the
thoughts in the reading material . Fur thermore , th is theorized relationshi p
also predicts failure for trainin g procedu res which focus directl y upon some
type of th i n k i ng improvement as a means for increasin g reading a b i l i t y .  If
ga in in readin g a b i l i t y  is closel y r e l a ted to g a i n  in kno w l e d ge , then genera l
i nt e l l ec tua l  f u n c t ion i ng w i l l  ha ve a dec i ded l y seco nda ry influence , if at a l l

In closi ng, the fina l imp lica tions of the emp i rica l results and t’ueo retica l
i dea s p resen ted i n th i s research repor t w i l l  be presented . These i m p l i c a t i o n s
are quite speculative; they represent the considered opinions of one researcher
abou t an applied area which lacks definitive research results .

The reading training for  poo r reade rs who are  read in g a t leas t as h i gh
as the fourth grade level on a standardized reading test shou ld:

1. focus upon increasing subject matter knowledge and increasing reading
ab i l i t y  at the same time using the same training mate rial for both
pu rposes.

2. no t use training materials tha t are questionable from a gain in back-
g round knowledge standpoint , e.g., (a) cer tain comic book ma terial and
maga zine ma te r i a l  presented l y used for reading trainin g may be justifi-
able from a mot i vationa l standpoint but may not contribute much know-
led ge relevant to future material that the student needs or wants to
be a b l e  to read , (b) decoding rules and workbook ma terials usuall y
have li t t l e  i mpact upon knowled ge and therefore are l ike l y to be
extremely inefficient with respect to increasing genera l reading
ab i l i t y .

3. be directed toward a specific subject matter area tha t either the
s tudent or the teacher deems as d i r e c t l y relevant to the type of
reading material that the student is like l y to encounter in the
fu ture.

4+. not focus upon so called reading “sk i l l s ” at the expense of gain in
subject matter know l edge but ir~stead should elevate gain in knowled ge
as a goa l , at least until it equals if not exceeds the focus upon
traditionall y taught sk i l l s  in reading.
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Abst ract

The ps ychometrically deve l oped Raven Progressive Matrices Test was

resca led so as to prov i de an interval scale that would be aopropriate

for use in situations where an edumetr ic test was needed . The scale was

developed from a samp le of 666 ind i v i d ua l s  ra ng i n g  from G rade 3 to co l-

lege students who had been admini stered the Raven. A Rescaled Raven

scoring system was developed which prov i ded , in effect , a wei ghted score

based upon the relative difficulti es of the items that were scored as

cor rect. The Rescaled Raven scores were compared to the ori gina l scores

in Grades 3— 12 , and the resulting functiona l relationshi ps were inter-

preted as indicating that the Rescaled Raven does p rovide an interva l

scale and can be used to provide valid change and gain scores.
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