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Abstract

The objectives of this study were jfo. (1) identify
and describe Chronic Asthmatic and Imsulin TDependent
‘"Diaggtic children's strengths and weaknésses in

curriéﬁlqurelated problem solving across the following

D T

variables: problem specific declarative knowledge;
ﬁroblem speclfic proceduraluknowledge; recall of
recently acquiréd infofmation; problem identification:
problem representation; effectiveness of problem
.solving strategles; automatic processing; and ability
to plan, monitor and use feedback; and (2) to ldentify
-information processing patterns which contribute to
these children's strengths and Ggaknesses-in prpblem
solving. Using an information processiné theagretical
framework a methodology was developed to meet these
obijectives.

The 48 subjects in this study included 12 grade
seven and 12 grade eight Chronic Asthmatic and 12 grade
seven and 12 grade eight Insulin Dependent Diabetic
chlldren. They were presented with reading and

mathematics problems appropriate to their grade level

and asked to think aloud from the time they were

S

H



presented with the problem until they arrived at the
.problem solution. An additional problem which was not

domain-specific explored the subjects' ability to

NS

relate experiential knowledge to‘the problem solving
activity and examined their use of.planning, monitoring
and decision making. The time from thé first complete
reading of the question and answer cholces to the
solution of the problem was recorded for each question.
o~ The reading and mathematics gquestions were categorized
-a&aﬁuﬁ’ording to their skill objectives.

An analysis of the 2,832 verbal protocols of the
subjects using the methodology developed in this study
provided the'following information: individual and
group informgtion processing prof{les which”identiﬁy
problem solving strengths aanﬁgg;nesses; the
identification and description of information
processing patteérns of individuals and groups across
reading and mathematics skill bbjectiues and across
questions common to both grad? levels; the effects of
school absenteeism on problem solving ability: and an

"indication of the time required by chronically ill

children to solve reading and mathematics problems.



The implications of the results of this study

for both school teachers -and health educators are

discussed and suggestions for £farther research using

the methodology developed in this study are offered.
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CHAPTER 1
&

REVIEW OF THE LITERATURE

Introduction

Children's scholastic abilities are usually
assessed by comparing their product scores on
time-limited tests with group norms. This method of
assessment does identify the specific doméins and
even the specific skill objectives which give rise to
difficulty for an individual child or a group of
children. It does not identify why children have
difficulty, and it does not allow for the
identification of information ﬁrocessing patterns
displayed by problem sblvers who may possess a
variety of ability levels. When dealing with
particular subgroups of learners, the group norms do
not reflect the individual differénces inherent in -
the subgroups. If-educators are to optimally address
learning problems they need a clearer picture of how
children process information from the time they are

presented with the problem until they give their



response. A method for identifying'and describing
children's processing of information during
curriculum related problem solving is needed. Once
such a method is develeoped it is antiéipated that
patterns of information processing will emerge across
high and low ability problem seclvers. As specific
components of informatign processing that contr ibute
to children's strengths and weaknesses in problem
solviné can be identified, educators will gain
insight into the children's abilities and
difficulties. With this added knowledge, they will be
better equipped to choose teaching strategies |
appropriate to the needs of the students.

It is the purpose of this study teo develop a
methodology which identifies and describe;
information processing patterns used by children in
solving core curriculum type problems. Because the
process for the devélopment of such a methodology is
lengthy and time consuming, the number of subjects
involved in the study is of necessity restricted. It
i1s therefore advantageous to choose to analyse the
Problem solving abllities of a population of chlldren

expected to exhlbit a wide range of problem solving

o



abilities.

_ From the following review of the literature of
éhroﬁically 111 children and théir school related
préblems it will be noted that'these children can be
expecteé to display a wide range of problem solving
abilities. The two sub-groups of chronically il1l
children selected to represent“the population for
this study are children with Chronic Asthma, the
chronic condition with the highest ihcidence.in
childhood; and children with Insulin Dependent
Diabetes, the most common metabolic disease of
childhood. Childhood is broadly defined to include
adolescence. Not only would this population of
children provide a wide range of problem sélving
strengths and weaknesses, but increased knowledge of
their information pfocessipg patterns would be

helpful to both school teachers and health educators.

:
Chronic Illness And School Related Problems

Chronic physical illness is a comprehensive term

which encompasses a number of long term bhysical



conditions that affect one or more body organs and
repregsent an active disease process. The illness may
be life-threatening or benign and usually requires a
long period of medigal supervision (Kleinbérg, 1982).
Chronlic phjsical illness affects 10 toc 15% of the.
child population (Haggerty, 1984). Although there
are definite physiological differences between the .
various conditions, there are many common concerns
(Perrin, Ireys, Shayne & Moynihan, 1984; Pless,
1983)., One of the most sigﬁificant of the common
problemsris academic performance. Even though the
majority of children with a chronic illness are of
normal intelligence {Olch, 1971; Rutter, Tizard, &
Whitmore, 1970; Walker & Jabobs,-1984; and Weitzman,
1984), underachievement and poor scholastic
performance are considered major concomitants of
‘chronic lllness (Walker & Jacobs, 1284). Following a
comprehensive review of the literature on chronic

" illness and school achievement, Schlieper (1985),
reports that 30 to 40% of children who have a chronic
‘illness have school-related problems. This figure
includes children whose chronic illness involves

ce;ebrocortical impairment. Several studies indicate



that chronically ill children without neurological
impairment also experience serious academic problems
(Khan, Herndon & Ahmadiqn, 1971: McAnarney, Pless,
Satterwhile & Friedman, 1974; Olch, 1971; Rutter,
Tizard & Whitmore, 1970; and Sultz, Schlesinger,
Mosher & Feldman, 1972). |
Factors"associatéd with the degree of academic
‘problems include: age at diagnosis (Holaday, 1974:;
Stehbens, Kisker & Wilson, 1983; Weil & Ack, 1964):
sex (Pless & Roghmann, 1971; Sultz et al., 1972);
social class and parents' educational level (Conover,
1973; Pless, 1983); teacher expectations (Drotar,
1981; Sultz et al.,1972; Walker & Jacocbs, 1984;
Weitzman,1984); and physical condition plus side
effects of treatment (Weitzman, 1984). There is
conflicting evidence in the literature regarding the
relationship between chronic illness and psychosocial
maladjustment. Deasy-Spinetta (1983), Pless (1983)
and Weitzman (1984) place children with chronic
illness at higher risk for psychosocial problems,
Rodgers, Hellemeier,” O'Neill & Slonim (19%{) consider

a school age child with a chronic illness highly

susceptible to depression. Brantley, Stabler & Whitt



(1981); Gatﬁ, Smith & Baum (1980), Matthews & Drotar
(1981) gnd Tavormina, Kastner, Slater & Watt (1978)
indicate few statistlcal_differencés on measures of
adjustment between chronically ill and physically
healthy children.

There is also conflicting evidence in the

literature concerning the effect of absenteeism on

,académic performance. In reviewing the literature on

schooi\absence associated with children's health

probleméT“ﬂeitzmanh-Klérman, Lamb, Menary & Alpert

\

(1982) found the-evidence for a relationship be tween

absenteeism and school achievement inconclusive.

Douglas & Ross (1965):expresséd the view that
frequent school absenées are more harmful than an
occasional long absence.  Walker & Jacobs (1984)
concur #ith this view' stating that children absent
from school for health problems for a period of two

weeks or more are eligible for hospital or home

teaching, whereas children experiencing short

episodic interruptions in schooling are generally
left to catch up on their own. Weitzman et al (1982)
contend that absence behavior is most relevant as an

indicator of the child’s and family's adaptation to



the chronic illness. This concurs with -the £indings
of Parcel, Gilman, Nader & Bunce (1979) which
indicate that the rates of abéentéeism vary directly
with the mother's perception of the severity of the
child's asthma. Weltzman et al (1982) state that
famiiy functioning is negatively associated with
school absence and that the patterns of absenteelsm
can help identify families with unmet health needs.
Clearly, there is concern about the academic
per formance of chronically 111 children'énd a number
of factors are considered to contribute to scholastic
difficulties. A review of the literature dealing
specifically with the schoo; related problems of the
two subpopulations of chronically 11l children of

this study follows.

Chronic 3dsthma And School Related Problems

The chronic condltion with the highest incldence
in childhood is asthma. In the United States and
Australla, asthma has been estimated to affect 9 to

14% of all school age children (Cropp., 1985;

Pearlman, 1984). Asthma Is a disorder of the



tracheobronchial tree in which there is tij?%rent, at
least partially reversible, generalized obstruction
to airflow. The disord;r is usually manifegted Ey
cough, respiratory distress and expiratory wheezing
(Pearlman, 1984).

In the Sultz et al (1972) epidemiological study
of chronic conditions in children in:Erie County,
United States, the ratio of male asthmatics to female
asthmatics was reported as 1.7 to 1. Based on data
collected  from medical records, school records and
parent interviews, Sultz et al (1972) report that
22.4% of the asthmatic children were below grade
level for their chronological age and that 37%
experienced academic problems such as failing a
sugject or neglecting homework assignments. Sultz et
al (1972) did not compare the chronically ill
population with healthy peers. Ruﬁter et al ¢1970)
in their epidemiological survey of childreﬁ with a
chronic condition on the Isle of Wight, found on the
basis of a shortened version of the WISC and the
Neale Analysis oE.Reading Ability Test, that
asthmatic children had a verbal intelligence score

above that in the general population. However, 13%



were reading at a level at least 24 months below that
expected on the basis of their chronological age and
WISC IQ and 11% had specific reading retardation of
.at least 28 months,

Rutter et al (1970) found a strong positive
assoclation betwéen reading retardation and a high
absence rate from school. However, their healthy peer
group who did not exper;ence the same degree of
reading retardatiqh d;a not have significantl& less
days of absenteeism. Thirty—qne percent of the
asthmatic childrén in the Sultz et al (1972) study
-‘were absent from school for more than six weeks
dﬁring an academic year. Parcel, Gllman, Nader &
Bunce (1979) found that children with asthma were
abseﬁt B.Q%lof the school days whereas non-asthmatic
children were absent 5.9% of school days.

Conway and Littlewood (1985) investigated 142
hospital admissions for acute asthma during a one
year period and found that of the 41% who were séﬁbol
attenders, only 8% were thought tc be receiving
adequate treatment prior to admission. Closer

medical supervision and more aggressive treatment may

lower school absentee rates. Alexander (1983), and
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Cropp (198%), question the extent to which
-;Eyications commonly used to treat asthma may be
contriﬁuting to deficité in cognitive functioning. It
is suggested that learning and memory deficits may be'
caused by.therqpeutic corticosteroids and

concentration difficulties may be associated with

beta adrenergic substances and theophylline.

Insulin Dependent Diabétes Mellitus And School

Problems . -

Insulin Dependent Diabetes Mellitus (IDDM) is
the most common metabolic disease of childhood.
Children with IDDM require insulin injgctions daily,
regular mon_itoﬂng of blood sugar levels and . |
adherence to a ‘t and exercise regime. These
children need to be aware of factors thjt will
influencé their blood sugar levels and of steps to
take to maintain optimum health. Glucose provides
the major source of energy to the brain and central
nervousrsystem and relatively little glucose can be ‘

stored in the brain so normal neuronal functioning is

dependent on blood glucose supplies ( Holmes,
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Hayford, Gonzalez & Wéyderﬁ.'1983).

- Sultz et al (1972) report that 16.1% of children
with Diabetes Mellitus were below grade level, 35.5%
experienced school probleﬁs such as falling a subject
of'not completing assidgnments, aﬁd 19.4% missed'at
least 6 weeks of school, not necessarily /)
consecutively, during an academic year. Gath, Smith
& Baum (1980) cémpared 76 IDDM children whase mean
age was 10.9 years with a control group and found
twice as many.diaﬁétic children at least two years
behind in'reading.u Fifty percént cf the children
with poorly controlled‘diabetes‘wefe retarded in
reading. Data for this study was collected by means
of clinical interviews and two questionnairés
completed by the children's‘teachers. Control data
was obtained by means of a questionnaire completed by
teachers on non-diabetic classmates but the.controfgﬁ“
were not matched for intelligence.

Sterky (1963) found no difference between the
school achievement of diabetic and non-diabetic
children in spite of the increased absenteeism of the
diabetic childfen. Weil & Ack (1964) administered the

Stanford-Binet Intelligence Scale Form M and the



S

California Achlevement Test in reading and arithmetic
to 39 diabetic children and 26 non-diabetic
siblings. No difference was found {n achievement
levels between diabetic children and their siblings
as a total grodp or on the basis of age cf onset or
duration of the disease in the diabetic child. Both
groups however had a high rate of academic problems.
Children who had developed diabetes prior to five
years Ff‘sgh\gyeraged ten IQ points below their
non-~diabetic sibling but this did not significantly

affect achlevement results. Xubany., Danowski & Moses

‘(1956) administered the Stanford-Binet IQ Test and

the Hinnesota Hultipha;ic Personality Inventory to 20
male diabepiqs with mean age of 17.7 and 20 female ”
diapetics with mean age of 19.9. General
intelligence scores were in the middle of the normal
range and there was no evidence of predisposition to
hehavior abnorﬁalities. No relétionship was found

between diabetic onset, age or abnormal behavior and.

any of the personaiity variables. Delameter, Bubb,

Marren-Boulton & Fisher (1984) also state that levels

of emotional disturbance are no higher among

diabetlics than for the general population.
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Kovacs, Feinberg, Paulauskas, Finkelétein,
Pollack & Crouse-Novak's (1985) report on the first
phase of their longtitudinal study of the coping
responses and psychosoclal characteristics of newly
diagnosed‘IDDH school age children revealed the
following: mean age at diagnosis was ll; sex
distribution was 60% female and 40% male; class
placements consisted of 84% in regular classes, 6% in
classes for the gifted, and 10% in spectal or
remedial classes{‘mean verbal mental age by WISC-R
Vocabuléry Subtest was 11 years and 10 months: mean
non-verbal mental age based on WISC-R Block Design
Subtest was 11 years and 6 months; and 64% of the
children weathered the diagnosis and early strain of

_ their medical illness without notable distress. With
a supportive mental health teah, even’those
expe;iending a strong emotional reaction to the

'\géggposis had a highly favorable prdgnosis for
emotioﬁéi.adjustment to their diabetes.

Cognitive differences were noted in IDDM
patients ages 10 to 19 who developed diabetes before‘
the age of five when éompared to non—dlabetics and

diabetics dlagnosed after the age of five ( Ryan,
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Vega & Drash, 1985). §1though the mean
neuropsychalggical fest scores for all three groups
were well Hithin‘the normal range, the early onset
diabetics perfbrmed more poorly on verbal tests
assessing general knowledge and practical reasoniné
ability, visuoconstructional and problem-solving
~skills, the Boston Embedded Figures Test, the
Standérdized Road Map Test, the Visual Reproductions
Subtest of the Wechsler Memory Scale and on the Wrat
Reading Test.lThe duration of the subject's diabetes
best predicted performanée on tests requiring highly
oveflearned, primarily verbal skills and age of onset
best predicted scores on tests requiring the ability
to process relatively unfamiliar, genérally nonverbal
information ;n novel ways.

Holmes, Hayford, Gonzalez & Weydert (1983)
studied the effect of different blood glucose levels
on cognitive functioning in 12 juvenile-onset IDDM
university students. Using an artificlial
insulin/glucose infusion system, 'each subject was
tested during low glucose, normal glucose and high
glucose blood levels using three equivalent but

different tasks assessing memory, attention,



‘visual-spatial ability, reading (Nelson Denny) and
mathematical computation. Reading comprehension was
assessed through the number of questions answered
correctly in the eight minutes allotted for the
test. Arithmetic ability was assessed by counting
the number of corréctly completed problems and.the
number attempted in the one minute allotted for the
test. Attention and fine motor skills, assessed by
visual reaction time were slowed during both the low
and-high.glucose states but more so for the low
glucecse state. Subjects correctly completed an
equivalent number of arithmetic calculations when
theylhad high éné normal bloocd glucose levels but
completed fewer arithmetic problems when their bloocd
élucose level was low. The percentage of correct
answers to the problems atte&pted showed no
glucose-related effect. The sEeed of recalling rote
arithmetic functions was slowed suggesting that the
rate of remembering information may have been
impaired at low glucose levels when performance was

timed.
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Summary

The literature suggests that chroniqally i1l
children are at higher risk for academic problems
than the healthy child population. A number of
factors (absenteelsm, treatment effects etc.) have
been suggested as reasons for-increased valnerability
to academic problems. Reading and mathematics are 'two
curriculum areas with which these children-appear to
have particular difficulty. However, Drotar (1981)
cautions that chronic illness research has |
concentrated on identif&ing differences between
chronically ill children and their healthy peer§, t;
the exclusion of examining within—group differences.
For the most part, measures used to assess
chroniéal&g i1l children have been standardized on ‘
physically healthy children. Statements about
" performance have been based on product scores and the
problem solving process.has rarely been considered.
In some situations, differences may be more related
to the time needed to complete tests than to

cognitive skills (Holmes et al, 1983). Knowledge of

chronically i1l children's information processing

~
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strengths and weaknesses i1s lacking. .

Chronic Asthmatic and Insulin Dependent Diabetic
children have been chosen as the population for this
study for the following reasons: (1) Chggnic Asthma
is the chronic condition with the highest incidence
rate in childhood; (2) Insulin Dependent Diabetes is
the most common metabolic disease of childhood; and
(3) children with elther of these éonditioﬁs are at
risk for academic problems, particularly in the core
curriculum areas of reading and mathematlcs, and
therefore can be expected to display a wide range of
1nf§rmatlon processing strengths and weaknesses.

The following section reviews the literature
which provides the conceptual framework for the -

analysis of problem solving abilities.
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Theoretical Framework

The most appropriate conceptuéigframework witﬁin
which to examine cognitive proceésing‘abilities
during problem solving appearg{to be the information
processing theoretical frémewéfk. Within this
framework a method has been proﬁided for the
collection cf data (Ericsson & Simon, 1984) and for
task analysis (Glaser & Pellegrino, 1982; Greeno,
1980; Larkin, 198ﬁ: Newell & Simon, 1972; Sternberg,
1984c; 1985). The implicatiogs for (1) the
development of insS}uctlonal programs based on the
results of task analysis and (2) a better

’understanding of cognitive develcpment in general,
are also’ well documented (Brown, Campione, Cole,
Griffini Mehan, & Rell, 1982; Frederiksen, 1984;
Gardner, 1985; Kail & Bisanz, 1982:; Rigney,.19éo;
Wagner & Sternberg, 1984).

The review of the literature will be presented .
under the following headings: memory organization and

function; knowledge structures: problem solving

characteristics; and information processing
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components.

——

Memory Organization and Functions

An understanding of human memory as an
information proéessing systém is esseptial'in order
to understand problem solvgfg ability. The model of
human memory most widely accepited by researchers in
cognitive sclence, integrates the.following memory
structures: sensory registers; working memory (WM);
short term memory (STM):; and long term memory (LTM).
Stimuli received through the sense organs are briefly
held in a sensory register. These stimuli are most
commonly visual, auditory, tactile or olfactory. The
role of the sensory reglster is to briefly malntain a
"stimulus event to give it time to be recognized,
classified, temporarily.stored in short term memory,
or ignored (Frederiksen, 1984). Some forms of stimuli
appeared to be retained longer Eha;_others, for
example, the duration of echoic‘storage appears
greater than the duration of iconlc storage (Klatzky,

1875).

It is proposed that the process of perception or
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recognition involves a search for a match between the
patterns of information held briefly -in the sensory
register and patterns previously stored in long term
memd;& {Gilmartin & Newell, 1976). Encoding was
defined by Klatzky (1984) as the subprcgesses that

. perceive sources of new information, operate on this
information using stgréd information, and-enter the
new data into memory. Some encoding, such-as reading
by a skilled reader is automatic, but most encoding
requires attention.

Short term memory span is generally limited to
approximately four or five chunks of information
(Chi, 1976). The concept of chunking originated with
Miller (1956) and refers to the recoding of
information by combining single units of information
into larger units or chunks of information. The size
of each chunk variles according to the familiarity of
the content, the number and nature of items involved
and the strategies avalilable to prevent decay or
displacement. For exampie, one may chunk £ive
colours., only three nonsense syllables, but several
stanzas of familiar poetry (Simon, 1974). The amount

of information that can be held in short term memory



is a direct function of the amount of information an
individual can encede in a single chunk (Ericsson &
Simon, 1984). Chi (1976) sees the baslc parameters
of capacity and rate of information loss as similar
between children and adults. However, Chi (1977)
states that young children are limited in thelr
abllity to control strategles such as rehearsal,
naming, grouping and recoding which help code and
maintain information in short term memory. Rehearsal
has been defined as the cycling of informaticn
through the memory store to renew information in
short term memory or transfer rehearsed items to long
term memory (Klatzky, 1975). Short term memory and
working memory are cften used synonymousiy, but for
those who maké a distinction between the two (Chase,
1984; Greeno, 1973; Mayer, 1983; Simon, 1973),
working memory deals only with information in focal
attention and controls the sequence of processing.
In contrast t; short term memory, long term
memory has an apparent unlimited capacity and has
been described as a richly indexed and cross~indexed_

data base. Simon (1979) describes long term memory

.in terms of a recognition"memory and a semantic
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memory. Recognition memory has been compared to an
index and semantic memory to the textbook content.
Recognition memory idehtifies familiar stimulus
patterns and retrieves, for short term memory, the
chunks that point to information about patterns
stored in long term memory. Each time new information
is stored in semantic memory, elaboratidn of the
recognition memory mus;_take place in order for the
new information to be readlly accessible.. Fixation,
or storage in semantic memory is often‘speeded up
with ihe use of mnemonic devices. Therefore, Simon
(1979} suggests that the ability to store new
information is limited more by the time reguired to
modify and elaborate recognition memory than to add
the information to semantic memory. Factors which are
purported to affect recall include compatibility
between encoding and retrieval contexts, and the
presentation of éppropriate retrieval environments to
access previously forgotten material (Brown &
Campicne, 1981; Norman, 1980).

Although there are several models of long term
memory, most describe long term memory as'an orderly

assoclative system. Descriptors that have been used

P
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to represent long term memory organization are:
network systems‘comprised of nodes and links,
properties and lists, or associated concepts
{Anderson, 1983; Cohen & Murphy., 1984; Klatzky, 1975;
Millward 1980; Simon, 1979); and set and feature
models which group 1nformatioh according to
categories or features (Bruner, Goodnow & Austin,

1956; Millward, 1980).

Knowledge Structures

RN

-

Infdrmationlcoming from different sensory
sources has different features and will therefore be
réprqggnfaé@py different knowledge structures. These
knowledge structures may contain sensory-perceptual
information such as smells or tastes; declarative
knowledge such as facts and meanings; or procedural
knowledge relating to motor and cognitive skills
(Frederiksen, 1984). Chi (1981) alsc adds strategic
knowledge, defined as knowledge of heuristic rules.
Klatzky (1984) describes two types of activation of

the knowledge structures, "bottom—up” or stimulus
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driven activaﬁ%on, or "top—-down" or conceptually
driven activation. The concept of a hierarchy 6£
knowledge structures led Eylon & Reif (1984) to
examine the effects of knowledge organization on task
'per formance. Subjects whs acquired knowledge content
organized in a.hierarcpical forﬁat perfdf;ed recall
and problem solving tasks better than the subject§
who acquired the same information orgagized at a
single level.

An zlternative Fo the hierarchical constructlis
one which discusses depth of processing in terms of
size agg_elaborateness of network;. Information
‘which accesses and activates larger networks c&n be
processed more deeply because of the greater number
of cognitive associations to which it is linked
(Ingram, 1984). Kail & Bisanz (1982) desdfibe the
following general properties of the human knowledge
' system: (1) theoretically, there are no limits on the
gquantity of knowledge that can be stored in long term
memory; (2) forgetting reflects an inability_tél
access stored knowledge; (3) most knowledge can be
accessed by multiple routes and multiple cues

indicating its richness in interconnecting links; (4)



knowledge has a weak cognitive economy in that
everything known about a concept may not be directly
accessed via the'concept but rather through
inference; aﬁd (5) a process can operate on itself as

well as on other representations and processes.

Problem. Solving Characteristics

The computer simulation approach to problem
solving has contributed the concepts of task
environment, problem representation, and problem
space to aid in‘the discussion of problem solving.
The task environment is the structure and
inter-relationships of facts or concepts that make up
the problem. Problem represené@tion is influenced by
the way the problem is stated and involves first a
langﬁage interpretation process and then a solution
planning process. It is basically the individual's
percepfﬁon of the pfgblem and Greeno (1980) states
that the problem solver apprehends relationships that
permlt the selection of goals and sub-goals as well

as problem solving methods by relatively direct
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retrieval fram long term memory rather than through
an elaborate search for relationships.

Hinsley., Hayes & Simon {1877) examined problem
repreéentation and processing strategies in relation
toc algebra ;ord problems and cﬁncluded that if’
subjects recognize The ¢§tegbry of the problem early
in their formulation of the problem reprééentation,
they will likely emﬁlog heuristicéuspeciflc fo
formulating and solving problems of the category.in
-question. If they do not recognlze the categofy for-
the problem they will employ a general solution
strategy. ‘

The problem space refers to the propleh sq}uer's
internal reéresentatlon of the givens of the problem,
the‘goal state, the intermediate problem stateé, and
the operators or necessary moves to reach the goal
state (Simon, 1978). The sclving process begins as
soon as there is énough information about the pfoblem
space to enable action. The understanding process
contlnually generates more'specifications for the
problem space. The understanding proééss is in part
determined by previous experience and therefore may

be different for different people. If the problem is
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familiar, recall of information from long term memory
1s faclllitated and elements of tﬁe problem space,
constructed 1q previous problem solving exerclses,
can be used. giﬁce,the process'of problem space
constructlon can reéuire considerable effort,
familia;ity with similar problem types- should
decrease the time required to arrive at the solution
(Hayes &'Siﬁon, 1974). When a problem ls_ﬁot,clearly
understood by the problem solver, only a small part
of the potentially relevant information stored in
long term memory. becomes inveolved in the solution
process. The problem séace changes as additlonal
features of the problem are recognized.

The  success of the problem solver is related to
the ability to represent critical features.of the
task environment in the problem space (Amarel, 1983;
Frederiksen, 1984). Problem solvers use a number of
strategies to search through a problem space (Creeno,
1975; Hayes, 1981; Larkin, 1980; Newell, 1980).
Common among these strategies are the trial and error
method, hill climbing, means=ends analysis, and
heur istic search. Trial and error is a random search

through the problem space and results in many wasted
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moves. Hill climbing takes'place if a graded
evaluation function exists gnd beginning with a local
search there is a gradual ﬁgvement toward the gozal
state. Hill climbing is more systematic than trial
and error but it does not fork well in problems that
requiré movement away fro; the goal in order to
ultimatelf reach'thé goal. Means-ends analysis is
more powerful than hill climbing.because it can
consider many dimensions/?f difference between the
current state and the éoal state. The problem solver
works on only one goal at a timé with the objective
of bringing the presentlgoal closer to the end goal
but this is done by comparing the difference between
the two goals and setting a new goallthat Wwill

-

decrease the difference and bring the problem solver

closer to the end goal. Movement toward the end goal
need not be along one grédient and may at some point
include movement away fgéﬁ a goal in order to
ultimately make progress toward the end goal. The
success of heuristic search depends.on the amount of
heuristic knowledge an individual possesses (rules of
thumb and strategles that have worked in the past).

These will help evaluate how well the current
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representation is performing and suggest new
representations (Lenat, 1983). Heuristic search
requires memory to keép prior positions in the
problem space so that the search can backtrack and
continue in different directions.

Simon (1978) demonstrated that different
information proceésing strateéies may produce
functionally eguivalent results but processing time
may vary considerably. The effectivé implementation
of strategles is deéendent on the problem.solver's
domain sgqcific declarative and procedural knowledge
{Greeno, 1980; Larkin, 1980). Férlexample, an
arithmetic question which requires fihding an average
is given to a class along with three possible
answers, énly one of which is errect. Children'who
understand the concept of avefaging and know that
they must add and then divide the sum of thelir
addition by the namber of figures added (declarative
knowledge) and who can add and divide efficiently and
accurately (procedural knowledée) will have
implemented efficient apd'effective strategles to
arrive at the correct anéwef. Children who do not

have the declarative knowledge base may use trlal and

~
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error or other inefficient strafegies to arrive at an
answer that approximates pne of the three given
answers. Children who have weak procedural knowledge'
may have difficulty with accurate additlon and
division and may or pay not arrive at the correct
answer. Cognitive development is largely the
increment of declarative and procedural knowledge
{Chi, 1981). Research which examines differences in
problem solving between high and low ability problem-
solvers (experts and‘novices) across a number of
domains has established thét the richness of the
declarative and procedural knowledge base is central
to performance differences.

As a person's knowledge base becomes more richly
structured, the criteria for problem perception
shift. Novices perceive problems on the basis of the
words or objéct; described in the problem, whereas
experts relate problems to principles or methods
relevant for problem solution (Schoenfeld & Hérrmanﬁ,
1982). With the development of expertise,;
individuals %ecome more exhaustive in the processing

of information, and tend to consider all information

presented, rather than only a subset of information
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(Reif, 1980; Sternberg, 1984a). In contrast to
novices, experts spend more time on problem encoding
and global planning (Lesgold, 1984; Sternbergqg,
1984a). There is evidence that experts can encoecde
information into larger perceptual chﬁnks, and that
these chunks are more readily recalled even though

the number of chunks retained in short term memory

remains limited to a £ive to seven chunk capacity

{Simon & Chase, 1973). Experts have a richer store

of appropriate knowledge in long term memory which is
better organized for retrieval and therefore results
in greater speed and fiuency of performance (Rigney,
1980). They are at an advantage in their area of
expertise because their efficient handling of
familia} tasks frees processing res;urces to deal
with the éémplexities of the problem, or, to learn
new tasks. Novices become overwhelmed with new
information and must éngage élobal resources So
fraquently that new infdrmatiop is quickly lost
(Sternberg, 1984a).

A major factor in skill acquisition and the

development of expertise in both the cognitive and

motor domains is automaticity which is sometimes
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referred to as overlearned or scripted behavigr.
According to Shiffrin & Schneider (1977)., information
processing can be controlled or automatic.

. Contfqlled processing requirés attention and
therefore useslup the capacity of working memory.
whereas automatic processing uses up little of the
working memory capacity, and speeds up the processing
involved. The characteristics of automatic processing
have béen outlined by Shiffrin & Dumais (1981). The
intermediate products of automatié processes are

\ A
‘:::ﬁnavailable to metacognition and therefore to verbal

-

report because they require minimal attentional
resources and are therefore primarily unheeded
(Ericsson & Simon, 1984). The advantages of
controlled processing are described by
Lefebvre-Pinard (1983) who stresses the importance of
self-awareness of cognitiuelfunctioning. Attentionai
proceésesrare'positively correlated with the ability
to accurately encode, to elaborate recognition
memory, and ﬁo chéose and menitor the search and

retrieval strategles used in problem solving.
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Information Processing Cdmponents

In order to understand how information ié:
processed, Newell and Simon (1972) decomposed tasks
into components and defined a component as an
elementary information process that operates on
internal representations of objects or symbols. The
component may translate a sensofy input into a
concepfual representation,‘tranéform one
representation into another,-or'translate a .
conceptual representation into a motor output
(Sternberg, 1385). Each component has the properties
. 0of duration, difficulty and probability of execution.
Sternberg (1985; 1984b; 1984c; 1980) developed a
triarchic thecory of human intelligence based on the
information processing component congtruct.

The triarchic theory of iﬁteiligencedproposed
by Sternberg (1984b, 1984c, 1985) is comprised of é
componential subtheory, an experiential subtheory,
and a contextual subtheory. The experiential
subtheory examines intelligence in relaticn to the

ability to deal with novel tasks or situational
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demands, and the ability to automatizé'the progessing
oflinformation. The contextual subtheory emphasizes
the roles of adaptation to, selection of; and shaping
of environmental contexts in order for the individual
to fit the environment. The componential subtheof§
offers a framework for exémining the mental
mechanisms underlying intelligent pérformance agg;
consists of metacomponents, performance cemponents
and knowledge—acquisition components.

Metacomponents are executive processes used in
planning, monitoring and decisionimgking. Among the
metacomponents identified by Sternberg (1985%) are:
problem identification (identification of the end
goal); selection of problem representation (diagrams
and/or lingquistic descriptors): process selection
(choice of performance components relevant for
solving the problem); strategy selection (how and
when to use the per formance components); resource
allocatlion (decision regardLng‘allocation of
attenticnal rescurces); solutlon monitoring (keeping
track of what is done and what needs to be done); and
sens;tivity to feedback (ability to understand

feedback, recognize its implications and act upon
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it). Planning which attends to all of the abave
metacomponents is defingd by Hayes-Roth & Hayes-Roth
(1979) as the predetermination of a course of action
aimed at achieving some goal. They perceive problem
selving as é two stage process which includes
planning as stage one and monitoring and guiding of
2 . .

the ﬁlan as stage two. The planning'activity
according to the Hayes—Roth'& Hayes-Roth (1979) model
is largely opportunistic since several observations
or decisions éade during the planning process can
contribute to plan development and result in many
different decision sequences.. T

Performance components are always under the
direction of the metacomponents and are used in the
execution of various strategies. There are a large
number of possible performancé'components. Some
examples are encoding, inferring, mapping, cbmparing,
justlfying, and responding.

The knowledge-acgquisition components are the

processes used iﬂ gaining new declarative and
]

procedural knowledge and consist of selective

encoding (sifting out relevant from irrelevant

information); selective combination (putting the
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relevant informatién together}; and selective
cdmparison (reléting newly acquired infofﬁation or
retrieved information to stored information).
Knowledge—-acquisition components are also act;véted
by and feedback to the metacomponents.

Using a componential analysis of inductive
reasoning tasksf Glaser & Pellegrino (1982) concluded
that there are three major, interrelated factors that
differentiate high and low skill problem-solvers.
These are the management of memory load, the
proce@ggal knowledge of task‘constraints, and the
orgénization of an appropriate knowledge base.
Through the analysis of verbal protocols collected
during task performance, mathematical and analogical
error patterns could be noted for the high and low
ability groups. BAlsc using verbal profocols and a
cdmpcnential analysis approaéh, Greeno (1980)
analysed the problem solving abilities of grade nine
geomeﬁry students and subsequenﬁly developed a
computer simulation model that repregénts the
knowledge required to solve geometry problems.
Knowledge of propositions used in making inferences,

of perceptual concepts used in recoegnizing patterns,
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and of strategic principles used in setting goals and
plans was considered necessary ﬁor'problem solqtibn.
Sternberg\(lSSQa;.IBBS) analysed the perfbrmance-
of children considered intellectually gifted and
those considered infellectually retarded, and found
that ‘the gifted had superlor metacomponential,
performance and knowledge-—-acquisition skills. They
were better able to selectively encode, combine and
compare, thus givin§ them greater insight into the
solution of novel problems. According to Sternberg
(1984a; 1985) the folleowing list indicates
contributing factors to impaired componential‘-
functioning: impaired activation by metacomponents:
poorly stocked or poorly organized declarative and/or
procedural knowledge base; reduced working memory
capacity; inadequate motivation resulting in
non-utilization of componentiél system; impaired
functioning of components such as slow performance
eiecution or inability to infer; impaired
coordinatlion between controlled and automated
componential subsystems; and impaired ability to use

feedback.

Ability to use feedback has been identified as



particularly import;nt to successful academic task
per formance by Rigney (1980) who supplies the
following list of self monitoring skills: keeping
one's place in a long sequence of operations;
learning the sequence of operations, identifying
likely error areas, choosing a strategy that will
reduce error probability and provide recovery,
identifying the kinds of feedback available at
variqus points and evaluating its usefulness;
detecting errors previously made, keeping a mental
log of what has been done so as to determine what
comes'next, and justifying the response.

In summary, using a componential framework,

-

- problem solving abilities can be identified and
described across the various me tacomponents and
per formance components involved in the problem

solving tasks,.

PROBLEM STATEMENT AND RESEARCH.OBJECTIVES
Factors which relate to effective problem
solving and intellectual functioning‘include a) the

richness and the organization of domain specific
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declarative and procedural knowledge in long term
memory; b) the time required to modify and elaborate
long term memory knowledge structures in order to add
| new knowledge; c) memory span as related to the
amount an individual can encode in a single chunk; 4)
‘the ability to extract the critical features of the
problem‘statement and to form an appropriate problém
representation; e) the selection of efficient and
appropriate problem solving strategies, and £) the
amount of processing which is automatic. Problem
solving tasks can be decomposed into components so
that an individual’s ability to plan, monitof, make
'-décisions, execute strategies and acquire new
knowledge can be examined. The identification and: )
description of information processing patterns
associated with high and low ability problém solvers
can be ascertained through the identification of
cognitive components arrived at through the énalysis
of verbal protocols collected during task performance.
In order to develop a A;Ehodology whléh will

identify and describe information processing

strengths and weaknesses of children across problens

addressing various skill objectives, the following
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variables will need to be considered:.
(1) The child's long term store of domain specific
knowledge, both declarative and procedﬁral, and the

child's ability to access this knowledge (i.e. the

knowledge the child brings to the task). .
(2) The child's ability to store and then recall

néuly acquired_infqrmation (i.e. the knowledge the

‘student acquired or organized dgring_the‘éxﬁcution of

* the task).
(3) The child's ability to extract the critical
features frd® the problem statement.

(4) The child's ability to form an appropriate

-

problem representation.
{%) The effiéiency‘ﬁnd effectiﬁeneSS'of the
processing strategies QSed by”the child to work
through the problem ;pacé.

{6) The amount of automatic pfocessinﬁlused-by the
child, the depth of pfocessing and the time taken to
process the information.

{7) The chila's ability to plan, monitor, and use

» feedback during ‘problem solving.

Y
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Therefore, the objectives of this study can be

.stéted as:

Chijective 1:

To ldentify and describe Chronic Asthmatic and
Insulin Dependent Diabetic children's strengths and
weaknesses in ;urriculum related prdblem solving

across the following varlables:

a)-problem specific declarative knowledge

b) prcblem specific procedural knowledge

' ¢) storage and recall of recently acquired

sinformation o

d) problém identification

e) problem‘rep;e;entation

£) effectiveness of problem solving strategies
gl automatic processing

h) ability to plan, monitor and use feedback.

Objective 2:

To identitfy information.processing patterns
which contribute to these children's strengths and

weaknesses in problem solving.

- Since the literature differs as to whether thg

sex of the chronically 111 child is relpated to the
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degree of acadenmic pfoblems experienced, (Holmes et
al., 1983; Sultz et al., 1972), the information
processing abilitles.of the two groups will be
exaﬁined across fhe sexes.

The study 1s exploratory in nature. The
_ };terature has provided a theoretical framework and
Sdggested congepts to be addressed in the development
of a‘methodology which will enable the identification
and description of chlldren's problem solbing
strengths and weaknesses across the above listed
variables. A me;hod-f;r analyzing children's

curritulum related problem solving abilities across

-

- thes®& varliables could not be found in the literature,

but the value of this type of knowledge about
cﬁildren's problem solj;ng abilities ana its
Implications for educators is well documented
{érederikéen, 1984; Gardher, 1985; Glgsér &
Pellegrino, 1982; Wagner & Sternberg, 1984). It is
therefore necesséry.tﬁ devélop a methodology which
will enable the abéve objectives to be met.

The following chapter presents the design of the
'sﬁudy and thg development of the methcdolegy used td

‘analyze the children's problem solving abilitles.



CHAPTER 2

RESEARCH METHODOLOCGY

In addition to describlﬁg the populetion,
sampZZ? and test instrument, this chapter gives a
rativhale for using verbal protecols as data and
describes the data collection procedure as well as
data analysis methods. Howewver, the quintessence of
this chapter is the description of the development of
a methodology for identifying and describing the
problem solving strengths and weaknesses of the

,
subjects through the analysis of their verbal
protocols. Information processing codes have been
assigned to the solution patterns which evolved from
the protocol anaiysis, These processing codes are
defined and verbal protocol examples of each are

)

provided.

Population: Grade seven and eight, male and

ﬁemaie,'Insulin Dependent Diabetic or Chronlc

Asthmatic children who understand the English
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language, and do not have a communication disorder or
diagnosed“lcarhing disablllty. Communlcatlion disorder
for the'purpose cof thls study has been deflned as any
serious Iimpediment to verbal communication which
would Lnhibit the collection of verbal protécols,
e.g. severe stuttering or the use of non-verbal
language. Diabetic children are insulln dependent,
have been diagnosed as having Diabetes Mellitus for
six months or‘longer and their physician considers
their diabetes to be under control. Chronic
Asthmaticlchlldren are those receiving at least one
medication for asthma on a regula; basis but who are‘

not on contlinuous steroid therapy.

Sample: éorty—eight childfen, of whom 24 have
. Insulin Dependent Dighetes Mellitus and 24 have
Chronic Asthma. Each group donsistg of 12 males and
12-fema1es with 6 grade seven and 6 gréde eight
subjects of each sex. L

All patients in the Diébetic and Asthma c}inics
of the Children's Hospital cf Eastern Ontario who met

the inclusion criteria were referred by the clinic
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nurse. Physiclans in Ottawa-Carleton also referred
Chronic Asthmatic childrenlmeeting the criteria
because an insufficient number of subjects were
avallable through the clinic.

fhe researcher fully explained-to the parent and
to the potential subject, the purpose and nature of
the study, stressing that participation was
voluntary, that the time commitment was a maximum of
two hours, EP?t information would be confidential,
aﬁd that theg-;ould withdraw from the study at any
time without affecting the care received at the
Children’s Hospital of Eastern Ontaric or from their
physician. =It was indicated that individual
appointments for testihg would be made at the
" parent's and subject's convenience. Following the
parent's and subject's stated willingness to
participate, their signed consent was obtained 

(Appendix A).

Test Instrument:

'

The test instrument (Appendix B) contains

reading comprehension and mathematlcs problem solving
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‘items plus an item relating to a real-life situation.
The reading comprehension and mathematics items have
been taken from the Canadian Tests of Basic Skllls
Form Six (King, 1981) wlth the written pérmlssipn of
Nelsoﬁ*Canada {letter of permission 1ncluded in

‘,:Appendix B). Each of the ltems from the Canadian

Tests of Bésic Skills is nationally normed thus

giving an indication of the degreelofldifficulty of

each questlion for Canadlan students at the same grade
level., It is noﬁ claimed that the internal
conSistency reliabiiity coefficients for the major
skill objectives (which are .87 to .96) nor the
composite reliability (.97 to .98 for all grades) of
the Canadian Tests of Basic.Skills will be inherited
because the test items for this study have been }
extracted,fromlthe Canadian Tests of Baslc Skllls.

Howuvcr; there is some assurance that the 1ltems

approprliately reflect the skill categories and that

their level of difficulty is appfo;riate to the grade
levels. Criteria used to establish the content
validity of the reading and mathemapics itehs

include: placement and emphasis im current Canadian

instructional materials; recommendations of

s
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specialists; research studies with variéus
populations; and feedback from users over the past 40
vear's. (Klng, 1982).

Of the 23 reading comprehensiop items for grade
seven and 24 items for grade eight, 15 items overlap.
All items have been taken from Test R {Reading
Comprehension) Level 13 and Level 14. The mathematic;
section of the test consists of 3% items for grade
seven and 34 items for grade eight with 31 items.
overlapping. The itemé on the mathematics sectioh
have been taken from Level 13 and Level 14 of Test
M-1 (Mathematics Concepts), Test M-2 (Mathematics

Problem Solving) and Test W-1 (Maps, Graphs, and

Tables). Drawing students from two grade levels

allowed for a wider range of abilities to be observed
on overlapping items. The selection of items in both
reading and mathematics range frpm easy to difficult
as determined by the nétional norms for thé items.
Skill objectives for each test item are provided by .
the Canadian Test of Basic Skllls' Teacher's Guide
(King, 1982).

Questioné on the reading comprehension section

of the test focus on the students' abllity to

iy

%
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;ecognize and understand sfated factual details and
relationshlips (litera1 meaning); to infer underlying
relationshlips (interpretfg% meaning); and to develop
genefalizations from a selectlon (evaluative
meaning). Questions on the mathematics section
require the followigé skills: an understanding oéf
numeration, number syé@ems, aﬁé sets; an
understanding of ﬁperatlonal and relational symbols:
a knowledge of fundamental operations, ratios, and
proportions using fractions; an understanding of the
basic concepts of probability and statistics, and of
basic geometry and measurement; a knowledge of how to
solve single step and multiple step problems using
- addition, subtraction, multipligation and division:
an ability to use graphs and tables to determine
differences, ratios, relative rates and trendé~and
draw conclusions; and an ability to use mabé to
determine direction and diétance, and to interpfet
and relate data.

The question item format of the test instrument
~as related to the speclfic skill objectives is as

e

follows: &

(1} recognizing and understanding factual information



questions 2, 3, 4, 6,'12, 21, 24, 25, 31;
(2) making generalizations
.questions 5, 7, 9, 10, 13, 15, 17, 22, 23, 27,
28, 29, 30, 32; -
{3} inferrihg underlying relationships
guestions 1, 8, 11, 14, 16, lé, 19, éO, 26;
(4) singie step mathematics
qﬁestions 33, 34, 35, 48, 4%, 51, 52;
{5) multiple step mathematics
questionslSS, 50, 53;
(6) number systems
questions 36; 37, 40;
(7) fractions
duestions 43, 44;
(8) operational and relational symbols’
question 46;
(9) geocmetry
questioﬁs-BB,‘QE,.QS, 47;
—T110) determining différences, rates and ratios
questions 54, 56, 57, 58, 59, 69;
(11) interpreting and relating data £from maps and
graphs

questions 55, 60, 61, 62, 63, 65, 67, 68; and

49
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(12) inferring from méps and graphs

questipns 64, 66, 70.
Under the skill objective called bperational and ——
relational symbols, only one iteﬁ was avaiiable ffom
Levels 13 and 14, Form 6.

The additional question which is not
domain-specific explores the sﬁbjects' ability to
relate real world knowledge to the problem solving
activity and exahines‘theirluse of planning,
monltoring, and declslon making (metacomponents).
Tﬁe question 1is based on a problem presented by
Hayes-Roth and Hayes-Roth (1979) and later used by
Sternberg (1984d). Subjects are given a map with
streets and businesses clearly mar&ed and a number of
tasks to be completed within a Speéific time frame.
The £inal task is tolget to the airport and on a
plane to a prescribeé destination by 4:30 p.m. Bus
routes and schedules-are provided. The instructioﬁ
"Plan your déy" leaves the opporfunity_for subjects
to Include ‘personal activities such as packing and
eating breakfast or lunch.- Thils problem solving |,
activity requires subjects to identify from the
preblem statement all the tasks that must be

‘.
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completed, to use the ﬁap and prilor knowledge to set
priorities and determine the route, and to adhere to
time constraints imposed by bus schedules. Subjects
need to rely on prior knowledge to determine gpich
shops will sell certain required items, and how long
itlshould take to complete tasks (e.g. buying a
bathing suit).

A practice run was conducted with a érade 7 and
a grade”B subject to give the researcher experieﬁce
collecting verbal protocols on the test itéms agd to”
identify any difficulties wi the presentation of

the test instrument. \

Data Collection: Background informatlon collected

for each subject included the subject's birthdate,
the longest absence from school and the gradg‘level
at the time, the number of days absent from school in
thé last two school years, the subject's latest marks
in language arts and mathematics, the parents' school
leaving level, and_the subject's response to the.
following questions: 1) What 1is your favorlite subiject

in school? 2) What subject do you like the least? 3)
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What subject do you do best iq? 4) What is your
pobrést subject? and 5) What job or career would you
like to have when you finish school? Collecting the
background information at the beginning of the
testing session helped the researcher establish
rapport wlith the subject.

At the beglinning of the testing session the
researcher relterated (previous explanation given at
time cQﬁsent was signed) fhe importance of thinking
aloud and the purpose of the two tape recorders.
Paper, penclls and a rdlerlwere prbvided and the
subject was invited to use'fhem whenever he/she
wished. Data was collected in_the form of verbal.
protocols and accompanying scribblgs. Subjects were
individually tested and each seésioﬁ was tape
recorded from the reading of the flrst question to
the completion of the last gquestion. Subjects were
asked to read the gquestion out loud and then to think
through the answer out loud. If there were silences‘
approaching 20 seconds, the researcher would prompt
with "What are you thinking?". Concurrent verbal
reports or "think aloud” reports reflect the-activity

in working memory and successlive states of heeded
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information in a cdénitive process, thus providing a
source‘%i data about the structure of that process
(Ericsson & Simon, 1984). If the researcher felt
that the concurrent report lacked complefeneés, the
subject was asked immediately following the
completion of the problem, “"How did you think that
‘through?" or "Can yod tell me what you were thinking
when you were doing that problem?;. Within the
framework of information processing theory it is
assumed that inforhation recently attended to'can be
readily accessed from short term memory or at lecast
in part retrieved from long term memory and
verbaiized. a ;eview of empirical ;tudies by Ericsson
‘& Simon (1984) found no evidence fhat concurreﬁt
verbalization changes the course,‘stQucture or speed
of the thought processes. Hafner (1957), Dansereau &
Gregg (1966) and Te}l'(lS?l) suggest that
verbalization may facilitate the solution process.
Individual differences in the richness of think aloud
protocols can be related to the subject’s comfort
with verbalizing his/her thinking and with -the type
of problem presented (Hoc, 1984). fndiﬁiduals who

have automatized processes involved in a problem
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solution provide a‘limited verbal report since
automatic processing is unheeded and therefore not
ayailable for concurrent verbal reporting. Ericsson
u& Simon (1984) llst three criteria which must be
gatisfied iftverbal data 1s to be used to infer
underlyling cognitive processes. First, the
: verballzations should be reievant to the task given.
In domaln-specliflic reading and mathematics quespions,
relevance to the task is easily discerned. Second,
the verbalizatlons should be logically consistent
with preceeding verbalizations; and third, a subset
of information heeded during thé task will be
sremembered and can be retrieved through retrospective
reporting. .
Gerbal protocol collection and analysig followed
*'the guidelines of Ericsson and Simon (1984). The
taped verbalizations were transcribed verbétim and
the response time recorded. The response time is tﬁe
time from the end of the first complete reading of
the guestion plus the answer cholces to the time the
£inal réspdnse is given. Repea'r—“readings of the
guestion have been included in ::j;:;;e time but

dlscussions of aspects of the problem following the
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reéponse are not included. The complete test provided

.59 protocols per subject.

~

" pDevelopment of Information Proceésinq Codes For

Diagqnostic Purposes

+

Once each subject's taped_p;otoqols had been
transcribed, the response time fo; each huestioﬁ was
noted, the answers were .scored right or wrong, and
the verbal protocol,fo; each answer was segmented so

that the researcher could trace the steps taken in

-
v

"the thinking process to arrive at the answer.
Segments were iaentified as dealing with (1) domain
specific declarative knowledge; (2) domain specific
pfocedural knowledée; (3) the recall of
newly-acquired informétion, 1.e. material given in
the assoclated text or in-thé question itself; (4},
problem identification:; (Siiéroblem representation;
(6) problem solving strategles; and (7) responses
reflecting aﬁtomatic processing. The researcher -
looked for informatlon‘processing similarities and
contrasts by comparing the prétoco;s of incorrect

responses on %he same question across subjects and

e
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then by comparing the-protocols of correct responses
on the sahe questlion across subjects. gllarge sample
of protocols (n = 1740) out of the total 2,832
protocois‘were used to identify and define distinct
‘information processing cpdes for analysis of verbal
protocols obtained during reading and mathematics
problem solving. The first 1,440 érofocbls (58
problems x 30 subjects) which were trans&ribed ;ere
ﬁ5¢d. These were protocols recorded‘during both
reading and mathematics problem solving from both:
.dlabétic gnd,ésthmatic subjects. Fourteen codes ¢
evolved for each domain (reading and mathematics) but
10 of the 14 codes identify simllar information’
prqcessing approaches for both domains. Full
definitions for the reading codes are presented in
Appendix byg;é for the mathematics codes in Appendix
" D. .In order to more clearly understand the procesglng
codes, exampies of verbal protocols mgtching the Eode
definitions are presented. Thesé examél;s are
followed by a description of.the relatidnship of the
-codes to the cognitive variables identified in the

research objectives,
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Reading Codes i
co Correc¢t answer only
Appears to understand the problem right away
Example: Question 8
Which of these is true of the movement of glaciers?
1} It cannot be measured
2) It occurs only in summer
3} It is fast in the winter and slow in the summer
4) The rate varies greatly
Response of Subject 31:-
OK ahm
_The rate varies greatly.
Variables: !
Automatic processing-immediate problem
identification, appropriate problem representation,
good declarative and procedural knowledge base,
immediate recall of previously read text.
CB Correct answer with basis for answer
Appears to understand the problem right away
Uses logical reasoning to arrive at right
answer or accurately recalls copmntent and
fully explains basis for answer.
Example: Question 10 . :
Which of these is most like the "writing of ¢laciers
in the history of the earth"? . ' >
1}  The minerals taken from .mines deep under the
earth
2) The remains of ancient plants and ammals in
rock formations v

3) The hieroglyphic wmt.mgs of the Egyptians
4}y The writings of historians of ancient Greece

Response of Subject 30:

OK I'd say its number 2

The remains of ancient plants and animals in rock
formations

Iits like the glacier could form over an animal in a
rock

Its sort of like it pushes in

I learned in science class, pressure forms in pushing
down '
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The animal dies and the bones leave a mark
Like what the animal was like
Like a f'oa'si]..

Variables: .

Appropriate problem identification and problem
representation, good declarative and procedural
knowledge, effective problem solving strategies.

CNB Correct answer not based on text
" Appears to understand the problem
May respond by eliminating answers
or by reasoning not based on information
in the text

Example: @Question 2

Which of these is not a name for a type of glacier? -
1) Alps 3) Piedmont ’
2) Continental 4) Valley

Responsge of Subject 42:

I think it would be number 1

The Alps

Because the Alps is a place and 1 don’t really see
how you could

Well they may do it

But [ don’t see why they would name just a special
type. of glacier for a special area.

)

- Variables:

Appropriate problem identification and problem
represer{tation, relevant information from previcusly
presented text not retrieved, response based on
previously stored related declarative and procedural
knowledge.

INB Incorrect answer not based on text
- Appears to understand the problem
Does not remember or retrieve content from the text
accurately or at all :
" May choose the "best" answer

Example: Question 1 , ,
Why are scientists especially interested in glaciers?
1} Glaciers are very rare

2) Glaciers are disappearing from the earth
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3) Ankunderstanding of glaciers may reveal -

important facts about the ‘history of the #arth
4) © The reasons for the movement of glaciers has
long been a complete puzzie to scientists

Response of Subject 27:

OK I don’'t think they said anything about glaciers
being rare

Disappearing from the earth like dinosaurs

An understanding of glaciers may reveal important
facts about the history of the earth

The reasons for the movement of glaciers has long
been a complete puzzle to scientists

They said quite a bit about that

Probably number 4 [ think.

Variables:

Appropriate problem identification and problem
representation, does not accurately retrieve
information from previously presentsd text, response
is not based on previcusly stored declarative or
procedural knowledge, problem solving strategy
appears to be guessing, does not return to the text
to check the response.

Correct answer but demonst;ates weak domain
specific knowledge .

Appears to understand the problem

May not use all the information given in the
question or may reagon illogically or superficially

Example: Question 11 -: _

Which of these is important in the movement of all
glaciers?

1) changing weather

2) width of wvalleys

3} nearness to water

4) location of snow line

Response of Subject 386:

OK ah I think it would be number 1

The changing weather because when the sun

When it’s sunny in the night and cold in the evening
it heatens and ah refreezes and

It makes it go faster
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Variables: :

Appropriate problem identification and problem

representation, weak problem specific declarative and .
procedural knowledge, does not base response on

recall of information from previcusly presented text,

problem solving strategy illogical, does not return to

the text to check response.

Incorrect answer - demonstrates weak domain
specific knowledge

Appears to understand the problem -

May not use all the information given in the
question or may reason illogically or superficially

Example: @Question 8

Which of these is true of the movement of glaciers
1) It cannot be measured

2) It occurs only in summer

3) It is fast in.the summer and slow in the summer
4) The rate varies greatly

Response of Subject 1:

Ahm it cannot be  measured

Well that's false ’cause it can be measured

It occurs only in the summer

Ah, T think if it can move it can move anytime

Ah it is fast in the winter and slow in the summer
Ah I think it would be number 3 '

Ah it could probably move faster in its own climate
Its own natural climate then a different one to it

Variables:

Appropriate probiem identification and problem
representation, weak problem specific declarative and
procedural knowledge, does not base response on
recall of information from previously presented text,
problem solving strategy illogical, deoes not return to
\{:he text to check response.

Correct answer but difficulty w1th problem
represertation -

May not understand the problem fully
Domain specific knowledge weak

Example: Question 10
Which of these is most like the "writing of glaciers
in the history of the earth"?
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1} The minerals taken from mines deep under the
earth

2) The remains of ancient plants and ammals in
rock formations , -

3} The hieroglyphic writings of the Egyptians

4) The writings of historians of ancient Greece

- .

Response of Subject 17:

I don't understand that question

Which of these is most like the writings of glaciers

in the history of the earth

Researcher: What do you think it means?

Subject: Uhm...information...facts...about

scientists...moving bodies of ice fthat begin as heavy

snowfall in areas of perpetual snow and ‘intense

cold...well T think 'cause it says here it says a huge

boulder unlike others tells the scientist that a

glacier has carried it there I'd have to say its

number 2...the remains of ancient plants and animals

in rock formations. Because it says others are the

earth, pebbles, the broken stone and the rocks left

behind as the glacier melted -

The debris is left in patterns that show the dlrectlon

of the glacier’s movement.-

Variables:

Difficulty with problem identification and problem
representation, problem specific declarative and
procedural knowledge weak, does return to the text
to check recently acquired information, problem
solving strategies weak.

Incorrect answer - has difficulty with problem
representation

May not understand the problem fully

Domain specific knowledge weak

Example: Question 27 .

What does the closing phrase "put your best foot
forward" mean? .

1) Make a good appearance

2) Favour your strongest foot

3) Show off your new shoes

4} Wear the best shoes money can buy

61
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Response of subject 22

Favour your strongest foot

'Cause the other one doesn't like

I mean if they're going to be outshone
And maybe indicate too much weight.

Variables:

Difficulty with problem identification and problem
representation, problem sapecific declarative and’
procedural knowledge weak, problem solving strategy
weak. '

Unable to form a problem representation
Abandons the prolhlem or seeks help

Example: Question 10 .

Which of these is most like the "writing of glaciers

in the histgry of the earth"? ’

1) The mifrals taken from mines deep under the
earth '

2} The remains of ancient plants and animals in
rock formations

3} The hieroglyphic writings of ancient Greece

Responsge of Subject 14:

Um..I don't quite get that question..

Well its obwvious that..

I'm trying to figure out uhm..what it means

I don’t know...I {goes on to the next question)

Variables:
Unable to identify the problem, ’unable to form a
problem representation, problem/ specific declarative

"and procedural knowledge not évailable, relevant

——

information from previously présented text not
identified for recall, non-use of probiem solving
strategies.

Correct answer but elaborates the story content,
the question or the answer

Example: @Question 1

Why are scientists interested in glaciers?

1) Glaciers are very rare

2) Glaciers are disappearing from the earth

3) An understanding of glaciers may resveal
important facts sbout the history of the earth

4) The reasons for the movement of glaciers has
long been a complete puzzle to scientists

-
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Response of Subject 9:

- It might be number 3 because

They don’t really know. ..how...the ..earth beqan...bxke
there are really two different stories
So I'd probably say number 3.

Variables:

Appropriate problem identification, problem
representation not entirely appropriate, associated
declarative and procedural knowledge employed,
effective problem solving.

" Incorrect answer - elaborates the story content the

question or the answer

Example: Question 16

Why had Sonia offered to push Brian’s wheelchair?
1}  Brian couldn’t handle a wheelchair at all

2) Sonia wanted to tell Brian all about the birds
3) Sonia wanted to do a good deed

4} Sonia wanted to get some fresh air and exercise

Response of Subject 6:
The answer [ found is a htfle bit different than
these ones because the answer in there is that she
felt sorry for him ’‘cause Brian couldn’t handle a
wheelchair at all..is the one I'm going to pick
'Cause Brian had cerebral palsy and when you have
that disease ‘you shake a lot of the time..your hands

and whatever parts of your body.

Variables:

Appropriate problem identification and problem ‘
representation, associated declarative and procedural -
knowledge employed, effective problem solving, aware

that response is incorrect.

Correct answer but had to work at understanding or
solving the problem

Example:\ Question 1
Why are-scientists especially interested in glaciers?
1) Glaciers are very rare ’
2) Glaciers are disappearing from the earth
3}  An understanding of glaciers may reveal

. important facts about the history of the earth
4) The reasons for the movement of glaciers has

long been a puzzle to scientists
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Response of Subject 31:

If T read ths first paragraph

Ah ahm

Well ahm

I can't scrape anything from paragraph 1 that could
be an answer..but maybe paragraph 2...
Thm hm

If I reread the story

I think

I reread the story and I think one of the answers to
why are scientists esgpecially interested in glaciers
would be number 3

An understanding of glaciers may reveal important
facts-about the history of the earth

Because ah a part in paragraph 4

1t is because ah ‘
By such marks scientists know that in the last Ice
Age 10,000 years ago

Just because of some of the glaciers they found out
when the last Ice Age was.. .

By the marks of the glaciers

Maybe that was the answer.

{186 seconds for response.)

s

Variables:

Appropriate problem identification and problem
representation, recall of recently presented
information poor, problem solving strategy inefficient
but effective, problem specific declarative and

‘procedural knowledge weak.

Incorrect answer but worked diligently at
understanding or solving the problem

Example: Question &

Which of -these phrases tells best how continental
glaciers differ from piedmont or valley glaciers?
1) Faster melting 3) Faster in motion

2) More extensive 4} More common

Response of Subject 14:

Um (40 seconds of silence)

I'm not sure..l have to read it again

Oh the shape of the glaciers

Because it mentioned how big they were.
(94 seconds for response)
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Variables: .

Appears .to understand problem {(problem
identification) and to form appropriate
representation, does not recall recently presented
information, problem specific declarative and

procedural knowledge weak, problem solving strategy
ineffective. : '

Skipped the problem~with6ut attempting it

Variables:
Not addressed.

Méthematics Codes

co

CB

Correct answer only . '
Appears to understand the problem right asway

Example: Question 51

The watermelon Sam selected had a2 mass of 8 kg-
How much did the watermelon cost? (20 1/%2
cents/ke.)

1) 82 cents 3y s1.64
2) 51.60 . 4) (Not Given)
Response of Subject 10:
$1.64
Variables;

Immediate probiem identification, appropriate problem
representation, good declarative and procedural

. .- knowledge, automatic processing.

Correct answer with basis for answer

Appears to understand the problem right away
Demonstrates domain specific knowledge
Procedural strategy efficient

Example: Question 41

The average of 3 numbers is 8. Two of the numbers
are 11 and 9. What is the other number?

1) 3 2} 4 3} 8 4y 10

Response of Subject 12:

Oh OK 11 and 9.....20

I have 20

Something divided by 3 is 8
24

Is 4 there?

Yes number , 2’ .

N
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Variables: .

Appropriate problem identification and problem
representation, good declarative and procedural
knowledge, effective and efficient problem solving
strategy, checks to see if answer is one of the given
respgonses. '

Corfrect answer but demonstrates weak domain
ific knowledge .
Appea to understand the problem
May not use all the information given in the
question or may reason illogically or superficially

Example: Question 47 .
In the diagram be.low which angle has a measure of
about 60 degrees?

1) AOD 3) bocC

2) AOC 4}y BOC
Response of Subject 2:

DocC

Because AOQOD is 90 degrees angle...
AOC is a ...

AOC could be the answer ’cause it seems right..and
DOC would be higher than 90 degrees..and BOC is a
90 degrees angle

Oh no it isn't

Its ah

Um AOC could have possibly be 60 because its
higher than 9G and BOC is the right answer.

Variables:

Appropriate problem identification, problem specific
declarative and procedural knowledge weak, poor
problem representation, problem solving strategy
weak because domain specific knowledge is poor.

Incorrect answer - demonstrates weak domain
specific knowledge :

Appears to understand the problem

May not use all the information given in the
question or may reason illegically or superficially

Example: Question 44

The scale on a map of Canada is 1 cm = 300 km.
Bill’s hometown is approximately 2.67 cm from
Sudbury. About how far does Bill live from Sudbury?

t
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- Tt wouldn’t be 0

1 900 km 3) soo.km\

2) 800 km. - 4) 200 km

Response of Subject 6:

600 km ’'cause it says right here 1 cm is 300 km and
it says approximately he lives 2.67 cm

2 c¢cm = 600 so

Vamables.

‘Appropriate problem 1dent1flcat10n, problem
representation and problem specific declarative
knowledge but' weak procedural knowledge, does not
check response by doing multiplication on paper.

Correct answer by eliminating answers .
Appears to understand the problem but arrives at
answer through elimination of incorrect responses.

Example: Question 36

Below is the picture of a time clock at a factory.
The clock has only one hand which takes 8 h to ga
around once. If the hand starrq at. 0 where would it
be after 15 h?

1} 0O 3) 5

2y 3 4) 7

Response of Subject 11:

And it wouldn’t be 3 or 5
So it would be T.

Variables:

Appropriate problem identification and problem
representation, problem solving strategy inefficient
but effective because problem specific declarative and
procedural knowledge.appropriate.

Incorrect answer by eliminating answers

Appears to understand the problem

Eliminates the answers to arrive at the response
which is incorrect

[y

Example: Question 43

Which number sentence below is false? -
1y 3/6 > 2/3 3y /5 > /8

2y 1/2 < 3/3 4y 3/8 = 6/12
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‘Response of Subject :

3/6 is higher than 2/3..it's true N
i/2 is lower than 3/4 hm...

ven {t's lower

1/5 is lower than 1/6 so..

ine higher than /6

No it isn't

And /6 is equal to bf'l.r!

So 3 is false.

Varinbies: PR s/

Appfopriate problem identification and problem
representation, problem solving strategy ineffective
bacouse problem specific declarative and procedural .
knowledge weak.

Correct anaver but makes calculation error

Appears. to ‘under'sf.and the problem !-’-\J

Example: ‘Question 37

"Aboul what part of “all materjal shipped in 13965 was
oil?

4

1, onc-fift.h 3} one-third
2}  one-fourth i}  one-half
: \

Response of Subiect 4:

Ah I'm thij nkmp; -

I'm jusat [ooking at the oil diagram and how much oil
thpre is and then bring it down to cne.of these

Ah 1 think it is one-half because the oil in 1965
There are 12 lines here.and 12 lines up here so that

is nne-half* {The correct count is 11 mitlion tonnes

of oil and 12 of other products).

Variables:

Appropriate problem identification and preblem
r»pre%}&atmn. good declarative and procedural
knowlcdge. problem solving strategy efficient but
pnswer incorrect because of error in counting w ich”
wns not fohind because the answer was not. rhq%ed.
Incorrect angwe " because of calculation error
Appears to understand th,e/xs‘bblpm . ; .

<
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Example: Questmn 49 .

The class printed JbO copies of the fu-st issue, 400
copies of the secov\d igsue and 425 copies of the
third issue. What' was the increase in the number of
copies from the first to the third issue?

1) 65 3 40

2y 60 4y  {Not Given}

Response of Subject 43:

Not Given

400 take away 360 or [ mean
Like I went...it's hard to explain
"Like there's 30, 30 more made 00
And that’s 25

So [ got for my answer 45

Variables: _

Appropriate problem identification, inadequate
problem representaiton, declarative and procedural
knowledge weak, problem solving srratpcn inadequate,
does not check response.

Correct answer but Qiffibulty with problem
representation '

May not understand-the pfbbleh fully
Domain specific kndwlédge weak

'Example: Question 4J .

In drawing below, line segments AB and <D ara
parallel. What is the length of line segment CD?
1} 1.5 cm | 3) 3 cm

2) 2 cm 4) 4 cm .

Response of Sybject 3:

2 cm

Thid line (pomts to DO) is a l1ttle bit bigger than
that one {(CI).

Varidbles: N
*Inappropriate problem identificati jon and problem
representation, declarativ® 'and procedural knowl dge
weak, problem solving sfratpgy leads to correct
resporise by chance.

Incorrect answer - has difficulty with prob em
representation

May not understand the question fully
Domain specific knowledge weak

-

)
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-Example: : Question 36

Below is the picture of a time clock at a factory.

‘The clock has only one hand which takes 8 h to g0

around once. If the hand starts at 0 where would it
be after 15 h?

Iy O 3y 5

2y 3 4y 7

--Resgonse of Sub]ect 34: i
12

OK 13 14 15

It would be 3 o'clock in the morning or afterncon :
It would be number 3 .

Variables:

Appropriate problem identification, inappropriate
problem representation, declarative and procedural -
knowledge weak.

Unable to form a problem representation
Abandons the problem or seeks help

Example: Question~v64 o

In Aztec what use is made of the land with the least
annual precipitation?

1) Mining 3} Raising hogs

2) Grazing 4} Growing lumber

(requires the use of 3 maps)

Response of bject 4:
I'm looking at the question and at precipitation to

see which has the least numbers...] think it is ah...
I think its :

Researcher: Where are you looking?

(Subject points to right area on precipitation map
but uncertain about where to go frown there .and

decides to leave the problem after 2157 seconds.)

Variables:

Incofiplete problem identification, unable to form

problem: representation, declaratwe and procedural
knowledge weak. .

Correct answer but had to work at understand1ng og;
solving the problem
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Example: @Question 38 |

‘Mr. and Mrs. King bought a 2-year fire insurance
policy on the house with $40,000 of coverage. The
2-yvear rate .was 1.75 times the annual rate of $4.00
per $1,000. What did the insurance cost for 2 years?
1) s160 3 $320 R

2)  s280 4 (Not Giwen)_

Response of Subject 37:

Well, the total insurance is..540,000
And 2 year rate is...1.75
One year...2 year rate times
Two year rate...1.75 times annual rate of 5100 per
$1,000

1.75 times...54.00 per SI 000

So, 40,000, so thatd be 40,000 times 4

16,000

Wait a minute (quiet. computahonq and rPreadq
problem slowly)

I'm trying to figure out how much they have to pay
on the

Trving to figure out the total cost

What took uh..the total coverage times the 3$4.00 per
51,000 ‘

For every $1,000...and then U'm trying to

Don’t know if this is going to work

Times it by 1.75...see what T come up wlrh (quiet
computations)

Won't work

I'm trying to figure out...to work it out

Hm Um try 40,000 divided by 3%$4.00 per $1,000
That'd still be 10,000 so that’d be 40,000 divided by
4..hm and that should be divided by 1.75

Think that will work (more computations} -

(sighs) . :

I can't take the next...10,000 year..rate was 1.75..Is
that..that's the interest rates?

Trying 40,000 times 1.75
Oh I think I have it..-
OK its 40,000....$40,000...
So 40 times 4 equals 160
So 160 times 1.75 {(computations)

That’s..OK it’s number 2...280.

(heaves a sigh of relief - has stayed wlth the
problem 'for 914 seconds)

r

*

R .
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Variables:

Appropriate problem identification, some difficulty
with representation,. declarative and procedural
knowledge. Adequate, problem solving strategy trial
and error. Therefore inefficient but is per51stent “
and ‘monitors response.

_Incorreét answer but worked diligently at

understanding or solving the qqestion

. 1
Example: Question 38
Mr. and Mrs. King bought a 2 year Yire insurance
policy on the house with $40,000 of coverage. The 2
year rate was 1.75 times the annual rate of $4.00 per
«:000. What did the insurance cost for 2 years?
1 $160 3y 8320
2)  s$280 4) (Not Given)

Response of Subject 38:

Two year fire insurance pollcy

The two year rate was...times the annuaL rate for
$1,000 . 7
4 times 40,000...no ) ' _ : —
4 times 40 : :
$4.00...be- 40

4 times ¢....$80....$1.80...160.....360

That'd be for : _

And that'd' be for 2 years so that.would make 2
times 2...3...0K now what do I do next? '
$40,000 of coverage '

Two year rate. was 1.75 times the ‘annual rate
1.75 was thHe annual rate

Multiply it by 1.75...I1 think

Hig

Oh so it'd be more than that

Something like’

I[t’'s 1.75 times this :

Then it would be number 4...Not Given.

OK

Var'qb.es i

Appropriate problem identification, faulty problem
representation, declarative and procedural knowledge ~
weak, problem solving strategy inefficient and
ineffective. :

Skipped the problem without attempting to do it
V o

Variables:
Not addressed.
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Tﬂe correct answer only, or CO codes, for both
reading and mathematiés, indicate automatic
processing which occurs 1£ there is immediate problem
identification, appropriaté problem repfesentation,
and a good declaratlve and procedural knowiedge base.
The CB ‘codes Eor both readiﬁg and mathematics
indicate thét éﬁe subject displayed ggod déclaratlve
and procedural knowledge, had no difficulty with
problem identification or representation, accurately
recalled new iﬁfdrmation, éndfused efficient and
éffective problem solving stratégie§. Tﬁe reéding
codes CNB and INB indicate that the subject either.
did not Tetain or could not/F%rlieve information from
the previously péeséﬁtéd text. Those who answered the
question correctly relied on preqiously‘étored
related knowledge or were 1hckylguessers.

CWK and IWK codes for both reading and
mathematics signify weak declarative andfﬁrocedural‘

knodledge. There is no evidence of depth éf
processlng and broblem solving strategles are
ineféﬂ&ient. The mathematics' CEA and IEA codes |
_ répresent responses arriveé at by wquing through the
given answers and eliminating all but one of the

~ , :
given answers. This problem solving strategy was
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lnfrequently founé in the reading responses. The
. other set of codes spédific to mé;hematics, éCE and
ICE, reflect maigly on fhe indibidua;'s per formance
and ability to“monitoE and usé'feeéback, since
responsgs'reflect‘én adequéte knowlgdée base and‘
?pprbpriate problem sqiving strategies; The'CE and IE
" reading codés_represent respohses,ﬁhiéh indicate that
the problem stimﬁlated,several aséociated knowledge
éﬁrugtdfes in long term meémory and this sometimes |
defocused the end goal,_therefore ihterferiné with
problem repéesentatioﬂ. o ~

The codes wh}ch'relafe'to problem representation
are the same for reading and mathematiés. CDR and IDR
codes represent responses which indicate that the
subject.did not have a ricﬂ store of éomain specific
knbuiedge which would help with préblem
identification and the formafion of an approprliate
problem representation. Corréct responses seem
accldental rather than ratiopal. UPR codes feb;ésent g
a struggle to understand the problem, an inabiiity'tq
form a prqblém representatiop gnd finally abandonment

cf the problem. Such responses indicate the subject

has not been able to extract'dr;tical features from

)
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the proﬁlem statement, or does not have or cannct
éccess réiéted knoﬁledge stores lﬂ order‘to form a
p;oblem'representation..The CW and IW codes for both
reading and mathematics demonstrate motivation and
determiﬁation. These codes are indicative of lengthy
response timgs‘during which subjects experiment with
dilfferent broblem repgesentations ;nd q1f£erent
strategies. Finally, the SP codes represent

-unéttempted problems.

When tﬁe 2,784 reading and mathematics protocols

(58 prdbléms X 48 subjects) had been coded, the
reseércher pﬁt the coded profocols;aside for two
weeks and then with only the definitions at hand,
recoded 50% (1,392)I0f.the protocols. Twenty-one
protocols were recoded differently, therefore 98.49%%
of the.codes were in agreement with the previocus.
coding.‘Interqoéer agreement was then sought by
presenting a total of 50 randomly selected protocols
"to four school teachers along with the written
information processing code definltions. Each teacher
received a'brief orientation to the coding system.
Intercoder agreement between the reésearcher and each

teacher ranged from .77 to .92.

75
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Data Analysis:

~

The Statistical Analysis System was used for the-
preliminary analysls of data. The followling
informatlon was entered into the data file for each
subject: the sex and group to which the subject
belongs: the grade level; whether the subject had
been absent 10 days or less, or 11 days og‘more over
the past six school seﬁesters; and the processing
code and response time for each quéstion. The
pumerical,éymboi for each processing code also
{dentified correct and incorrect answers.

The nqmber of correct responses and thg response
times in réading and mathematlics were determined for
each individual and subseguently for each g:oug. The
means and standard deviations of the\Feading scores,
mathematics scores, readihg response fimes and‘
mathematics response times for all elght groups were.
compuEed. The frequencies of codes for each set of
skill objectives were determined 'according to the
sex/group and th; grade level. The frequencies of
codes for responses to gquestions aﬁéweredbby bath

grades were determined according to sex/grouSL'grade,

and absenteeism. For each set of skill objectives and
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questlions responded to by both grades, the percentage
of occurrences' of code frequencies was determined by
dividing the code frequencles by the number of

' observations, for example, the 31 common mathematics
. guestions would provide 31 times 6‘(indiv1duals per
sex/group) or 186 observatlons. Finding the
percentage of occurrences of code frequencies
+facillitated the ildentification of processing éa%terns
and processing problems.. -

The Mann-Whitney U Test was used to decide
whether fhere was a sighificant difference between
the means of the groups on reading scores,

mathematics sc9resland response times. Signiflcance
bof the U Statistic was determined Ry reference to the
Table of Critical Value; for the Mann- Whitney U
Statistic (Owen, 1962). :

The verbal protocols for the "plan your day"
question were examined in terms of each subject's
problem identification; problem representation:;
procedural* strategles; use of the subject's
e;perientiallknowledge bése with gegard to time

¢

allocation, time-—-event relationships, and the meeting

of personal needs.
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CHAPTER 3

PRESENTATION OF RESULTS

Background'Information

The children who participated in this study were
between the ages of 12 and 14. This age range.

corresponds to the average chronological ages of

*

-Canadian children in grades seven and eight for whom

test levels 13 and 14 of the Canadian Tests Of Basic
Skills, Form 6 were designed. The age range of the
gréde seven and graée elght Chroqic Asthmatic and
Insulin Dependent Diabetic children in this étudy is
therefore in keeping with the average chronological
age of Canadian children in gradés seven and eight.
Although the pargnts' school leaving level

ranged from non-completion of elementary school to
university graduation, 39.58% of the'children had at
least one parent with a university education. Across
the eight groups, five out of eight of the highest

scores in reading and ‘five out of eight of the
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highest scores in mathematics Were_ébtained by.
subjects who had at least one university educated
parent. However, taking tie sdores Into
consideration, seven 'individuals who h;d at least one
parent with a university education received .the
highest scores in reading as did five individuals
whose parents digd not have a Qniversity education. '
Six individuals with university educated parents and
fer individuals whose pa;ents did not have a
university education received the highest scores in
matheﬁatics.‘In contrast, six out of eight of the
lowest scores in reading and sewven out of elght of
the lowest scores in mathematics were held bs
subjects whose parents did not haqe'a university
édugation} Again taking tie sqgreg into .
consideration, eight individuals whose parents did
not have a ﬁniversiéy education and three individuals
whose parenfs did have a university education
recelved the loﬁesf scores in reading. Pless (1983)
stated that chronically ill children's'academic
succEss'ié stitively correlated with their parent's
educationalrgchlevemént leyeig The fact that mofe

children whose parents have a higher 'education do
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well than do poorly wonld tend to support this
statement. ‘.

‘ In order to help-establlish rapport between the
researcher and the subject before the verbal
protocols were fecorded, each subject answered
academic interest and achievement questions. The
academic subject most £frequently identified‘as best

liked was science and least liked was mathematics.

The subject In which the best marks ﬁeré most

frequently obtained was langtage arts, and the one in

which the lowest marks were most frequently obtained

was mathematics. In response to the question " .What

job or career would you - like to have when you finish

school?", 54.58% of the subjects responded with

definite career goals, indicating that chronically

i1l chiidren do méke'future Eareer plans and consider

themselves to be capable individuals.

Scores And Response Times

Individual scores and response times for the
reading and mathematics questions are presented in

Appendix E for Insulin Depehdent Diabetic sdbjecés

-



;nd in Appendix F for Chronic Asthmatic subjects. The
means and standard deviations of the scores and
response times are given in Appendix G,\Table Gui,
and the Mann-Whitney U statistics for the between
group_differences fof each grade level are auailablg
in Appendix G, Table sz.

Significant differences at the & = 0.05 level
were found 1) between mean reading scores of grade__:
seven male and female diabetic subjects:; 2) bétweeq
heah mathemgtics response times of grade seven femaie
diabetic and female asthmatic subjects; 3) between
mean mathematics scores of grade eight male diabetic

and female diabetic subjects; 4) between meah,

mathematics scores of grade eight male and female

*

(s .

asthmatic squects/gpd 5) between mean.mathematics
regponse timés oflgrade eight male diabetic and hafg
asthmatic subjects.

There were major group differences in Qariances
for scores and response times, with the g%ade seven

and grade eight male diabetics consiéténtly having

the larger variance for response time measurements.

Altpgggh_the grade. seven female diabefics had

[N -

signi?icantly hlgﬁer reading scores than the grade



seven male diabetics, both groups had four out of six

individuals who scorad below thelr respectTve group

mean. Their mean reading response times were almost

the same (789.00 and 789.50 seconds). One-half of the
females had reading scores below 17.16 and took

longer than 789.0 seconds to respond, whereas

one-half of the males ‘had reading scores below 13.16
but tock less than 789.50 seconds to respond. The
males appear to have taken a less reéléctive approach
to problem solving.

-

The grade seven female asthmatics took

significantly longer to.answer the mathematics

problems than did the female diabetics. Four female
diabetigs had scores'above‘the group mean of 23.33
and response times above the group meﬁn of 1659.00
seconds wvhereas only two female asthmatics had scores
above their group meah of 20.00 and above their group
mean response time of 2537.17 seconds. The mean
mathematics response time for the -female diabetics
was 65.38% less than the mean mathematics response
time for the female asthmatics.

The grade eight male diabetics had significantly

better mathematics scores than the female diabetics.
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The mean mathematics score was 18.66 for the females
;nd 24.66 for the males and the mean response time
for the females was 2027.16 and for the males Vs 4
1555.00. Fou;_out of six of the females cbtained
mathematics scores which were below the mean score
for thelr group. Grade eight male asthmatics also had
significantly better mathemafics scores than did
their female counterparts. The mean score for the
females was 16.33 and for the males 25.83. Thelir
respecfive mean response times were 1878.16 and
2212.83 seconds. One-half of the females, but oniy
one of the males, had scores below their respective
mean mathematlcs scores. Four out of six of the males
obtained above mean scores but tock longer than the
group mean time to respond. One-half of the females
took less than the group mean time to respond. The
score means for grade eight male diabetics. and grade
eight male asthmatics were similar but there was a
significant difference in mathematics response times.
The m;le asthmatics had a mean response time of
2212.83 seconds whereas the male diabetics had a mean

response time of only 1555.00 seconds.

Because each group consists of only six



84

subjects, the majof value in identifying significant
group differences_lies.in the comparison of”
information processiﬁé‘patterns between the groups.

~ In order to identify and thus understand ﬁhe
differences in the subjects' problem solving
abllities, an inforﬁation processing analysis of the
subjects' verbal protocols in response to the reeding
and mathematics gquestions is presented according tq
the skill objectives addressed by the questions.

) The percentage of correct responses by the
cﬁildren in this study across the verioes skill
objectives can be roughly compared ta-the percentage
of correct answers to the same items by children
nationallyl All of the test items of the Canadian:
Tests of Basic Skills have item norms. These norﬁs
are adjusted estimates'of the per cent of students
nationally who answered each item correctly. Item
norms are available for the fall, midyear, and spring
school terms. Because the children in this study
responded to the test itens under dlfferent
conditions (e.gq. verba; protocols were recerded and

there were no time restrictibns), and because the

testing of subjects took several months to complete,



5

i

thé norms are dséd only as inaicaﬁorslof item
difficulty. It is ugeﬁu{ to coﬁpafe the subjects!' :
declafative and procedhrél knowlgdqe baSé to that of
Canadian chi}dren at the same grade level even th&ugh
the subjecté_have an'advanfége'because'they are not.
_time limited and because they are thinking aloud
(Danseéeau & Gregg, 1966; Hafner,1957;: Tell, 1971).
Both the fall and midyear norms are refefred to:
because the testing of the subjects extended over

this period of time.

READING COMPREHENSION

Three skill objectives are addres#ed inlthe
reading éomprehension section of the test.
Information processinq code frequencies and
percentage occurrences of the codes for each skill
ocbjective are presented in Appendix H, Table H - 1 to
Table H - 3. Grade seven and grade eight subjects
both answered the first 1% questions of the reading
test and Table H - 4 presents the inftormation

processing code frequencies and percentage
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occurrences acrbssithé éight groups: The results will
be pre nted by skill objectives 'and the discusslon
plus 4?summary'table will follow the presentation of

all results.

#n

Recoqnizing And Understanding Factual Information

As Indicated in Appendix H, Table H-1, the grade
seven female asthmatlcs héd the most difficulty
recognizing and understanding factual infor#atio?fl
Even though they answered only 47% of the questions
correctly, they exceeded the. midyear norm (44.66) for
grade seven Canadian children on these igé%s. Theﬁ
only group to fall below the norms for both the fall
{51.50) and midyear ( 56.50) terms waé the grade
eight female asthmatic group whose responses were
only 50% correct. The high scorers were the grqde
eight male asthmatics who correctly answered 71% of
the guestions. The most frquént reason for incorrect
responses across all eight groups was an.inability to
remember or retrieve content from the text

accurately, or at all. This was evident in 35% of the

responses of the grade'eight female asthmatics. The
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sgcond most common reason for error for the grade
‘seven male and female diabefiSs was difficulty
‘uﬂderstanding thq questioh. For allhotheé groups the
second most common reason for error was not using all
the information in the quespidn or reasoning
1llogically or superficially. * '
Differences in infermation processing patterns
which contributed to the significant difference in
reading scores between the male and female grade
seven diabetics can be identified from Table H-1. By
adding the percentage of responses that were -coded
correct answer only and the answers coded co;;eqt
with an accurate and cqmprehensive‘éxplanation (CO +
CB), the percentage of responses ;eflecting géod
declarative and procedural knowledge can be obtained.
Thirty-one percent of the grade seven male diabetics'
and 47% of the fema}e diabetics'! responses
demonstrated good declérative and procedural
knowledge. Twenty-eight percent of the responses of
the gradé seven male dilabetics and 19% of the
responses of tﬁe éréde seven female diabetics were
incorrect because the subjects could not remember or

retrieve the content from the text accurately. Grade
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seven male diabetics also had slightly more
difficulty with problem representetlon (17% as
compared to 11% fof‘the female diabetics).
nformation processing patterns contributiné:to
a high percentage of correct answers can'ee examined

by looking at the processing patterns of the grade

eight male asthmatics who answered % of the k’
questions correctly. The grade. eight male asthmebkcs
were the‘only group whose best score across the
reading skill objectives was in recognizing and
understanding factual information. Fifty-six percent
of the responses demonstrate good declarative and
- procedural knowledge. Howeﬁer, 13% of the correct
responses were arrived at by eliminating answers or
by reasoning not based con the text and therefore
drawing on a previocusly stored knowledge base. The
remaining 2% of the correct responses were correct in
—

spite of illogical or superficial reasoning or
disregarding information given in tﬂe question.

The grade seven female asthmatics who scored
most poorly on these guestions had an equal amount of

difficulty with problem representation (14%), not

using all the given information in the question or
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reasoning illogigallf or superficially (14%), and
failing to remember or retrieve information from the
text .(14%). ?orty—seven percent of their responses
were correct and 42% of these responses demonstrated

good declarative and procedural knowledge.

Making Generalizations

From Table H — 2 it can be seen that the grade

—-seven female asthmatics did considerably better at

making generalizations than they did at redognizing
and uhderstanding factual information (74% correct_as
compared to 47%). Female diabetics were much better
at making generalizations than the grade seven male
diabetics which also contributed to the significant
difference in reading scores bhetween these twe
groups. The females answered 80% of the questions
correctly whereas the males answered only 54%
correptlyjdéood declarative and procedural knowledge
was evident in 72% of the responses by the grade
seven dlabetic females but in only 44% of the
responses of the males in this groégfhahirty—seven

percent of the responses of the grade seven male
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diabetics were incorrect because the subjects did not

remember or retrieve the content from the text

accurately but only 11; of the answers of the females

were incorrect for this reason. All four grade eight

groups reasoned llloglically or superficially or did

not use all the informatlon given in the gquestion in
4/17 to 18% of their answers.

Although no significant differences in overall
reading scores were found between groupé other than
the ‘'grade seven male and female diabetics the
diffefent information proceséing patterns across the
eight groups are clearly evident in Table H - 2. The
groups who had the mo difficulty making
generélizations were the grade elght female
asthmatics, the grade séven male diabetics and the
grade eight female diabetics. The percentage of
occurrences vary but tpe information processing
patterns contributing to incorrect responses are
similar. The majority of lncorrect responses were
made'because of an inability to rémember or retrieve
information from the text accurately, because of
illogical. or superficial reasoning, or because of

difficulty with problem representation.
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One-half of the groups, the grade seven female

. diabetlcs, male asthmatics and female asthmatics and

the grade eight male diabetics, received their

highest reading scores on this skill objective. All

grade seven groups scored above the fall norm of

§3.22 and the midyear norm of 58.44 on these items.

All grade eight groups scored above the fall norm of

$50.63, but only the male diabetics scored above the

mlidyear norms.
-
&

e

Inferring Underlving Relationships

The three groups who had dI?Eiculty making
generalizations (the grade seven male diabetics, the
grade eight female diabetics, and the grade eight
female asthmatics) received their highest réading
scores on this skill ob}qptive; The gradé seven
female diabetics had the %ighest percentage of
correct responses {(79%) and 75% of their responses
reflected good declarative and procedural knowledge.
The grade seven male diabetics had 65% of their
responses correct and 50% reflected good declarative

and procedural knowledge.



The grade elght subjects had between 23 and 27%
of their responses incorrect because they reasonad -
illogically or superficially, whereas_the grade seven
subjects had between 8 and 13% of thelr answers |
incorrect for the same reason. Out of the 5 inference
‘questions for grade eight and the 8 inference‘
questicons for grade seven, the two groups answered 4
questions in common. The major reason for incorrect
responses (8 to 17%) in t§§ grade seven groups was an
inability to remember or retrieve information from
the text accurately. The gr;de eight subjects also
experienced this difficulty in 7 to 13% of their
responses. Subjects who cannot remember or retrieve
information from the _text accurately do not have an
a?curate base of knowledge from which to make
inferences. ‘

Table H - 3 demonstrates the variety of
information patterns used by the eight groups, for
example, eleven different information processing *
codes were 1dentified for grade seven male diabetics'
responses but only five for the grade eight male
diabetics. The answers of Fhe grade eight males were

incorrect either because they could not remember or
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retrieve information from the text, or because they

' did not use all the information in the questién_ﬂr,
reasonedlillogically or superficially. The percentage
of correct responsés for all eight groups was well
above the midyear norms of 57.38 for grade seven and

52.60 for grade eight for these test jtems.

Questions 1 - 15 Answered Bv All Groups

Questions common to all groups provided an
opportunity to compare information processing
strengths and weaknesses across the two grade
levels. The expectation was that the grade eight
subjects would find the questions easier and
therefore respond differently than the grgggafeven
subjects. Table H - 4 indicates that this was not’ the'
case. The highest percentage of correct responses
(68%) was made by the grade seven-female diabetics,
The grade efght female diabetics had only 57% of the
answers correet. The majqr reason for difficulty in
all groups was an inability to rgmember or retrieve
information from tﬁe text accurately or at all. The

extent to whith groups experienced this difficulty
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ranged from 17% to 31% of the responses. Differences
in the percentage of responses demonstrating good
declarative and érocedural-knowledge (CO + CB) élso
varied across the groups rather than being
consistently higher for the\grade elght subjects. All
grade seven and grade eight groups scored above the
midyear norms for theilr grade level with the
exception of the grade eight female diabetics who
scored below the midyear norm but above the fail noerm
for grgde elght étudents nationally.

Appendix H, Tables 1 - 4 provide a detailed
analysis of each group's problem solving approaches
to the questions within each set of skill objectives
and for the common reading questions. Both the
information processing patterns whiéh\resulted in
correct answers and those which resulted in incorrect’
answers are given. 1In order to make comparisons
across the skill objectives, Table 1 summarizes the
percentage of correct answers, the percentage of
answers demonstrati integrated declarative and
procedural knoﬁled;:?\;:; the major reasons for
difficulty across all skill objectives and aciocxs the

questions answered by all groups.
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MATHEMATICS

The mathematics questions addressed nine skill
objectiveg. Thirty-one of the questions were answvered
b; both fhe grade seven ;nd eight subjects. Appendix
I, Tables 1 - 9 present the information processing
code frequencies and percentage occurrences for the
skill objectives. Table I - 10 presents the-anafyéls
of the responses to the 31 questions answered by all

gfohps.

Single Step Problems

Single step problems requirF the use of one of
the following: addition, subtraction, multiplic;tion,
or division. The percentage of answers correct in
this skill category ranged from 33% for the grade
eight fgmalé asthmatics to 79% for the grade eight;
male diabetics. Table I - 1 identifies the strengths

"and weaknessés in information processing across the

groups. The grade eight female asthmatics had

T
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incorrect responses because of difficditf with
problem representation for 25% of the questions and °
were totaliy unable to form a problem representétion
for 13% of the questions. In 21% of their answers
they either did not use all the infofmation given in.
the question or they reascned illogically or
superficially. Difficulty with problem representation
Qas also the most common reason for error in the
grade seven female diabetic group. Incorrect answers
due to qalculation errors occurred in ail but tgo
éroup; and correct anéwers in Qpite of ca}culation
errors occurred in four groups.

There were significant differences between the -
grade éight male and female diabetics and between the
grade eight male and female asthmatics .in the overall
mathematics scores, and differences in information
processing patterns for the single step problems help
identify why these differences exist. The grade
eightafales had similar patterﬁs.in that their major’

reasons for difficulty were illogical or superficial

reasoning and calculation error. The females also
demonstrated illogical or superficial reasoning but

to a much greater extent than their male peers (29%

\
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compared to 17%, and 21% compared to 13%). A major
difference between grade eight male and fémale
asthmatics lies in the ability to appropriately
represent the problem. The female asthmatics
‘incorrectiy responded to 38% of the problems because
of difficulty with problem representation whereas the
‘males had this difficulty with only 4% of the
problems. All groups with the exception of the grade
' eight asthmatic group scored above the midyear norms
for these items. The grade ‘eight asthmatics were far

below even the fall norms of 56.25.

Multiple Step Problems

Multiple step problems involved the combined use
of the basic operations of addition, subtraction,
multiplication and division. Analy§i$ of the
subjects’ management of these problems is avallable
in Table I — 2. There is evidence of much difficulty
with problem representation. The percentage of
responses which were incoifect plus the percentage of

problemé which were abandoned because of difficulty

with problem representation across the groups are as
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follows: 25% for grade seven male diabetics; 42% for
grade seven female diabetics; 25% for grade seven
female asthmatics; 12% for grade elight male
diabetics; 44% for grade eight female diabetics: 11%
Eogvérade elght male asthmatics; and 44% for grade
eight female asthmatics. The grade seven male
asthmatics did not have difficulty with prqblem
representation. They responded correctly to 75% aof
the problems. Both the grade seven and the grade
eight female groups scored below the f£all norms on
these items. The grade eight .female diabetics
correctly responded to only 39% of the problems
within this skill objective and the grade eight

female asthmatics to only 44% of the problems.

Number Systems

Test guestion 40 is an example of a problem in
this category. The objective 1s to £ind the missing
numeral in a number series. Table I - 3 shows that
the subjects -had much less difficulty with this skill
objective than with the previous two. Both the grade
seven female diabetics and the male aéthmatics were

100% correct in their responses. Eighty-three per
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cent of the responses of the grade eight fémdle"
asthmatics were cqrrect, a marked difference in
performance when comﬁafed to the 33% correct for
single step problems and 44%. correct for multiple.
step problems. Difficulty with problem representation
ledlto error in 25% of the responses of grade eight
femaie diabetics, and in 17% of the fesponses of
both the grade seven and grade eight female
asthmatics. The item norms for ‘grade seven were 81.5
for the fal} and 85.0 for midyear, and for grade
eight 65.5 for tﬁe fall and 71.0 for midyear. All
groups scored above the fall.norms and only the grade
seven male diabetics, the grade seven Eemalé
asthmatics and the grade eight female diabetics

scored below their respective midyear norms.

Fractions

Table I - 4 indicates that all groups to varying
degrees, either did not use all the informétion given
in the question or reasoned illogically or
superficially. The declarative‘and procedural

knowledge base necessary to accurately answer



101

questions dealing with fractions is weak. Thi; was
the cause of error in 58# of the respﬁnses of the
grade eight female asthmatics, in 50% of the
responses of grade eight female diabetics , in 33% of
the responses of grade seven male diabetics, grade
seven female asthmatics and grade eight male
diabetics, in 25% of the responses of grade seven

female diabgti¢s and grade eight male asthmatics, and

in 17% of the responses of grade seven male

asthmatics. An example of this type of thinking;can

be dehonstrated in the response of subject 48; a

grade eight female asthmatic, to question 43:

Which number sentence below is false?

—_—

l) 3/6 > 2/3 3) 1/5 > 1/6
-2) 1/2 ¢ 3/4 4) 3/6 = 6/12
Response: Uhm I'd say number 3... Uhm...'cause 1/5

is less than 1/6, 'cause & you have more pieces and 5
you have, less pieces.

. Also coﬁmon.to several of the responses which
were coded within this information processing pattern
was the tendency to round off numbers rather than
multiply the entire number given in the question. For

example, in Question 44, many subjects multiplied 2 x
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300, rather than 2.67 x 300.

Tﬁree groups scored below the £all norms, the
grade seven female asthmatics, tﬁe grade eigﬁt Female
diabetics and the grade eigﬁt female asthmatics. All
other groups scored above thé midyear norms. Female
asthmatics in grade seven correctly answered 55% of
the gquestions and the gracde eight female asthmatics
only -17% of the gquestions. In contrast, their-male

counterparts answered 75% of the questions correctly.

Operational And Relationai Symbols

The one question which addressed this skill
objective for both grade levels was Question 46:
Which sign if placed in the QO will make

z 0 1/z =1 a true number sentence?

1) + 2) - 3) x 4>

Fifty percent of the responses of the grade eight
female asthmatics indicated the question was
abandoned because subjects were unable to form a
pgéblem representation. This was also the case for
33% of the responses of the grade eight female

diabetics, and 17% cf the responses in all remalning
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. groups. Thirty—-three percent of the grade eight male
diabetics and of the gfade-seven male asthmatics used
a faulty problem representation. Thirty-three per
cent of the responses of the grade seven male
diabetics indicated that the subjects had work;d
diligentiy_at understanding or‘solviné'the questicn
but still'aid not obtain the right answer. Ah,equal
percentage‘qf grade seven female diabetics worked
diligéntly'a£ understanding or solving the problem
and answered the qdestion correctly. Since problem
representation is‘determ;néd by the way the problem
is stated and inbélves first a language
interpfgtation process and then a sclution
construcﬁ&on pfdgess, the source of the problem may
lie primarily in the language interpretation process.
Had the Canadian Tests Of Basic Skills' asked "Whiég-
sign if placed in the circle..." subjects would not
have confused the O with a numerical zero. Also,
another letter for the z would have eliminated
confusion with a 2, even though the question might
h;ve been easier haé the subjects' perceived the z's

as 2's, Table I - 5 gives a complete description of

information processing patterns used in response to
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this question. The item norms for grade seven are
37.0 for fall and 43.0 for midvear; and for grade
eight, 54.0 for £fall and 60.0 for midyear. Three
groups scored above the midyear norms, the grade
seven female diabetics, male asthmatics and female
asfhmatics. Only 33% of the grade seven and eight
male diabetics, grade eight female diabetics and

female asthmatics responded correctly to the gquestion.

Geometry

As indicated in Appendix I, Table I - &, correct
responses ranged £r6m 50% of the answers to 78% of
the answers. Only one group, the grade seven female
asthmatics scored below the midyear norms. TLe grade
seven female diabetics had gié\highest percentage of
correct answers and they demonstrated good

declarative and procedural knowledge“in 67% of their

d///,»f\responses. The other 11% of theilr correct responses
A

.'.f'/

{ — revealed initial difficulty with problem
representation. Incorrect answers (22%) were also a
result of difficulty with problem representation

which resulted in subjects! ﬁbrking with a faulty
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representation. The major reason for difficulty in
all groups except the grade eight female asthmatics
was difficulty with problem representation but 13% of
the responses of the grade eiéht female asthmatics
were also in this category. The grade eight female
asthmatics did not even try to answer 17% of the
geometry gquestions.

The grade seven female asthmétics. as well as
having difficulty with problem representation, did
hot use all the information given in the problem or
reasoned illogically or superficially thus reflecting
weak declarative and procedural knowledge in 22% of
the responses. For example, in Question 47, the
question clearly indicates that line segments AB and
CD are parallel. This was a frequenély ignored given.
Many responses, 1f correct, were based on statements
such as "well it looks a little less than OD" ; or if

incorrect, " its about the same as AO and OD .’

e

Determining Differences / Rates / Ratlos

In order to answer these questions the subjects

had to extract information £from a‘graph or map.
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- Appendix I, Table I - 7, shows that the grade seven
| female asthmatic subjects had the most difficﬁlty
with these‘pfoblems. In all groups, ‘the males
answered more questions correctly than their female
peers. Faulty problem representation or inability to
form a problem representation-was the major cause for
error in the grade seven female diabetics, the grade
eight male asthmatics and the grade eight female
asthmatics.-Question 54 was a frequent source of _
difficulty because some subjecté compared the black
.pa?t of the graph for 1975 and 1970 and gave the
right answer , i.e. one million more tonnes were
shipped in 1975. Other subjects looked at the coal
legend and accurately ldentified coal on the graph
but assumed that 16 million tonnes of coal were
shipped in 1975 and 14 tonnes were shipped in.1970.
This was arrived at by counting from the botfém of
the graph or referring to the values along the left
vertical axis. To arrive at the correct answer the
subjects must count the crossed seétions rep;ésenting
coal and subtract the one from the other.-Similarly,

in response to question 56, the answer "other

products® rather than "coal" was given because as
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é;bject 8 said "....each time its more high than
these ones" (pointed to the height of each column).
Illogical or superficial reasoning was the other main
reason for error. An example 1ls Subject 33's response
to Question 57:

About what part of all material shipped in 1965

is oil?
1) One-fifth 3) Onefthird
2) One—fourth 4) One-half

Response: (repeats question) ..2 3 4 56 7 8 9 10 11

one-fourth....11l, 11 tonnes was oil, and ;
there's‘12. then I just took one away from five and
got one-fourth.

None‘ the grade eight subjects skipped

gaestions in this skill category, but in grade seven

thé percentage of responses skipped were as follows:

14% by male asthmatics, 6% by both male diabetics and
female asthmatics, and 3% by female diabetics; Bll

groups scored above the midyear norms for these items.

Interpretinq_And Relating Data From Maps And Graphs

These problems are multiple step problems which
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require the subject first £o interpret what the
question asks, then to find the map or graph which-
will supply the required information, extract the
informétion.from the.map or graph using the
appropriate legend, and finally to make the required
interpretation or calculation. An example ls Question
B8:

‘"What is the total annual corn production in
Clermont?" .

In order to a%swer the duestién the subject must
choose the Crops map (out of the six maps presented),
——
find Clermont province, find the legend faor corn.
count the number of sy&bols for corn within the
province of Clermont, refer to the legend to note
that each symbol represents 250,000 tonnes, multiply
250,000 times 8 and select the correct aﬁswér,
2,000,000 tonnes.

Appendix I, Table I - 8, gives a full
description of the _subjects' responses to these
guestions. The grade eight males had much less
difficulty with these problems than the grade eight

females. The males demonStrated good declarative and

procedural knowledge. The male asthmatics answered
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85% of the questioﬁs correctly and 81% of their
resagﬁses vere elther a prompt correct answer or a
comprehensibe description of an efficient procedural
strategy and the correct answer. Similarly, the grade
‘eight male diabetics answered 83% of the questions
correctly with 75% of the responses demonstrating
good declarativ; and procedural knowledge. In
conéizzzﬁ\the grade eight female asthmatics
demonstrated good declarative and procedural
knowleﬁge in only 35% of théif responses. fuenty.-
three percent of thelr responses demonstrated weak
prdcedural knowledge or non-use of all available
information. Fifteen percent of the answers reflected
an inability to form a problem representation and 6%
of the responses indicated that the subject was
working with a faulty problgﬁ repfeseﬁtation. The
most common reason for error in five of the eight
groups was poor procedural knowledge and non-use of
all the given information. |

The most common reason fbr error ln the grade
seﬁen female diabetics was difficulty with problem
representation (13%) and an inability to form a

problem representaticn (6%). The grade seven male

Al
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asthmatics skipped 15% of the problems whereas the
grade eight male asthmatics had few problems with
these questions. The grade eight male asthmatics'
most common reason for error was the inability to
form a problem representation (6%). Eight percent of
the responses of the grade seven and grade elght
female diabetics were incorrect because of
calculation errors. An example of a calculaﬁion error
is the answer 200,000 instead of 2,000,000 for
Question 68,

Only the grade ejight females scored below the
fall norms, their male counterparts scored well above

the midyear norms of 67:.75.

Inferring From Maps And Graphs

—»-;;l“Thesg questions are also multiple step problems.
Once the problem has been identified, the subjects
must know how to extract the information from the
map, maps, or from the graph in order to make
inferences which will result in the solution to the
question. For example, Questi&n 64 asks:

"In Aztec, what use is made of the land with the
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least annual. preciplitation?”

The subjects must go to the precipitation map, read
the legend, f£ind the area in Aztec with the least
“annual precipitation, go to botﬁ the resources ‘map
and the crops map and identify from the legends
associated with these maps the use which is made of
‘the land with the least annual precipitation. Strce
the resources map does not show coal, iron or copper
in this area, it is .inferred that answer numbe;ﬁszﬂ
.mining, is not the correct anﬁwer. The rescurces map
also indicgtes there are no forests in this area so
the fourth answer, growing lumber, is lincorrect. T@§
crops map shows sheep and cattle in th identified
aréa, but in order to arrive at the cor;ect answver,

" the sdbject; willineed to know the-meaning of the
-word "grazing".

As shown in AppendixII,!Tabie I - 9, the
percentage of correct responses were 25% for the
grade elght feméle asthmatics, 33% for both the grade
seven male diabetics and the grade eight female
diabetics, 39% for the grade seven female asthmatics,

50% for the grade seven female diabetics, 61% for

both the grade seven'male asthmatics and the grade
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eight male diabetics and 83% for the grade eight male.
asthmatics. The fall norms are 30.00 for grade seven
and 46.33 for grade eight, and the midyear norms are
35.33 for grade seven and 51.33 for g;ade eight.

The major reason for difficulty with these
problems across all eight groups was weak procedural
knowledge. The second most common reason for
incorrect responses was difficulty with problem -
representation. These were also the questions most
commonly sklpped by the grade seven gﬁbjects in all

four groups.-

Questions 40 - 70 Answered By All Groups

Appendix I, Table I - 10, allows for an
examination of the strengths and weaknesses in
p;obleﬁ solving across the groups in response to the
31 mathematics prbbléms answered by all groups.’The
grade eight méles had the highest number of correct
responses and the highest percentage of responses
demonstrating integqrated declarative and procedural
knowledge. As shown in Appendix G,. Table G - 2, a

significant difference in mathematics scores was
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found between the érade eight male and female
diabetics and between the grade eight male and female
asthmatics. The male diabetics had 75% of their
responses correct with 67% demonstrating good
declarative.and procedurai knowledge; but the female
diabetics had only 57% correct and only 44% of their
}esponses demonstrated good declarative and
procedural knowledge. The grade eight male asthmatics
had 79% of their responses correct with 68%
demonstrating good declarative and procedural
knowiedge; but the‘grade eight fema}e asthmatics had
51% of their responses correct and only 38:
demonstrated good declarative and procedural
knowledge.

'Tﬁe most common reason for incorrect responsés
was inadequate procedural knowledge. The subjects
appeared to uné;rstand'what was required but either
did not usé all the information given in the problem,
or reasoned illogically or superficially. This
difficulty was reflected in only 9% of the responses
of the grade eight male asthmatic; but in 19% of the
responses of the grade eight femafe asthmatics.

Sixteen percent of the responses of therfemale
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asthmatics indicated they could not form a problem
representatioﬁ and abandoned the problem but oniy 5%
of the responses of the male asthmatics indicated‘
this type of problem. Nine percent of the respbnses
of the female asthmatics and 4% of the grade eight
male asthmatics indicated difficulty forming a
problem representation. |

The grade eight male and female diabetics had
similar variations. Twenty-two percent of the
responses of the females and 15% of the responses of
the males demonstrated weak domain-specific
knowledge; 10% of the responses of the females and 5%
of the responses of the males indicated difficulty in
- forming a problem representation and 6% of the
responses of the females but only 2% of the responses
of the males demonstrated an inability to form a
problem representation.

There weré no significant differences in
mathematics scores between the érade seven groups but
pattefrns of strengths and weaknesses did vary. Thé
grade seven female diabetics had less difficulty with
procedural knowledge than the male diabetics and the

female asthmatics. Only 8% of the responses of the
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female diabetics, but 22% of the résponses of the
male diabetics, and 21% of the responses of the
female asthmatics were incorrect because they did not
use all the information gfvén in the question, or
ﬁhey reasoned illogicallebr superficially. Working'
with a faulty problem repré;entation’or inability to
form a problem representatién were the seéond most
common sources of difficulty. Incorrect answers due
to calculafion errors as percentage occurrences are
as follows: none for the grade seven male diabetics:
6% for the grafe seven female diabetics; 2% for the
grade seven and the grade eight male asthmatics: 3%
for the grade seven female asthmatiecs, fhe grade
eight male diabetics, the grade eight £female
diabetics and the grade eight male asthmatics and 2%
for the grade eight female asthmatics. Calculation
errors\were not a major cause of incoréect responses.
Once students clearly established the problem goals
and knew the procedure, mathematical calculatfons
were, with the. above noted minor exceptions, correct.
Six groups scored aboye the midyear norms for these

items, but the grade eight female diabetics and

female asthmatics both scored below the fall norms.’

N

oyl
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Table 2 summarizes the information
processing patterns for the mathematics questions by
skill objectives. The percentage of correct
responses, the total.ﬁercéntage of responses that
reflect good declarative and procedural knowledge (CO
+ CB), and the major reasons for difficulty are-
presented for the nine skill objectives and for the

questions'answered by all groups.

Subject Profiles For Reading And Mathematics

Each subject's information processing patterns
across all the reading questions and all the
mathematics questions were graphed to give a reading
profile and a mathematlcs profile for each subject.
The 96 individual information processing profiles (48
reading profiles and 48 mathematics profiles) are too
numerous to include as an Appendix. In order to
demonstrate the differences in information processing
patterns acreoss individuals, samples of information
processing pfofiles in readiné are presented in

Figures 1 to 4 and samples of informatlon processing
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Informarion Procecssine Patrtetns: Mathematics

Group Grade 2 Covrect I co s CB Ha jor Remszons

For thftcnpgy

Skill Objaceive:r 3Single Step Problams

(1a0)

ND 7 69 _ 57 INK (17) IDR

FD 7 &4 57 IDR (l4) IWK (10) 1ICE (10}
MA 7 76 &7 INK (12) IDR (7)  UPR (5)
FA 7 62 LY I I¥K (19) ICE (9

Hp 8 79 63 INK (17) ICE (4)

FO 8 67 62 IWK (29) 1IDR (4)

MA 8 71 62 IVK (13) ICE (8)

FA 8 13 29 IDR (25} IWK (21) UOPR (13)
Skill Objective:r Nulclple Step Problems

HD 7 58 50 IDR (25) IWK (17)

£D 7 50 , s0 IDR (28) UPR (17) IN (8)
MA 7 75 &7 IHK (25)

FA 7 50 42 IKK (17) uPR (17)

MD 8 58 50 INK (28)

FD 8 g 13 IDR (33) UPR (1l1)

HA 8 - 72 56 IWK (11) upR (1l)

FA s 84 28 UPR (39) )

Skill Objeccive:r Huober SyoCeaos

MD 7 33 87 IWK (8)  UPR (8)

FD 7 100 75

HA 7 100 ) 92

FA 7 83 75 IDR (17)

HD 8 92 81 IDR (8) ‘

4] 8 67 58 IDR (25) 1ICE (3)

HA 8 92 78 ICE (8)

FA | a3 67 IDR (17)

5kill OGbjective: Fractions

MO 7 42 23 IWX (33 TEa (17) 1w (8}
FO 7 50 2% IWK (25) ICE (17) UPR (8)
HA 7 s 58 WK (17} ICE (8)

FA 7 25 25 IWK {33) ICE (17} UPR (%)
HD a 67 67 INK (31)

FD 8 a2 31 INK (50} IN  (8)

MA g Is 58 INE (25)

FA 8 17 17 INK (S8) UPR (8) ICZ (3)

Hoteat For code definltions see Appendix D
MD = Male Dlabetlcz) FD = Fesoale Dlabaticsy
MA = “Male Aschmatics; FA = Female Aschaoazics.
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Group

Grada

I Cartece

IC0 & cB

Ma jor Raazons

For Diffliculcy

Ski1l Objaccivar Operational And Relaclonal Symbols

IDR él?)

MD 7 13 17 IN (33) INK (A7)

FD ? 83 17 UPR (17)

MA 7 50 17 IDR (33) UPR (17)

FA 7 &7 a3 INK (17) UPR (17)

HD 8 33 WK (33) IPR (33

FD 8 13 17 INK (33) UPR (33}

HA 8 50 50 INK (33) UPR (17)

FA 8 i3 17 UPR (30) TEA (17}

S5k1ll Objactive: GeomerTy

MD 7 56 9 IDR (33) IWx (11)

FD ? 78 67 IDR {22)

HA 7 s1 84 IDR (17) UPR (1l1) I¥K (1l1)
FA 7 50 19 IDR (28) IWK (22)

HD 8 7 L IDR (17) UPR (B)

FD 8 58 13 IDR (17) 1IWK (8)

MA 8 67 50 IDR (13) VUPR (4)

FA ) 58 38 sP (17) IDR (13)

Skill Objective: Deternining Differences/Ractes/Racioa

MD 7 77 sa IWK (l14) IDR (3}

FD 7 67 67 IDR (14) INWK (8)

HA 7 64 &4 INKE (17}  SE (18) v
FA 7 50 19 IHK (25) IDR (&) UBR (8)
MD 8 7% 1A INK (la) ICE (11)

FD 8 58 44 IWK (22) IDR (8) UPR (8)
HA g 87 L1 IDR (14) IWK (11)

FA B 61 $3 uerrR (17) IW¥K (11}  IDR (11}

Skill Objecrive:

MA

Interpreting And Relacing Data From Maps And Graphs

HD ’ 63 28 INK (27)  IDR (6) _
FD 7 63 Sa IDR (13) UPR (&) .—
MA 7 69 58 52 (l5) IWK SS) upR (5)\4‘,,«
FA 7 71 56 IWK (10) SP (8) ury (§) .
HD -} 83 73 WX (10}
FD 8 LT a8 INK (14) ICE (8) IDR (8)
8 5] 31 UPR (6)
FA a 54 33 IWK (23) VPR (1%} DR (&)
Note: For code definiclons see Appandix D N

MD = Male Diabecles;

FD = Fezmale Dilabeclcs;
HA = Male AschmaticsiFA = Fepale Asthmactics,
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Croup Grads I Correct I CO & C3 Malor Reasons

For Difficulcy

Skill Objactive: Infexrring From Mapas And Graphs

HD 7 12 24 INK (33) DR (17) 5P (11)
FD C 7 50 a8 INK (22) UPR (11} SP (1IL1)
NA 7 61 19 IR (17) SF (11)

FA 7 19 22 INK (33)  sp (17)

ND a s1 LT INK (28)

Fo 8 13 22 IVK (39) UPR (173

HA 3 83 72 INK (6) UPR (&) IDR (6)
TA s 28 17 INK (39) IDR (1L1)
Quescions 40-70

MD 7 59 [¥] INK (22) IDR (11) UPR (3)
FD 7 65 55 IDR (12) IWK (8) UPR (&)
A ? 66 'S1 Wk 12)  se o) uer ()
FA 7 S4 40 IWK (21) UPR (8) IDR (7}
HD ] 75 &7 INK (15) IDR (5)

FD ] 57 a4 IWK (22) IDR (10) UPR (§)
MA 8 79 &8 INK (9) upR (5) IDR (4)
FA .1 £33 L T:) INK (19) UPR (16) IDR (10)

Notes For code definiclans se&e Appendix D
MD = Male Diabetics; FO = Female Diabeatics;
HA = Malae Aschaatics; FA = Fenmale Asthnatics.

Bl
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profiles in mathematics, in Figures 5 to 8.

The grade seven students were bresented with 23
reading guestions and the grade eight students with
24 questions. As demonstrated 1in Figure 1, Subject
36 who received a reading score of 20, had very
little difficulty with the reading quéstions'and
demonstrated good declarative and procedural
knowledge in 17 responses. Three guestions were
answered incorrect;g even though she worked
diligently at solving two of the questions. Subjeﬁf 5
obtained a reading score of 9. Figuré 2 demonstrates
that his major problem'was an inabllity to accurately
remember or retrieve recently acquired information
from the text. The verbal protocols of this subject
indicate thaEéhe did not return to the text to seek
answers or to check his answers. For example, his
response ‘to question 1, "Why are scientists
_especially interested in glaciers?', is "Well it said
they are disappearing in the paragraph so I'd say
glaciers are disappearing from the earth." The first
paragraph of the text states that glaciers are found
on every continenf except Australia. Subject 42

recelved a reading score of 13. Figure 3 illustrates



Eigure 1.

1T=  Essns
18=
15=
=

13-

11=-

Fraguency
-
1
II----.I-.I.Iﬂ....l...l...lﬂ.-

Information procsssipg profile in resding:

sTade 7 femals asthaatio, subjeot 3.

L ] T S3RER FEERE
L) L I R R B |
EUEEN LER LR RENEN

g : " EEade Y le N e

Fisurs 3.
&-
[
J;ﬁ teens
] '
bl 2 \ N
gf ) s
# 0= lewsnn ] [
o
"3} [ ] L] [ ] [ ]
™~ ' ] [ ]
' ' ] '
i [ ' ] '
] [ [ .
' 1 ' [
' ] [ .
1- [ 1 ]
' ' 1 1
. ] ' [
] [ ' [
R4 L4
(N1 [}

o] CWK IWE

CODES FOR READING

gtnde 8 mals asthmatia, subject 42.

Information processzing profile in resding:

CNDE3 FOR REBADING

IAEE?]
& 3
[} L3
1 1]
s¥338 1 ]
L] [} L} .
L} 13 3 ]
] 14 [ SR |
[} L (3 ] IEREY
] 3 L} L L) 1
] 3 L} ¥ ] L}
L] [} i ) & ]
] ] ] 3 L} 3
] L] [ [} 3 [}
3 L] L 1] L} 1
13 [} 4 ] 13 L]
i L} ] ] 13 L}
] [3 1 . L} [}
L} 1 L) L] L] 3
L] 3 L [} 1 1
4 [} AN RN L} L] L} . st
[} L} L} [} [ ] & [} & [ ’
[} L] ] [} ] [ L) L} L) L]
L] [} L] L} L3 L} [} i 1 3
BRILiL 159108 lggaa 1k3sn X221 E)
CND (M43 INa WK IR

Yraquancy

Iraquancy

121

[
Figure 2. Information processing profile ia ceading:
irnde T male disbetic, subjeot 5,
11= Tavne
[ [} e
to- ] .
L] [ ]
P s )
[ ]
8- [ []
[ ] L]
Ta 1 []
t £
B s F3
[} ¥
3= [EEET B | ]
- 4 L 1] [} ‘!
= sagse % LI ] ‘e
* [ [ H
- ] L B | [ 1 ®
[ B L] 1 [} | ] [
= ] 1 . 1 teimg
[ ] L | 4 L} | 1 L3
1~ [ ] L ] 1 ] [ ] 2 1 & tiEszx
[ | [ I . e e ]
faTRA ISERE 2NLEIE + ITWEN tidet
<o ] ING 4.1 (OR
CCOES FOR READING
Figurq 4. Information procesaing profile In resading:
grade § fewnle asthaatlic, subjeat 44,
1- 1zese tites
H E T
[} 1 ] 3
7- 1 E t ]
 § T L] 3
] 3 ] ]
LB ] [} ] 4 amteg
[ 1 ] T e 1
] ¢ L) t 1
-~ 1 1 1 LI | 1
] t t T .t T
t t ] L T
4~ 3 [] [ L ]
[ )’ [ | [
* T t LI | ]
- * El 1 t ]
L T ] [ ] t
] E ] [ I | ]
- 3 3 [ T 8 '
] T ¢ 3 T
[} t 3 t 1 T
t- [] [N T E T I ] [ ] 1 s
’ [} 1 ot [ ) .
' [ | 1 2 [} [ | 1
18490 $9RAR  URANE  kAENE kAR RAS
<o CNB IHA 1wy IDR
. CODE3 FOR READING
&



Fraqueancy

Prequency

122

Figure §. Inforaation progessing proflle in mathamatics:
grade 7 sale diabetio, aubjecr 8. -
13- (1171
2
12- T | I
¥ 2
11- L ]
1 [
10=- 3 [}
X ]
9= ] ]
. ]
8- T ]
1 s
- tagxs ] [
' ' 4 ]
= 4 ] ] | ]
] [ ] T ] *
5= ] H ] ] [ TTTL]
] 1 1 ] ] H
4= [ 2521 T | ] z ] , r ']
L} 8 z H 2 ] 1
3~ ] [ I T H [ [] 1
t | I ] . [ t '
- ' LI LI s L] ] 1 1avse
¥ T 2 ] ] [ [ 1 [ '
1- [ 1 | S 3 3 iERAX | x [ 1331 [ 1 [Z A8 E SR V] ] 1
] [ 1 1 [ LI} F S [ [ ] .o x
TEERE E¥TICN Isrs1 Igrss frexss (XN A% teETT reEsue Eaagn
[} [o4:] CWk IWK CCE IDR UPR Cw ir
CODES FCOR MATHEMATICS
Fixure §. Inforantian processing profile for sathesatios:
grade T Temale diabetia, aubjear 11.
IEERN
T- £ ]
x '
] .
8- . 5 T
L] T
[ |
5= £X88S (A E2 N} L 1 [ LENEY
t z . . H . ) . .
t & ] & ] ] ] N
4 £ s astax T L PR S T S Y
| 1 § ] 1 ] T T ] ] 3 H
| 1 2 [ ] 4 ¥ [ ] ] [ ] L4 [ ]
1= z 2 1 3 3 ] ] 2 | 1 x ] 3
H ] H ] [] s s s 1 . ] N
x z [ I 1 [ € ] . T 1 [
- 1 3 ] ] FazEe ] ] % I 2 X 3 ]
] H ] ] . H ¥ ] ] [} ' ] ' x
T ] 1 ] 1 H ] [ 5 ] [ 1 [} ]
1a z [ s ] rssxsx 15388 T s s ] aaxse ] [] 3 ] [] '3
‘ s &« 3 1 ¥ L & ¥ ¥ ®E € 8§ ¥ 1 5§ & 3 ¥ & 3
t § & T 3 s 3§ & & €& & T & § 3 v 4 1 @
sduEEx FERET ItENsx IEst s FERER sEswn (1 s A1) 150%0 fingn ERAER
co ch CWK IEA CEA ICE COR IDR UPR 5P

CODES FOR MATHEMATICS



23

16,

1
Lon pronessing proafile in saAThsaarians:
stene

4
gradp B male diaberin,” subacr

Infocma
A\

' ] t ' . 1 1 1 1 ' 1
(X8 = L - Lad rr - < o™ x [ 2] L 4

. P
Lounnbany

CONFES FAR MATHEMATICS

taformatlna nrncasaing proflle In sathematica:

sublect 4R,

gradese A fomala asthsar|o,

L ]
[ ]
1 aernt rines
]
]
ti2m8 11849 .l_-l_l
uPR ap

Tanes
1esag
1DR

(EI1T]
tce

[AREN)

cce

issnp
atase
TEA

CODEZ FOR MATHEMATICA

(AR RN ]
(LXEL] L2 XL0]

t=-



that he had- a variety‘ﬁf response .patterns. He
demonstrated good knowledge of the information in the
text in 7 responses but 1ll-of his responses were not
based on information in the text {CNB + INB).
Examples of correct responses not based on the text
are hils responses to guestions 1 and 2: (question 1)
"I'd say loglcally it'd be number 3, an understanding
of glaciers may reveal important facts abdpt the
history of the earth" and (question 2) "I think it
would be number 1, the Alps, because the Alps is a
p;ace and I didn't reang see how you cguld, well
they may do it, but I dbn}t see why. they would name
just a special type of glacier for a spééiai ;rea."
Five of his responses reflect weak domain.specific
knowledge (CWK + IWK). For example, he states that
the Widtp of valleys is important in the movement of
all glaciers because " if it was all scrunched up in
a little hole the glacier would have trouble, sort of
moving about, 1'd say if the valley was wlde and
large it could sort of flow out.and yah, I think -it
is number 2." Subject 44 ( Figure 4) received a
reading score of 9 and 8 of the corgect responses

were correct answers only with no additional
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4
b

explanations offered. Nine responses (CNB + INB) were
not basedian 1n£ormatién given in the text and she
demonstrated weak domain'specific knowledge and

super ficial thinking fn 6 responses. An example of
the latter is her .response tﬁ question 26 which asks
"Why is it usually best to buy the larger shbe i1f one
foot is smaller than the other? Her response was "So
your feet will have room to grow" rather than "So
both shoes will be large enough."

Grade seven siudents were presented with 35
mathematics questions and grade eight students with
34 mathematics gquestions. Subject 6 ( Figure 5)
cbtained a mathematics score of 14. He worked with a
fauity problem representation (IDR) or abandoned the
- problem (UPR) because he could not form a problem
representation in 6 guestions. His major reascon for
difficulty however was weak procedural knowledge. For
example, in fesponse to question 44 he correctly
represented the problem and then dropped the .67 and
multiplied 2 times 300 to arrive at 600 as his -
answer; in response to question 51 he dropped the 1/2
cent or .5 and éavg $1.60 for his answer:; and in

response to question 53 he multiplied 1.89 times 2
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and obtained 2.78. Subject 11 (Figuré 6) obtained a
mathematics score of 13. Hér major difficulty'was
problem representation (CDR, IDR, UPR). She also did
not attempt to dq 5 questioans which is further
indicatlion of her difficulty with problem
representation. Figure 7 demonstrates that Subiject 16
correctly answered 23 questions and displayed good
declarative and procedural knowledge in his
respbgses, Th?ee résponses were incorrect becauﬁe he
was working with a faulty problem representation and
8 were incorrect due to weak procedural knowledge.
Subject 48‘tFigure 8) whose mathematics score was 16
displayed a.variety of response patterns. Erré;s were
made because of weak procedural knowledge, difficulty
with problem representation, calculation errors, aﬁd
because';esponses were selected from given answvers
through an elimination process rather than
calculating the answer and then identifying the
correct cholice.

The individual profiles allow the educator to
identify the subject;s strengths and weaknesses in
reading and in mailnematics. Similarly, group or class

profiles would offer insight into difficulties
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experienced in problem solving as well as point out
strengths, especially if'the profiles were compiled

across skill objectives.

Effects Of Absenteeism On Problem Solving

For purposes of facllitatlng computer‘entry of
data, the absentee rate was categorized into absent 0
for subjects who had been absent £from school for a
total of 10 days or less in the previous six
semesters, and into absent 1 for subjects who had
been absent from schoocl for 11 days of more over the
previous six semesters. Since the term "semester" isv
not well understood, subjects and théir parents were
asked the number of days the subject was absent from
school in the last two years, whether they were
scattered days or a block of time, and their longest
absence from school and the grade level at the time.

SPhe responses of the high absentee and low absentee
subjects in each group are analysed on the common
reading questions and-the common mathematics
questions. The information processing patterns.-by

absenteeism across reading questlohs 1 - 15 are
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presented in Appendix J, Table J - 1; and across

-

mathematics questions 40 - 70 are presented in
Appendix J, Tagle J -2.

In order to determine Lf the identified
differences iﬁvinfprmation prscessing between the
high and low absentee groups were common to all
éubjagts in the high absentee groups, reference 35
made to the individual information processing
prqf}les for reading and mathematics for all

subjects.

Grade Seven Male Diabetics.

Two individuals in the grade seven male diébetid
group were absent from school 11 days or more over
the previous six semesters. One subject was absent
for 20 days for reasaons not associated with his
diabetes, and the other sﬁbject was absent for 15
days. The subject who was absent for 20 days had a
reading score of 13 and a mathematics score of 20. -
The individual who was absent for 1% days had a
reading score of 16 and a mathematics score of 14.

The group mean for reading was 13.16 and for
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mathematlics was 21.66. The individual with the
reading score of 16 had the longest feading response

time and the second longest mathematics response time

" in his group. The subjects had similar individual

information processing profiles for reading but the
subject who was absent for 1% days had more
difficulty with mathematics.

The high absentee individuals correctly answered
53% of the qﬁestions,'demonstrated good declarative
and procedural knowledge in 20% of their answers,
deﬁonétrated that they accurately recalled the text
in 7% of their answers and had to wdrk hard at
understanding or solving the problem in 3% of the
responses. In contrast, the low absentée group
correctly answered 50% of the guestions, demonstrated
good declarative and procedural knowledge in 40% of
their answers, accurately recalled the text and fully
explained their answer in 27% of their respohses and
and had to work diligently to produce the answer.in
2% of the problems. The high absentee group gave a
correct answer not based on the text but arrived at
by eliminating the answers or by reasoning not based

on the text twice as often as the low absentee
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members (16.66% compared to 8.33%). Only the high
absentee subjg;té obtained correct answers even
‘though they did not use all the information given in
the problem or they reasoned illogically or
superficlally, and only these subjects struggled with
probleh representation but finallf got the answer
right. Both groups had tﬁe'same major reasons for
incorrect responses: inability to remember or
retrieve information from the text; illp%ical or
superficial reasoning or not using all the given
information; and difficulty with problem
represéntation.

The high absentee members did much more poorly.-
in mathematics than in reading. They correctly
answered only 44% of the questions whereas the low
absentee members of their group correctly answered
67% of the guestions. Twenty-six percent of the
respﬁnses of the high absentee group and 51% of fhe
respenses of the low absentee group demoﬁstrated'good'
declarative and procedural knowledge. Illogical or
superficiai thinking were evident in 29% of the
responses of the higﬁ absentee members and in 18% of

the low absentee members. Difficulty with problem
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representation was evident in 17% of the responses of
the high absentee group but in only 7% of the
responses qﬁ the.low absentee membegs. The pe;centdge
occurrences for the high absenfee group were twice as
high for each of the following; correct answ but
had to work at understanding or solving the pYoblem;
incorrect answer in splte of working diligently at
understanding or solving the problem; and with regard

to questions skipped. A

Grade Seven Female Diabetics

Three subjects were absent from school for more
than 11 days over the past two years. The
absenteelsms were as follows: 20 days for reasons not
associated with her diabetes; 63 days with the most
extended period being 17 days; and 15 days. Their
reading scores were 17, 14 and 21 respectively and
their mathematics scores were 26, 13, and 28. The
group mean for reading was 17.16 and for mathematics
was 23.33. Reading profiles for these three
individuals were not markedly different but the
subject who w;s absent for 63 days was the oniy one

to skip mathematics questions. She had more
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calculation errors, and more difficulty with problem

representation than the other two members of the high
‘absentee group.

. The high absentee members responded correctly to
69% cf the questions and the low abse?tee group to
67% of the questions. Both groups reflected good
declarative and procedural knowledge iﬂ 58% of their
response%. The high absentee members had more’
incé;reét ahswers because they could not remember or
retrieve information from the text, but they had
fewer incorréét answers because of difficulty with
problem representation.

Although the difference is not great, the high
absentee individuals had fewer mathematics questioﬁs
correct (62% as compared to 67%).1They had more
incorrect answers because of calculation error, and
inability to form a problem representation, and one
individual skipped 5% of the questions. The low

absentee members had twice as many incorrect

responses because they were working with a faulty

represehtation.



133

Grade_Seven Male Asthﬁgtics

The grade seven male asthmatics had four
individuals in the high absentee category. Absences
waere as follows: 49 intermittent aays; 20 days with
two periods of 5 days each; 40 days in one school
year and 6 in the other; and 50 school days. The
reading scores were 21, 8, 16, and 13 respectively.
Thelr mathematics scores were 31, 24, 30 and 7. The
group mean for reading was 15.50 and for mathematics
was 24.00. The individual with the reading score of é
had the most difficuity remembering .or retrieving
information from the text, otherwise the major
difference in profiles was that the individuals who
were absent for 40 days and 46 days had more
respénses demonstrating good declarative and
procedural knowledge. The subject with the
mathematiés score of 7-had 50 days of absenteeism and
wa; the enly individual in the high absentee group to
skip mathematics 'questions. He was also the
individual who most frequently could not form a
problem representatioﬁ:'

The high absentee members correctly answered 53%
of the reading questions whereas the low absentee

group correctly answered 67% of the questions.
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Answers which demonstrated the use of logical
reasoning, accurate recall of content and a solid
knowledge base.were evident more freqﬁently in the
low absentee group. Processing pattetrns ieading to
incorrect answers were more common for the high
absentee group. For example, 10% of the responses of
the high absentee group but only 3% of those of the
low absentee group indicated difficulty with problem
representation; 20% of the responses of the high
absentee group indicated they.were not able to
remémber or retrievé information from the text
accurately, but only 13% of the responses of-the low
absentee group reflected this problemﬁ 15% of the
respanses of the high absentee group indicated that
they did not use all the information gi;en in the
question or reasoned illogically or superficially but
only 10% aof the responses of the low absentee group
demonstrated this préblem.

The high absentee members correctly_answared 63%

of the mathematics questions whereas the low absentee

group correctly answered 71% of the gquestions. Good—
declarative and procedural knowledge was evident in

. p ,
48% of the high absentee subjects' answers and in 58%

I -
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of the low absentee subjects' answers.

Grade Seven Female Asthmatics

The two grade seven female asthmatic subjects
with high absentee rates were absent from school -£Qr
22 days (15 of which were consecutive}), and 60 days
for reasons ﬁot assoclated with her asthma. Their
reading scores were 6 and 20; and thelir mathematics
scores 15 and 26. The group mean for réadinéhwas
15.00 and for mathematics was 20.00. The reading
profiles for these two individuals were markedly
different. The individual who was absent for 60 days
demonstrated a solid base of declarative and.
procedural knowledge whereas the individual who was
absent for 22 days had difficulty remembering or
retrieving information from the text, feasoned
illogically or superficially, and had difficulty with
problem representation. Their mathematics:ﬁtgégles
exhibited similar contrasts. The subject who was\“ -
absent for 22 days demonstrated weak procedural
knowledge and. had mb{g\gifficulty with problem
representation. T '

A
The high absentee members responded correctly to
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44% of the questions with 37% reflecting good
declarative and procedural knowledge. The low
absentee group had 67% of ;heir answers correct and
52% demonstrated good éeclarative and procedural
.knowledge. Twice as many of the responses of the high
absentee group were incorrect because the subilects
could not remember or retrieve the necessary |

' information from the text.

The responses of the two groups were more
similar on the mathematics guestions. The high
absentee group got 56% of the questions cérrect and
the lqw absentee group got 52% of the questions
correct. Good declarative and procedural knowledge
was evident in 39% of the responses of.the high
absentee group and in 40% of the responses of the low

absentee group.

Grade Eiqht Male Diabetics

Two subjects are within the high absentee
category.'One subject was absent for 35 days (30 of
which were consecutlve)}; the other subject was absent
for 35 days (20 of which were consecutive).. Both had

reading scores of 16 and their mathematics scores
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wvere 25 and 31. The group mean for reading.uaé 14.83
and for mathematics 24.66. The individual reading
profiles are similar. ﬁoth mathematics profiles
demonstrate good declarative and proceédural
knogledge. ﬁeither individual demonstrated major
61§f1culties in mathematics problem*solving although |,
‘the individual uith the higher-score displ:yed more
dlfﬁiculty in arriving at the. answer

The high absenteé individuals.answered 60% of
the questiggs correctly a;d all correct answers
reflected good declarative and’ procedural knowledge.
The low absentee group ans#ered 70% correctly and
demonstrated good declé?ative and procedural
knowledge in 67% of the;r responses. Three
information processfng.patterns‘cdntfibﬁtgd to error
for the high absentee individuals: inébility to - |
rqmembef or retrieve‘information from the text (23%);
lflogical or superficial tﬁ;nking {13%); and
‘difflcultf #ith problem representation (3%).
Ihdividuals in the low absentee group displayed th;se
problems to a slightly lesser extent. In mathematicé

the high absentee pair had 84% of their answers

correct whereas the low absentee members had only 70%
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of their answers correct. Sevenﬁy - one percent of
_the responses of the high absentee members and 48% of
the low absentee members deménstratéd domain specific
knowledge resulting in proficient procedural

strategies.

Grade Eight Female Diabetics

Two sﬁbjects were in the high absentee category,

one was absept for 19 days, and the other for 70
days, 60 éf which‘were in the most recent &school
fyeér. Their regding scores,were.zoiand 11 and their
mathematics scores 29 and iiflThe'group meanlfor
‘réading wés 13.66 and for matheﬁatics 18.66. The
individual with 70 days of absence much less
frequently'diggyayed good declarative and.procedural
knowledge than khé.individual absent for 19 d;ysf
From their reading profiles it can be noted that the
individreal with 70 days of absence used information
processing patterns which contriblited to error in 54%
of her respbnses whereas the individual with 19 days
of absence displayed the same difficultles in only 
17% of her responses. In mathematics, the individual

absent for 70 days when compared to the individual

i
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absent for 19 days more frequently (a) had difficulty
forming a problem rePresentation: {b) was unaple to-
fo;m a problem represéﬁfation and abandoned the
question; and (¢) had weak procedural knowledge. Only
the individual absent for 70 days skipped questiéns.
The high absentee members correctly anﬁwered 63%
of the reading questions whereas the low absentee
members only answered 53% correctly. Twenty-eight
percent of the responses of the low absentee éroup
were incorfect because they could not remember or
fetrieve information accurately from the text but
this problem was evident .in only 13% of the
-responses of the high abéentee individuals. The high
absentee members also éxperienced less difficultyy
with mathematics than their iow absentee peer group.
'They correctly answered 77% of the questionsvwhereas
fhellow absentee-ﬁembgrs correctly answered only 47%
of the questicﬁsi.The low absentee members
demonstrated weak procédural knowledge more
frequently (27% as compared to 10%) and had more

difficulty with problem rebresentation.
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Grade Eight Male Asthmatics

The high absentee rates were 36 days, 13 days,
and 17 days. Their reading scores were 13, 20, and
15; and their mathematics scores 27, 31, and 28. The
(jﬁroup mean in reading‘was 15.00 and in mathematics,

25.83. Thelreading profiles for the subjects absent
for 13 days and for 17 days are similar. Both
demonstrate a solid base of declarative and
procedural knowledge. The individual absent for 36
days had more difficulty remembering or retrieving
information from the text and also responded by

eliminating answers or by reasoning not based on

information in the tgxt. The mathematics profiles for.

these individuals indicated similar patterns with all
three individuals demonstrating good declarafive and
procedural knowledge.

High absentee memgers correctly answered 71% of
the reading questiéns and 86% of tbe mathematics
questlions and the low absentee members correctly
answered 58% of the reading questions and 71% of the
‘mafhematics'questipgs; In both reading and
mathematics the high absentee individuals had a

better declarative and procedural knowledge base. On

the reading test, 24% of the responses of the low

~—
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absentee members were incorrect because answers were
not based on the text. Individuals had difficulty
remembering or retrieving information from the text.
On the mathematics test, the low absentee members had
more difficulty with problem representation and with
procedural knowledge. The high absentee members
demonstrated good declarative and procedﬁral
knowledge in 62% of their reading responses and in

78% of their mathematics responses.

Grade Eight Female Asthmatics

Both the grade eight female asthmatics and the
grade seven male’ asthmatics had 4 individuals (the
highest number among the éroups) in the high absentee
category. Absences for the grade eight female
asthmatics were 22 Intermittent days, 20 days, 45
days, and 64.5 days with 54 days- in one year and 10.5
in the most recent yqarﬂlTheir readiﬁg scd(és were
17, 8, 8, and 15; and their mathematics scores were
12, 9, 18, and 17. The group mean for reading was
12.66 and for mathematics 16.33. The individual

reading profiles show that both Subjects who recelved

a score of 9 had difficulty remembering or retrieving

\\};
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information from the text and reasonéd 1l1lcgically or
superficially. From the individual profiles for
mathematics 1t can be seen that the major problem for
all subjects except the individual absent for 20 days
was thé inabllity to form a problem representation.
The second most frequent reason for difficulty (and
the primary reason for the subject wlth 20 days of
absence) was weak procedural knowledge. They did not
use alllthe information given in the questlion or they
reasoned 11llogically and superfically.

The high absentee members correctly answered 48%
of the reading guestions whereas the low absentee
mgmbers correctly answered 57% of the questions. Good
_declarative’and procedural knowledée was evident in
37% of the responses of the high absentee'members and
in 43% of the responses of the low absentee members.
Similar problem patterns were evident for beoth
groups. On the mathematics test, the high absentee
members‘éorrectly‘answered 44% bf the gquestlions
whereas the low absentee members corréctly answered
65%. Good dgclarative and procedural knowledge was
evidentiin 53% of the resﬁonses of the low absentee

group and in 30% of the responses of the high
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absentee group. The major. -difference between the two

b

groups was in problem representation. Twenty-three

percent of the responses of the high absentee group
but only 2% of the low absentge group indicated that
they could not form a problem representation and
therefore abandoned the questions.

In summary, subjects with absences of 50 to 70
- days more frequently skipped mathematics problems,
had more difficulty with problem representation and
used less efficlent procedural strategies than
subjects with less absenteeism. However, absences of
over 35 days were n;t necessarily.related to low
reading and mathematics scores. For exémple ‘
-}ndividuals with absences of 40 days, 46 days; 35
days and 36,day$ obtained mathematics scbres of 31,
30, 31 and 27 respectively. A Tull discussion of the
implications of these findings will be presented in

Chapter 4.

a

The "Plan Your_ Day" Question .,

The "Plan Your Day" question is difficult

because subjects not only have to establish their end
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goal and thelir intermediate goals but they must do so
on the basis of acquired real ;orld knowledge. They
must be able to identify appropriate\shops for
required purchases and be aware of usual store, bank,
and library hours of business. They also need to be
able to estimate how long it will take to éé;;mplish
each goal, e.g. buying a bathing suit. In addition to
time—event relationships, there are several

. = ®
time-distance relationships to be taken into
consideration which require interpretation of bus
schedules, estimation of distance as presented on the
map, and reaching the end goal of being on the plane
at 4:40 p.m. The question was open to comprehensive

interpretation which could include non-stated

personal goals such as beginning with breakfast,

stopping for lunch, packing etc.

Planning as defined by Hayes—-Roth & Hayes-Roth
(1979), is the predetermination of a course of action

aimed at achieving some goal and is the first stage

of a two stage problem solving process. The second

stage entails monitoring and gulding the execution of
the plan. An analysis of the 48 subjects' verbal

protocols related to this question reveals the
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following: 20 individuals (42%) completed all the
given tasks;.32 (67%) ldentified appropriate shops or
offices for the tasks they di1d complete; 15 (31%) het
personal needs not directly stated in the problem; 4
(8%) had problems‘interpreting bus and/or plane
schedﬁles. Two individuals appeared anxious and upset
by the problem and stated that they found the problem
very difficult. One subject totally disregarded the
problem statement and devised ﬁer own scenarlo, She
tock books out of the 1ibrary,'b6ught a box of
kleenex, had her bhair done and bought some clothes. °
However, she was one of the 'six who took the most
appropriate bus to the airport. The articig most:T
frequently bought in unuéual places was the bathing'
sulit. Purchases of bathing sulits were made at the
beauty shaop, drug store and the arena. Personal needs
included in the subjects' planning were: packing (6);
buying candy (3); breakfast, brushing teeth and goingi'
to school (1); relaxing (1): beauty shop (@@ and
saying goodbye (2). All subjects, even those who took
the most appropriate bus to the airﬁort had major
problems with timing. Subjects did not introduce the

possibility they might have to wait at the bank nor
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did they allot time to makﬁ_purchase choices and only
two subjects considered usual opening hours for
stores, bank and library. Bus séhedules ware
particularly confusing. No grade seven diabetic
subﬁect took the most appropriate bus to the alrport.
Six left too early but were on the right bus
schedule, five left at times when buses to the
airpbrt were not scheduled to run, and one left at 4
p.m. and therefqre would arrive after the plane had
gone. Only one of Ehé grade seven asthmatic sdbjecfs
took the most apbropriate bus to the airportl Sgyen_
left at times when buses to the airport were not
scheduled, one left at 9 a,m., one felt the time to
leave was 4 p.m. but decided to take the 3 o'clock
bus "in cése the bus stalls", another subject stated
she would leave at 3 or 4 o'clock and one left an
hour too soon. Three grade eight diabetics took the
most appropriate bus to the airport, two individuals
were indecisive, one said he could leave at 4, 12 or
1, and the other sald 3, 3:30 or 4. One gave no time
for departure and all others were too early. The
grade eiéht asthmatics had-similaf problems. Two took

the most appropriate bus to the airport, five left

“~N



much too early, one took the 6 p.m. _bus, one did not

even mention going to the airport and the others left

at times that buses were not scheduled to run to the

airport.

. A discussion of the results presentgh in this

chapter follows in Chapter 4. <?(\
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CHAPTER 4

DISCUSSION AND IMPLICATIONS

The objectives of this study were to

identify and describe ronic Asthmatic and

Insulin Dependent Diabetic children's strengths and

weaknesses

across the

a)
b)

c)

d)
e)
£)
g)
h)

problem
problem

storage

in curriculum related problem solving
following variables:
specific declarative knowledge '

Z . o

specific procedural knowledge

and recall of recently aéquired

information

problem

problem

identification

representation

effectiveness of problem solving strategiles

automatic processing

ability

to plan, monitor and use feedback; and

identify information processing patterns which

contribute to these children's strengths and

I
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weaknesses in problem solving.

In order to meet these objectives a méthodolog;
was developed which identifies and.describes -
chilaren's Information pfocessing skills across these
variables.

The background informatlion on the children in
the study willl be presented before the results of the

information processing analysis and the implications

for the methodology aré_discussed:

Background Information

The age range of the childrén‘in tﬁis study 1is -
in keeping with the average chronologlcal age of ’
Canadian children 1n grades seven and eight (King<
1982). Based on the Sultz et al. (1972) report that
22.4% of chronic asthmatic and 16.6% of insulin ‘
dependent diabetic children are below grade level for
their chronologi;al age, it was anticipated that some
of the children in the study would be older than the
éverage Canédian.child in grades seven and eight.

The percentage oé éhildren;with‘at least one

university educated parent (39.58%) is high when
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compared to the percentage of univerélty éraduates in
the Canadian population. Statistics Canada data based
on 1381 statistics-indicafes that 7.52% of the
Canadian populatibn over the age of 15 has a-
university education. Children who had at least one
parent with a university education moré frequently
,qpt;ined the highest scores in reading and
mathematics and less frequently obtained the lowest
scores. This observation would support Pless' (1983)
statement that chronically ill children's academic
successlis ﬁositively correlated with théir parents'
educational achievement level. However, it muét be
noted that five individuals whose parents did not
have a university'education also received the highest
scores in-'reading and four received the highest
scores'ih mathemétics.

The fact that 64.58% of the subjects had career -
goals indicates that chronically ill children do make
future career plans and consider theﬁselves caﬁable
individuals. There is a difference of opinion in thé
literature with regard to chronically 111 children's
susceptabil ity to depression and other motivational

and psychosocial adjustment problems (Rodgers et al,
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- 1981; Deasy-Spinetta, 1983; Weltzman, 1984). The

positive §ttitude of ﬁhe subjects toward‘
par;lclpafion in the study. their‘future'carger goals
and the frequent gquestion asked of the researcher
"Why are you stﬁdying me, I'm just like everybody
else?" would lend support to those who state'that
there are few statistical differences between
chronically 111 and physically healthy children giveﬁ
equivalent famlly and medical support systems
(Tavormina et al, 1976; Gath et al, 1980; Brantley et

al, 1981; and Matthews & Drotar, 1981).

Scores And Response Times

As previously stzted, the value in identifying
significant group differences even though there were
only six individuals in each graup, is in the
comparison of information prqggésing patterns between
the Qroubs. Grade seven fehafzxaiangtics obtained
significantly higher reading scores than grade seven
male diabepids but there were no other significant
differences between or ;ithin groups related to

either reading or mathematics scores in grade seven.

o

My
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The grade eight males had significantly higher
mathematics scores than the females within thelir
groups. There were no significant differences between
the male diabeties and male aééhmatics nor between
the female diabetics and female asthmatics

Of particular 1ntere5t is the significant
difference in malhemetics response times between the
grade seven femaie dlabetics and grade seven female
asthmatics and between the grade €ight male dliabetlics
and grade eight male asthmatics. The asthmatic
subjects took longer to respond. Although little is
available in the literature about the effects on
cognitive functioning of medications commonly used to =
treat asthma.in children, Alexander (1983) and Cropp

v

(1985) suggest that concentration difficulties may be

associated with the type of medications the children

‘in this study were prescribed. Discussions with

asthmatic children and their parents following the
study have led to the empirical observation that

these children metacognitively have to keep bringing

. themselves back to task. It is not that they have to

work diligently to understand the problem or to f£ind

an appropriate solution strategy, but in the words of

[
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one subject "My mind goes fuzzy sometimes and I get
very ahgiogs..but then 1t clears up again. I rarely
fi#ish tests though".

It 15 important to‘noes that at (levels 13 and iq
in the Canadian Tests of Basic Skills, students are
expected to answer'57 (level 13) or 58 (level 14)

- reading questions in 42 minutes (King.1982). The 23
reading items presented to the grade sgven subj?éts
should tﬁefeﬁore have been completed in 1016.8
seconds and the 24 iltems presented to the grgde eight
subjects, in 1042.75 seconds. Nine-grade seven and;_,
" four grade eight subjects took longer than 1016.8"
seconq§rand 1042.75 respectively tq respond to these
items. The mathematics problems section of the
'Canadian -Tests of Basic Skills was aliotted.23.
- minutes for 30 level 13 questions ‘and 32 leéél 14
questiéns.‘The 35 mathematlcs items presented to the
grade.seven subjects and the 34 items:pregented to-
the grade eight subjects ghauld therefore have taken
apgroximately 1750.0 seconds and 1593 7 seconds
respectiuely (Questions on the‘mathematics pontiohJ
- of-the test which were taken from-the visual

materials portion of the Canadian Tests of, Basic
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Skills were allotted even less time per question
therefore the above estimate is generous.) Nineteen
grade seven subjects and eighteen grade eight
subjects took longer than 1750 and 1593.7 seconés to
respond to the test items. The only mean mathematics
‘re;ponse times below 1750 sec;ndé for gradé seven and
1583.7 secdnds for érade eight are those of the grade
seven female diabetics and ;he grade eight male
diabetips. Ericssoﬁ & Simon (1984) state that there
'is no evidence to suggest fhat concurrent
verbalizations, change .the course, structure or speed
of the thought processes and HafnerM(1957), Dansereau
g'cregg (1966), and Tell £1971) sugges£ that
verbalization may facilitate the solution process. *
Th;refore, it is suggested ghat had thefe been time
restrictions placed on the reading and mathematics+
portions of the test, the performance of the Insuiih
Dependent Diabetic and the Chronic Asthmgﬁic subiects
in this study would have been drastically affected,
‘particularly in mathématics.'Further Investigations
of the academic abilities ofAchronically i1l children
should consider the effect of time restrictions on

the children's performance. If in fact these children

P
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do have the declarative and procedural knowledge but
take longer than their healthy peers to process their

responses, then it is unfalr to judge thelr academic

abllities by time-limited tests. Further studies

comparing'the per formance of chronically {11 children

and thelr healthy peers across time-limited and non

time-limited test iltems would be informative.

Processing Patterns Across Reading Skill QObijectives

The reég;ng comprehenslon section of the test
exémines how well individuals, or groups of
1ndividuéls, (1) encodé the information presented in
the réading passages; (2), store the information in
lbng ter$ memory; (3) represent the criticél-features
of the task environment in their problem space; (4)

retrieve the specific data required to answer the

question from long term memory:; (5) chunk the

information in working memory:; (6) operate on the
information in working memory using éreviously stored
declarative and procedural knowledge and gyg respond
to the question. Subjects wha immediately understood
the question and quickly responded with the qorrect

answer (goded CO) as well as subjeécts who gave a
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comprehens}ve response based on accurate recall of -
the reading passage and logical reasoning (coded CB)
were the high ability readers. These individuals
were able to efficiently match patterns of
idformaﬁion held briefly in the sensory registers and
patterns previously stored in long term memory
(Gilmartin & Newell, 1976; Klatzky, 1984). HNew
information was stored through elabaration‘fg_their
recognition memory and through linkage with an
orderly and .established associative network in long
term memory (Simon, 1979; Millward, 1980). The more
easily new material was assimilated and then
subsequently recalled depends not only on the
organization of information in long term memory
(Eylon & Reif, 1984),‘5ut also on the individual's
ability to chunk information (Miller, 1956; Chi,
1976). Individuals who gave comprehensive responses
were able to access and activate. larger networks and
therefore process the information with the help of a
richer store of knowledge (Ingraﬁ, 1984;.

Across eacﬁ reading skill, the grade seven
female diabetics had a greater peréentage of

respanses demonstrating more accurate recall and
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loglical comprehensive reasoning than did the grade
seveg_mg;e diabetics. The major reason for difficulty
for the.male diabetics across all three reading:
skills was an lnabiyity to retrieve or recall content
from the text accurately and th;s difficulty was
considerably mére pronounced £for the males than the
females. These patterns were the major contributors
to the s;gnificant difference in reading scores
between the grade seven male and female dilabetics.
Recognizing and understanding factual
Information was the most difficult skill objective
for all but the grade eight male asthmatics. The
factual information in the text had té be encoded and
then accurately recalled, or the subject had‘to-:
return to the appropriate location in the téxt to
extract the answer. In contrast, questions which
required making generalizations or inferring
y%lationships involved "old" knowledge to some
////extent. In order for new information to be stored in
semantlc memory, elaboratlon of the recognition
memory must take place so thét the new information

will be readily accessible (Simon, 1979). The

subjects who did poorly probabl# did not have
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sufficient time to elabbrate recognition memory. It
is of interest to note that the grade seven female
asthmatics who.correctly answered only 47% of the
factual information questions also had the longest
reading mean response 'time. ‘ . e
Makiné generalizations and inferring unaerlYing
relationships both inveolve the recognition of
rélationships based on common attributes or other
cues drawn from past experlence. However, three {Fﬁ
groups who had diffipulty making generalizations
received their highest reading scores on quesﬁions
which required inferring underlying relationships. It
is suggested that makipg géneralizations requires
inductive reasoning which according to Glaser &
Pelleg;ino {13982) involves a number of processes.
 These are (1) encoding'or representaﬁional processes
dependent on information in long term memory; (2)
inference processes that can identify and/or generate
relational features sharéd by two or more encoded
elements; (3) rule assembly and rule monitoring that
organizes features into relational structures; (4)
match processes which evaluate similarities amdng

relational structures; (5) discrimination processes
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éapable of selectling among competing structures; and
(6) decision and response processes. Glaser &
Pellegrino (1982) also state that the reason
Individuals have'difficulty'making Inferences ls
becauée their knowledge has been encoded at surface
levels. and they have not employed conceptual forms 6f
:knowledge tiﬁt constrain their induction of

relations.

Processing Patterns Across Mathematics Skill

Objectives

Analysis of the verbal protocels on the
mathematics questions clearly identified different
processing skills across the various skill
objectives. The primary reason for difficulty with
geometry guestions was difficulty with problem
representation whereas the primary reason for
difficulty with questions dealing with fractions was
weak domaln specific knowledge which led to
superflcial or illogical rzasoning (e.g." 1/6 is
bigger than 1/5 because 6 pleces of pie is more than

SSPieces of pie"). Both the grade eight male
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H*diabetics and asthmatics did significantly better
than thelir female. peers on the mathematlcs poftion of
the test. Across each skiil objective there was a
notable difference in the percentage of respénses
deﬁdnstrating good declarative and procedural.
knowledge. The grade eight females had more
difficulty with problém representation aﬁd a greater
number of their responses demonstrated weak
procedurallknowledge. There was no signifiéant
difference in mathematics scores between the grade
seven male and female subijects.

The protocols sﬁpport Simon’s (1978) finding
that different information processing strategies may
produce functionally egquivalent results. There were a
number of strategles evident in the solutions to the
same problém’across‘the subjécts. Subjects who had to
work dilligently gt understandiné the proﬁlem or who
used Inefficent strategies such ég trial and error or
hill climbing arrived at the same answer but had a
longer latency time. Individ&als who answered the
mathematics quesfions correctly ahd efficientiy were
those who (i) could recognize the principles behind,

or classification of, the problem (Hinsley et al,
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1877); (2) could represent the critical features of
the task‘enQironment in their problem‘space
(Frederlksen, 1984); (3) had past.experience with
similar problems ana could therefore engage in more
efficient strategles for préblem solving (Hayes &
Simon,‘1974); and (4) had autcmatized'ceftain
arithmetic skills wfth resultant increased memory
capacity.(Sh;ffrin & Dumais, 1981). Somé individuals
had developed thelir own heurisﬁics with resulting

shortcuts in processing time.

Effects of Absenteeism on Problem Solwving

Twenty-two of the 48 subjects (11 malés and 11
females), were absent from school for 11 days or more
over the 6 semesters (2 academic years) prior to
testing. Eiiminating the absentee rates of
Individuals who were absent for reasons other than
their chronic illness (e.g. orthopedic surgery), then
29% of the diabetics and 50% of the asthmétics were
in the highrabsentee category. Seventeen percent oﬁ
the dlabetlcs and 25% of the asthmatics were absent

for 35 days or more over the previous six semesters.
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Parcel et al -(1379) found the absentee rate for

- asthmatic children to be 8.4% of school days and the
absentee rate’for schoél children at large 5.5% of
schsol days. Since thgre are 198 school days per
academic year of three semestérs, the antlcipated
absen£ee rate for asthméfic children over six
semesters would be 35 days and for the individual who
does not have a chronic health problem, 23 dayé.
Fifty-four per cent of the children in this study had
less than llldays cf absenteeism over & semesters
which is less thaﬂ.half the anticipated absentee rate
for children who are not chronically ill. The Sultz
et al (1972) stﬁdy found that 31% of the asthmatic
children and 19.4% of the diabetic children were
absent from échool for more than six weeks during an
aéademic year. Although‘the subjects in this study
had fewer number of days absent from school per
academic year than is reported in previous studlies,
asthmatic children did have more school absences than
the diabetic children. Conway & Littlewood (1985),
based on their study of hospital admissions for acute
asthma, suggeﬁted that closef-medical supéfvision and

aggressive treatment protocols (i.e. medication

“\
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'regimes) would lower school absenteelsm. All children

in this study were closely followed by thelr
respective medical teams and all were oﬂ nedication
regimes. Thié m%y héve contributed to the lower
school absentee rates for the childrén in this study
as compared to aﬁsentee rates In the llterature.
Nine of the high absentee subjects had reading
scores below thelr group mean and six had mathematics'
scores below thelr group mean. Three of the |
individuals had below mean scores in both_reading and
mathematics. Compariﬁg each group across the high and

low absentee members, the high absentee-grade seven

male and female‘éiabetics, the grade eight female

diabetics and the grade eight male asthmatics had a
higher percentage of reading questions correct than

their low absentee peers. The high- absentee grade

.seven female asthmatic, and the grade eight male and

female diabetics-and male asthmatics had a higher
percentage of mathematics questions correct than
their.}ow absentee peers. These gésults do not
subport Rutter et al's (1970) £inding that there is d

%trong positive relationship between reading

retardation and absenteeism. The more recent
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statements by Weitzman et al (1980), and Walker & /
Jacobs (1984), that several factors impinée on the |
effect senteelsm on school achievement needs
further invesxigation. There is ebi@ence that
subjects with long absences (50-70 days) more
frequently skip questionﬁ, especially mathematics”
questions, have more difficulty with problem
fepresentation and use less efficient pfocedural
strategies. However, the percentage of responses
demonstrating good declarati;e and procedural

. knowledge was the same or greater for the High
absentee members of four of tpe eight groups in
reading and three of the eight groups in maﬁhematics,
therefofe.Suggesting that absenteeism alone is not
the major cause oﬁ academic underachievement in
reading and mathematics in Chronic Asthmatic and

insulin Dependent Diébetic children,.

Ability to "Plan Your Day"
" If the responses to this question are examingd
+In terms of Sternberg’s concept of metacomponents as

executive processes used' in planning, monitoring and
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decision making, it will be noted that the subjects
had‘dlfficulty with each of the métacombonents he
identified. Only 42% of the subjects completed all

the tgsks speclﬁicat}y\identified in the problem

"statgment and only 31% even hinimally considered

adding .tasks related to_personél nee@s to the global
directions to.hpléﬁ your day". fhe subjects héd
dlfficulty with péﬁbiem identification and'witd
problem répresehtatl&n. Had the question speci%icﬁlly
asked what time the bank usually opens or how long it

might take to try on and chose a bathing suit, the

".subjects would probably have glven a response.

5Hougver, subjects dealt with this problem at a very

1o¢al level and had difficulty attending to even the

&

defined _tasks because of the novelty of the question.

Because they' were novices at answering this type of

. questi&h&ythey perceived the problem on the basls of

"'tqé-clgariy defined tasks and were not exhgustive in

3 LN E] . \. )

,thirhp;océssing*?f information (Schoenfqiikﬁ

»

Herrman, 1982; Relf, 1980) —Had-there beén‘ﬁbre

¢ . .
so’ution-nddltoring, more subjects would have
completed all the taskﬁ\ktated\xn the problem.

Subjects uho -took buses that were either too.early or

3

RS
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too late would have realized t@eir error had they
stopped to work out the time of arrival and relate it ~
to the plane's aeparture time.
The proposal by Hayes—-Roth & Hayes-Roth (1979) .
that planners use opportunistic approac%es to complex

planning is also eviderit in the responses of the

subjects to the planmding guestion. The Hayes-~Roth &
© _ . _

Hayes*Raoth planning model is multidirectional rather

than orderly and sequential and suggests'tﬁat
planners pursue,whatqver‘éeeﬁs promising at the time.
Subjects displayed opportuﬁistic choices dependent on
ﬁhe'routes and the stores along the routes they chose
to take. Opportunistic plannind can lsad to a greater
variety and_richpeés of plans‘acro?s the subjects but
in this case it also led te Several-inefficient
rout%§ béing Eaken glong with the failure to finish \\
all the task requirements. |

The aépect of the problem which presented the:

3

greatest difficulty wha 'thé élement of tims. Subjects
could neither relate time-events nor time-disittances.
All 48 subiects had difficulty interpreting the bgg

schedules and only one grade seven subject took the
1 AS .

most approprlate bus ‘to the airport. Five grade eight

3
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subjects took the most appropriate bus to the airport
indicating some improvement with the higher grade
level. The .time-management problem deserves further
sthdy. Children %ith chronic illnegses such as the
insulin dependent diabetics are on set medication
times and food intgke times. It would be ugeful to

-

know the extent of these subjects' problems with time

schedules and time-event relationships.

Value of Information Processing Profiles

The individual inﬁormation procésslqg profiles
in reading and in mathematics are usefulidiagnostic
fools. They allow the educator to Identify the
child's'pféblem solving strengths and weaknesses.
Teaching methodologlied best 'sulted to the child's
needs can then be employed. Similarly, teachers can
use ggouplprofiles to better understand how groups of
children process reading or mathematics guestions.
For pxémpLe, tﬁe teacher who knows that, 70% of the®’

class could not correctly answer the question.on

averages because they could not identify or r

. a » , .
the problem, but who-has evidence that the “students

L
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can add andldividé accurately, will: focus instruction
on the formation of problem_;epresentations from
different task environments, rather than on addition
and divisien. Similarly, inefficient.solution
strategies can be identified which would lead to a
focus on developing better pfocedural Knowledge
skills. By graphing the  frequency of the various
information processing codes across a Qide selectiun
of domain specific praoblems, the major st;;ngths and
weaknesses of the group or individual can be readily
identified and appropriate teaching strategies can be
implemented.

It is important that the health educator
understand a child's information processiﬁg
abilities. Children with chronic illnesses,
eépecially those w;o must learn several self-care
procedures, are then given age gppropriate
demonstrétions,accomé;nied by material to read. Those
who must learn to glve théir awn insulighfnjections
and weigh food or make food substitutions need to
know basic mathematics concepts. The individual
profiles can be helpful to individualize self-care

W8

teaching methodologies. On an empirical level it has
) .
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been interesting to note that subjecés présenting
health maﬁagement concerns also have had difficulty
reﬁembering*or fecalllng readingjinformation from the
text and have fréquently reasone; illogically or
superficially in %athematics. Knowiné that speciflic
cglldren have certain information processing

weaknesses allows the health educator to provide a

more appropriate teaching program.
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CHAPTER 5
CONCLUSION

Evaluative Summary

In order to acquire a better understanding of
the process“of_problem solving by children of varying
abilities, it was necessary to extfapt trom the
literature on cognitive processing, the facters ;hat
relate.to information p;ﬂCBifing abilitiés du;ing
problem soivihé,'and'then to identify an established
method for: collecting.the data. To éafn a bettef‘
undgtstandiné of strengths and weakne;sgs:in
processing across high and low abiiify‘problem
solvers, it was advantageous to analyze the problem v
501¥ing abilities of a populatlon of children
expected to exhibit a wide range of abilities. It
siﬁped most relevant to present the children with
" problems similar to those upon which thelr scholastic
abilitles are generally assessed.and with which thef
have the greatest%%ifficulty according té the
literature (i.e. reading and mathematics).

Factors that relate to cognitive processing

)

™
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abilities during proﬁlem solving are the richness and
'organlzatiqn of relevant declarative and procedural
kngowledge in long term ﬁemo;y and the child's‘ability
: .

to access this knowledge {the knowledge base the
child brings to the task);-the child's ability to
acquire and ofganize new knowledge éuring the
execution of fhe-task (thisrrelates to memory span,
the amount aﬁ indiYidual can encode in a éingle
chan; the p:eSent knowledge structures wifh which
new Baterial can be associated e£¢.); the child's
ability ‘to éxfraét tﬁe critical feathres from the
problem statement and form an éppropiate khowledge

- representation; the amount of automatic processing
Cused by the child, the depth of.processing and the
ﬁime taken to process the information; the efficiency
and effectiveness of the strategles used by the child
to work through the problém; and the chiid}s.abili{y
te plan, monitor and use feedback. In orderlto
identify énd examine these yariables, the literature
provided examples of how tasks could.be Aecompbsed

o ¢
into components through the analysis of verbal

A

protocols. Although there is much related iné&%mation

in the litéraﬁ@fe (studies of problem solving during
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Tower oE'Hanoi, series completion, uhiverslty‘physics
questions etc.), there is_iittlé information relating
specifically to cufriculum—type problem§ at the
elemenfary level. . _
‘The literature indicafe; that chronically 1ill

children are-at_higher risk for acaaemic problemé
. than their healthy peeré. Some of ,the studies based
their conclusions on medical records, school records,
parent or teacher interv%eWs or on studies which did
ﬁot adequaﬁely.match contrél-groups. However,
indlcaticons that chronically ill chlldren are more
vulnerable to academic problems is clearly‘present in .
the literature and reading and méthematiqs are two
cur?iculum aréds with which these children apbear to
have particular difficulty.

A pool of test items reflective of the type of
guestions the children confront Iin school,
abpropriate for their grade level, and about which
something was known Qegarding their degree of.
difficulty fd% non-chronically ill g?ildren was
x _
sought, The Canadlan Tests of Baslie Skills has

limitations(as a test battery and the methodology

used in this stuay exposed some of the short comings,
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but there were advantages to using test items
reflective of the type of questlions teachers werse
giving these chlldren at school, and whicﬁ have
national norms.for the individual test }tems. The
items presented to the subjects in this study were
chosen so that a range of difficulty levels were
offered. Permission from Nelson Canada to extract
items for the purpaose of this research was alsoc an
advantage. Used in the traditicnal sense .the Canadlan
Tésts of Basic Skills test items do discriminate
against the creative thinker, but the think aloud
method identified creative responses as well as the
Canadian Tests of Basic Skills' correct response.
Brown et al. (1982) discuss reading comprehension as
internalized problem solving which takes place
through the interaction of top-down (comprehension)
and bottom-up (letter and word-recognltion)
processes. This stﬁdy analyzed children's responses
to the type of reading questions still used by the
school systems from which the children in the study
we;é drawn and did not attémpt to identlfy the cueing
gystem used (graphophonic, syntacéic or semantic).

Research oqjectives rather than hypotheses were
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formulated because predictions about information
processing differences hetween the Chronic Asthmatic
and Insulin Dependent Diabetic children could not be
made. The stpdy was exploratory iﬂ nature. Thé number
cof éubjects in the study is limlited if compared;to
quantitative studies, but if compared to studies in
the‘informatién proceésing field, férty—eight'
Subjects is not-a small number (e.g. Schoenfeld

- (1979), had seven subjects: Holmés:et al. (1983) had
twelve subjects). A great deal of data ls ‘generated
in thié type of research and the analysis of the data
is laborious but rich in information. A control group
would have had to be matbhe§ for intelligence, age,
sex, and possibly'edﬁcational system since the
subjects came from a wide‘gedgraphical area served.by
several school boards. It was possible to determine
the component processes related to individual
differe;ces in problem solving without a control
group. Where the guantitative analysis ldentified
slgnificant between-group and within-group
differences, informatlon processing patternsJ '

_contributing to these differences were identified and

described. Healthy peers mgy have similar information

. -la
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processing patterns_and it would be valuable to
comppre‘lnformation'processlng differences. However;, S
from a diagnostic point of view, to know from an
ind%vidual's or a group's information procéssiné_
profile that.the correct answer was based on good
declaratiﬁe and pracedural knowledge, or that thgfe
was no evidence of depth of procgssing and problem
solving strategies vere inefficiént, or that.the
subjecté\éould not extract the critical features from
the problem statement, contributes to a better‘ K
understanding of the children's strengths and i
weéaknesses in problem solving.

| The methodology developed and ﬁsed in this
study halemplications for furtger use. The teachers
who coded the verbal protocols for intercoder
agreement did not kﬂow who the subjects were or
whether they were Asthmatic or Diabetic children.
Intercoder agreement ranged from .77 to .92. The
coding system was used ﬁith 2,832 protocols and it
provides an initial'diagnostic framework for
exémining the proplem'solving procesé. The objectiﬁe

of the study was to identify and describe, not to

compare. The value in determining gignificant
. |
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differences in chres between and within groups was
to identify and ﬁescribe the information procesées
that contributed to fhe ;igﬂificant differences in‘
perﬁormance. The iﬂem norms were used to select a

” ; . :
range of easy to difficult questions and to serve as

|

a point of referenc?. The Canadian Tests of Easic
\Skills' time limitations for answering the guestions k""'\\\J
were not enforced and in some situations thinking
aloud may have proved an advantage, therefore, i1f the
subjects scored below the f£fall norms on c'rtain skiil
objectives it is.probably séfe to say that these
children are having more difficulty with these
problems fhan is usual for'%hildren of the same grade
level.

Finéing that grade eight males‘are better at
mathematics than grade eight females is not
surprising, but being able té identifty factors that
cgntributed to the differences in performance enables
the teachér to address these differences in | b
per formance. For examﬁlé, 6n tﬁe single step' . !
'mathematics problemns, ;hé grade eigﬁt female
asthmatics demonstrgted difficulty with probléem \\;’f
representation in 38% of thelir responses but their

-



i,

{‘\,-

/

male counterparté in only 4% of thelr responseé. In

21% of the responées the ﬁemgles obtained incorrect’

answers because of weak procedural knowledge whereas

this was the case In only 13% of the males’ ..

///rmﬁ;esponses. This information demonstrates why 71% of
the males' answers were correct but only 31% of the
Eema;eé' ansvers were correct. Whether the sex -
differences were related to:self gbncept, parental or
teacher expectations, roLe.models, perceptual-spatial
factors or right-left ﬁemiépheric differences wgs'not
addressed.

Tt is important té;note differences in response
timesr Two groups of asthmatic subjects took
significantlj longer tha; thelr diabetic peers fo:
respond to mathgmatics probléms,evan.though there was
no significant difference in scoreé between the
groups. The mean mathematics response time for the
grade seven female diébetics was 65.38% less than the
mean response time for the grade seven female .

. asthmatics. When the literature suggests that/
asthmatic'children may have concentration

difficulties and the children state that they rarely

finish testg at school, this becomes an important
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observation. These ch%ldren apéear to.process‘
information more slowly. It is also important to note
thét had there‘bgen time restrictlons on the readling
portion ofthe teéE; eight asthmatics and five ®
diabeticé would not have finished; aﬁd on fhe
mathematics portion, 20 asthmatic and 17 diabetic
children would not have finished. Out of 48 subjects,
TT% would.not have finished the mathematics test had
théré been the usual Canadian Tests of Basic Skills
time restrictions. .

With regard to absentee;sm, asthmatics were
absent more freqrently than diabetics (17% of'ﬁﬁe'
diabetics and 25% of the asthmatics were absent for
?5 days or more over the previous six sgmesters), but -
44% of thq chronically 11l children in this study
were absent f&n less thén one-half the anticipated
absentee rate for non-chronically ill children
according to Parcel et al. (1979) figures. The
percentage of responses demons£rating godd

n . |
de@iarative apdtprocedural knowledge was the same or
greater Eér the high absentee mempers in four qu; of
elght groups in reading and three out of eiéhé‘groupsj

in mathematics. Subjects with absences of 50-70 ﬁays

-
. B

4
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more frequently skipped questions, especially
mathematics questions, had difficulty with probfem

representation and used less efficient procedural

L]

strategiles.

Contributions Of The Study

1) The provision-ef—a methodology for analyzing the
information processing strengths and weaknesses
of children aséociated with problem sdlving tasks

in reading and mathematics.'

2) The demonstration of the methodology through
individual and group profiles of information
praocessing strengths and weaknesses and a
discussion of the diagnostic value of the

information processing analysis.

3} The identification of response time differences
which indicate a need for further study of
the effects of time restrictions placed on

chronically ill children during tests at school.

&) The provision of reading and mathematics



information processing profiles of subjects

180"

in this study which—canmr contribute to changes ——

in health care instruction methods.

5) The identification of information processing
patterns of problem.solving strengths and
weaknesses which provide for school teachers,'
indicators of the type of information processing
difficulties experienced by the diabetic and

asthmatic'children in this study.

6} Information about the effects of absenteeism on
academic performance; on information processing
variables; and absentee rates for children in
this study who were on strict medical regimes

Is provlided.

suggestions For Further Study

Further research using the methodology of this
study should be undertaken to examline information

processing differences in children with no known
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health problems and children with known health
problems as well as betweel¥ children with known
academic problems in rqaéing and mathematics and
those who perform well Iin these deomalns. There are a
number of health related situations irf which
children's cognitive functioning is helieved to bé
impaired, either in conjunction with a disease
process or related to neurological involvement. The
literature suggests there are differences {n
cognitive fuﬁctioning when children are on
corticosteroids and the questlion of the effects of
beta adrenergic sﬁbstances and theophylline on
response times requires further examination. An
indepth analysis of these children's information
processing strengths and weaknesses would contribute
further knowledge to an area which has been left

largely unexplored.
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Consent Form

Information Processing Analysis O0f Chronically Ill Children's
‘Problem Solving Abilities

The purpose of the Tesearch project is to understand more
fully why many chronically 1l1l children have difficulty with
academic subject material such as reading and mathematics.

The research also is trying to identify the childran's strengths
and weaknesses in problem solving. .

iInvolvement in the study will require 1% to 2 hours of
your child's time. Indlividual testing appointments will be
made at your convenience. Your child will be asked to think-
aloud and her/his Tesponses will be tape recorded. The
questions will be mainly math and reading questlions sultable
for his/her grade level in school. Since it 1s the thinking
processes involved which are being sought, there is no need
to be concerned about ability to answer the questlons.

There will be no negative side effects to this procedure
and although this investment of time on your child's part
may be of no direct benefit to your child, it will be helpful
to school teachers and health educators. '

A1l information collected will be confidential and any
publication arising from this research will not permit
identification of any individuals.

You may withdraw from this research at any time, even
after signing this consent without! influencing the care your
child receives at the Children's Hospital.

The research is being carried out by Denise Alcock, M:A.,
and she can be reached at 746-6242.

. A1l my questions regarding this study have been answered

by and I agree to participace.
Parenc's Wame Signacure o Date
Patient's Name Signature . .Date

Witness' Name Signature Date
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APPENDIX B

TEST INSTRUMENT

COPYRIGHT OF NELSON CANADA
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NELSON CANADA

A DIVISION OF INTERNATIONAL THOMSON UAITED
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Publishars in Canada since 1914

1985 05 22

Miss Denise Alcock,
1 Massey Lane,
Gloucester, Ontario
K1J 6C7

Dear Miss Alcock,

Permission is granted for you to usé the CTBS items as described
in your letter May 14, 1985. This permission is subject to the
following conditioms: .

1) The test be used only as described

2} The test may not be sold.

3) The test may not be distributed outside the University of
Ottawa. .

4) A copy of your thesis, as it relates to CTBS, is to be
forwarded to the publisher. :

Good luck with your project. If I may be of any further assistance,
please do not hesitate to contact ne.

Yours sincerely,
NELSON CANADA

55—" é( //,__;',;(_r_’.'rﬂ. ’
(3 ‘7( . Fl
Peter D Cameron, Manager

Measurement & Guidance Department

PDC/mn

1120 Birchmount Road, Scarborough, Ontario M1K 5G4 (416) 752-9100 Telex 08-963813
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Test Format

Reading Items ) . Grade Level
1 - 15 ] Grade 7 & Grade 8
16 - 23 ‘ Grade 7
24 - 32 Grade 8
Mathematics Iﬂ_s_ Grade Level
33 - 38 . Grade 7
37 - 39 ‘ Grade 8
40 - 70 Grade 7 & Grade 8

——Additlonal Test Item

Plan Your Day Question



Glaciers are an interesting fact of na-

ture. They are moving bodies of ice that begin
as heavy snowfall in areas of perpetual snow
and intense cold. At present, glaciers are found
on every continent except Australia.

@ Most common are valley, or alpine gla-
ciers, frequent in the Alps. These form in
mountains and move down valleys like Tivers of
ice. Some end with melting as they get below
the snow line. Others travel far, like the glacier
at the Columbia Icefield in Alberta, which is
286 km?. Normally, it travels 27-30 m a year.
Quite frequently, glaciers end at the head of

rivers, lakes, or bays; and their melting feeds -

~ the body of water. Several valley glaciers may
move together onto a plain and spread out.
They are then known as piedmont (foot-of-the-
mountain) glaciers. These persist only on high
plateaus, and there are few of them. In very
cold climates, in the polar regions, are found
continental glaciers or icecaps. These may be
hundreds of kilometres deep and cover entire
mountain ranges. The Greenland Icecap hasan
area of more than 1872000 km?, and the
Antarctic Icecap covers an area larger than the
United States. Piedmont and continental gla-
ciers may move to the sea and break off as
icebergs.

The absorbing thing about glaciers is
that they do move — maybe centimetres a day
or. in the summer, as much as 15 to 20 m.
"How" is the question. Geclogists now believe
that glaciers consist. not of solid ice, but of

~ cier is the path eaten into the bedrock of the

large ice crystals that are in some way inter-
locked. They move, not by flowing but by split-
ting (called “shearing™, then closing up again.
This series of cracking and closing works earth,
pebbles, rocks, and boulders up through the
glacier, sometimes to the surface. It ishastened
in some way by the melting and refreezing of
the ice. This movement is like the flowing of a
river, faster at the top and centre and slower at
the sides. It is not easy to see, but it can now be
measured. It is known that the rate of move-
ment varies with such factors as steepness of
slope on which the glacier is moving, thickness
of the glacier, and the weather. '

Glaciers of past and present are of great
Thterest to scientists. Those that have disap-
peared left marks that scientists recognize. By
such marks, scientists know that, in the last Ice
Age 10 000 years ago, all of Canada and much
of northern United States were under glaciers.
There is much evidence of this in the Great
Lakes area and northern Minnesota, and many
small glaciers still are found in Glacier Na-
tional Park in Montana. One mark of the gla-

earth as the glacier moved over it like a giant
rasp. Others are the earth, the nebbles, the
broken stone, and the rocks left behind as the
glacier melted. This debris is left in patterns
that show the direction of the glacier move-
ment. Sometimes a huge boulder, unlike any
other around it, tells the scientist that a glacier
has carried it there. We might call these marks
the writing of glaciers in the histery of the
earth.
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1. Why are-scientists especially interested in glaciers?
1) Glaciers are very rare.
2) Glaciers are disappearing from the earth.
3) An understanding of glaciers may reveal important facts about
the history of the earth. '
4) The reasons for the movement of glacliers has long been a complﬁ

puzzle to sclentists.

2. Which of these is not a name for a type of glaclier?
1) Alps 3) Pledmont . .

2) Continental © 4) Valley

3. Where are glacléers formed today?
1) Only in deep valleys ‘
2) Only in the Swiss Alps
3) Only &in the Arctic or Antarctic
4) 0Onl Te there 1s heavy snow and bitter cold

4. Why do not all glacliers disappear in the summer?
1) Mountains protect glaciers from the sun.
2) Many glaciers are fcund where it is cold the year around.
3) There 15 no summer in Places where glaciers occur.
4) BRocks and earth in glaciers keep them from melting. -

-

3. Paragraph 2 is adout which of these?
1) The movement of glaciers
2) The shape of glacliers
"~ 3) The thickness of glaciers
4) The kinds of glaciers

oL

6. Hhich of these phrases tells best how continental glaciers differ
from piedmont or valley glaciers? :
1) Faster melting '
2) More extensive
3) Faster in motion
4) More common

T
- N

7._Paragraph 3 is mostly about which of these?
TQ\Thefkinds of glaclers :
2) .The marks glaciers leave behind
3) How glaciers move
4) The effect of weather on glaciers

8. Which of these is true of the movement of glaciers?
1) It cannot be measured.
2) It occurs only in supmer.
3) It is'fas; in the winter and slow in the summer. - -
4) The rate varies greatly.
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9. Whieh paragraph shows how scientists are able to tell where giacie§

were in the past?
1) One e 3) Three
2) Two : 4) Four

10, Which of these is most 1like the " writing of glaclers in the
history of the earth"?
1) The minerals taken from mines deep under the earth
2) The remains of ancient plants and animals in rock formations
3) The hieroglyphic writings of the Egyptians
4) The writings of historians of anclent Greece

11. Which of these is important in the movement of all glaciers?
1) Changing weather : .
2) Width of valleys h
3) Nearness to wWater
4) Location of snow line

12. The "debris™ in the last paragraph 1s which of these?
1) Earth, stonmes, and other matter carried by glaciers
2) The bedrock of the earth over which glaciers pass
3) The water that runs off from the melting of glaciers
4) The path made by a glacier as it moves

13. Paragraph 4 is mostly about
1) how the Great Lakes were formed.
2) what glaciers were like during the last Ice Age.
3) changes made by glaciers in some areas of Canada and the U.S.
. 4) why there are strange rocks in northern Minnesota.
.

14. Three of the following are indicated in the article as being
caused by glaciers. Which is not?
1) Icebergs . , :
2) A colder climat
3) Flooded rivers. —
4) Removal of topsoil

15. What appears to be the purpose of this selection?
1) To persuade '
2) To enmtertain
3) To infotm
4) To question
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1. Brian and Sonia entered the woods just as the sun was
rising. They might have been any two friends off on a day's
hike, except for one thing. Brilan was in a wheelchalir, and
Sonia was pushing him. They took turns looking through a
palr of field glasses. Every so often, Brian would whisper

a number. Sonia would then turn to a page in a book. She
would show the page to Brian, and the two would nod and smile.

2. Brian and Sonia were bdird watchers. Although they,
shared this common interest, they were different in many
ways. Sonia enjoyed the outdoors, but until she met Brijan, all
her outdoor activities involved sports. Brian was born \with
ceredral palsy. His mind was sharp, but he could not coltrol
his arm and leg movements very well.

3. Sonia felt sorry for Brian. She wanted to help him.

Since there was a woods nearby, she offered to push Brian's
wheelchalir over the bumpy path so Brilan could enjoy the outdoors.
Sonia's offer pleased Brian. But Brian surprised Sonia. Every
time he spotted a bird, he would tell Sonia its name and
interesting things—about {t. Brian had made go use of the
many hours he had to spend indoors. Brian could andwer

most of the questions Sonla asked about a bird.

4, Sometimes their talks would be so long and loud that
the bird had flown away by the time they finlshed. So, they
decided on a new plan of action. They toock along a birdwatching
guide when they went walking in the woods. When they spotted
a bird, Brian would whisper the number of the page in the

book that he thought told about the bird. Sonia would verify
it and read the information silently. . Since Brian already
knew what was on the page, he spent all his time loocking.

When they returned from their outing, they made a bird chart.
On it they drew and painted true-to~life pictures of the birds
they had seen. They also wrote down when and where the birds

had been found.

5. As time went on, Sonia stopped feeling sorr{ for Brianm.
She realized Yhey both had something to give as well as Ttecelve,



16.

17.

18.

1%

20

21.

22.

23

Why had Sonia offered to push Brian's wheelchair? 7209
1) Brian couldn't handle a wheelchalr at all.

2) Sonia wanted to tell Brian all about the_birds,

3) Sonila wanted to do a good deed.

4) Sonia wanted to get some fresh air and exercise.

What is the main topic of paragraph 2?
1) Brian's accident ]

2) The background of the two friends
3) How Sonia helped Brian

4) Sonia's interest in sports

In what way had Brian made good use of his time indoors?
1) He had written a book.

2) He had taught Sonia how to paint.

3) He had learned something-

4) He had exercised his arms and legs.

What does the story suggest about Brian's knowledge of
the bird watcher's guide?

1) He had practically memorized the information in it.
2) He knew it well because he helped write itt.

3) He was familiar only with certain parts of the book.
4) He knew about how many pages it contained.

As Sonia got to know Brian better, her attitude toward hinm
changed from

1) dislike to admiration.

2) jealousy to friendship.

3) worry to unconcern.

4) pity to Tespect.

-

What do the words, "Sonla would verify it,"™ in paragraph 4
mean? )

1) She could read what the book said to Brian.

2) She would check to see if Brian was tight.

3) She would memorize what the book said.

4) She would write down what Brian had whispered.

In 'what way had Sonia been helped?

1) Her eyes nadd been opened to something she didn't know.

2) She had gotten answers to some difficult questions.

3) She had been given a beautiful bird charc.

4) She had been taken someplace she would not have been
able to go by herself.

In an outline of paragraph 4, " Observing the bird " is
one topic. Which of these would be the other topic in
the outline?

1) "Unusual birds of the forest"

2) "Following the bird's flight"

3) " Painting and selling bird pictures”

4) " Recording the information"



210

/7

What do you looR for when you buy shoes? Do you buy shoes

to match your clothes? Or, are you more interested in the
latest fashion? Actually, the colour and astyle of your shoes
are a matter of personal taste. In fitting shoes, though,
there are a few Tules you can follow. .

ake sure the shoe clerk measures both your feet. One foot
may be smaller than the other. It is usually best to buy
the larger size. Have the length and width of your foot
lneasured in both a standing and a sitting position. + Some
feet stretch or spread when standing. A shoe that feels
comfortable while you are sitting may not be comfortable
to walk in. Your shoes should be two to three centimetres
longer than your foot when you are standing. The shoe
should be widest at the ball of your foot. It should give
good support under the arch, and should fit snugly over
the instep ard at the heel, A shoe should not pinch when
you bend your foot. It should not slip at the heel. You
should be able to wiggle your toes freely in it. .
The next time you buy shoes, look for colour, style, and /7
fit. You will then, indeed, be able to put your best foot
forward: (

9

\

LY

24, Where should a shoe be roonmy?
1) Over the instep
2) At the heel
3) At the toe
4) Under the arxch

N
25, About how nuch longer than your foot should ¥our shoe
be when you are standing? -
1) 1 em % 3) 3.5 cm
2) 2.5 em . 4) 5 em

26 . Why 1is it usually best to buy the larger size shoe if
one foct is smaller than the other?
1) So oaly one shoe will be too small
2) So one shoe will not be too big
3) So your feet will have room to grow
4) So both shoes will be large enough

~

27.HWhat does the closing phrase, "put your best foot forward,"”
mean?
1) Make a good appearance
2) Favour your strongest foot
3) Show ff your new shoes
4) Wear the best shoes money can buy
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BELIEF

Fallen, a giant aspen blocked the spring.
The water rose to form a pool, mirroring
Leaf-lace.

Over the moss~gTreen log to moss below,
As mist, as rain, with its own shining bow,

It fell.

There - and we saw it -« in that magic wood,
Wing'ed and crowned, a tiny fairy stood,
Tiptoe.

They were.

Look! Look!: Aqd there was only water sheen.
Four eyes were certain of what they had seeaen?

28.The 'scene in the poem might be described as which of these?

1) One of quiet beauty

2) One of lingering mystery
3) One of haunting loneliness
4) One of gaiety and dancing

29.What is the meaning of "its own shining bow"?
1) The tiny fairy was bowing.
2) The pool Teflected the sky above.
3) The water fell in a curve.

4) Sun on the falling water created a tiny rainbow.

30.%What does the first line in the last stanza of the poenm

show? )

1) The fairy was seen for only an instant.

2) The fairy cried out before it disappeared.
3) The persons in the wood were shouting.

4) Their cries frightened the fairy away..

31.The person who wrote the poem was g
1) alone.
2) with one other person.
3) part of a crowd.
4) not really in the wood.

32.What was the fairy in the poem?
1) A spirit of the magic wood
2) The movement of the falling water
3) Something the poet believed she saw
4) A small figure someone had left in the wood.

— . Am A

A
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33,

34,

35,

3a

The owner of a local greenhouse gave the scouts 176

tulip bulds to beautify the neighbourhood playground.
They made 11 flower beds and planted the same number
of bulbs in each bed. HOW MANY TULIP BULBS DID THEY

PLANT IN EACH BED?

1) 11 3) 17
2) 16 4) (Not Given)

Last week Rod put 17 cases of tomato soup on the
shelves of the supermarket. There were 24 cans of soup
in each case., HOW MANY CANS OF TOMATO SOUP DID ROD

PUT ON THE SHELVES? ’
1) 41 - 3) 408
2) 308 'l:' 4) (Mot Given)

Since Rod has worked at the supermarket he has sawved
$285.35, 1F HE SPENDS § 109.95 FOR A NEW BICYCLE,
HOW MUCH MONEY WILL HE HAVE LEFTI?

1) § 175.40 3) $ 395.30

2) § 185.40 4) (Not Given)

Below is a picture of a time clock at a factory. The
clock has offly one hand, which takes 8 h to go

around once. IF THE HAND STARTS AT 0, WHERE WOULD IT
BE AFTER 15 h?

1) ©

2) 3

3) 5

4) 7

™
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38 -

39-

Whieh of

1) (50 x

2) (48 x
3) (40 x
4).‘ (58 +

Mr. and
on the h
was 1.75
What did
1) %160
2) $280

Which eq
the grap
1) y =
2) v
3) ¥y

¥y

o

4)
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the following has the same value as 48 x 67

6) - (2 x 6)
2) + (48 x 3)
8) + (6 x 1)
2) x

(6 - 2)

Mrs. King bought a 2=-year fire insurance policy
ouse with $40 000 of coverage. The 2~year rate
times the annual rate of $4.00 per $1 000,
the insurance cost for 2 years?
3) $320
4) (Not Given)

uation gives a formula for line AB shown on

h below? .
2+ T
x + 1 3

kx - 1

Y
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What is the missing numeral in the number series below?
1 2 3 5
3 ! g‘n 7 17

o1&

1) g '2) ; 3 g 4)

The average of three numbers is 8. two of the numbers
are 11 and 9. What is the other number?
1) 3 2) 4 - 3) 8 4) 10

What is the area of the shaded part of the figure below?
[:] = unit of area
1) 6

-
-
-

3) 15 :
4) 18 Z§§§§ ==

Which number sentence below is false?

L

4

&"

i

1) g b % ) 3D~ 1y 1
. 5 6

2) 1 ¢3
= - 4 4)y 3 6
2 4 z .:12

The scale on a map of Canada is lcm = 300 km. Bill's
hometown is approximately 2.67 cm from Sudbury. About
how far does Bill live from Sudbury?

1) 900 km 3) 600 km

2) 800 km .- " 4) 200 km

In the drawing below, line segments AB and CD are parallel.
What is the length of line segment CD7

1) 1.5 cm
2) 2 cm
3) 3 ¢n

4) 4 cm

H
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46. Which sign if placed® in the 0 will make z 0 ! 1 a true
number -sentence? z

1) + 2) - 3yx- a) =

47. In the diagranm below, which angle has a measure of about
60 degrees? N
1) AOD ¢
2) AQC
3) Doc
4) BOC

48. One day the members of Vera's cabin went fishing. The
fish Vera caught had a mass of 1 kg. One of her friends
caught a fish that had a mass of 700 g. How much greater
was the mass of Vera's fish than her friend's fish?

1) 1 300 g 3) 300 g
2) 1 700 g 4) (¥ot Given)

49. Tﬁe class printed 360 copies of the first issue, 400 copies

of the secoud issue, and 425 copies of the third issue.
What 'was the increase in number of copies printed from
the first to the third issue?

1) 65 ' 3) 40

2) 60 4) (Not Given)

30.

Hot Chocolate
qOC7mL.ﬂﬁ]k
75 mL cocon

]20 mLl. sugar
! mL salf
5vaami”a

Serves <4

Gwen had 225 mlL of cocoa. How many servings of hot

chocolate will this make?
1) & 3} 16
2) 12 4) (Not Given)
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bananas
1 kg -45'

grapes

$1.50 kg

51.

grapefruit
3 for $1. \
oranges - WO P
20vesch | AV T Y S
Ly X —k{pineappies [l
\ '! : =Y apples . 4.99
- f * ‘ 1 kg 'g .9'9 s
N 42 kg -$1.89
[} lemons cherrias pears
3 for 99« 95¢ kg 2 for 79«
AL X ¢
- . - . .
. .
" o, |
o
o
How

The watermelon Sam selected had a mass of 8 kg.
much did the watermelon cost?

1) 82 cents
2) $1.60

3) $1.64
4) (Not Given)

52, Mel paid $2.00 for some grapes. What was the mass of

53.

the grapes?
1) 2 kg
2) 1.5 kg

How much did Mrs. Johnson

2 kg bag of apples?
1) $2.89
2) $3.89

3) 1.33 kg
4) 1 kg

3) $7.89
4) (Not Given)

pay for 6 grapefryit and a
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ANNUAL SHIPMENTS ON A MAJOR RIVER
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How did the amount of coal shipped in 1975 compare
with that shipped in 1970?

1) One million more tonnes were shipped in 1975,
2) Twice as much was shipped in 1975.

3) Three times as much was shipped in 1975,

4) The same amount was shipped each year.

For how many of these years was the amount of oil
shipped greater than the amount of any other one
thing?. :

1) 1 2) 2 3) 3 4) 4

The shipments of which product inercased every
year?

1) il 3) Coal

2) Grain 4) Other products

About what part of all material shipped in 1965 was
oil?

1) Onme-fifth 3} One-third

2) One-fourth 4) One-half

The amount of sand and gravel shipped In 1965 was
half as great as what ather material? :

1 0Ol 3) GCrain

2) Coal 4) Other products

217
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POPULATION (in number of pecple per ko) L
1 Under2 723 s18 4550

=1 28 1845 [ERRKRE Ovorsa

7
cun'://

g,

ELEVATION (in number of matres above ssa tevel)
C—doea%0 300-600 1500-3000

150300 [ 7] 600-1500 JENCHN OVER 3000

PRECIPITATION (in milimetres per year)
[ 250-500 T50-1000 O 1250-1500

[ s00-7s0 1000-1250 JREEEMN QVER 1500

& i l“ : ':'-i' ,
L

[ ]
o L ]
Algine )

7
a‘ oAlgine | ¢ @
DUVAL °Bri:tal
r = ey

RESQURCES (each ligure represonts 51 000 000)
+ Conl 3 Cooser i Pewcieum
& lron » Forests e Natural Gas

- \

{aach hqure = ; -
CROPS 250 000 “' LIVESTOCK (&d‘l o&g:t:w ’

g Com I Wneat ‘Y Sheso * Hogs
r Qats J Potawes v Catte



On the opposite page are six different maps
ol a small country. There are six provinces in

this

land. The maps show Ihe- population, ele-

vation, precipitation, resources, crops, and live-
stock in these provinces.

59,

60.

In what direction does the Hart River flow?

1)
2)
3)
4)

Northeast -
Northwest
Southeast
Southwest

[n Belfair, which of these resources brings in the

* greatest annual income?

61.

62.

63.

64.

1)
2)
3)
4)

Copper
Coal
Nawral gas
Petroleum

“

Where are the areas of greatest precipitation?
1) Along the rivers

2) Along the coasis

3) In the mountins

4} In the agriculural regions

Which province has the greatest income from forest
products?
1) Aztec
2) Belfair
3} Duval
4) Euclid 4

™

¥Where is the greatest population centre located?
1) Along the west coast

2) In southeastern Fulton

3} Near the mouth of the ‘Milan River

4) Near the centre of Euclid

In Aztec, what use is made of the land with the least
annual precipitation?

1) Mining

2) Grazing

3) Raising hogs

4) Growing lumber

65.

66.

67.

68,

69.

70.
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Where are most of the cattle in Aztec raised?
1) In the mouniains

2) In forested regions

3) On low, flat plains

4)  Where there is plenty of com for feed

Which of these cities would most likely have larpe
oil refineries? .

1} Chita

2} Eagle

3) Fim

4) Gamna

About row many millimetres of precipitation do the
greatest wheal-producing regions get?

1) 650
2) 900
3) 1150
4) 1650

What is the total annual corn production in Cler-
mont?

1) 2000001t

2) 800000t

3) 2000000 ¢

4) 2500000t

A pipeline for natural gas runs directly from the
fields In southern Clermont to Denton. About how
long is it?

1} 110 km

2) 330 km

3) 400 km

4) 483 km

Which of these line graphs best shows the change in
elevation along the railroad from Denton to Eagle?
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You live with your family on Fié;t Street North, 14 blocks
from the Fire Station. Today-will be a busy day for you.
At 4:30 this afrernoon you aTe taking a plane to Quebec
City because you are taking part in a student-exchange
progranm. DBefore leaving you have to return library books;
buy a gift for the family you will be staying with; go to
the bank and get traveller's cheques; and buy a bathing
sult. Also, your mother has asked you to bring home a

carton of milk. The bus to the airport leaves every hour
" ( 1 o'clock, 2 o'clock etc. ) from the corner of Firsc
Street and Richmond Avenue, and takes 45 minutes to get
to the alrport. The First Street bus from your home to
Richmond Avenue takes 15 minutes and runs every 30
ninutes. It i3 now 8 a.m. Plan your day.

| N

FIR3T STREET

FOURTH ETREET

THIAD STREET
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"Reading Code Definitions

Code ' Definition
co Correct answer only

Appears to understand the problem right away
CB Correct %fswer with basis for answer

Appears To understand the problem right away

Uses loglcal reasoning to arrive at the right answer
or accurately rtecalls content and fully explains
basis for answer

{CNB Correct answer not based on text
Appears to understand the problem
May respond by eliminacing answers or by reasoning
not -based on information in the text

INB Incorrect answeT not based on text
Appears to understand the problem
Does not remember or retrieve content from the
text accurately or at all
May choose the "best" answer

CWK CorTect answer but demonstrates weak domain speciflc
knowledge
Appears to understand the problem
May not use 3ll the information given in_the question
or may reasan 1llogically or superficially

IWK . Incorrect answer - demonst:ates weak domain specific
: knowledge
Appears to understand the problem
May not use all the information given in the questlon
or may reason 1lloglcally or superficially

CDR Correct answer but difficulty with problem representation
May not understand the problem fully
Domain specific knowledge weak

IDR Incorrect answerT = has difficulty with problem
representation
May not understaod the problem fully
Domalin specific knowledge weak

UPR Unable to form a problem representation
Abandans. the problem or seeks help

CE Correct answer but elaborates the story content,
the question or the answver

IE Incorrect answer - elaborates the story content,
the question or the answer’

CW Correct answer but had to woTrTk at understandlng oT
solving the problem

Iw Incorrect answeT but worked diligently at understanding
or solving the problem

SP Skipped the problem without attempting to do it
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Appendix D

Machematlics Code Definitions

b

-Code

. Definition

o

co

CB

CWK

INK

CEA

IEA

CCE
ICE

CDR

IDR

UPR
CH
Iw

SP

Correct answer only
Appears to underscand the problem Tight away

Correct answer'with basis for answer .
Appears to undérstand the problem right away
Demonstrates domain speclfic knowledge

Procedural strafegy ?fficient

CorTect answer but demonstrates weak domain specific

knowledge
Appears to understand the problem
May not use all the information given in the questian

oT*may Treasan illogically or superficially

Incerrect answer - demonstrates weak domain specific

knowledge : \
Appears to understand the problem

May not use all the informition given in the ques.ion
or may reason 1llogically or superflcially

Correct answer by eliminating answers
Appears to understand the problem but arrives at
answer through elimination of incorrect responses——

Incorrect answer by eliminating answvers
Appears to understand the problem
Eliminates the answers to arrive at response whlch

s incorrect

CorTect answer but makes calculation error
Appears to understand the problem

Incorrect answer because of calculation error
Appears to understand the problem

Correct answer but difficulty with problem representation

" May not understand the problem fully
..Domain specific knowledge weak

Incorrtect answer - has diificulcy with problem

representation
May not understand the problem fully

Domain specific knowledge weak

Unable to form a problem representation
Abandons the problem or seeks help

Correct answer but had to work at understanding or
solving the problem

Incorrect answer but worked diligently at understanding
or solving the problen

Skipped the problem without attempting to do ic



Appendix E

S:nrc: and Resvonse Tloeas Of Dlabetic Subieces

Reading . Mach
. 1zsponse Raading Respaonsae Mach
Subj Grace Group Adaent Tinoe Scorae Tinoe . Score
L 7 HD ! 424 13 2034 10
2 7 4o Q a4l 16 1532 19
h| 7 4D 0 aad 17 . 13503 18
. 7 HD 0 1126 R 31233 AR
] 7 MD o 17s 9 1847 .18
3 7 N0 1 1720 16 2763 14
? 7 FO a 546 15 1819 2
8 7 3] 0 410 19 1311 197
9 H FD 1 974 L7 2018 16
10 7 FO 0 1095 17 1781 28
11 H FO 1 111 * la 1287 - 0
12 H ] 1 Y. 21 toss 8
1] L 4D 1 uE7 16 823 ' s
A a MD 0 s08 16 1962 bl
15 L] M0 1 1601 16 1998 N
16 8 M0 ] 264 16 ato . 13
17 s %D 0 10208 14 1983 6
is ’ 40 0 sal 1 18512 b3
19 L] 3] 0 1078 14 231 17
20 s FD Q 839 1) 178 12
1 s FD 1 1078 10 1976 19
12 L] FD 0 ag7 9 1797 13
23 L FO 1 uas 11 1545 21
14 | FD 0 808 13 2ta7 18

Note: S5ubj o Sublect; MD = Male Diavecic: FO = Female Diabetic:
Absent 7 = Absent fram school for 10 days or less over the
past I 1choal years; Absent ! = Abaenc from school for Ll

davs ar =moCe over Che past I achcol rveara: Tiae {n swconds.
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- Reading Math

Responss Reading Responsa Math

Subj Grade Group Absant Tlnoe S5core Tlae Score
25 7 HA 1 656 21 2612 31
26 7 MA 1 567 8 2189 24
27 7 MA 0 676 18 1166 13
28 7 HA 1 860 16 1915 30
29 7 A~ 1 1572 13 1782 7
3o 7. KA e. 127 17 2315 19
n 7 FA Q 1106 19 321 26
32 7 FA 1 711 6 1762 15
32 ? FA 0 801 16 2241 4
a4 7 FA 0 1106 18 2529 11
35 7 FA 0 1343 1l 2946 16
36 7 FA 1 1111 20 2624 16
37 ] KA 1 678 11 2551 27
bY:] 8 HA 1 1122 20 2429 31
39 [ MA Q 207 16 2122 28
a0 8 HA 1] ias 11 1981 - 14

al 8 HA 1 &75 15 1109 8 ¢
4“2 8 MA s B28 11 2685 27
L3 8 FA 1 616 17 2453 12
L] B FA 1 3ss l 9 1201 9
us 8 FA 0 811 la - 1852 26
“b 8 FA 1 Jal 9 2004 18
47 ] FA 1 838 15 2356 17
“i ] FA 0 308 12 16402 16
MA » Male Ascthmactic; FA = Female ASChearics

Note: Subj

= Subjecet;

Atzent 0 = Absent from schoal for 10 days or less over paist

1 school years;
0T more over the past 2 schoal years;

Absent 1

= Absent from school for 11 days
Tlme in seconds.



Appendix G-

Table G-1 .-
Means And Standard Deviacions Of Reading And Machamazics

S5cores And Response Tlnes

e

Sex/Group HD FD HA -‘ FA
(n=6)
Grada 7
Reading Score
H : 13.16 17.14 15.30 15.00
5D 2,41 2.34 4.11 4,98
Reading Response -
Tima - -
H 7899.50 789.00 BGU9.66 1029.66
50 485.75% 120,40 361.55 212.24
Math Score
M 21.66 23.33 24,00 20.00 -
50 b.64 5.27 8.%4 5.495
Mach Responsa
Tice
H 2156.00 1459.00 2001. 50 1537.17
Eld sa6,.12 315.33 452.89 aul. 99
Grade §
Readling Score .
hi 14,81 11.6%6 15.00 12.64
E 1.848 3.45 2.52 2.98
Reading Response
Tioe
H 668.50 749.16 615,83 $52.00
50 406,33 172,317 301,48 215.78
Math Score —
hud 24,46 . 18.66 25,93 16.33
5D 3.29 5.37 5,46 5.31
Math Response
Tine
H 1555.00 2027.16 2212.83 157B.16
5D 525.11 197,42 59,648 458,135

Note. MD = Male Diaberic:; FD = Female Diabectic:

MA = Male Asthzatic; FA = Female Asthmatlc
Tize in seconds.




226

Appendix G

Table G-2
Hann=Whictnev U Staciscice

Reading Yach
Reading Respansa Math — — Raspanse
Groups Scares Tines Scores Tines
GCrade 7
HD & FD 12w P 22.5 27
MA & FA 18 7 24.5 28
MD & MA 6 2] 21.5 19
FD & FA 20,5 27 25.5 32w
ND, FD
It
HA, FA a0 95 73.5 140
Grade 8
MD & FD 25 23 10.5= 2
HA & FaA 24,5 PAS Il 25
MD & HA 21 26 25.5 Jjow
FD & FA 20 27 22.5 27
4D, FD
[
Ma, FA 80 Bs 73.5 36
Note: For = 0.05, the critical values are U2 = 2%

for n, = A, 4, and Uw =» 102 for ny = n2 = 12

ND = Male Ditabeclier fFp
NA = Male Aschmaclic;

= Female Diabrecic;
FA = Female Aachnarctie
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Information Processing Code Freguencles And Pevcentace Ocecucvences!

Awadiog ~ Racnenlzine And Underscandling Factual Inforaarcinn

Group i
(n=6) HD D MA ¥aA
Code Fraquenciaz and (Parcentage OccurTencws)
Crade 7
ca 3 (13.88) 5 (131.88) 7 (19.44) 1 ¢ 2.1
c3 § (15.58) 12 (33.33) 9 (25.00) la (38.38)
CNX 7 (19.4a) 5 (l3.z8) LC2.17)
INB 10 (27.77) 7 (19.44) 7 (19.4a4) s {131.83)
C¥K 1 ¢ 2.7 ’
IWK 1 ¢ 2.77) 2 { 5.5%) 7 (19.44) 5 (13.88)
CDR 1 02.77)
IDR & (16.66) 4 (11.10) 3 (¢ 8.31) 5 (11.88)
UzR 1 ¢2.77) 1 (21.77) 1 ¢2.77)
cE 1 (2.77)
IE
CcwW 1 (2.77)
Iw 3 ( 8.3))
sP
Tocal 15 . 18 b1 16
I Corract
Reszponases 53 [ 2 50 47
Gradae 8 _
co 9 (18.7%) 7 (la.58) 16 (33.33) 11 (22.91)
c2 16 (33.33) 12 (25.Q0) 11 (22.91)} 3 (10.a51)
CNB 3 ( 6.2%) & (12.50)} o ( 8.33)
Iys 18 (317.50) 14 (19.16) 9 (18.75) 17 (35.a2)
[54°} 4 1L ( 2.08) 1 ¢ 2.08) 1 ¢ 2.08)
IWK 2 ( 4,18) 3 ( 6.23) 4 ( 3.33) 4 ( 8.31)
CDR 1 ( z2.08) 3 ( 6.15)
IDR 1 ( 2.08) 2 ( a.l186) 1 ( 2.08) 3 (76.25)
UPrR
CE 1 (¢ 2.08)
IE
CH 2 ( 4.16) 1 ¢ 2.98)
W 1 ¢ 2.08) 2 ( 4.%6)
5
Total 48 48 1Y} Y.
I fCorrect -
Responses 54 54 71 30

Yoce: For code definiclons
MD = Male Diabecicss
MA = Male Aschmatlcs;

see Appendix ¢
F0 = Femalae Dlabeticag
FA = Female Aschoaczics.
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Information Processing Code Frwquaencles And Percentage OccuTrTences!

Reading = Making Genervallizations

Group . :
.(n-é) MD FD HA FA
Coda Traquencies and (Percentage Occurtences)

) Grade 7
co 8 (1s.91) 8 (la.81) . 18 (33.33 & (l1.10}
cs 16 (29.482) 31 (57.41) 15 Q7.7 22
CNEB 3 ( 5.5%) 4 ( T.61) 3 ( 5.53) a (7
INB 20 €37.08) 6 (11.10) 6 (11.10) 8
CWE 1 ('1.885) L ¢ 1.8%) 3
IHK ¢ 3.70) 3 { 5.53) 2 ( 3.70} 3¢
coR 1(1.8%) ' 1 ¢ 1.85) 3¢
IDR 3 ( 5.35) 2 ¢ 3.70) a ( 7,40} ¢
UPR 1 ( L.85}
CE
iE i
cW 3¢ 5.3%) 2 (3.70)
Ik 1 ¢ 3.70)
v
Tetal 34 54 4 $4
T CorTact
El:?onaus ‘54 30 74 ‘TA

Grade 3

co 17 (25.78) 18 (17.271) 18 (37.88) 22 (33.33)
[+ ] 27 (64.%0) 15 (22.73), 10 (15.1%3) 8 (tz.123
cus ' 1 {"1.52) 2 ( 3.03) 1 ( L.52)
INB 7 (10.81) 10 (15.13) 13 (19.70Q) 16 (21.21)
CHK 1L ¢ 1.3
INK 13 (19.70) 13 (19.70) 12 (18.18) 14 (21.21)
CDR 1 ¢ 1.52) 1 ( 3.01}
IDR ' 4 ( 6.06) 3¢ 6.55) 3 ¢ 4.53)
URR 1 ¢ 1.5} 1 ( 3,01) 1 ( 1.52)
CE
IE
tu 1 ¢ 1.50) 1 ¢ 1.52) 1 ¢ 1.58)
W 10 1.5 .
L33 . :
Tocal 66 66 86 .86
T Cortect
Responasas LT:] L3 L1 52

Wotae: For coda dafintcions see Appendlix C
MD = Mala Diabecics; FD = Female Diabecics;
MA » Malae Aschmacica; FA & Famale Asthmactics

o
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Information Pracessineg Coda Fracusncies And ZaTcantaxe Occurrencess

Raadlng - Infecrring Undacvlyine Relacionships

e

Group
(n=6) MD rD MA TA
Cada Frequencles and (Percentage Occurtencas)

Gradae 7
ca 7 (la.58) (16.66) é (11.30) & (12.50)
cy 17 (35.42) (54.331) 19 (39.58) 19 (39.38)
CN3 3¢ 6.25) 3¢ 6.2%) 3¢ 8.2%)
INB 7 (15.58) (8.3 8 (16.68) 8 {18.45)
CWE 1 ¢ 1.08) 1 ( 2.08) 2 ¢ 4.18)
INK § (12.50) ¢ 8.33) $ (10.a1) 5 (10,413
COR 1 ¢ 2.08) 1 (¢ 2.08)
IDR 1¢ 4.18) ¢ 2.08) 1¢ 2.08) 2°C 4.18)
UPR 1 ( 2.08)
CE 1 ¢ 2.08) ¢ 2.08) 3 ( 6.2%)
1E 1 (2.08) ..
cw 2 ( 4.18) 1 ( 2.08) 3¢ 6.25)
I
P ( 2.08)
"Tacal 48 48 a3
% Corrtact
Responsas 483 79 Ia) 59

‘Grada 8
cg — 6 (20,00) 40.00) 7 (23.33) 12 (40.00)
c3 11 (36.5486) 16.66) 7 (13.33) 2 ( 8.648)
3.} () 8.568) & (13.33) 3 (10.00)
INS a (13.3)) 5.66) 3 (10.00) a (13.33)
CHK 1 (3.3 .
INK 8 (26.66) €23.33) 7 ¢23.33) 8.(24.56)
ZDR
IDR ( 3.33) 2 ( 6.86)
uPR
CE 1 (3.3
IE
e
IW ¢ 3.3
5P
Tacal l0 10 0
X Carrect
Responses 50 53 60 50

Note:

For code definlirlons see Appendix C
HMD = Male Dlabetic)
MA = Male Asthoatlcsg

FA = fomale

FO = Female Dlabecicy;
Ascthostlics,
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LY
_ Appendix H
Tabla Ho4 >~ . -
Information Processing Code Frequencies And Percentzze Occurrancest

Reading Quesclons 1 - 13

é:udp .
(a=é) . MWD o MA FA
Code Fraquenclas and (Percentage OccurTencas)
Grada 7

co 12 (13.33) 14 (15.35) 23 (25.35) TLCT.IN
(4.} 18 (20.00) . 3% (a2,22) 22 (24.48) 35 (38.38)
CNB 10 ¢11.11) . T¢I 4 { &4,44) 4 ( 4.44)
431} 28 (31.11) 15 (16.48) 16 (17.77) 14 (17.77)
CHK 2 ( 2.22) 1 ¢1.11) 2 2.22)
INK 7¢I 4 ( 8.28) 12 (13.33) 10 (11.11)
CDR 2 ( 2.22) 1 ¢ 1.11) 2 ( 2.22)
Ior 8 { 5.08) 5 ( 5.53%) 7¢C7.77) 8 ( 8,38}
uzR 1 ¢ 1,11) 1 ¢ 1.11) 1 ¢ 1.11)
CE 1 (¢ 1.11)

1 : 2 ( 2.22)
cw 2 ¢ 2.22) 2 (¢ 2.22) 1 ( 3.3
v ' 3¢ 3.3
sr ' . '
Total 90 90 90 90
I Correct
Responses 3 . 68 L 59

o Grace 8 .

co 22 (14.44) 24 (26.66) ° 3Z (35.5%) 28 (31.11)
c3 38 (40,00) 19 (21.11) 16 (17.77) 7¢ 7.1
CHB S ( 3.55) 9 (10,00) S ( 5.55)
INB 19 (21.11) 21 (23.33) 15 (16.66)° 28 (31.1]1)
CWK 1 ¢ 1.11) 1 ¢ 1.11)
INK ¢ 8.88) 10 (ll.11} 12 (13.33) 12 (13.33)
CDR 1 ¢ 1.11) 1 (1.11) 5 (5,55
IDR 1 (1.11) 78 { 5.5%5) 5 ¢ 5.55) 3¢ 3.3
UPR . 1 ¢ 1.11) 1 ¢ 1.11)
CE i
IE
cw 2¢ 2.22) 1 ¢ 1.1
v 1 { 1.11) 2 ¢ 2.22)
SP : T ¢ 1.11)
Total 90 ‘90 90 %0
% Correcc . | . '

- Responaes 67 57 54 52

Hotet Far code daefinitionos see Appendix ¢

HD = Mala Diabetics: FD = Female Dlabeticay
MA = Male Aschaacics; FA = Female Aachnmaclcs.
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Appendix I

Table I-l

Infarnation Processing Code Frequencles And Percentage OccuTTeances!

Mathamatics : Single Stap Problems

-

G:oﬁp . .

{n=4} MD ¥ MA FA

Code Fraquenciss and (Parcencige OccurTances) .

: . Grada 7

co 1 ¢ 2.38) 3 (¢ 7.1a) 4 ( 9.352) 2 ( 4.78)

cs 23 (54.78) 21 (50.00) - 24 (57.l1l4) 18 (a2.3%)

CWE 1 ( 2.38) L1 ¢ 2.38) 1 (,z.:a)

INK 7 (16.66) a ( 9.52) 5 {11.%90) 3 (1v.04)

CEA 1 ¢ 2.18) 1 ¢ 2.38) .

1EA

CCE 3¢ 7.18) 1 ¢ 2.38) °

ICE 1 ¢ 2.38) 4 ( 3.52) a ( 9.5)

cDR 1 ¢ 2.33)

IDR 4 ( 9.52) 6 (14.28) 3¢ 7.148) 1 ¢ 4.78)

UPR 1 ¢ 2.18) 1 ¢ 2.38) 2 { 4.78) 1 ( 4.78)

cw 1 ¢ 2.18) 1 ¢ 2.38) 3¢ T.18) 3¢ T.1a)

Iw

ap

Tocal 42 42 a4l A2

I Cacrect

Responsea 69 84 16 62

. Grade 8 }

co 2 ¢ 8.37) T (29.16). 3 (1z2.5%0)

ca 13 (62.50) 13 (54.16) 3 (33.33) 7 & (16.48)

CHEK 1 ( 4.16) -1 ( 4,16) 1 ( a.l8)

INK A (16.586) ‘7T (29.18) 3 (12.30} 5 (20,83}

CEA 1 ¢ s.18) . .

IEA " ' 1 { 4.18)

cCcE 1 ( &.16) 1 ( a.18)

IcE 1 ¢ 4.16) - 2 ¢ 8.30) 1 ¢ 4.18)
- CDR 1 { a.16)

IDR 1( 8.168) © T T4 (2s.00)

UER 1 ¢&.16) 3 (12.50)

e - 1 ¢ 4.16) ’ . sl

I : : " ‘1 ¢ a.18)

< ) P

Total 214 la 24 s

I Cortece

Besponses 79 §7 71 .33

Hotwetr For code definicions see Appandix 0
4D = Male Diadecics; FD = Female Dlabeclcs;
MA = Male Aszchoacticsy FA = Female Asthaoaclics.
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Appendix I

Tabdle [-2
Information Processineg Code Frequencies And Percentace Occurrences:

Mathameticss Mulrbiple Stap Problems

Group ' ,
(nwd) MD FD MA Fa
Code rrlqucnclcl and (Parcentage OccurTences)
Grade 7
co 1 ¢ 5.33) 1 ¢ 8.33)
c3 6 (50.00) 5 (41.66) 7 (38.3)) 5 (a1.66)
CWK
IWK 2 (16.48) 3 (25.00) 2 (156.66)
CEA 1( 8.3%)
IEA
CCE
ICE 1 ( 8,33)
COR 1 ¢ 8.231)
IDR . 3 (25.00) 3 (25.00) - 1 ( 8.33)
ueR 2 (16.66) 2- €(16.66)
cy 1 ¢ 8.33) ’
Iw . 1 ¢ 8.33)
3] ot
Toral 12 12 : 12 12
I Corrace
Responses is 50 75 50
Grada 8
¢o . 3 (156.68) 3 (15.88) 1 ( 5.55)
cB 9 (50.00) ‘3 (16.68) 7 (38.88) 4 (22.22)
CWK 1 ( 5.55)
IWK 5 {27.717) 1 ( 5.55) 2 (11.11)
CEA 1 ( 5.55) 1 ( 5.55)
IEA . 1 € 5.3%) L ( 5.55)
CCE -1 ( 5.3%)
ICE 1 ( 5.5%)
CDR
IDR 1 ( 5.3%) 6 (33.33) 1 ¢ 5.55)
grr 1 { 3.55) 2 (11.11) 2 (l1.11) 7 (3s.88)
cw t{ 5.5%) 1 ( 5.,35) 2 (il.11)
Iw 1 ( 5.55) 1 ( 5.55) 1 ¢ 5.55)
iy
Tocal 18 13 18 18
L Corvacet s
Responsas 54 39 72 a4

Note: For code definitlons sae Appendix D
MD = Male Diabetics: FD = Femals Diabecicsg
MA = Male Ascthoatics; FA =~ Female Asthmatics,
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Table I=-3
Information Processing Codea Frequancles And Tetcencace Occurrencas:

Hachematics: Number Svstams

»

Group
(n=8) © HD . ¥D . HA TA

Codae Freagquancies aod (Percentagae OccuernCQ:)
l Grade 7
co 2 (16.66) 4 (33.33)
ch & (50.00) 3 (4l1.646) 11 (91.86) a (75.00)
CHX ¢ 3.3 1 ¢ 8.33)
IWNK 1 ¢ 3.33)
CEA 1 { 8.30)
IEA
CCE
ICE
coOR 1 ¢ 8.33) 1 ¢ 8.3
IDR . 2 (18.66)
UFPR 1 ¢ 8.33)
cH 2 (16.658)
IW
87

Total 12 12 12 12

I Cortaect
Responses 83 100 100 a3

-

Grada 8
co ‘ 1 ¢ 8.3) 1 ¢ 8.3
c3 19 (83.31) 7 (58,33) (66.86) 7 (58.33)
CWK
WK
CEA
IEA
cee S1 ¢ 8.3
ICE 1 ¢ 8.311) 1 ¢ 8.33)
CDR 1 ¢ 8.33) 1 ¢ 8,133)
T IpR 1 ¢ 8.3 3 (25.00) z (16.66)

* UEK

cwW 2 (16.68) 1 ¢ 8.33)
I

se

Tatal | 12 12 12 12

I Correce )
Reasponaes 92 67 92 a3

Nater For code definitions see Appendix O
MD = Male Diadecica; FD = Female DOlabecics;
YA = Mals Aschoaclca; FA = Females Aathantica
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Tadle I=-4
Iutugga:lon Procesaing Coda Frequencies And Percentage Occurrencast

234

— A
Mathematices Tractions ™

,

Group
(a=6}

ND ro - HA

FA

Code

co
e
cuEK -
3] 3
CEA
ILA:
ccr
e
cor
tor

urgnpl

cw
Iv
sr

Tocal

Fraquenclias and {Perceacage Occuttencas)

Crade 7

( 8.30)

(30.00),
¢ 8.311)

(16.46)

¢ 8.33),

3 (13.00) 3 €25.00)
1 ¢ 5.33) 1 (16.66)
» 23.31) 3 (25.00)
1 ¢ 8.37) 1 ¢ 8.30)
(16.68) - B

L T I - S

)

T

2 (16,66) 1 ¢ 8.3

IS !.Js)l
1 ¢ 8.3

12 iz - 12

I Corract . f‘ -
Responsas T P . 50 - 13

bl

} (25.00) .
a (33.33)
1 ¢ 8.33)

2 (16.66)

1 ( 8.3Y)
1 { 8.33)

12 N

13

co
cs
cuX
INK
CIa
1k
cce
1cE
con
IDR
urs
cu
1{'}
1]

Yotal
-

s ) “Graﬁo 8
{ 8.39 1 (16.64) 1 (8.3
7 (38.33) 1 (16.46) & (50,00)
1 ¢ 8.33) - 1 8.3
3
1

-

(33.33} 6 (30.00) (15.00)
' ( 8.37)

1 ¢ 8.3))

12 12 12

+ Corrtecc

Assponaesn 67 42 ’ 75

2 (14.88)
7 (55.30)
1 { 3.30)

1 (8.33)

1 ( e8.23)

12

17

Yocwes

for code dttlntétné: see Appendix D
MD = Male Diabetics; T2 = Fomalae QDlabecicsg
HA = Nale Asthaacics) FA = Fenoalae Aschnatlcs
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Appendix I

Table =5
Inforamati;n Procasiaing Code Freguencies And PeTcantacge OccurTencesi

Hathesat!ce: Operational And Xmlattional Swvmbols -

c Co ; .
(aa8) HD o A ra-

"

Code frequenclaes and {(Parcencage Occurtences)

Grade 7
co 2 (NN
ca 1 (16.66) 1 (16.66) 1 (16.46)
(W1} 4
ING -1 (16.86) ‘ 1 (16.86)
CEA ' :
IEA 1 (16.66)
CCE . . *
ICE
CDR 2 (331.33) 1 (l5.68) 2 (33.31)
IDR 1 (16.66) 2 (33.31)
oPR 1 (1l6.668) 1 (16.66) 1 (16.68)
(=] 2 (331.30) 1 (16.48)
b4t 2 (33.33)
s
Tocal 3 s 8 s

I Correc: ° .
Reaponses 3] LR . 30 67

.

Crade 3
co 1 {16.66) ‘1 (16.66) 1 (16.56)
ey . 2 (33.10
oK : T 1 (15.86)
Ve 2 €331.33) 2 (33.33) 2 (33.37)
CEA
IEA 1 (16.86)
ECE
Ice
CDR 1 (16.68)
IDR 2 (33.33)
UPR 2 (33.33) 1 (16.66) 3 (30.00)
cw 1 (16.46) 1 (16.568) ..
4]
3
Tocal 8 - 5 4 ‘ s

%2 Correct ’
Razponaes 1 33 50 b

HYoce: For coce dafialtions see Appendix 0 '

MD = Male Dliabecics; YD = Feoale Diabdecica;
MA = Male Aschmatica; FA = Fezala Aschoaclcas.
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Appendix I

Table I~4
Informatlion Processing Code Frequencies And Percentage Occurrances!

Machenatlics: Geomatry

Graup

(a=6) uo 3] MA . T TA
Code Fraquencies and (Percentage OccurTences)

' Grade, 7
co 1 ¢ S.55) & (22.22) 1 (16.68) 1 ( 5.55)
(4] & (33.31) 3 (a4,.64) s (27.77) 6§ (33.33)
CWK 1 ( 5.5%) 1 ¢ %5.5%) )
IWEK 2 (11.11) 2 (11.11) 4 (22.22)
CEA 1 ¢ 5.55)
IEA
CCE T 1 { 3.355)
IcE
coR 1 { 5.55) 2 (11.11) 1 ¢ 5.55)
IDR . 6§ (33.33) & (22.22) 1 (16.64) s (27.77)
ih3 | 2 (11.11)
cu 1 ¢ 5.5%) 1 ¢ 5.5%)
v ‘ ’
s? . . .
Total 18 1t 18 14
I Corract :
Responawes 36 79 1 50

Grade 8 -

o . 3 (12.50) & {16.66) 3 (12.50)
cB 13 (54.163) .5 (20.32) 8 (33.3%) 6§ (13.00)
CUK 1 ( 4.18) aﬁ
4] 4 1 ¢ 4.18) 2 ( 8.31) 1 ( 4.18) 1 ( a.18)
CEA ” T2¢ 8.3
1EA 1 { 4.18) 1 ( 8.18)
ccE : _ 1 ( a.18)
ICE '
CDR 4 (16.86): s (25.00) 1 ¢ a.18) a (16.66)
IDR ‘4 (156.86) & (16.568) ° 3 (12.50) 3 (12.50)
UPR "¢ 831 1 ¢ 4.18) 2 ¢ 8.33) 1 ( 8.16)
cw
N 1 ¢ a.18)
sp 2 ¢ 8.3) 1 ( a.16) a (16.66)
Tocal 14 24 26 ' 1s
2, Corract ) . '
Responses 11 58 - 87 33

Naces For code dafinicions see Appandix O
¥D = Male Olabetics; FD = Femdle Diabetlica;
MA » ¥ale Aschpatica; FA = Fenala Aachmacics.
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Tabdble I-7

Inforoation Processing Code Frequenclaes Ang Yerceantage OccurTences:

Mathematics: Determinineg Differences / Races / Ratlas

Group *

(a=é) ND 2 o A TA
Coda Frequencies and {Percencage Occurrences)
. ’ Grade 7

co 8 (22.12) - 9 (25.00) 4 (11,11 3 ( 8.33)
c3 13 (38.11) 15 (a1.48) 12 (33.131) 11 (30.50)
CuK 3 ( 8,3} 1 ¢ .11
WK 5 (13.88) 3 ( 8.33) 6 (18.64) 9 (25.00)
CEA

IEA 1 ¢2.77)
cCE 4 (11.11) 1¢2.77)

ICE 2 ( 3.5%) 1 (.2.17)

ChR . 1 ¢2.77) 2 ( 5.3%)
IDR 1 (2.1 S (1).8%) ’ 3 ( 8.33)
ure ‘ 1 ¢ 2.77) 1¢2.17) 1¢ 8.3
cw 3 ( 8.33) 2 ¢ 5.5%) 1¢02.11
IN

ir 20 5.5%) 1 ¢(2.77) 3 ( 13.88) 1 ( 5.5%)
Tocal 36 36 36 . 34

I Cortace ’ ‘ '
Responsas 77 67 84 50

Cradae 8

co 4 (11.11) 10 (27.771) 8 (22.22) - 15 (4l.56)
CB 19 (352.77) & (16.66) 12 (33.33) A (11.11)
CUE 1(2.17)

IWK 3(1).83) 8 (22.11) 4 (11.11) S & {11.11)
CEA 1 ¢2.17)
LEA

ccE 2¢5.5%)

ICE 4 (11.11) 1 ¢ 2.1 2 ¢ 5.35) 1 ¢ 2.1
chn 1 (2.77) 3 ( 8.31) L (¢ 2.77) 2 ( 5.35)
IDR 1¢2.77) 3 ( 8.33) s (13.38) 3 ( 8.33)
UPR 3 ( 8.33) 1 (2.7T7) & (14.86)
cH 1 (2.7 3 ( 3.3))

Iw

3r

Total s ) 36 16 38

I Correct

Respaonses 12 58 467 .3}

Hoce: For code Zfeflnitions see Appendix D '
MD = Mzle Dlabecics; FD = Female Dlabecics)
MA ® Male Aschmatica; fA < Fezmale Asthoacics.

‘-
/
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Appendix I

Tadle Ir8
Infordaclon Procesalinr Code Frequencies And Percentace OccurTences

Machematicse: Interpracing And Relating Daca From ¥aps And GCraphs

Group
{n=6) MD D HA " FA
Cade Fraquencies and (Parcentage Occutrencaes)

Grade 7~ .
co 6 (12.50) & (18.68) S (10.42) 7 (14.58)
cs 12 (25.00) 18 (17.30) 23 (at.92) 20 C4l.58)
(4%} 4 3 (10.82) - 3 ¢ §.23) 2. 4,186) 3¢ 6.1%)
INK 13 (27.08) 1 ¢ 2.08) 4 ( 8,30) 5 (10.42)
CEA ’
IEA 1 ¢ 2.08)
CCE 1 ¢ 2.08) . 1 ¢ 2.00)
ICE A (8,30
CDR 1 ¢ 2.08) 2 ( 4.16) 2 { 4.18) 2 ( 4.16)
b9:1.1 3 ( 6.15) 6§ (12.50) 1 (¢ 2.08) 2 ¢ 4.16)
ueR 1¢ 2.08) 3¢ 6.25) 1¢6.2%) 3¢ 6.25)
cH 3 (10.41) 1 ¢ 2.08) 1 ( 2.08)
v 1 ¢ 2.08) .
52 , 2 ( 4.18) 7 (14.38) 4 ( 5.31)
Total A8 ag as a8
2 Corrace . ’
R-:pon1:§ 63 ) 65 59 11

Grade 8
co 12 (25.00) 12 (25.00) 17 (35.42) 7 (1a.58)
4.} 25 (52.08) 11 €22,91) 22 (45.83) 10 (20,83
CWE 2 ( 4.16) 2 (¢ A.186) 3 { 6.25)
WK 3 (10.a1) 7 (la.58) 2 ( a.16) 11 (22.92)
CEA 1 ¢ 2.08) 1 ¢ 2.08). 3¢ 6.25)
IEA 3 ¢ 6.2%)
CCE 2 ¢ 5.18) : 2 ¢ a.18)
ICE a { 8.33) 1 ¢ 2.08)
COR o 1 ¢ 2.08)
IDn 2 (¢ 8.18) 4 ( 8.37) 1( 6.1%)
urR 1(2.08) 3¢ 6.25 3¢ 6.2%) \'7 (14.58)
cH 1 ¢ 2.08) 1 ¢ z2.08)
Iw
L33
Tacal 48 [Y.} 48 1Y}
I Correce
Responses 43 56 as 54

Mocat For code dafinitions see Appendix D
MD = Male Diabecics; FD = Femasle Diabetics;
MA = Mala Aschoatlicsy; FA = Feoale Asthoatlics.’
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Appendix
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Informatlion Processing Code Fraguencles And Pavcencace Occurrencesi

Hathenmatlcs: Inferrine From Maos And Graphs

Group )
(n=é) b FD MA TA
Code Fruquencias and {(Percencage OccurTences)

. Grade 7
co 2 (11.11) 1 ¢ 5.5%) 1 ( 5.5%)
c3 3 (16.486) 7 (38.88) § (33,13 4 (22.22)
CWK -
INK 6 (33.31)) 4 (22.22) 3 (16.486) 6 (331.11)
CEA 1 . 5.55) 2 (1i.11) 1 (5.35)
IEA
CCE
IGE 1 (5.5 1 5.5%)
COR . 1 ( 5.5%)
1o 3 (15.68) 1 ¢ 5.55)
UPR 1 ( 5.5%) 2 { 11.11) 1 ¢ 5.55)
(o] 1 ( 5.55) ) 2 (11.11) 1 ( 5.55)
Iw :
SP z (11.11) 2 (11.11) 3 (16.66) 3 (16.486)
Total 12 13 18 18
I Corract
Responses 3 50 61 39

Grade 8

co 2 (1L.11) 1 ( 5.55) 5 (27.55) 2 (11.11)
c3 8 (a4.84) 3 (16.86) 8 (aa.,448) 1 ¢ 5.55)
CRX 1 ¢ 5.55) t ¢ 5.55) 1 (¢ 5.55)
4124 5 (27.11) 7 (18.88) 1 ( 5.35) 7 (38.38)
CEA -1 ¢ 5.5%)
1EA 1 { 5.55) 1 ( 5.5%)
CCE
ICE
[:3:3 1 ¢ 3.55) 1 (¢ 5.5%) 1 ( 5.5%
IDR 1 ( 5.55) 1 ¢ 5.35%) 1 { 35.55) 2 (11.10)
UPrR 3 (16.66) 1 ¢ 5.55) 3 ( 5.55)
cH
IW 1 ( 5.55) N
SP . ' ,
Total 18 18 18 13
3 Corrsce
Reaponszea §1 . 13 42 11

Nota: For code definlcions
HD = ¥Ale Dlabecics;
MA » Male Astchoacics;

1

see Appendix D
FO = Female Diabecicsg
FA = Female Aschaatics.
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Table I-1C v
Informarion Processing Code frequencles And Paccentaxe Occurrancuest

Mathemstlcs Quescions &40 - 70

Group

(a=é) > ‘MD D HA . A

Code frequencies and (Percentage Occurrencan)

. Grada 7

co 19 (10.21) 28 (15.0%5) 18 ( 9.67) 15 ¢ 5.06)

c3 &0 (32.1%) T4 (39.78) 77 (a1.39) 59 (31.72)

et 8 ( 4.30) 6 ¢ 3.22) § ¢ 6.83) § ¢ 3,22)

K a0 (21.30) 13 ¢ 8.06) 23 (12.36) 39 (20.96)

CEA 3 ( 1.81) 1 {1.07) 3¢ 1.61) ( 1.0

1EA 3 ( 1.41) 1( .33 ( 1.07)

CCE 7 (3.78) 1 ¢ .53 { 1.61)

ICE 11 { 5.91) 3¢ 1.61) ¢ 3.22)

cDR 2 ( 1.07) 7 { 3.76) 5 ( 2.63) 10 ¢ 5.37)

IDR 28 (10.79) 22 (11.82) 10 ( 5.37) 14 ¢ 7.52)

urR S ( 2.58) 12 ¢ 6.45) 13 ¢ 6.98) 15 ( 8.06)

cW 11 ¢ 5.91) 3¢ 1,.61) 9 ¢ 4.83) - S ( 1.68)

Iw 4 ( 1.15) 1 ¢ .33)

sP ' A (219 s ¢ 2.68) 15 ¢ 3.06) 9 ¢ 4.81)

Tocal 186 185 LES 186

T Covraecet .

Responsas 59 &3 66 . 54

Grade 8 ’ ’

co ‘ 20 (10.7%) 36 (18.27) 46 (24.73) 33 (17.78)
] 104 (55.91) 48 (15.80) g1 (43.54) 37 (19.89)

eNK 2 ¢1.07) § ( 3.12) & ¢ 3.22) 5 { 2.88)}

INK 27 (1a.351} 40 (21.50) 17 ¢ 9.13) 35 (13.31)

CEA . 2 (¢ 1.07} 1 ( .53) 3¢ 1.61) 70 3.78)

IEA a ( 2.15) § ¢ 3.22)

CCE $ ( 2.58) . 4 ¢ 2.15)

ICE 8 ( 3.12) S ( 2.68) - s ( 2.568) a ¢ 2.1%)

COR 4 ¢ 2.13) 9 ( 4.83) 4 (2.15) 8 ¢ 4.310)

Ion 9 ( a.83) 18 { 9.87) g8 ¢ 4.30) 18 ( $%.67)

UPR A ¢ 2.15) 12 ( &§.a8%) 9 ( 4.82) 29 (15.39)

cH 2 ¢ 1.07M) a ¢ 4.30)° 6 (-3.22}

I 1{ .50 1¢{ .50 1 ( .53

L34

Tocal 186 186 186 136

.= CotrTect i . ) )

Responawa 73 s7 ¢ 79 51

Note: For code dafinitions see Appendlx D
4D = Male Diabecics; FD = Female Dladbecicay
MA = Male Asthoacics: FA » Famale Aszchzatlics.
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Appendix J

[nformaction Proceszine Code Parcentage Occutrencea

Ny Absenteelsm:

Reading Questians 1 =

Croup HD FD HA

Absent 1] 1 0 1 ‘0 0 1
Grade 7

0. 4 2 ) 3 2 4 4 2

Coda

co 12.233 13,32 17.77 12.33 21,33 I1.66 11.66

[ 26.66 6.66 40.00 44,44 30.00 121,66 40,00 16.66

CHB 8.33 16.566 8.38 6.66 6.66 5.00 3.3)

INB 31.66 J30.00 13.33 20.00 13.33 20,00 13.33 26.66

CHK 6,66 2.22 1.66 3.13]

IWK §.66 10.00 11.11 §.66 10,00 15.00 3.3]

CDR 6.66 3,33 3.33

IDR 10.00 6.56 8.388 2. 1,33 10.00 8,31 10.00

UPR L.66 2.22 1.66 '

CE 2.22

IE 6.66

cH 1.66 3.33 3.13 5.00

N 1.66 &.66

sP

T Correct

Responses 350 o33 67 69 67 51 67 43
Grade B

n o= . 4 2 a 23 3 2 4

ca 13.33  6.66 16.66 46.66 37.77 31.33 10.60  IL.66

CB 33.33 53,33 25.¢0 131.12 6.66 28.88 13.22 5.00

cud 8.13 " 11.11 8.88 10.00  1.33

INB 20.00 23,33 16.33 13.33 14,64 3.88 30,00 3J1.66

CUX 1.66 2.22

IRK 6.66 11.33 10.00 13.32 §.88 17.77 10.u00 l5.00C

CDR 1.66 i 3.33 3.3 £.66

IDR 3,33 5.00 £.66 8.88 2.122 1.13 1.1

UPR 1.66 lL.66"

CE

|83

cH 3.33 1.66

IW 1.66 3.33

SP : 3.33

T Correer

Responses 70 60 53] 63 58 ha 57 48

Note: For code definitions see Appendix C.

Absenat 0 = Absent fron school 10 d113 or less over the pasg

two school vearap Absent L = Absent f(rom school 11 davs or
~¢ofe aver the past twe school yesrs;
4P » Hale Diabetica; FD

MA =+ Male Aschdaglcs; FA

= Female Diabeclcsy
= Female Asthmatics

241
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Appendix J

Table J .- 1
Informacion Procassing Code Percentage Occurrences By Absentaeism:

Machamacics Quua@u A0 - 70

Group MD D MA TA
Absant g . 1 o - 1 0 1 (s I 1
Grada 7
n = & rd 3 3 2 4 4 F)
Coda "
co 12.09 .45 11.83 18.27 8.06 10.a8 3,048 8.068
CE ©38.70 19.33 44.08 35.48 50,00 237.0% 32.25 30.54
o3} 4 4.831 J.22 2.15 4,30 5.45 4,01 1.51 S.45
INK 17.74 29.03 9.87 6.45 11.29 12.90 21.77 19.35
CEA 2.41 1.07 1.07 3.22 .80 1.61
IEA 1.561 L.51 1.07 A0 1.461
CCE 3.22 4,83 80 1.61 1.561
ICE 3.22 8.60 3.22 .80 .80 8,06
CDR 1.61 ° 4.30 3.22 4.03 5.64 4,84
IDR 7.25 17.74 16.12 T.52 8.06 4,03 5,45 9,68
UPR 3.23 1.61 4,30 8,50 6.43 7.2% 3.67 4.84
cw 4,03 9.87 3,22 1122 5.64  1.81 4,86
Iw 1.61 3.22 . .80
5P 1.61  3.22 5.37 T.s L.
% Corract
Responses 67 44 &7 62 71 63 52 b1
Grade 8
n = ] 2 4 2 ] 3 2 [
co 14,51 3,22 1s8.51 25,81 27.95 21.350 "20.96 16,12
[+3.] 48.38 70,96 19.35 38.71 2J0.10 56&.98 '32.25 13.70
[ 4 4 .30 1.61 4.03 L.481 4,30 2.15 3.12 2.42
IWK - 16.33 9.67 iT.AZ 9.87 10.75 7.52 19.35 1B.53
"CEA 1.61 Bl 3.22 . 5.65
IEA 3.22 .22 3.22
ccr 1.61 4.8 4,83 .80 .
ICE 4,03 1.51 3.22 1.61 1.22 2,15 1.61 " 2.42
CDR 1.61 3,22 4,33 4,83 2.15 2.15 3,22 A.§3 -
IDR 3.65 3.2 12.%0 3.22 5.37 3,23 9.67 9.87
UPR 3.22 5.65 8.G6 a.,60 1.07 1.61 "22-38"'
CH 1.51 3.22 §.45 3,22 J.22 K
w ' 1.07 @
113
S Cotrect .

Rasponses 70 24 a7 77 71 84 65 a4

Hote: For code definitions see Appendix D
Absent O = Abasent fronm school 10 days or laess over tha past
tvo schaal years; Absanc 1 = Absent from school 1l days ot zore
over the past two school years;
MD = Male Diabeticsy FD = Female Diabecics;
MA = Male Asthzmatics; FA = Fezala Asthoactcs





