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A STUDY OF TEACHERS' INTERACTIVE INFORMATION PROCESSING
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[NTRODUCTION

In recent years new paradigms for research in teaching and learning have emerged. One of these,
the mediating process paradigm (Doyle, 1977), directs research into the information processing of teachers
and learners during the interactive phase of teaching, that is, during instruction. Such a paradigm is
grounded in the premise that the behaviour of teachers and learners canpot be fully understood and explained
without investigating the mental preocesses which are presumed to precede and influence that behaviour.

The emergence of the mediating process paradigm is one of the cutcomes of a general revival of
interest in the analysis of human thought processes, a revival which dates from the mid-1950's when informa-
tion processing models of the human mind, based on computer analogies, provided new ideas and wavs for
studving mental processes. The strength of this revival prompted Shulman and Elstein (1975) to observe

recently that research on mental processes is no longer treated as a skeleton in psychology's cupboard”
(p.30). Since the mid-50's studies of human thinking in various fields including medical diagnosis
(Sprafka and Elsteln, 1974), clinical psychology (Kleinmmtz, 1968), counselling (Kagan et a?., 1967), and
problem solving in chess, symbolic logic and cryptarithmetic (Newell and Simon, 1972) have provided valuable
ingights into the ways that the human mind, with its inherently limited capacity for processing information,
copes with the demands of varicus task environments. These studies have'yielded descriptive models of the
ways humans process information, models which often are significantly at variance with prescriptive models
of human thinking.

In spite of periodic urgings in the research literature (Cage, 1963: Shulman, 1974: Smith and
Geoffrey, 1968; Snow, 1968) for educational researchers to investigate the thought processes of teachers
and learners. the response to that call has been slow. As recently as 1975 Shulman and Elstein observed:
"... Research typically slights the problem of how teachers ’ﬁhink' about their pupils and instructional
problems: it concentrates instead on how teachers act or perform in the classroom” (p.3}. The same comment
can be applied to research in student interactive thought processes where, apart from some early work
(Bleom, 1954; Gaier, 1952) activity has also been restricted. However there is evidence that recognitcion
of the impertance of this branch of educational research is increasing. Wittrock (1978}, for exauple, has
made optimistic forecasts about the contribution that the cognitive movement in instructien can make to an
understanding of the relations between learners' cognitive processes and aptitudes and the characteristics
of instructional treatments. Likewise Posner (1978) has explored the potential application of techniques
and concepts from a model of the human as an information processor to tasks and problems confronting currie-
ulum researchers and designers. At the same time research teams in several centres have been investigating
the thought processes of teachers as they plan, diagnose, evaluate, make judgments and decisions, and
consider classroom problems. Foremost among these are groups at Stanford University (Mar:, Jovce and

Petersen), University of Cawbridge (Suteliffe and Whitfield), University of California (Shavelson, Borko,
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and Cone), Institute for Research on Teaching at Michigan State University (Shulman, Clark, and Vinsenhaler},
University of Alberta {Mackay, Marland, and Conners) and the Far Western Laboratory for Educational Research
and Development (Berliner and Morine}.

Research on teacher thinking by these groups has been reviewed by Clark and Yinger (1977). Very
few of the more than twenty studies they revigwed focused on the interactive thought processes of teachers
and those that did tended generally to be process tracing rather than policy capturing studies and to focus
primarily on teacher interactive decision making. Process tracing ressarch seeks to characterize in detail
the intellectual processes of humans and, eventually, to develop isomorphic medels of the ways humans
process information. To this end they use video and/or audio records of human action and data obtained
from coded descriptions of those events and from introspective techniques such as self reporting, thinking
aloud, stimulated recall (Bloom, 1954; Kagan et al, 1967) and commentaries (Hargreaves, 1977}.

An extensive review of the studies on teachers' interactive information processing 1s not pessible
within the scope‘of this report even though only a handful of studies is invelved. Instead a resume of
some of the principal findings are provided below together with a pregfess report oun one study.

. Interactive thoughts of two tertiary teachers in a laboratory setting, as revealed in

stimulated recall interviews, were characterized by a field detachment phenomenon;
teachers momentarily tuned out whatever was happening in their lessons at particular
times (especially when lesson restructuring was vequired by a student’'s question) and
became preoccupied with reviewing, planning subsequent behaviour, or examining class-
Iroem interaction to that peint {(Kagan, Krathwohl, Goldberg and Campbell, 1967).

Tr the Stanford study stimulated recall interviews based on four brief videotaped
segments of lessons taught in a2 laboratory setting were conducted with twelve primary
teachers. This study ;evealed that (i) teachers made decisions at several points in
their lessons, principally about the implementation of lesson plans and unplanned
activities and verbal interchanges (Marx and Peterson, 1975); (ii) teachers - {a)
rarely considered alternative actions and strategies when the lesson was geing well;
{b) rarely changed their lesson plans except under similar circumstances to those
cited in {a); and (c)} used pupil participation and involvement as the criteria for
judging lesson success {Clark and Peterson, 1976},

. The finding by Marx and Peterson reported above was confirmed in the Beginning
Teacher Evaluation Study (Morine and Vallance, 1975) which alsc used stimulated
recall procedures to obtain data on teachers' interactive decision making but in
natural classroom gituations, Morine and Vallance also reported finding only slight
variations in the stimulated recall protocols of teachers at diffevent grade levels
in primary schoels. Differences were not significant but Morine and Vallance saw
a pattern suggesting that teachers with low pupil gain scores consistently mentioned
a larger number of items that they had taken into account in their decision making.
The researchers speculated that perhaps effective teachers screen information more
easily and select for use the move appropriate data or, alternatively, that teachers
with low gain scores are more perceptive and that greater awareness of classroom
stimuli and pupil cues hampers their abilities to process the data and take appropriate

action.
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Whitfield and Sutcliffe (1976} have provided a preliminary report of their study of
decistion making by 40 secondary teachers in which they relied on teachers' retrospec-
tive accounts of decisien wmaking, observer identification of decision points fram
videotapes of lessons and physiolegical measures of stress but, at last report, data
were still bedng analysed and so definitive results have yet to be reported.

. Mackay (1979} explored the relationship between the thought processes of twelve primary

school teachers as revealed in stimulated recall interviews and descriptions of their
overt classroom behaviour and offered these conclusions:
{1) A clear consistent relationship exists between teacher thoughts and classroom
behaviour;
(i1) Behavioural chservation falls well short of providing an explanation of class-
room events;

{111} Stimulated recall data and behavioural descriptions of classroom events taken
together provide important gains in the quality of information about the
classroom.

In & follow-up study to the one reported in thils paper, Conners {1978) also lnvestigated

teachers' interactive thoughts and thought processes. His findings will be referred to
in a later section of this report. Conners, along with several others whose research
was reviewed by Clark and Yinger, was also interested in teachers' implicit theories of
instruction. Though clearly related to the tople of teachers' interactive thought
processes, research on teachers' impiicit theories or teschers’ judgments will not oe
reviewed here.

As can be seen from the above review, the questions of what kinds of information teachers process
interactively and how they process that information have been the subject of only a few studies to date.
Yet the research so far completed shows promise of enriching conceptions of teaching and revealing how
teachers, with their limited capacities for processing information, cope with the cognitive overload
gituation in the classroom and how the realities of classroom life interact with the pedagogical theories
and programs teachers carry round in their heads to shape teaching behaviour., This kind of research ig
motivated by a strong couvictlon that it has implications for such areas as - the design of instructional
programs, resocurces, and inncvations and record-keeping methodologles) assisting teachers to optimize
instruction by improving theivr ability to screeu classroom stimuli for fnstructionally relevant cues and to
hene their skills for adapting to learners; the development of instructional theory and sirategies,
OBIRCTTVES

The primary chjectives of this research project were to investigate:

(i) the kinds of information processed interactively by teachers in naturalistic class-

room settings, but with some general restriétions on contextual variability:

(i1) the ways in which information i{s processed by teachers during the interactive phase,
THEORETICAL FRAMEWORK

Because research in teachers' intgractive thinking is still in its infancy. a swall scale explor-
atory and descriptive study in naturalistic classrooms was undertaken to ensure, as far as possible, that

constructs and phencmena emerging from the study weould have ecclogical validity and would provide a



grounded basis for planning subsequent research. A second important theoretical issue te be resolved
concerned the choice of paradigm for researching mental processes., Both problem solving (Joyce and
Haroatunian, 1964) and decision making (Shavelson, 1976) paradipgme have been used but the information pro-
cessing paradigm from cognitive psychology was chosen beczuse it made no prior assumptions about the
‘precise ways in which teachers would process the information. The information processing model represents
teachers as goal-oriented persons, sensitive and respensive to conditions and events in the classroom,
able to retrieve and use stored knowiedge, whose behaviour is intentional and purpesive but whose ability
to process information is constrained by inherently limited capacities for processing information. Fropon-
ents of the information processing paradigm also suggest that the limited capacities of the human mind
cause people to construct simplified cognitive models of complex realities so that they can cope with such
complexity.
DESIGN AND PROCEDURES
Six volunteer teachers, one at eaéh of the first,  third and sixth grade levels in twe elementary
schools in the same school system, participated in this study., The scheols were located several miles
apart in & largely tesidential suburb of a major city in Western Canada. Interactive information processing
data were obtained for each teacher on two lessons nominated by the teachers, one in Language Arts and the
other in Mathematics (for grade six teachers both lessons were in Language Arts). An outline of the data
sources #nd procedures is provided below.
(i) Details of preactive plans. Prelesgon interviews were conducted just prior to each of the
twelve lessons'by three trained interviewers to elicit, as fully as possible, details of the
plans made by each teacher. These data were obtained to see if and to what extent detzils of
lesson plans fipured in teachers’® interactive information processing. Interviewers were trained
to assist teachers to divulge fully the contents of their plans but to avoid any tactic, such as
asking leading questions, which might lead to distortions, alteratioms, or other changes to plans.
{11} Videotapes of lessons., A videotape of each of the twelve lessons was made for use in post-
lesson teacher Interviews. In pilot studies it was ascertained that one camera, fecusing on the
teacher and those pupils he was interacting with or monitoring, provided adequate coverage of
classroom events for purposes of this study.

(iii) Interactive information processing'déta. Stimulated recall interviews were conducted as soon
as practical after each lesson to cobtain data on the teachers' iantevactive information processing.
Retrospective recall of interactive thinking was stimulated by mesns of the videotapes of the
lessons. The interviews, ranging from 45 minutes to two hours in duration were audiotaped and
typewritten transcripts of these interviews were prepared for subsequent analysis.

(iv) Coded description of lessons. Trained observers coded classroom interacticns in each lesson
using the Expanded Brophy~Good Teacher—Pupil Dyadic Interaction Classroom Observation System.

As well as providing descriptions of classroom interactions for across-lesson comparisons, the
data were also used for describing and categorizing events about which teachers revealed thelr
interactive thinking. Details of these data are not supplied in this paper but are available
in a full report of the stu@y {see Marland, 1977).

{v¥) Teacher presage data. Teacher presage data were available from a companion study

{Muttart, 1977).
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The postiesson stimulated recall interviewltechnique'Was preferred to other self-report methods
such as think-aloud, questionnaire, and pdéf;lesson commentary‘approaches. There were several reasons for
this choice:

(i) The patural ecology of classrooms would not be disturbed as much as with a think aloud

approach;

(i1} A live interview should permit a fuller disclosure and exploration of interactive thinking

than having teachers respond in writing to & guestionnaire;

(ii1) Recall should be further facilitated and stimulated by means of the lesson videotape.
Stimulated recall techniques have been used in process tracing studles in various flelds such as studies of
teaching and learning (Bloom, 1953; Clark and Peterson, 1976; Gaier, 1952; Krauskopf, 1963: and Morine and
Vallonee, 1975), medical education {Elslein et al,, 1972), and psychotherapy and therapeutic counsellor
education {Kagan, 1972; Kagan et al., 1967). Those who have used the stimulated recall interview technique
have repocted [avourably on its use but have alsc been careful to note its limitations.

The main assumptions underlying its use are that:

(i) Interactive information processing of teachers is susceptible to verbal characterization;

(ii} Verbal reports of interactive thinking, produced under conditions of stimulated recall, are

reasonably accurate representations of teachers' actual mental functioning:

{iii} Accurate and complete disclosure of interactive thinking can be facilitated if the inter-
viewer enjoys the full confidence of the interviewee, if the vesearch motives and goals ave fully
understood by the interviewee, and if the interview is condugted in a non-threatening, non-
evaluative setting.

A conceptualization of the ro}es of interviewer and interviewee in stimulated recall sessions,
based on the work pf Kagan et al. {1967), was developed. The teachers who had been fully apprised bf the
geals of the research prior te the interviews had virtual control over the operation of the videotape
racorder and were asked to stop the tape at all points where they could provide an account of their
theughts, feelings. and moment-to-moment interactive reactlons, Theywere also asked to report any
conscious choices, the alternatives considered at these choice‘points, angd the reasons for selecting one
alternative in preference to the other(s).

Interviewers had been trained to assist teachers to make a full disclosure of their interactive
thinking by adopting a responsive rather than an initiating vole and by adopting the role of an open,
client-centred counsellor. Interviewers were trained fo avoid actions and statesments which might imply
disrespect, disinterest, evalpation or criticism which might bias, distort, or cause the teascher tp
withhold interactive thought data.

ANALYSIS

A major problem confronting process—tracing researchers is the analysis of masses of verbal report
data, a task which still remains as much an art as a scieﬁce (N.T.E., 1975), Two levels of analysis were
conducted: a micro-level analysis where the focus was on thoughts and a macro-level analysis where the
focus was on processes and other phenomena.

(i) Micro-level analysis
In the absence of any other suitable instrument, a content analysis system with categories

grounded in the regearch data rather than in hypothetical medels, was developed.
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This content analysis system, System for the Analysis of Teachers’ Interactive Thoughts (SATIT), involves

the user in three successive steps:

{a)

(»)

{e}

Isclation of interactive thought data from all other thoughts {(non-interactive)

reported in the intérview protocols.

Segmentation of the interview protocols into ideationmal units (Bloom, 1934) defined

as portions of the protocols centred on a single thoughf which in turn has been

defined as the dpplication of a cognitive process to a person, event, cobiect or idea.
Clarification of each ideational unit inte one of eleven system categories cohstructed
from the data:

Perceptions: units in which teachers report a sensory experience (e.g., what was seen

or heard).

Interpretations: units in which teachers attach subjective meaning to their perceptions.
Prospective Tactical Deliberations: unété in which teachers report thinking about what
they plan to do at some future point or points ih the lesson.

Retrospective Tactical Deliberations: units in which teachers contemplate courses of
action which they have already used in the lesson.

Reflections: units in which the teachers ponder past aspects of, or events in, lessons
other than what they have done.

Anticipations: speculations or predictions about what could or is likely to cccur in
future phases of the lesson.

information -~ pupil: units in which the teachers' thoughts are centred on their prelesson
knowledge of students.

Information - other: units in which the teachers' thoughts are focused on other information
brought te the lesson such as peneral knowledge, pre~instructional plans, school policies,
and educational theory.

Goal Statements: units in which the teachers’ thoughts are about intended pupil outcomes.
Fantasies: units in which teachers are expressing fanciful, bizarre, or extravagant thoughts.
Feelings: units in which teachers are reporting emotions experienced during the lesson.

All interview protocols were analyzed and each ideational unit identified therein was able

to be classified as belonging to only one of these categories. Subsequently a more detailed
anaiysis of the referents or substantive coﬁpénents of all the units in six higher frequency
categories (perceptions, interpretations, reflections, informationuotﬁer, anticipations, and
feélings) was made.

Once the protocels from all twelve interviews had been coded according to this system, the

frequencies of thought units in each category were expressed on a lesson-by-lesson basis as percentages of

the total number of interactive thoughts in each lesson. Intracoder and intercoder reliability measures

were cbtained.

Intercoder reliability measures involved two briefly traiced coders and 43 randomiy

selected segments of the protocols from all six teachers. Scott's formula (Ober ef al., 197i).‘rated by

Hblsti (1968) as providing a conservative estimate of reliability, was used and resulted im intracoder

reliability coefficients which réﬁged from .8! to .89 and intercoder reliability figures with a range of



48

.67 te .73, These [igures were considered to be quite satisfactory and were interpreted as meaning that
SATIT, the content analysis system, was a reasonably reliable instrument.

{ii} Macro~level analysis

Interactive portions of the interview data were also examined to ascertain how teachers processed
the information. Models of these processes will be presented later. The following censtructs describe
some of the phenomena identified in the protocols, phenomena which were closely bound up with the methods
of information processiung.

. Decisions: instances when teachers reported making consciocus choices between two or
more alternatives;

Porfeit decisions: instances when teachers reportedly perceived the need to make a
decision but did vot do so:

. Deliberate acts: occasions when teachers saw the need for some action or tesponse but
considered only one alternative;

. Preactive teaching: instances when teachers reported thoughts indicating that their
personal interactions with students veflected prior planning and intention to influence
students in a particular way.

RESULTS

The teachers

The following numbers have been used as designations for the teachers - t.h, 1.2, 3.1, 3.2, 6.1
and 6.2, the number before the period vepresenting the grade and the number after the peried serving to
distinguish between teachers at one school (1) and those at the other (2).

The teachers, all but ons of whom, Teacher 6.2, were female, had taught for varying lengths of

vime as shown in the table below.

Table 1

Leugth of Teaching Experience of Teachers

Teachers
1.1 L2 .21 3.2 6.1 6.2
Length of teaching experience (in years) 16 11 4 0.2 7 4

In terms of attitudes to c¢hildren, the Minnesota Teacher Attitude Inventory did not differentiate
greatly among the teachers all of whom scored above the 75th percentile (Muttare, 1977y, Five of the six
teachers had predoﬁinantiy conerete belief gystems as measured by the This T Believe test {Harvey et «l.,
1966); while the remaining teacher, 3.1, had an abstract belief system. Persons with a concrete belief
system are characterized as having, by comparison with those with an abstract belief system, a simpler,
tess differentiated cognitive structure; a greater tendency towards making polarized evaluations, ana a
greater dependency on authorities for guides as te what they should believe and do.

The contexrts

The eclassrooms in which this stuéy was conducted were conventionzl, single-teacher classrooms in

which direct instructional metbods, with variations, were consistently used. That is to say, in these

classvooms there was an emphasis on academic goal attainment using teacher-selected materials and teacher-
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structured tasks and activities; the learning environments were task-oriented with regular monitoring of
work, both individual seat work and group work, by teachers to assess student progress towards the goals;
and there was a conscientious effort to cover syllabus contenf, with new material being ﬁresented by the
teachers who sought high levels of student invglvement (mainly verbal)} through frequent use of questioning
tact%ps. .

A majer difference was that both Grade I teachers used groups (ability-based) much more for
ingtructional purposes than teachers at either of the other two grade levels. <C(lasses varied only slightly
in size, there being éréund 26 children in each class, with an aﬁoutweveﬁ distributicn of both sexes in
each class excep£ that of Teacher é,l where tﬁere was a predominance cof bovs. Both schoel populations were
drawn from communities which were at about the same socic-economic level and both schools formed classes on
a mixed-ability basis (for fuller details on classroom process data see Marland, 1977).

The lessons

As stated previously, the lessons uséd in this process~tracing research were in Language Arts
and Maths. Mo attempt was made to standardize lesson content in either subject area at any of the three
grade levels. There was, therefore, considerable diversity in lesson content. Language Arts lessons, for
example, ranged from activities involving tests of word knowledge, word building, word recognition, and
reading comprehensicn to pilcture interpretétion, créative writing, and awareness training.. Mathematics
lessons tended to begin with reviews of number facts and proceed then to considerations of concepts such as
*subset'! and 'fraction' at the Grade I level and "multiplication' and 'division' at the Grade 3 level,
Croup work was a featuré of the Language Arts lessons of Teachers 1.1, 1.2, 3.1, and 6.2.

Lesson length also varied to some extend though most were ahout 40-45 minutes in duratiom except
for Mathewatics lessons given by Teacher 1.1 (31 minutes}, 3.1 (36 minutes) and Language Arts lessons by
Teacher 6.2 {30 minutes and 25 minutes).

Teachers' information processihg data

(1) Information processed by teachers

In spite of some sharp contextual differences, the content analysis of the interview protocols of
the six teachers revealed some striking gimilarities in terms of the kinds and {requencies of interactive
thoughts reported By teachers. Allowing for gererous tolerances in some categovies, the information pro-
cessing of the six teachers conformed to a general pattern. In the first place, all categories of inter-
active thoughts identified by the content analysis system, with one exception, were represented in the
protocols of all six teachers (see Table 2). Only two teachers, 1.1 and 3.2, reported fantasies and the
occurrencé of this particular kind of interactive thought was exceptionally low.

Secondly, high and low frequency categories tended to be the same for all teachers. Thought
categeries with cohparativeiy high frequencies for all teacherd were perceptions (what teachers reported
seeing and hearing, etc,), interpretations (meanings attributed to perceptions), prospective tactical
deliberations (instructional tacties to be employed next in the lesson), and reflections (thoughts aboul
past evants in the lesson, excluding teachets' tactics). These four catepories, together, regulariy

account for from 60 te 70% of all thoughts teachers reported having during a lesson.






