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Consistent with calls for a dynamical social psychology (Jacoby et al., 1987; Nowak,
Lewenstein, & Vallacher, 1994), attitude formation was studied using a recently developed,
computer-based simulation technique termed Higher Order Cognitive Tracing (see Jacoby etal.,
1994). Participants’ attitudes toward 12 different products in 3 product categories were investi-
gated as a function of incremental information input. As opposed to traditional memory-based
models of attitude formation, the study explored online processing models. Results indicate that
the impact of information tends to decrease the later in the sequence that information is ac-
cessed. In addition, new information that is affectively inconsistent with prior information tends
to have a greater impact on attitudes than information that is affectively redundant. This effect is
more pronounced earlier rather than later in the sequence of information acquisition. Implica-
tions and suggestions for future research are discussed.
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ened social psychology to Chapter 4 of an eight-chapter book.
That chapter is very thorough; but how about paying a little at-
tention to chapters 1 through 3 and 5 through 8, he asked.
(1993, pp. 10~11)

With specific respect to the attitude construct, Eagly (1992)
encouraged attitude researchers to go beyond their current re-
search paradigms because these “allow their theories to be se-
riously limited by the constraints of their research paradigms,
which often allow only certain processes to be manifest. The-
ory encapsulated within an experimental paradigm is thus lim-
ited in scope” (p. 704). This echoes the long-standing scien-
tific understanding that methods shape and limit theory (e.g.,
Kaplan, 1963; Kuhn, 1970), anotion that applies equally well
to social psychology (e.g., Gergen, 1973; McGuire, 1973,
Rosnow, 1981; Vallacher & Nowak, 1994). This article intro-
duces a relatively new methodological tool, Higher Order
Cognitive Tracing (HOCT; see Jacobyetal., 1994), thatcanbe
used to study the dynamic emergence of cognitions and atti-
tudes in the context of information processing. We illustrate
the application of the method to the analysis of attitude forma-
tion in the context of online processing of information.

ATTITUDE DEVELOPMENT
AND CHANGE

As noted by Eagly & Chaiken (1984, 1993), attitudes follow
from different types of input. One such input is information
acquired either from the external environment or personal ex-
perience. Many approaches focus on the informational bases
of attitudes. For example, in characterizing the expec-
tancy-value approach to attitudes, Fishbein and Ajzen (1975)
wrote the following: “It is clear that this approach postulates
an informational basis for the formation of attitude; a person
1s viewed as processing the information he has about an object
inarriving at his evaluation of the object” (p. 222). Others not-
ing the critical nature of informational input for attitude for-
mation include Anderson (1971) and Jaccard and Wood
(1986; see also Jaccard, Wan, & Wood, 1988).

In commenting on the persuasion paradigm typically used
for studying the effects of information on attitude develop-
ment and change, Eagly (1992) observed the following: “The
information that is presented generally consists of relatively
complex verbal messages whose components are an overall
position that is advocated and one or more arguments de-
signed to support that position” (p. 699). Information impact
is typically assessed via preexposure versus postexposure de-
signs, where exposure means all-at-once exposure to the en-
tire “relatively complex verbal message.” As a consequence,
one can determine that a change has occurred, but unless one
systematically varies the information elements across differ-
ent experimental groups, one cannot be able to determine
which element exerted what impact. Not only does this ap-
proach become unwieldily when messages consist of many
elements (as is generally the case with most “relatively com-

plex verbal messages”), at best, it enables us only to explore
what happens at the aggregate level, not the individual level.
Needed are empirical procedures that permit examination
(preferably at the individual level) of how molecular changes
in information acquisition are directly related, in one-to-one
fashion, to molecular changes in attitude development and
change, phenomena theorized to change as a function of in-
formation input.

Although theorists have speculated regarding the nature of
attitude development as a function of incremental informa-
tion input (e.g., Fishbein & Ajzen, 1975, p. 223), such specu-
lations either remain untested or have been tested via mathe-
matical weighted averaging models applied to aggregates
(see Anderson, 1971, 1981, 1991; Himmelfarb, 1973; Sloan
& Ostrom, 1974). Insofar as can be determined, most likely
due to the absence of an appropriate methodology, few stud-
ies have been reported that examine the impact of
item-by-item information acquisition on attitude formation.
Research does exist that has examined serial processing of in-
formation on a trial-by-trial basis (e.g., Anderson, 1981;
Schlottmann & Anderson, 1995), but this work has not fo-
cused on attitudinal judgments. The development and appli-
cation of an appropriate methodology for studying
item-by-item processing would be consistent with calls for a
dynamic conception of attitude consistency and change
(Eiser, 1994). “Indeed, it is only by tracking the evolution ofa
systems behavior on some time scale that the essence of a
complex system can be identified” (Vallacher & Nowak,
1994, p. 9).

MEMORY-BASED VERSUS ONLINE
PROCESSING OF INFORMATION IN THE
FORMATION OF ATTITUDES

Hastie and Park (1986) distinguished two types of information
processing models for the formation of social judgments: (a)
memory-based models, and (b) online processing models. In
the context of attitude formation, memory-based models are
those where an individual recalls from memory information
about an attitude object and then, based on that information,
forms an attitude toward the object. Memory-based models
emphasize the process of accessing from memory information
that was acquired on a previous occasion (although that occa-
sion may have occurred only minutes ago), with the assump-
tion being that the attitude is some function of the information
that is retrieved from memory (e.g., salient beliefs in
Fishbein’s expectancy—value approach). Online processing
models, by contrast, emphasize a process whereby an attitude
is formed after the acquisition of an initial piece of information
and then revised and updated online as each subsequent piece
of information is acquired. The final attitude is then stored in
memory and occupies a separate memory bin than the infor-
mation on which it was based. Indeed, the original information
may be forgotten or inaccessible, but the attitude on which it is
based remains in memory and available for recall.



The vast majority of research in the attitude formation area
has focused on memory-based models of the attitude forma-
tion process or has used methodologies that ignore the sequen-
tial character of online processing. For example, in Fishbein’s
expectancy—value formulation, the most common application
is to elicit from an individual his or her salient beliefs and then
to assess expectancy and value components for each belief,
These component measures are combined in accord with ex-
pectancy—value theory and then correlated with an independ-
ent measure of attitude. This approach clearly emphasizes
memory-based orientations to the analysis of the relation be-
tween information (beliefs) and attitudes. Anderson’s (1981,
1991) information integration theory is typically applied by
presenting individuals with descriptions of hypothetical atti-
tude objects using multiple pieces of information per descrip-
tion. The individual’s attitude toward each object is measured
after exposure to the information and the attitude ratings are
used to infer the scale values of the information used to de-
scribe a given object and the integration rule that was used to
combine the individual pieces into an overall global attitudinal
judgment. Such applications measure a single attitude after
full exposure to all information and thus, are not amenable to
the analysis of the emergence of attitudes in an online process-
ing sense. This is also true for attitudinal analyses using con-
joint measurement as a theoretical framework.

A general model of attitude formation for memory-based
processing can be stated using Anderson’s information inte-
gration theory as a general framework:

Att=wo Atto + w1 81+ wa o+ ... + Wi Sk (1)

where Att is the attitude in question, Atty is the previously
stored attitude in memory, if any, s is the scale value for a
given piece of information recalled from memory, w is a
weighting parameter reflecting the importance of the infor-
mation in determining the attitude, and k is the number of
pieces of information recalled from memory. By contrast, a
model of online processing can be specified as follows:

Atty=wy Attt + W2 St (2)

where Att; is the attitude toward the object at time t, Att,; is
the attitude toward the object prior to the acquisition of infor-
mation at time t, s is the scale value of the piece of informa-
tion acquired at time t, and wi and w» are weighting parame-
ters that reflect the importance of the prior attitude and current
piece of information in determining the current attitude. On-
line processing minimizes information storage demands in
memory and also minimizes the number of pieces of informa-
tion that must be processed at a given time (because there are
only two pieces of information, the previous attitude and the
current information). Because of this, online processing is of-
ten viewed as an efficient (but not necessarily optimal) serial
processing strategy (Anderson, 1981, 1991; Busemeyer,
1991; Hogarth & Einhom, 1992; Schlottmann & Anderson,
1995). It seems obvious that a large number of decisions and
judgments derive from online processing of information
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(Hogarth & Einhorn, 1992). Despite this, there has been a
paucity of research about how attitudes (as defined by overall
judgments of positive or negative affect toward an object)
form in such contexts. This article describes a methodology
that can be used for studying such processing and applies the
framework to the analysis of information impact on the for-
mation of attitudes and explores several theoretical issues
(described later) for models of online attitude formation.

HIGHER ORDER COGNITIVE TRACING

Whether implicitly or explicitly, virtually all attitude theorists
subscribe to some form of an Hierarchy of Effects Model
whereby incoming information (e.g., a message transmitted
by asource) reaching the receiver is presumed toresultin a se-
quence of activities going from exposure, through attention,
comprehension, belief, evaluation, intention formation, re-
tention, and ultimately to overt behavior (e.g., McGuire,
1976). A key assumption is that the earlier stages exert a limit-
ing influence on subsequent “higher order” stages (see espe-
cially, McGuire, 1972). For example, if information has not
been acquired, then it can have no direct impact on belief or
attitude formation. Thus, an important question becomes
“What impact do incremental changes in earlier stages have
on the development and change of later stages?”

Rather than being a static or all-at-once phenomenon, each
of the hierarchy’s stages is presumed to be a dynamic process
in its own right. Information acquisition is no exception (see
Jacoby et al., 1987). In this context, interest attaches to infor-
mation acquisition because of its presumed impact on the for-
mation and change of attitudes. As alluded to by Costanzo
(1991), Deaux (1993), Eagly (1992), Eiser (1994), Jacoby
(1975, 1977), and Vallacher and Nowak (1994), among oth-
ers, to better capture and study higher order phenomena theo-
rized to operate as processes, one needs a methodology that is
in greater correspondence with, and permits more adequate
examination of, process formulations. Process methods are
specifically needed for capturing the development of attitudes
in a way that links them directly, in one-to-one fashion to
item-by-item information acquisition. HOCT is such a proce-
dure. An extension of existing Behavioral Process procedures
for studying the dynamic nature of information acquisition,
HOCT was devised for studying the impact of item-by-item
information acquisition on the development and change of
higher order mental processes.

As described in Jacoby et al. (1977, 1987), the behavioral
process approach is a simulation strategy that involves the fol-
lowing: First, the individual is confronted with either a choice
or evaluation task. Second, that person is provided with access
to an environment containing information that may be authen-
tic, hypothetical, or some combination of the two. This infor-
mation environment may be conceptualized as a two-dimen-
sional “options x properties” plane or as a three-dimensional
“options x properties x sources” cube. Options represent ob-
jects, people, organizations, or alternative courses of action.
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Asper Torgerson (1958), properties are describable character-
istics of options (e.g., different brands of a product generally
vary in terms of their price, name, ingredients, manufacturer,
image, etc.). Sources represent entities from which property x
option information can be obtained. Third, the problem solver
is permitted to acquire information, while a trace of this infor-
mation accessing behavior is captured and preserved. In addi-
tion to learning the outcome of the process (e.g., which of sev-
eral options was selected or the final evaluation of the options),
the data indicate “how much” and “just which” information
went into arriving at the outcome, and “in what order” this oc-
curred. Such data have been referred to as the depth, content,
and sequence of information accessing, respectively.

Inconcept, the HOCT extensionis simple. It involves intro-
ducing an additional “‘side-step” into the information access-
ing process such that, immediately after accessing one item of
information, but before accessing another, the individual is re-
quired to respond to a scale that taps into a higher order mental
process (e.g., an attitude). Only after that side-step is com-
pleted can the person access more information. Assuming that
the side-step is not reactive (in the sense of affecting subse-
quent information accessing or the dependent variable itself),
this permits examination of the molecular changes in the
higherorder process as a function ofitem-by-item information
acquisition. Although it makes no assumptions regarding the
comprehension or miscomprehension of information, by its
very nature, HOCT identifies just which of the available infor-
mation has at least been accessed by the individual.

Among the myriad of cognitive processes that can be stud-
ied in the context of attitude and judgment-based research, the
HOCT procedure is best suited to addressing questions fo-
cused on how judgments unfold as each piece of new infor-
mation is acquired. Applications of the procedure must con-
sider the possibility that the task is reactive in that it forces
individuals to update their judgment after each piece of infor-
mation is acquired. Current research with the technique has
explored the issue of reactivity across several tasks by com-
paring judgments that people make at various points in the ac-
quisition sequence when they are using HOCT as opposed to
the more traditional paradigm that does not require a judg-
ment after each piece of information (Jacoby et al., 1994). In
general, there is little evidence for reactivity. Issues of exter-
nal validity are also relevant, namely that of how often and in
what contexts people process information and form judg-
ments in a sequential updating fashion. There is no research
that we are aware of that has addressed this issue. The general
strategy of measuring attitudes prior to a message and then
again after the message has been processed ignores the possi-
bility that although we read stories, examine ads, read the in-
formation on a package, or watch a television commercial, we
are having affective reactions or forming attitudes as we go.
The working assumption is that such phenomena are of little
consequence or that people suspend judgments until all of the
information is acquired. This seems unrealistic. HOCT pro-
vides one approach to examining how judgments, affective

reactions, or other such phenomena unfold as information is
acquired.

Other methods have been used to capture how people react
dynamically to information. For example, persuasion re-
search based on the elaboration likelihood model (Petty &
Cacioppo, 1981) asks people to recall the thoughts they had
while they were reading or viewing a persuasive message. Itis
not our purpose to contrast the HOCT strategy with these
other approaches, such as verbal protocols, think aloud strate-
gies, analysis of eye movements, and recalled thought, as the
relevant dimensions along which many of these methods dif-
fer are discussed elsewhere (c.f., Jacoby, Jaccard, Kuss,
Troutman, & Mazursky, 1987). Rather, our purpose is to in-
troduce researchers to this relatively new empirical strategy
that represents an additional methodological tool for the anal-
ysis of process-based phenomena.

ANALYSES OF ONLINE ATTITUDE
FORMATION

In this article, we illustrate the application of the HOCT pro-
cedure to the analysis of online attitude formation. Spe-
cifically, we analyze the unfolding of attitudes as affectively
redundant information about an attitude object is acquired
and we also explore the impact of the introduction of
affectively inconsistent information.

There has been considerable research on the impact of
affectively redundant information on attitude formation.
Most of this research has evolved from the controversy on
summation versus averaging integration rules (e.g., Ander-
son, 1981), in which affectively redundant information has
been shown to either raise, lower, or have no impact on an ex-
isting attitude, depending on the type of integration rule oper-
ating and whether initial attitudes were included in the model
(see Anderson, 1981). For the online processing model in
Equation 2, a reasonable hypothesis is that the absolute
weight attached to the preexisting attitude (wi) increases as
information accumulates and the cognitive base from which
the attitude is derived becomes more numerous and diverse.
This proposition is consistent with recent research on attitude
strength (Jaccard, Radecki, Wilson, & Dittus, 1995; Petty &
Krosnik, 1995), which suggests that attitudes are stronger and
more resistant to change as the number of beliefs underlying
the attitude increases. Assuming a constant scale value for
each new piece of information (i.e., affectively redundant in-
formation), this proposition implies that the impact of infor-
mation on the attitude will decrease with each successive
piece of information that is acquired, yielding the following
formal hypothesis: The later an item of information is consid-
ered, the lower is its impact on attitude formation. A large
body of research has explored order effects in judgment tasks
and a typical result is that of primacy, just as we predict. The
classic paradigm presents two groups of individuals with
identical information about an object (€.g., a person or a prod-



uct), half of which is positive in character and half of which is
negative. One group receives the positive information first
followed by the negative information, whereas the other
group receives the negative information first followed by the
positive information. It is typically found that individuals in
the Pro—Con condition develop more favorable attitudes to-
ward the object than people in the Con—Pro condition, sug-
gesting that the initial information had a larger impact than
the later information. The exact mechanism underlying this
result is unclear, although theorists have suggested such phe-
nomena as greater attention to early information, discounting
of later (affectively inconsistent) information, as well as a
change-in-meaning phenomena where the initial information
alters the meaning of the later information (Anderson, 1981;
Jaccard & Fishbein, 1975). Research has been unable to dis-
entangle these mechanisms and it is possible that all operate
simyltaneously to some extent. An online processing model
suggests yet an additional mechanism that may account for
primacy effects, namely that as more information is accrued,
the prior attitude at time 71 carries increasingly greater
weight. Later information has less impact because by the time
that such information is acquired, the prior attitude is given
large weight in the integration process. The traditional experi-
mental design for assessing order effects in attitude judg-
ments is problematic because it provides no perspectives on
how judgments change as each piece of information is ac-
quired. One knows that earlier information must have had a
greater impact overall, but exactly how the attitude unfolds is
unclear. Also, the traditional paradigm cannot provide per-
spectives on the nature of order effects when all of the infor-
mation is of the same affective sign. Indeed, order effects can
only be analyzed at the group level, not on an individ-
ual-by-individual basis. HOCT provides a methodology that
allows one to assess the effects of sequencing of information
as each piece of information is acquired and it does so at both
the individual and group level.

In this study, we trace how the attitude toward an object
changes with each additional piece of information. We pres-
ent information curves which plot attitude change induced
by a piece of information as a function of the order in which
the information is accessed. Separate information curves are
formed for the case where the information is almost all pos-
itive, almost all negative, and where there is a mixture of
positive and negative information. There is considerable lit-
erature to suggest that people tend to exhibit a negativity
bias, whereby they attend to and give greater weight to neg-
ative as opposed to positive information (Jaccard & Becker,
1985). This suggests that the information curves may have
different forms depending on whether the information is
primarily positive or negative in character. For example, one
might expect that additional negative information will con-
tinue to exert an impact longer than will be the case for ad-
ditional positive information. The information curves pro-
vide perspectives on this possibility. A second issue to be
addressed focuses on the impact of affectively novel infor-
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mation on online attitude formation. As noted previously,
theorists have suggested that information that is affectively
inconsistent with the initial information is subject to dis-
counting on the part of the individual. In this research, we
utilized the HOCT procedure to examine how attitudes un-
fold in the context of online processing and how attitudes
change when affectively inconsistent information is ac-
quired relative to information that has been acquired previ-
ously. The research is distinct from previous analyses be-
cause it does not rely on the comparison of overall attitudes
between experimental conditions where the nature and flow
of information is strictly controlled and varied. Rather, the
changes in attitude are traced with the acquisition of each
new piece of information, so that the impact of a given in-
stance of affectively inconsistent information can be identi-
fied. This permits more fine-grained analyses of the infor-
mation acquisition process and its impact on attitudes. The
discounting hypotheses holds that information should have
less of an impact when it is preceded by information that is
affectively inconsistent with it on previous trials. This is
due to a tendency to discount the inconsistent information
or to assimilate it toward the already-formed attitude. How-
ever, an alternative theoretical account based on novelty and
contrast effects makes an opposing prediction. According to
this view, when a piece of information is preceded by infor-
mation that is affectively opposite to it, it makes the current
piece of information appear novel and to stand out relative
to the prior information. This novel information may, in
turn, have an increased impact on attitude by virtue of its in-
creased salience. Another purpose of this study was to eval-
uate these opposing predictions. In sum, social psychologi-
cal analyses of attitude have been dominated by
memory-based models as opposed to online models and
have tended to use methodological procedures that ignore
the dynamic nature of attitudes as information is acquired in
succession. This study illustrates the use of an innovative
methodological paradigm for studying the unfolding nature
of judgment phenomena, identifies and analyzes informa-
tion curves that show the impact of each successive piece of
information, and tests competing predictions of a discount-
ing versus novelty conceptualization of the effects of
affectively inconsistent information.

METHOD
Sample

The sample consisted of 43 male and female undergraduates
at a major northeastern university who participated in partial
fulfillment of course requirements. As each of the partici-
pants evaluated four brands in each of three product catego-
ries, this yields curves representing the development of (43
participants x 3 product categories x 4 brands per category =)
516 attitudes toward objects.
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Product Categories

Three different product categories (CD players, clock radios,
and compact refrigerators) were chosen on the basis of appro-
priateness for the college student participant population. The
order in which the product categories were tested was coun-
terbalanced across participants.

Attributes

Each product category was represented by a set of 20 attrib-
utes used in recent Consumer Reports reviews for evaluating
brands in that category. Brands can be described in terms of a
combination of positive, negative, and neutral attributes. For
these purposes, a positive attribute was defined as one con-
sisting of either (a) possession of a desirable feature (e.g., has
a snooze alarm), or (b) superior performance on a particular
attribute (e.g., excellent tone quality). A negative atiribute
was one consisting of either (a) absence of a desirable feature
(e.g., does not have a snooze alarm), or (b) inferior perfor-
mance on a particular attribute (e.g., poor tone quality). Neu-
tra] attributes were those on which the brand had average per-
formance (e.g., average tone quality).

Each product category was represented by four brands: one
Positive, one Negative, and two “Mixed.” To enhance realism,
Positive brands were not uniformly positive, and Negative
brands were not uniformly negative. Positive brands were de-
scribed by 18 positive attributes, two negative attributes, and
zero neutral attributes; negative brands were described by 18
negative attributes, two positive attributes, and zero neutral at-
tributes. Mixed brands contained six to eight positive attrib-
utes, six to eight negative attributes, and six to eight neutral at-
tributes. Including both Positive and Negative brands permits
determining whether attitude formation occurs in comparable
fashion for both positively and negatively valenced attitudes.
Asnegative beliefs are generally considered to be more salient
than positive beliefs, negative attitudes may require fewerneg-
ative beliefs to reach asymptote. Neutral brands were included
both to provide a frame of reference for the evaluations ob-
tained for the Positive and Negative brands, and to actas “buff-
ers” between the Positive and Negative brands.

The 20 attributes were listed in randomized order for each
participant. Within each product category, the first and third
brands presented for evaluation were always Mixed brands.
Positive and Negative brands were inserted between Mixed
brands, with the order of Positive and Negative brands being
counterbalanced across categories and within respondents.
Each brand was identified by a randomly chosen letter rather
than a brand name.

PROCEDURE

On arrival at the test site, participants were seated at a com-
puter workstation and told the purpose of the study was to ob-

tain their evaluations of a number of different products. When
they were ready to begin, participants hit a key on the key-
board and were provided with specific task instructions on
screen. The first screen explained that the purpose of the study
was to see how college-age consumers use computers to eval-
uate products. The next screen indicated they would be evalu-
ating 12 products that were either currently available in the
marketplace or now under development, and that each prod-
uct would be identified by a randomly assigned letter rather
than its actual brand name, Participants were told they could
acquire information in any order they liked, but had to acquire
at least 7 of the 20 available items of information for each
brand before giving their final evaluation for that brand.

Next, participants participated in a practice task in which
they evaluated a single brand of running shoes. On completion
of the practice task, participants were given a written list of the
20 attributes for the first test product category, instructed to
read the attribute list and to ask the experimenter for clarifica-
tion of any attribute with an unclear meaning. (See Appendix
forlists of attributes.) Participants then pressed any key to con-
tinue and the following appeared on screen:

Consumers differ in their opinion about products.
Some things that one person likes about a product may
be exactly the kinds of things another person dislikes
about the same product. We’d like to find out how dif-
ferent features affect the way you feel about clock ra-
dios [compact refrigerators; CD players]. The next
screen displays 20 types of information you can use to
form your evaluation.

Next, the computer listed the 20 attributes and asked the par-
ticipant to indicate which he or she would like to see. Partici-
pants typed in a number, from 1 to 20, corresponding to the in-
formation they were interested in seeing, and the requested
information appeared on screen. To allow participants to con-
sider each brand relative to other brands in the category, com-
parative information for other brands also appeared on
screen. Participants were next asked the following:

Based on all the information you have acquired up to
this point, how do you feel about Brand X? To indicate
how you feel, move the cursor to the point on the “Ex-
tremely unfavorable” to “Extremely favorable” scale
that best describes your feeling about Brand X. Then
press the enter key.

The bottom of the screen displayed a horizontal contin-
uum ranging from extremely unfavorable (-100) to extremely
favorable (+100), with the cursor initially positioned at the
midpoint. Participants used the arrow keys to move the cursor
along the continuum, then pressed the enter key to indicate
their initial evaluation. After each subsequent item of infor-
mation was acquired, the cursor’s opening position on the



evaluation scale was at the point where it had last been moved
by the participant.

This process continued until a participant had examined at
least seven items of information for each brand. Participants
who attempted to make a final evaluation before acquiring
seven items of information were reminded by the computer
that they needed to acquire at least seven items of information
and returned them to the task. When participants indicated
they were making their final evaluation, the computer pro-
gram advanced to the next brand.!

RESULTS

In evaluating the 12 attitude objects, the 43 participants ac-
cessed a total of 5,093 items of information, averaging 9.87
items per evaluation. In all, they acquired 2,181 positive
items, 1,897 negative items, and 1,015 neutral items. Via
HOCT, each one of these 5,093 acquisitions can be tested for
its impact on evaluation.

Manipulation Checks

The study included information selected to be positively,
negatively, and neutrally valenced. To function as intended,
the direction of attitude change should correspond to the va-
lence of the information considered. To test this assump-
tion, the mean attitude change caused by these three types
of information was computed for each of the 20 attributes
of each brand in each category, thereby providing 240 (20 x
4 x 3) opportunities for testing the manipulations. Of the
201 attributes that were positively or negatively valenced,
194 attitude changes were in the expected direction (39
were neutral).

An additional check was conducted by analyzing the im-
pact of each piece of information acquired by each partici-
pant. Table 1 shows that negative, positive, and neutral infor-
mation generally had negative, positive, and minimal impact
on attitudes. Negative information had a positive impact on
attitudes only 2.4% of the time, and positive information had
anegative impact on attitudes only 2.2% of the time. In those
instances where the impact was opposite to that expected, the
reason seems to be a contrast effect, for example, seeing neu-
tral information in the context of negative information, caus-
ing a positive evaluation (discussed later).

The information curves and analyses of attitude change
may be artificially impacted by floor or ceiling effects with
respect to the rating scales. For example, if an attitude shifts to
the extreme high end of the scale early in the sequence of in-
formation acquisition, then no additional change can occur

IPrior research reveals that Higher Order Cognitive Tracing does not af-
fect either the extent or content of information acquisition, or the dependent
variable of interest (Jacoby et al., 1994).
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TABLE 1
Impact of Vaienced Attribute information on Attitude Formation

Information Valence

Directional Impact
on Attitude Negative Neutral Positive Total
Negative 1,283 249 49 1,581
(67.7%) (24.5%) (2.2%) (31.0%)
No impact 569 433 632 1,634
(30.0%) (42.7%) (29.0%) (32.1%)
Positive 45 333 1,500 1,878
(2.4%) (32.8%) (68.8%) (36.9%)
Total 1,897 1,015 2,181 5,093
(100.0%)  (100.0%)  (100.0%)  (100.0%)

Note. Numbers in the parentheses indicate column proportions.

upward because the scale has ceiling out. We evaluated this
possibility by examining the mean attitude ratings of each
brand at different points in the information acquisition se-
quence. Floor and ceiling effects clearly were not operating.
For example, at the level of the 15th piece of information ac-
cessed for the mostly positive brands, the highest mean atti-
tude rating for a given brand was 72.4, leaving over 25 rating
scale points for additional increases. The lowest mean atti-
tude for a mostly negative brand was 11.5, which still left over
10 rating scale units for change.

The Impact of Sequential Information

The impact of a piece of information on a given trial, ¢, was
measured by subtracting the attitude at time ¢ from the atti-
tude at time 7~1. The absolute value of this difference repre-
sented the overall impact of the piece of information in
terms of its weighted scale value as described by Equation
2. Figure 1 presents the mean absolute change at each trial
using all of the observations across products, brands, and
participants. The mean values begin with Trial 2 and extend
through trials for which at least 20 observations occurred
(to ensure reasonably reliable indexes of change at a given
trial). Impact of information was clearly largest in the ear-
lier trials and tended to decrease (with some exceptions) up
to trial 15, where impact then tended to level off. The curve
for a polynomial regression using three power terms in
which the mean value was regressed onto the trial number is
superimposed onto the data to suggest a smoothed function
relating impact to order of information acquisition (and giv-
ing equal weights to each mean value). Statistical tests can-
not be applied to this function because of error dependen-
cies. The smoothed function is presented here as a heuristic
for characterizing the impact curve.

Figure 2 presents a comparable plot, but for only products
described with (almost) all positive information, Figure 3
presents the plot for products described with (almost) all neg-
ative information, and Figure 4 presents the plot for products
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characterized by both positive and negative attributes. The
plot for the positive products and the mixed products are simi-
lar in form to the plot for all products and indicates a
discernable drop-off of information impact. This is not true of
the plot for negative products, which tends to be flatter and
which exhibits less of a systematic decrease from Trials 2
through 9.

Assimilation Versus Novelty Effects

To evaluate the impact of positive versus negative informa-
tion during the sequential accessing of information, we calcu-
lated the mean (signed) change in evaluation of a piece of in-
formation relative to the attitude on the preceding trial. In the
case of products featured with mostly positive information,
the average impact of a “novel” piece of negative information,
ignoring the trial number on which it was accessed, was -9.1
as compared with a mean change of +4.2 for positive informa-
tion. The standard error of the difference between these two
values was 1.0, suggesting that the almost 5-unit absolute dis-
crepancy between them is significant. A similar pattern of re-
sults was obtained for products featured primarily by negative
attributes. When aggregated over the three products with
mostly negative information, the average impact of the
“novel” positive information was +9.7 as compared with —4.8
for the negative information. The standard error of the differ-
ence was also 1.0. Thus, the novel information tended to have
a greater impact than the affectively redundant information,
which calls into question the discounting formulation and is
consistent with the novelty model.

Whereas the aforementioned tests consider the impact of
positive and negative information in the context of the entire
evaluation process, HOCT makes it possible to conduct more
molecular tests. Thus, discounting versus novelty models
may also be evaluated with respect to the case where the new
information is affectively inconsistent with the piece of infor-
mation accessed just prior to it. The discounting model pre-
dicts that positive information should have less of an impact
when it is preceded by negative information because it is
affectively inconsistent with the prior information and
thereby subject to some discounting. By contrast, the novelty
model predicts that positive information should have its
greatest impact when accessed immediately after having ac-

cessed negative information, and vice versa. The data in Table
2 are consistent with the novelty hypothesis, with the findings
for positive information acquired immediately after positive,
negative, or neutral information mirror-imaging those for
negative information acquired immediately after positive,
negative, or neutral information, respectively. These data also
suggest that when acquired immediately after a negative item
of information, neutral information exerts a positive impact
on evaluation, but when acquired immediately after a positive
item of information, neutral information exerts a negative im-
pact on evaluation. This is consistent with an averaging inte-
gration strategy of successive information. Finally, we found
that the observed novelty—contrast effect tends to decrease
over the sequence of information accessing. As seen in Table
3, when accessing sequence is divided into first—third, sec-
ond-third, and third-thirds, the magnitude of average impact
decreases for 15 of the 18 adjacent “thirds.” The three
disconfirming instances reflect only negligible increases in
the magnitude of impact (4.2 vs. 4.8, 0.3 vs. -0.9, 13.8 vs.
14.1; see Table 2). If we assume that, by chance, the direction
of impact would be positive in half the cases and negative in
half the cases, then a chi-square applied using these expected
values is statistically significant (x2 = 8.00, p <.01).

DISCUSSION

This investigation contributes to both theory and research
methodology. With respect to research methodology, this
study illustrates how the Behavioral Process approach used
for studying information acquisition can be extended to study
the development of and changes in higher order mental pro-
cesses as a function of information acquired from the external
environment. This permits one to isolate and study the impact
of discrete information embedded in “relatively complex
messages.” As noted, many of the traditional paradigms use
approaches that do not permit studying changes at the level of
individual pieces of information and such paradigms become
difficult to implement when the information conveyed to the
receiver is complex. Not only does the availability of HOCT
enable one to test various process theories of attitude develop-
ment—such as McGuire’s (1985) construction-by-aspects
formulation or Jaccard’s (Jaccard & Becker, 1985) sequential
processing model—but its availability may also act as a spur

TABLE 2
information Impact as a Function of Context Provided by Valence of Inmediately Prior Information Item
Current Trial (T)
Mean Impact of Negative Mean Impact of Neutral Mean Impact of Positive
Type Of Information In Previous Trial (T-1) Information Information Information
Negative -2.7(1,007) 4.0 244) 10.8 (445)
Neutral -7.3(257) 0.6 (351) 6.0 (305)
Positive -11.5 (436) -3.7 (308) 24(1,229)

Note. Numbers in the parentheses indicate number of trials observed.



1o theory development and sophisticated models of attitude
evolution and other social psychological phenomena (see
Nowak, Lewenstein, & Vallacher, 1994), especially those
specifically postulated to operate as processes. For example,
in describing the ecological view of social event perception,
Berry and Misovich (1994, p. 140) wrote the following: “In
addition to placing an emphasis on the dynamic nature of the
stimulus information that informs perception, the ecologi-
cal-event perspective conceptualizes the process of perceiv-
ing as active and dynamic.” In contrast to traditional research
in person perception which relies “on paradigms [involving]
passive receivers” (p. 140), the ecological perspective “pro-
vide[s] researchers with some unique methodological chal-
lenges both when selecting stimuli and when assessing par-
ticipants’ responses to those stimuli” (p. 139). Although
Berry and Misovich described various methods of stimulus
presentation and response assessment, none appear as capa-
ble of assessing the dynamic development of or changes in
social event perception as does HOCT. This same observa-
tion can be applied to Vallacher, Nowak, and Kaufman’s
(1994) use of “mouse” technology to measure the dynamics
of social judgement. Other higher order phenomena that are
candidates for illumination via HOCT include attribution
theory, impression formation, implicit personality theory,
postdecision dissonance reduction, attraction, and feedback
effects, to mention but a few. Ways in which the basic proce-
dures can be adapted to study these phenomena, including
ways of constructing the available information environment
to provide visual as well as alphanumeric information, are ad-
umbrated in Jacoby, Kuss, Mazursky, and Troutman (1985)
and Jacoby et al. (1987). It should also be noted that HOCT is
but one of an emerging family of process methods for captur-
ing and studying higher order mental phenomena. As de-
scribed by Jacoby et al. (1994), each of these has unique ad-
vantages and disadvantages. The development and
application of process methods capable of capturing dynamic
mental phenomena represents an important, albeit intermedi-
ate, step. Once captured, new ways are required for describ-
ing and summarizing the data generated. Although a wide va-
riety of approaches to developing process indexes and
measures are presented and discussed elsewhere (e.g.,
Jacoby, Chestnut, Hoyer, & Donahue, 1978; Jacoby, Chest-
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nut, Weigl, & Fisher, 1976; Jacoby et al., 1987, pp. 151-154,
162-163), no doubt, these could be improved by being inte-
grated with procedures suggested by Mandell and Selz (1994)
and Schroeck (1994). Beyond being able to capture, describe,
and analyze such processes, one would next want to model
these in ways that either suggest or are consistent with theory.
As Nowak, Lewenstein, and Vallacher (1994) noted

Once a pattern is identified, the next step is to try to find a sys-
tem of equations that produces a similar pattern. One should
also find out if this system of equations changes its pattern of
behavior as a function of changes in the control parameters in
a manner similar to that observed in the empirical system be-
ing modeled. If it does, then one has hit on a theoretical model
that captures important aspects of the phenomenon one is try-
ing to understand. (p. 287)

Anillustration of how such an approach was applied to under-
standing the evolution of subjective uncertainty reduction
during decision making is provided in Jacoby et al. (1994).
In terms of theory, this study yielded several interesting in-
sights, First, as noted earlier, almost all models of attitude for-
mation have emphasized memory-based features of the atti-
tude formation process in which pieces of information are
recalled from memory and integrated to form an attitude judg-
ment. There has been relatively little research about online at-
titude formation and how attitudes emerge as information is
acquired sequentially. This study found, somewhat consistent
with memory-based models (Fishbein & Ajzen, 1975), that
earlier pieces of information tend to have more impact on atti-
tudes than later information and that this holds under scenar-
ios where individuals control the choice and order of informa-
tional dimensions that are accessed. Information impact tends
to begin leveling off and to be minimal around the 10th, 11th,
or 12th piece of information acquired (see Figures 1 through
4), although this tends not to be true for the case of affectively
redundant negative information (see Figure 3). The informa-
tion curves showed distinct patterns for positive and negative
information, with additional pieces of negative information
maintaining impact for longer sequences of information ac-
quisition. These data are consistent with the often observed
negativity bias in the attitude literature (Jaccard & Becker,
1985). These data stand in contrast to order effect analyses of

TABLE 3
Impact of Information as a Function of Affective Sign of Prior Information

Current Trial (T)

Mean Impact of Negative Information

Mean Impact of Neutral Information

Mean Impact of Positive Information

Bype of Information In

Previous Trial (T-1) 2<Trial<4 5<Tvial<7 Trial28 2s5Trial<4 5<Trial<7 Trial28 2<Trial<4 5<Trial<7 Trial28
Negative -3.1(379) -2.9(344) -1.9(284) 4.2 (69) 4.8 (82) 3.2(93) 13.8 (144) 14.1(159) 4.2(142)
Neutral -10.2(79) -8.2(85) —4.1(93) 2.2(113) 0.3(143) -0.9(95) 8.0 (106) 6.4(92) 3.8(107)
Positive -14.0(143) -132(150) -7.1(143) -5.0(104) 4499 -1.8(105) 3.1(411) 25(394) 1.6(419)

Note. Numbers in the parentheses indicate number of trials observed.
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online processing in other domains. For example,
Schlottmann and Anderson (1995) used information integra-
tion theory to study serial processing in children and found
minimal order effects in the basal components of serial judg-
ments. Johar, Jedidi, and Jacoby (1997) found evidence for
recency effects, which was reduced with increasing category
knowledge on the part of individuals. Hogarth and Einhorn
(1992) also observed some support for recency effects. These
studies, with the exception of Johar et al., have been con-
ducted in experimental studies where individuals are forced
to attend to information imposed by the experimenter.
Schwarz, Strack, and Mai (1991) suggested that such scenar-
ios produce an implied demand for attending to and revising
new information. Perhaps this can account for the differences
with the observed study, where individuals were free to ac-
quire and attend to information as they saw fit. The differ-
ences with the Johar et al. study, where information acquisi-
tion was not constrained, merits further investigation.

Our research also suggested that the overall impact of a
piece of information may be influenced by the extent to which
it is affectively consistent with the information preceding it.
Two competing models were tested, one based on a psycho-
logical model of discounting of affectively inconsistent infor-
mation and the other based on a novelty effect. The results
suggested that when information is affectively inconsistent
with the information just prior to it, it tends to stand out, per-
haps becoming more salient or diagnostic and thereby in-
creasing its impact. These novelty effects were found to be
more likely to operate early in the information acquisition se-
quence rather than later in the acquisition sequence. This lat-
" ter finding has not been observed in prior theoretical work and
could only be isolated using a methodology that examines the
unfolding of attitudes as per HOCT. The results also stand in
contrast to research using memory-based models in which
affectively inconsistent information that is presented later in
the sequence is thought to be discounted or assimilated to the
earlier information.

In sum, this study has introduced a methodological strat-
egy that represents an additional tool for consumer psycholo-
gists to study the dynamic evolution of attitudes in a dynamic
information environment. Although the method has limita-
tions, it can be used to effectively analyze a wide range of phe-
nomena. An empirical example was provided in which
HOCT was used to document information curves for different
products, with distinctly different curves emerging for prod-
ucts that were primarily positively described, primarily nega-
tively described, or described with a mixture of positive and
negative information. Such curves have not been elaborated
in the literature on order effects in attitude formation because
the traditional methodological paradigms are not conducive
to developing such curves. The information curves suggest
that negative information retains its impact further into the in-
formation sequence than positive information. The applica-
tion of HOCT also permitted us to test competing models of
the impact of a piece of information that is affectively incon-

sistent with the information presented just prior to it. Results
supported a novelty mechanism as opposed to a discounting
mechanism, with novelty effects decreasing in power as addi-
tional information is acquired.
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APPENDIX

EXHIBIT |

ATTRIBUTE LIST FOR CD PLAYERS

Ability to play damaged disks?

Track finding speed?

Resists skipping when bumped?

Has music sampling feature? (This is, briefly plays
the introduction to each track on a disk until you press
a button indicating you wish continuous play.)

5. Has random play feature? (Also called shuffle play,
this feature plays all of the tracks from several disks in
arandom order.)

6. Displays which track on the disk is currently being
played?

7. Has remote control that controls volume level?

8. Has volume fade control? (Fade control gradually
lowers the volume of the music, then activates Pause.
If pressed again, it gradually increases the volume.)

9. Has headphone jack?

10. Number of programmable tracks

11. Total program time displayed?

12.  Warranty on parts and labor

13.  Number of disks carousel holds

14.  Number of disks carousel holds

15. Change disk while others play? (Allows you to
change on disk while the others are still being played.)

16. Displays time left on disk?

BN
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17. Hasmusic peak finder? (Can locate peaks in music for

purposes of setting cassette tape controls.)
18. Has delete track function?
19. Has favorite track selection?
20. Speed of fast scan

EXHIBIT Il

ATTRIBUTE LIST FOR CLOCK RADIOS

1. Can pick up weak FM signals?

2. Can home in one station?

3. Flutter. (Less flutter provides superior sound.)

4. Brightness display adjustable?

5. Has an earphone jack?

6. Tone quality

7. Has snooze button?

8. Also has an AM band?

9. Can set two wake-up times?
10. Indicates when alam is set?
11. Has a separate treble control?
12.  Choice of colors
13. Has a battery back-up?

14. Has automatic radio shut-off?
15. Battery strength indicator?
16. Battery strength indicator?
17.  Alarm works if power fails?
18. Ease of reading display

19. Has a nap timer?
EXHIBIT I
ATTRIBUTE LIST FOR COMPACT
REFRIGERATORS
1. Has automatic defrosting?
2. Estimated annual energy cost
3. Time required to freeze ice cubes
4. Has adjustable shelves?
5. Has crisper drawer to keep fruits and vegetables
fresher?
6. Temperature control easy to reach?
7. Condenser coils require regular vacuuming?
8. Number of shelves
9. Freezer capacity
10. Refrigerator capacity
11.  Comes with ice cube trays?
12. Has an interior light?
13.  Warranty on compressor
14. Has see-through freezer door?
15. Door holds 2-liter bottles?
16. Has removable rack for eggs?
17. Choice of colors
18. Operating noise level
19. Canhold ¥ gallon containers of ice cream in freezer?





