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ABSTRACT The ability to accuratelymeasure the quality of a web interface design is critical if organizations
hope to make effective decisions about their websites. Since websites are often the most publically visible
face of an organization, website-related decisions can have profound impacts on the organization’s prospects
for success. Prior research involvingweb interface quality assessments has typically considered those judging
an interface to be independent actors who are making decisions in a situation that is free of social influence.
In real-world settings, however, website designs are frequently evaluated by groups, rather than isolated
individuals. To that end, this article seeks to provide insights into the effects that group-related cognitive
biases may have on web interface design assessments. Specifically, by using a controlled, randomized
experiment involving more than 500 research subjects, it is shown that judges’ web interface ratings can
be easily manipulated by social influence phenomena, and that people assessing web interfaces in a social
context are highly susceptible to informational social influence, belief perseverance, and conservatism
bias. Given that these phenomena can all serve as significant sources of measurement error, and given the
importance of being able to accurately measure the quality of a website design, the findings of the study
suggest that organizational web interface design evaluations should be deliberately performed by individual
judges in an environment that is free from social influence.

INDEX TERMS Belief perseverance, conservatism bias, informational social influence, interface evaluation,
web interface design.

I. INTRODUCTION
A. BACKGROUND AND MOTIVATION
In his highly influential work on software usability, Nielsen
identified seven different methods of evaluating software
interfaces, among which five involve interfaces being eval-
uated by independent, isolated judges [34]. It is perhaps not
surprising, then, that the majority of studies focusing on web
interface design assessments have traditionally characterized
the person performing the assessment (i.e., the judge) as an
independent actor who makes her judgments in an environ-
ment that is free of social pressure or influence. The problem
with this characterization, of course, is that real-world web
interface design assessments are often carried out in a social
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context (e.g., by web design teams [18], [61] or by focus
groups [30], [35]) using methods that Nielsen refers to as plu-
ralistic walkthroughs or consistency inspections [34]. Such
group-based evaluations are especially common in situations
involving large organizations where creating a high-quality
web experience for users or customers is deemed to be of
particular importance.

It is certainly true that the ‘‘isolated judge’’ paradigm
has helped human-computer interaction (HCI) researchers to
learn much about factors that influence people’s perceptions
of a web interface. For example, this approach has been used
to establish that the success of a website depends on the
layout, sequencing, and arrangement of the various elements
that together comprise the interface [38], and that attrac-
tiveness [23], [32], [56], consistency [1], [3], [42], mental
models [53], [54], and cognitive biases such as the halo

VOLUME 8, 2020 This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/ 218765

https://orcid.org/0000-0002-5922-3415
https://orcid.org/0000-0003-4642-7133


D. S. Soper: Informational Social Influence, Belief Perseverance, and Conservatism Bias in Web Interface Design Evaluations

FIGURE 1. Different patterns of social influence in the web interface evaluation process. Existing research typically follows the ‘‘No Social Influence’’
pattern, which does not account for the potentially biasing effects of social phenomena.

effect [49], [55] all play important roles in shaping how a user
perceives a web interface. Nevertheless, a certain disconnect
remains between how web interfaces have traditionally been
evaluated in the HCI literature and how such interfaces are
often evaluated in real-world organizational settings.

Recognizing that groups are often involved in interface
design and usability evaluations, several researchers have
begun to develop techniques aimed at facilitating collabo-
rative web interface assessments. Solano et al., for exam-
ple, have proposed methods and tools for collaboratively
evaluating software interface usability [47], [48]. In none of
these efforts, however, is consideration given to the influential
effects that participating in a social-collaborative processmay
have on the opinions or perspectives of the individual judges.
Many relevant phenomena have been identified in the social
influence literature, but the potentially contaminating effects
that these phenomena may have on interface design evalu-
ations or broader software usability or user experience (UX)
evaluations remains largely unknown. Consider, for example,
that more than a quarter of a century has passed since the
advent of the World Wide Web, and yet the HCI community
still does not know whether or to what extent a person’s
opinions about the design of a web interface are influenced
by knowledge of the opinions of others.

Intellectual curiosity notwithstanding, this situation is trou-
bling for two interrelated reasons; namely, (1) because inter-
actions with the Web are now an integral part of daily
human life in much of the world, and (2) because web-
sites now commonly serve as the most publically visible
face of their underlying organizations. The extent to which
a website is well-designed can hence directly influence an
organization’s prospects for success [54]. There are also
many specific contexts such as medical decision-making and
emergency response in which the quality of an interface
design may quite literally have an impact on life or death
decisions [22], [25], [26], [57]. It is for these reasons that

managers should be highly interested in ensuring that pro-
posed designs for their organizations’ websites are evaluated
andmeasured as accurately and impartially as possible. In this
spirit, the broad goal of the current paper is to investigate
the role of ex ante and ex post social influence on judges’
evaluations of the attractiveness of a web interface. This
investigation is carried out using a controlled, randomized
experiment in which subjects are asked to rate various inter-
face designs. The current study can therefore be positioned as
heuristic interface evaluation research, as originally defined
by Nielsen and Molich [36].

B. PATTERNS OF SOCIAL INFLUENCE
To better understand and position the goal of the current
paper, it is useful to consider the various patterns of social
influence as they relate to web interface evaluations. Concep-
tually, ex ante and ex post social influence can be understood
as informational cues to which a judge may be exposed at
a particular point in time during the overall web interface
evaluation process. These patterns of social influence are
illustrated in Fig. 1 below, as is the pattern in which no social
influence is present.

In Fig. 1, the ‘‘Interface Evaluation’’ and ‘‘Reconsidera-
tion’’ elements represent cognitive processes in which the
judge considers the interface in question in light of her avail-
able information. Such information naturally includes the
interface itself, as well as her past interface-related knowl-
edge and experience (i.e., her mental models of web interface
design [53], [54]), which for purposes of clarity are not
depicted in Fig. 1. Importantly for the current study, the judge
may also be aware of what other people think about the
interface, thus raising the specter of interference from social
influence phenomena during her decision-making process.
Within the context of the ‘‘Ex Ante Social Influence’’ pattern
depicted above, the judge is aware of the opinions of others
before she evaluates the interface [51]. By contrast, within
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the ‘‘Ex Post Social Influence’’ pattern, the judge becomes
aware of the opinions of others only after she has already
evaluated the interface. In this scenario, the judge may sub-
sequently reconsider her initial conclusions in light of the
new information. In the context of the framework depicted
in Fig. 1, almost all HCI research hitherto conducted in the
area of web interface design evaluations belongs to the ‘‘No
Social Influence’’ pattern, including all of the studies cited at
the outset of this section.

C. RESEARCH QUESTIONS
The current study seeks to remedy several of the issues
described above by extending knowledge about web inter-
face design evaluations into the ‘‘Ex Ante Social Influ-
ence’’ and ‘‘Ex Post Social Influence’’ patterns shown in
Fig. 1. Specifically, the current study relies on a controlled,
randomized experiment involving three different web inter-
faces, five interface design characteristics, and more than
500 research subjects to provide insights into the following
general research questions:

1. (Ex Ante) If a person is provided in advance with
information about how other people evaluated a web
interface, to what extent will that information influence
her own ratings of the interface?

2. (Ex Post) If a person evaluates a web interface and
is subsequently provided with information about how
other people evaluated the same interface, to what
extent will she be willing to revise her own initial
ratings?

The balance of this article is organized as follows: the next
section presents the theoretical framework upon which the
study relies and develops the research hypotheses that are
investigated herein. Section III describes the methods that
were used to test the study’s hypotheses and gain insights into
the general research questions enumerated above. Section IV
presents the results of the experiment and discusses the impli-
cations of the results for both scientists and practitioners
alike. The paper concludes with Section V, which provides
a brief summary, describes the limitations of the work, and
offers a few final remarks.

II. THEORETICAL BACKGROUND AND RESEARCH
HYPOTHESES
In this section, three key concepts that are critical to the
current study are introduced and discussed. These three con-
cepts – informational social influence, belief perseverance,
and conservatism bias – originate from the cognitive and
social psychology literatures, and collectively serve as both
the theoretical foundation of the current study and the primary
basis fromwhich the study’s research hypotheses are derived.

A. INFORMATIONAL SOCIAL INFLUENCE
Theory from the social psychology literature describes a
common phenomenon known as informational social influ-
ence (or alternatively as social proof) in which a person

aligns her own beliefs, conclusions, or behaviors with those
of the group [4], [10]. This phenomenon can exert a pow-
erful, but often unconscious influence on human behavior,
even when the group in question is comprised of complete
strangers [5]–[7]. As a general principle, humans are social
creatures who have an innate respect for and desire to belong
to the group. Holding an unconscious regard for the group
is believed to have helped our ancient ancestors survive in
the unforgiving environment in which humans evolved, and
is hence both adaptive and sensible from an evolutionary per-
spective [16]. Among modern humans, informational social
influence continues to drive individuals to defer to the group
opinion or behave according to group expectations.

This tendency of human beings to defer to the group can
manifest itself under several conditions [17], including for
purposes of simplifying decision-making, avoiding social
ostracism, or both [4]. If, for example, a person is not con-
fident in her own position or is faced with a difficult or
ambiguous decision, she may defer to the group because she
believes the group to have superior knowledge or a better
understanding of the situation. A familiar and very modern
example of this phenomenon can be found in the context of
online shopping, wherein more than 80% of respondents to a
large, recent survey indicated that they rely on product ratings
when making a purchasing decision [46]. As this and count-
less other examples indicate, when a person is faced with a
challenging task and is not entirely certain of or confident in
her answer, shemay rely on the opinion of the group as a basis
for establishing her own position.

Informational social influence has been documented in a
wide variety of real-world situations and contexts, and has
been observed both across cultures and across time [4]. Fur-
ther, while gender-based differences in susceptibility to social
influence are by no means universal in the conformity litera-
ture, a minority of studies have observed the effects of group
pressure to be significantly stronger among women [19],
making gender a non-trivial consideration in any research
examining informational social influence. In certain circum-
stances, age has also been found to be inversely related to
social conformity in adults [39], hence making age another
important consideration for the current study.

B. BELIEF PERSEVERANCE
In addition to informational social influence, the social psy-
chology literature describes another behavioral phenomenon
known as belief perseverance (or belief perseverance error)
that may, in certain circumstances, act to counterbalance or
even overwhelm the effects of social influence on a judge’s
decision-making processes. Belief perseverance has been
defined as ‘‘. . . the tendency to cling to one’s initial belief
even after receiving new information that contradicts or dis-
confirms the basis of that belief [8].’’ As a practical example,
consider that more than 97% of the climatological research
on anthropogenic global warming (AGW) has concluded that
AGW is a genuine and concerning phenomenon [15]. Despite
this widespread scientific consensus, a disproportionately
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large number of politicians, industrialists, and others exhibit
belief perseverance by stubbornly clinging to the notion that
global warming is an illusion or a scientific hoax. This exam-
ple illustrates how after arriving at a position or a belief about
a particular topic, many people are unwilling to revise their
initial positions or beliefs in the face of new information,
even when that information originates from an overwhelm-
ing group consensus. Refusing to revise one’s views when
presented with reliable and verifiable counterevidence is,
of course, antithetical to the foundational principle of falsi-
fiability in science [41], and as such, belief perseverance is
orthogonal to the sort of behavior prescribed by the scientific
method.

When considered together, the forces of informational
social influence and belief perseverance can be conceptu-
alized as exerting opposing psychological pressures on an
individual’s internal evaluation of his or her current beliefs.
Although it is true that the status of human beings as social
creatures imbues us with a natural esteem for the group
consensus, it is also true that there are often psychological
and social costs associated with admitting that one’s beliefs
are mistaken and need to be brought into alignment with those
of the group. Both of these pressures, as manifested through
informational social influence and belief perseverance, are at
play when evaluating one’s beliefs in the presence of new
evidence. From a theoretical perspective, then, whether or
not a person is willing to revise her beliefs hence depends
in part on the magnitude of each of these pressures in a
given situation. These concepts are metaphorically illustrated
in Fig. 2 below.

FIGURE 2. Informational social influence vs. belief perseverance in the
decision to revise one’s beliefs. These two phenomena are theorized to
exert opposing cognitive pressures when a person evaluates a web
interface in the context of social influence.

As shown in Fig. 2, when the immediate or cumulative
pressure exerted on the psyche by informational social influ-
ence exceeds that of belief perseverance, then a person can be
expected to revise her current beliefs. If, however, the pres-
sure exerted on the psyche by belief perseverance exceeds
that of informational social influence, then a person can
be expected to retain her current beliefs. The magnitude of
these opposing pressures depends, of course, on the nature

of the situation, and the predictions of informational social
influence and belief perseverance theory must therefore be
taken as situational; i.e., whether and to what extent these
phenomena manifest themselves will vary from person to
person and from situation to situation [28].

C. CONSERVATISM BIAS
Having considered belief perseverance, we can next consider
what happens when a person does revise her initial beliefs in
light of new information. In this scenario, it has been observed
that the degree to which an individual adjusts her beliefs is
commonly less than would be expected in a Bayesian model
of belief revision [20]. This phenomenon in which a person
under-reacts to new information is known as conservatism
bias. It is a specific type of belief perseverance error that is
generally held to be an extension of Tversky and Kahneman’s
theory on anchoring and adjusting [58].

As a practical example of conservatism bias, consider a
person who initially believes the value of her home to be
¿300,000. If home prices in her local area begin to decline
and her neighbors inform her that the actual value of her
home is now ¿200,000, she may be willing to lower her
personal estimate of her home’s value, but will be unlikely
to revise her estimate all the way down to ¿200,000. Put
more generally, a person’s prior views and opinions often
exert an unduly large influence on the extent to which she
is willing to revise her beliefs in the face of new evidence.
Conservatism bias has been identified and studied in a variety
of contexts including decision science [20], investing [27],
cognitive psychology [24], and economics [37].

D. RESEARCH HYPOTHESES
Together, the three theory-driven phenomena described above
– informational social influence, belief perseverance, and
conservatism bias – paint an interesting and nuanced portrait
of how individuals can be expected to behave in the presence
of social influence. With a solid understanding of these the-
oretical foundations, we are now equipped to return to the
context of the current study and examine how these concepts
apply to web interface evaluations in situations involving
social influence.

To begin, consider the ‘‘Ex Ante Social Influence’’ pattern
depicted in Fig. 1. When applied in the context of web
interface evaluations, informational social influence theory
predicts that if a person has prior knowledge of the opinions
of others about a particular web interface, then those opinions
can be expected to influence her own ratings of the web
interface. Stated as a hypothesis, this becomes:

H1: Ex ante knowledge of the opinions of others signifi-
cantly influences a judge’s web interface design ratings.

If we next consider the ‘‘Ex Post Social Influence’’ pattern
depicted in Fig. 1, the theoretical discussion above yields
several additional predictions about how judges will behave
when evaluating a web interface in the context of social
influence. First, when provided on an ex post basis with other
people’s ratings of the quality of a web interface design,
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belief perseverance suggests that many judges will stand by
their initial ratings, even in situations where the evidence
indicates that a judge’s own ratings diverge markedly from
those of the group. Put differently, and in comparison to the
ex ante condition, once a judge has independently established
her own beliefs about the quality of a web interface design,
the opinion of the group will, on average, exert a weaker
influence on the judge due to the countervailing effects of
belief perseverance, particularly if there is no social penalty
or risk of ostracism for holding a divergent point of view. This
leads to the study’s second hypothesis:

H2: Ex post knowledge of the opinions of others exerts
a significantly weaker influence on judges’ web interface
design ratings than ex ante knowledge of the same opinions.
Although ex post knowledge of the group opinion can,

on average, be expected to exert a weaker influence on web
interface design evaluations than ex ante knowledge (due to
the effects of belief perseverance), it is nevertheless important
to consider the magnitude of the ex post social pressure
to which the judge is subjected when making predictions
about whether she will defer to the group opinion and subse-
quently revise her own beliefs. The theoretical considerations
described previously suggest that when the force of infor-
mational social influence substantially exceeds that of belief
perseverance, then a person may conclude that her beliefs are
incorrect and need to be brought into closer alignment with
those of the group. Thus, when a person is provided on an
ex post basis with knowledge about the beliefs of the group,
the extent to which the person is willing to revise her own
beliefs can be expected to be positively related to the degree
of misalignment between her initial opinions and the opinions
of the group. Stated as a hypothesis, this becomes:

H3: When provided with ex post knowledge about the
group’s ratings of the quality of a web interface design,
the extent to which a judge revises her own ratings is posi-
tively dependent on the degree of misalignment between her
initial ratings and those of the group.

Finally, the discussion above about the theoretical predic-
tions of conservatism bias provides further insights into the
extent to which a judge is willing to revise her initial web
interface design ratings after being provided with ex post
knowledge about the corresponding ratings assigned by the
group. Specifically, conservatism bias suggests that although
a judge may revise her initial ratings, the extent of those
revisions will, on average, be inadequate to fully close the
gap between her own initial ratings and the ratings of the
group. Put differently, the judge’s prior views and opinions
will exert an influence on the extent to which she is willing
to revise her ratings, and the judge can hence be expected to
under-react when provided with ex post knowledge about the
ratings assigned to the web interface by the group. This leads
to the study’s fourth and final hypothesis:

H4:When a judge revises her ratings of the quality of a web
interface design after being provided with ex post knowledge
of the ratings assigned by the group, the magnitude of those
revisions will, on average, be inadequate to fully close the

gap between her own initial ratings and the ratings of the
group.

III. METHODS
As noted briefly in Section I, the current study relied on
human judges who were tasked with rating a variety of web
interfaces. From a high-level methodological perspective,
the study can thus be classified as heuristic interface evalua-
tion research [36]. Although many different approaches have
been used in interface evaluation research, empirical analy-
sis has been identified as the leading method of evaluating
user interfaces [34]. Further, among the various empirical
methods, randomized controlled trials stand out as the gold
standard due to their intrinsic ability to mitigate potential
confounds among study participants [21]. For these reasons a
controlled, randomized experiment was adopted as a basis for
gaining insights into the current study’s research hypotheses.

A. EXPERIMENT DESIGN AND SURVEY INSTRUMENT
The experiment used to test the study’s research hypotheses
relied on a three-group design, with each research subject
being assigned to either a baseline (control) group, or to one
of two experimentally manipulated treatment groups. The
experiment itself was carried out using a custom, web-based
software system that provided subjects with the ability to
view and rate the characteristics of several different web
interfaces. The specific characteristics for each interface were
adopted from a five-item subscale that was created tomeasure
the attractiveness of aweb interface [2]. In the broader context
of Nielsen’s usability heuristics for user interface design [33],
this focus on interface attractiveness maps to the consistency
and aesthetic heuristics.

The specific survey instrument used in the study was cho-
sen because it was subjected to rigorous validation proce-
dures during its development, and because it has subsequently
been very widely used in scientific studies examining web
interface design. In accordance with the original instrument,
subjects in the experiment were asked to respond to evaluative
statements using a seven-point, Likert-type scale anchored
at 1 = strongly disagree and 7 = strongly agree. Minor
modifications were made to the wording of the original items
in order to adapt those items to the context of the current
experiment (see Table 1).

In total, three web interfaces were used in the experiment,
with each interface being intentionally designed to align with
the general mental model of web interface design identified
by Soper and Mitra [53], [54]. Each subject was required to
evaluate all three web interfaces along just one of the dimen-
sions listed in Table 1 so as tominimize the possibility that the
subject’s ratings would be contaminated by halo error [55].
The specific design characteristic that each subject was asked
to evaluate was determined using iterative assignment, and
the order in which the three web interfaces were presented to
each subject was randomized with a view toward mitigating
any ordering or self-generated validity effects [9], [44].
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TABLE 1. Original Subscale Items and Modified Subscale Items as Used in the Experiment.

B. RESEARCH SUBJECTS
The target population for the experiment was English-
speaking, adult web users. The population was restricted
to English speakers because the original survey instrument
and the web interfaces used in the experiment were written
in English, while the population was restricted to adults
to ensure that informed consent could be obtained from
each subject [59]. In light of these requirements, the leading
global online advertising firm was engaged to craft a targeted
campaign for the purpose of soliciting volunteers for the
study. This approach was taken because the firm’s demo-
graphic targeting technologies allowed subject recruitment to
be explicitly constrained to the target population of English-
speaking web users who were at least 18 years old. IP address
restrictions were also enforced to ensure that each subject
could participate in the experiment only once.

Upon providing their consent to participate in the exper-
iment, subjects were asked to specify their age and gen-
der. As noted in Section II, age and gender were explicitly
included as covariates in the study because they have been
identified by past research as being germane in the context of
social influence, at least in certain circumstances [19], [39].
While other potential covariates such as culture, religion,
or ethnicity were not explicitly considered in the study, any
potentially confounding effects of these or other demographic
characteristics were mitigated by the study’s randomized
design [21], [31].

Prior to data gathering, a formal a-priori sample size anal-
ysis was conducted in order to determine the appropriate
number of subjects for the study. Given that linear mod-
els (discussed in the following subsection) would be used
to evaluate several of the study’s research hypotheses, and
given that these models would contain a maximum of nine
predictors, the a-priori sample size analysis revealed that a
minimum of 879 observations would be required to detect
a statistically significant f 2 effect size of 0.02 or above at
a statistical power level of 0.85 [12], [52]. Based on the
research design, observations from a maximum of two dif-
ferent experimental groups would be used to estimate any
single linear model, yielding a minimum of approximately
440 observations per group. As described below, each subject
in the study would yield three observations, meaning that
each group would require a minimum of approximately 147
subjects in order to have a sufficient number of observations
to detect a statistically significant f 2 effect size of 0.02 or
above at a power level of 0.85.

In total, data were gathered from 503 subjects, of whom
254 (50.5%) were male and 249 (49.5%) were female.

Subjects ranged in age from 18 to 82 years, with the mean
age being 34.02 years (std dev = 12.73). These demographic
characteristics were observed to be consistent with the overall
population of adult web users [40].

C. PROCEDURE
When data gathering began, the first 150 subjects who
participated in the study were assigned to the baseline
(control) group. The remaining 353 subjects were then itera-
tively assigned into the two treatment groups, with 177 sub-
jects being assigned to Treatment Group 1 and 176 subjects
being assigned to Treatment Group 2. This subject allocation
method was employed because the baseline measurements
obtained from the control group were used as inputs for the
experimental manipulation of the treatment groups, hence
making it necessary to acquire the baseline measurements in
advance.

Subjects in the baseline group were simply shown the
three interfaces and asked to rate each interface along
their assigned dimension from Table 1. When aggregated,
the responses from baseline subjects were regarded as the
true, unadulterated ratings for each interface design charac-
teristic, and served as the basis against which subject ratings
from the treatment groups would be compared. As noted by
Nielsen [34], this approach to combining the ratings of indi-
vidual judges is common and appropriate when conducting
heuristic interface evaluations.

The rating tasks and experimental process for subjects in
the two treatment groups were identical to those of the base-
line group, excepting that subjects in the treatment groups
were provided with information about how other people
rated the same interface and design characteristic that they
themselves were currently considering. Subjects in Treat-
ment Group 1 were provided with this information on an
ex ante basis (i.e., before submitting their own ratings),
while subjects in Treatment Group 2 were provided with this
information on an ex post basis (i.e., after having already
submitted their own ratings). In the case of the latter, subjects
in Treatment Group 2 were given an opportunity to revise
their original ratings after having been made aware of the
average ratings of other people for a given interface and
design characteristic. An illustration of the overall research
design is provided in Fig. 3.

As shown in Fig. 3, subjects in the treatment groups were
supplied with the average rating of other people for the
interface design characteristic that they were currently con-
sidering. These ratings were not the true ratings given by oth-
ers, however, but instead were experimentally manipulated
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FIGURE 3. Overall research design. Responses from baseline subjects were used as the basis of comparison for responses obtained
from subjects in the treatment groups. The three groups are differentiated based on whether and when information about the interface
ratings of others was shared with subjects.

with a view toward gaining insights into the study’s research
hypotheses. Specifically, the artificial ratings supplied to
subjects in the treatment groups were statistically derived
from the distributions of the ratings obtained from the base-
line group. To be more precise, the baseline mean rating
and standard deviation for each combination of interface
and design characteristic were used to compute the artificial
score that was supplied to subjects in the treatment groups,
with the artificial score being the value associated with a
cumulative probability of 0.05 on the associated baseline
rating’s normal distribution. For example, imagine that the
true rating obtained from baseline subjects for a particular
interface characteristic were 4.0 (on a 1 to 7 scale), with a
standard deviation of 1.0. By applying the normal distribution
cumulative distribution function (CDF), it could be readily
determined that 95% of subjects would naturally rate this
interface characteristic at 2.36 or above, while only 5% of
subjects would supply a rating lower than 2.36. In this case,
treatment group subjects would be told that the artificially
low score of 2.36 was the average rating given by other peo-
ple when evaluating that particular interface characteristic.
Using this approach, it would be statistically improbable for
a subject in the treatment groups to assign a rating lower than
2.36 to the interface characteristic that she was evaluating.
Any statistically significant differences between the true rat-
ings given by the baseline group and the ratings given by
the treatment groups could thus be attributed to informational
social influence. Thismethod of experimentallymanipulating
the interface ratings that were provided to subjects in the
treatment groups is illustrated in Fig. 4.

After data gathering was complete, insight into the study’s
research hypotheses was gained through a combination of
linear modeling, analysis of variance (ANOVA), and t-tests.
Regression-based linear models were used to evaluate the
extent to which subject ratings in the baseline group differed
from those in the treatment groups. Each linear model was
specified such that subject ratings were predicted by whether
a subject belonged to the baseline group or to the model’s
associated treatment group, after controlling for the subject’s
age and gender, and the interface and design characteristic
being evaluated. For this purpose, membership in the baseline
or treatment group, subject gender, and the various interfaces
and design characteristics were all appropriately coded using
a series of binary dummy variables [13]. A one-way analysis
of variance was used to ascertain whether there was a signif-
icant difference in the effects of ex ante and ex post social

FIGURE 4. Illustrative example of experimental manipulation of mean
interface characteristic ratings. Subjects in the treatment groups were
provided with mean ratings that had been experimentally manipulated to
be statistically improbable.

influence on subjects’ interface ratings, after controlling for
age and gender, and the interface and design characteristic
being evaluated [45], [50]. Finally, a paired-sample t-test
was used to compare the original and revised ratings for
subjects in the ex post group (i.e., Treatment Group 2), while
a one-sample t-test was used to evaluate whether the average
absolute distance between the revised ratings and baseline
ratings was statistically different from zero [29]. The results
of all of these analyses are presented and discussed in the
following section.

IV. RESULTS AND DISCUSSION
A. HYPOTHESIS 1
The study’s first hypothesis proposed that ex ante knowl-
edge of the opinions of others would significantly influence
a judge’s web interface design ratings. In the experiment,
the average ratings of other people that were provided to
subjects in the ex ante group were manipulated to be artifi-
cially lower (i.e., more negative) than the true ratings, with the
hypothesis that the presence of this ex ante information would
cause subjects to submit interface design ratings that were
lower than they otherwise would have been. Initial estimation
of the linear regression model that was used to test this
hypothesis revealed that subject gender did not significantly
affect interface design ratings. Gender was thus removed as
a predictor, and the linear model was then duly reestimated.
Although the overall model proved to be highly significant,
the primary item of interest with respect to Hypothesis 1 was
the parameter estimate for membership in the ex ante group.
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After controlling for a subject’s age and the significant effects
of the different web interfaces and interface design charac-
teristics being evaluated, the ex ante information provided
about the opinions of others was found to exert a highly
significant influence on subjects’ interface design ratings,
thus providing full support for Hypothesis 1. A summary
of the results obtained from the test of this hypothesis is
provided in Table 2.

TABLE 2. Results for the Test of Hypothesis 1.

Since all of the interface characteristics in the experiment
were rated on a 1 to 7, Likert-type scale, the parameter
estimate β indicates that after controlling for other factors,
the average rating given to an interface design characteristic
by subjects in the ex ante treatment group was 0.450 units
lower than the true, unadulterated rating for the same char-
acteristic, as obtained from the baseline group. Put differ-
ently, when provided with an artificially low number that
was represented to be the average rating of other people,
subjects in the ex ante group succumbed to the informational
social influence, and subsequently submitted interface design
ratings that were significantly lower than the ratings that were
obtained in the absence of such information. The actual mean
interface design ratings for the baseline and ex ante groups
were 4.864 and 4.382, respectively, indicating that the pres-
ence of the negative ex ante informational social influence
yielded average ratings that were approximately 9.91% lower
than the true ratings. This result should be of great interest
to managers who would like to ensure that the design of
their organization’s website is evaluated as accurately and
impartially as possible, since it plainly reveals that simply
knowing in advance what other people think about a web
interface can directly and significantly influence one’s own
opinions about that interface.

B. HYPOTHESIS 2
The study’s second hypothesis addressed the behavior of
subjects in the ex post condition, in which a judge begins
by independently rating an interface design characteristic
in the absence of any informational social influence. After
recording her rating – and thus establishing her own beliefs
about the quality of the interface design – the judge is then
provided with the average rating of others for the same
interface characteristic, and is given an opportunity to revise
her original rating. The situation is thus characterized by a
certain cognitive tension, with informational social influence
(i.e., the information about the ratings of others) impelling the
judge to revise her original rating, while belief perseverance
exerts a countervailing pull by impelling the judge to stand
by her initial rating, even if the newly obtained information

indicates that the judge’s own opinion diverges markedly
from that of the group. In light of the behavioral predictions
associated with belief perseverance, the second hypothesis
proposed that ex post knowledge of the opinions of others
would exert a significantly weaker influence on judges’ web
interface design ratings than ex ante knowledge of the same
opinions.

Evaluating this hypothesis involved a deliberate, two-
step process. First, the same regression-based linear model-
ing technique that was used for the ex ante condition was
employed again for the subjects in the ex post condition, with
a view toward obtaining a parameter estimate for the impact
of ex post informational social influence on subjects’ inter-
face design ratings. Second, a one-way analysis of variance
was used to determine if the ex post parameter estimate and
its associated standard error differed significantly from their
counterparts in the ex ante condition, thus allowing conclu-
sions to be drawn regarding the relative impacts of ex ante vs.
ex post informational social influence onweb interface design
ratings. As with the ex ante condition, initial estimation of
the linear regression model revealed no significant impact
of subject gender on interface design ratings. The model
was hence reestimated after removing gender as a predictor,
and the resulting overall model was observed to be highly
significant. Further, after controlling for a subject’s age and
the significant effects of the different web interfaces and
interface design characteristics being evaluated, the ex post
information provided about the opinions of others was found
to exert a highly significant influence on subjects’ interface
design ratings. These results are summarized in Table 3.

TABLE 3. Results for the Test of Hypothesis 2.

The parameter estimate β suggests that on average, sub-
jects in the ex post informational social influence group sub-
mitted interface design ratings that were 0.362 units lower
(on a 1 to 7 scale) than the analogous ratings obtained from
the baseline group. Thus, as with the ex ante group, the pres-
ence of informational social influence in the form of ex post
knowledge of the opinions of others had a substantial impact
on subjects’ web interface design ratings. Since the actual
mean interface design ratings for the baseline and ex post
groups were 4.864 and 4.472, respectively, the presence of
the negative ex post informational social influence yielded
average ratings that were approximately 8.06% lower than the
true ratings, as compared to nearly 10% lower for the ex ante
group. As shown in Table 3, a one-way analysis of variance
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revealed that the magnitude of the effect of ex post informa-
tional social influence on web interface design ratings was
indeed significantly weaker than ex ante informational social
influence, thereby providing full support for Hypothesis 2.

In light of the results reported above, it can be concluded
that both ex ante and ex post informational social influence
can lead to significant distortions in web interface design
ratings. Belief perseverance, however, causes the magnitude
of this effect to be significantly less pronounced in the context
of ex post informational social influence. Put differently, once
a judge has independently established her own beliefs about
the quality of a web interface design, making the judge aware
of the opinion of the group can, on average, be expected to
influence the judge’s beliefs, but the degree of this informa-
tional social influence will typically be significantly weaker
than in the ex ante condition due to the countervailing pull
of belief perseverance. Nevertheless, the effects of both ex
ante and ex post informational social influence on web inter-
face evaluations should be considered carefully by managers,
since the results reported here demonstrate just how easily
people’s beliefs and opinions about a web interface can be
manipulated or distorted by group pressure.

C. HYPOTHESIS 3
The results reported immediately above for the test of
Hypothesis 2 reveal that on average, ex post knowledge of
the group opinion significantly influences a judge’s beliefs
about the quality of a web interface, albeit to a lesser extent
than ex ante knowledge (due to the effects of belief per-
severance). The study’s remaining two hypotheses explore
questions relating to this ex post revision behavior in greater
detail. First, to what extent is a judge willing to revise her
beliefs in the milieu of ex post informational social influence?
Drawing on theories of informational social influence and
belief perseverance, the study’s third hypothesis proposed
that when provided with ex post knowledge about the group’s
ratings of the quality of a web interface design, the extent to
which a judge revises her own ratings would be positively
dependent on the distance between her initial ratings and
those of the group. Thus, if a judge discovers that her initial
ratings diverge greatly from those of the group, she can be
expected to make more substantial revisions to her beliefs
than if her initial ratings were closer to those of the group.

To test this hypothesis, a linear regression model was esti-
mated for subjects in the ex post treatment group who had
revised their initial web interface ratings after having been
made aware of the group opinion. In the model, the distance
between subjects’ initial ratings and those of the group was
used to predict the amount by which subjects ultimately
revised their initial ratings, after controlling for age, gender,
and the effects of the different web interfaces and interface
design characteristics being evaluated. Initial estimation of
the linear regression model revealed no significant impact
of any of these control variables. All of the non-significant
control variables were thus removed, and the model was
reestimated. The resulting overall model was observed to be

TABLE 4. Results for the Test of Hypothesis 3.

statistically significant, as was the parameter estimate for
the ‘‘distance’’ variable described above. These results are
summarized in Table 4.

The results of the analysis thus revealed that the extent to
which a judge is willing to revise her beliefs about a web
interface after being informed of the group’s opinion depends
significantly on the distance between her initial opinion and
that of the group. Further, the sign of the parameter estimate
β indicates a positive relationship between these two vari-
ables, thus providing full support for Hypothesis 3. It can
therefore be concluded that if a judge independently arrives
at her own opinions about the quality of a web interface and
subsequently discovers that her initial opinions diverge from
those of the group, then the extent to which the judge revises
her initial opinions will depend positively on the degree of
that divergence.

D. HYPOTHESIS 4
AswithHypothesis 3, the study’s final hypothesis addressed a
judge’s revision behavior as it relates to web interface design
ratings in situations involving ex post informational social
influence. Specifically, theory relating to conservatism bias
suggests that even in the face of new evidence, a judge’s
prior views and opinions will continue to influence her beliefs
such that the degree to which the judge revises her initial
opinion in light of new information will be less than expected
if she were to behave according to a Bayesian model. Thus,
although being made aware of the opinion of the group may
influence a judge to revise her initial ratings, the study’s
fourth hypothesis proposed that the extent of those revisions
will, on average, be inadequate to fully close the gap between
the judge’s initial ratings and those of the group.

Evaluating the study’s final hypothesis involved the use of
both a paired-samples t-test and a one-sample t-test. First,
among all of the subjects in the ex post group who revised
their initial ratings, a paired-samples t-test was used to com-
pare the distribution of initial ratings with the distribution
of revised ratings, with a view toward determining if the
subjects’ revised ratings were statistically different from their
paired initial ratings. Whereas the mean initial web interface
design rating for these subjects was 5.47 (std dev = 1.572),
the mean revised rating for the same subjects was 3.97 (std
dev = 1.808). The paired-samples t-test revealed this differ-
ence to be statistically significant, indicating that subjects’
revised ratings were indeed statistically different from their
initial ratings after having been made aware of the opinion of
the group. Although necessary, knowing that subjects revised
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their ratings in a statistically significant manner was, how-
ever, insufficient in and of itself to draw any conclusions
about the study’s fourth hypothesis.

Having established that subjects in the ex post group sig-
nificantly revised their web interface design ratings to accord
more closely with the group opinion, the final question was
whether the extent of those revisions was sufficient to fully
close the gap between the subjects’ initial ratings and the
opinion of the group. To gain insights into this question,
a one-sample t-test was used to compare the average distance
between subjects’ revised ratings and those of the group
against a hypothesized mean distance of zero. Put differently,
if the average distance between the subjects’ revised ratings
and those of the group was statistically equal to zero, then it
could be concluded that the extent of the subjects’ revisions
was sufficient to fully close the distance between their initial
ratings and the average group ratings, and that there was no
evidence of conservatism bias in the subjects’ behavior. Sta-
tistical evidence of the average distance between the subjects’
revised ratings and those of the group being greater than
zero, however, would reveal the presence of conservatism
bias. The mean absolute difference between the subjects’
revised ratings and those of the group was 1.867 (std dev =

1.539), and a one-sample t-test revealed this gap to be highly
statistically significant. The results obtained from the t-tests
for Hypothesis 4 are provided in Table 5 below.

TABLE 5. Results for the Test of Hypothesis 4.

When considered together, the results reported in Table 5
indicate that although the subjects in the ex post group revised
their initial ratings in the direction of the group opinion to a
statistically significant degree, the extent of those revisions
was insufficient to fully close the gap between their initial
ratings and the average opinion of the group. These findings
are consistent with the behavior predicted by the tenets of
conservatism bias, and provide full support for Hypothesis 4.

V. SUMMARY, LIMITATIONS, AND CONCLUDING
REMARKS
This article sheds light on the important roles of informational
social influence and belief perseverance when people are
evaluating the quality of a web interface. It is no exaggeration
that websites are often the most publically visible face of
modern organizations, and this fact alone should elevate the
quality of the organization’s website to a prominent position
in boardroom discussions. Given that web interface assess-
ments in organizational settings are commonly carried out
by groups (e.g., by focus groups [30], [35], web design
teams [18], [61], etc.), understanding whether and to what

extent social influence phenomena affect judges’ ratings is of
critical importance for organizations that are seeking accu-
rate and unadulterated information about the quality of their
website designs. The current paper makes a novel and impor-
tant contribution toward this understanding by rigorously
demonstrating that judges’ opinions about the quality of a
web interface can be easily and significantly manipulated by
informational social influence.

In brief, by means of a controlled, randomized experiment
involvingmore than 500 subjects, this study’s primary experi-
mental findings show that both ex ante and ex post knowledge
of the opinions of others significantly influence a judge’s web
interface design ratings. Additionally, the study reveals that ex
ante knowledge exerts a substantially larger influence than ex
post knowledge, with this difference being attributable to the
effects of belief perseverance. The paper’s findings further
indicate that the extent to which a judge is willing to revise
her own ratings on an ex post basis depends positively on the
distance between her initial ratings and those of the group,
and that when a judge does revise her ratings, the extent of
those revisions is less than would be expected if she were to
behave according to a Bayesian model of decision-making.

The primary experimental findings notwithstanding, this
study also makes substantial contributions to theory through
its integration and discussion of the competing effects of
informational social influence and belief perseverance on
human cognition, and ultimately on the way that people
behave. As noted in the theoretical discussion in Section II,
the opposing forces of informational social influence and
belief perseverance suggest that the extent to which a judge is
willing to revise her beliefs is a function of the comparative
degree of cognitive pressure being exerted by these two com-
peting forces. When the pressure to conform that is exerted
by informational social influence exceeds the counteract-
ing pressure to resist that is exerted by belief perseverance,
then a judge can be expected to revise her beliefs, with the
degree of revision depending on the degree of the situational
imbalance between informational social influence and belief
perseverance. These theoretical perspectives, supported by
this study’s experimental evidence, suggest a cognitive mech-
anism in which a person unconsciously weighs the pressure to
conform to the group opinion against the pressure to resist and
hold to her own views when evaluating a technology artifact
such as a web interface in the context of social influence.

As with all works involving experimentation or social phe-
nomena, this study has several limitations that merit acknowl-
edgement. First, the study attempted to discern only whether
ex ante and ex post informational social influence would
cause subjects to unconsciously adjust their web interface
ratings in the negative direction. Although there is no theoret-
ical reason to expect that these forms of informational social
influence would be incapable of also causing subjects to raise
their ratings, influencing subjects to adjust their ratings in the
positive direction was not tested in the current experiment.
Indeed, phenomena that lead judges to artificially inflate their
ratings of a technology artifact such as a web interface may
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have very important implications for critical organizational
decisions, and this represents a notable opportunity for future
research.

Next, from a methodological perspective, the current study
was constrained only to web interface evaluations, and it
remains unknown whether the findings reported herein are
generalizable to other varieties of human-technology inter-
faces. Again, there is no obvious reason why the theoretical
tenets of informational social influence and belief persever-
ance should not be expected to apply similarly to evaluations
of, say, mobile app interfaces or desktop application inter-
faces, but these predicted effects were not explicitly tested in
the current experiment.

Finally, although the age and gender of the research sub-
jects were included in the study, other demographic char-
acteristics such as culture, religion, or ethnicity were not
explicitly considered. There is, for example, some evidence
in the literature indicating that cultural differences in the
context of collectivism vs. individualism may be relevant to
interface design [11], [14], but these ideas were not tested in
the current study. While it is true that the experiment’s ran-
domized design served to inherently mitigate any potentially
confounding effects of such characteristics on the overall
results, the extent to which attributes such as culture, religion,
or ethnicity influence web interface ratings in the presence
of social influence remains unknown. Together, these limita-
tions represent just a few of the many fruitful opportunities
for future research in this area.

In the introduction to this article, it was noted that the pre-
ponderance of past heuristic interface evaluation research in
the HCI literature has relied on judges who, either explicitly
or implicitly, performed their interface rating tasks in envi-
ronments free of social influence. The case was further built
that because real-world interface evaluations are commonly
carried out in social settings, social influence phenomenamay
cause judges to rate interfaces differently in social settings
than they would in a non-social setting. Through careful
experimental manipulation, the results reported in this article
clearly indicate that informational social influence can exert
a powerful impact on people’s perceptions of a web interface.
Given that this phenomenon can lead to substantial measure-
ment error, and given the importance of being able to accu-
rately measure the quality of a website design, the findings
of this study suggest that organizational web interface design
evaluations should be deliberately performed by individual
judges in an environment that is free from social influence.

Although the current paper focused on social influence in
the context of web interface design (specifically, interface
attractiveness), interface aesthetics are but one component
in the broader panoply of user experience (UX) research,
wherein group-based evaluation methods and techniques are
also common in both laboratory and real-world settings
[4343, 60]. It is therefore reasonable to expect that social
influence phenomena may also contaminate measurements in
other forms of UX evaluations, and methods such as those
described in this article may prove effective in identifying

and quantifying such contamination. It is also reasonable to
expect that informational social influence and belief perse-
verance play significant roles in many other phenomena that
lie at the intersection of human cognition and information
technology, and this suggests a rich set of future research
opportunities.

Ultimately, if our future is to be one in which humans
extract maximum benefits from our technologies, then one
of our guiding principles must be to find ways of making our
interactions with those technologies as easy and as natural
as possible. Achieving this goal will necessarily require that
we develop ways of accurately measuring and evaluating the
mechanisms that we create for interacting with our technolo-
gies. Identifying and eliminating sources of bias and error
in these measurements will be critical to the success of this
noble endeavor, and it is hoped that the current study and
others like it will serve as accelerants that hasten the process.
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