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ABSTRACT

In many cases, practitioners and researchers of Human-
Computer Interaction and Usability Engineering rely on
users' subjective product quality assessments. Such an
assessment of, for example, perceived usability is believed
to summarize previous experiences made with the
according software. The present study shows that such
summary assessments of perceived usability do not reflect a
whole experiential episode, but rather its most recent
incidents. Additional measurement strategies, such as
repeated measurements of perceived usability throughout
the experiential episode, are explored.
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INTRODUCTION

In the past decade, researchers in the field of judgment and
decision-making became increasingly interested in how
individuals form retrospective summary assessments of
experiential episodes (see [2] for an overview). Your last
evening with friends, for example, may have started with a
tasty dinner, followed by a parlor game and may have
ended in a trendy bar close-by. The question "How much
did you enjoy the evening?" requires you to integrate the
joy (or pain) derived from the various single experiences
made in the course of the evening into a single summary
assessment. The most straightforward assumption is that
individuals combine all the intensities of joy (or pain)
experienced during the episode. In the example given
above, the joy derived from the dinner may be 70 (on a 0-
100 scale), 20 from the parlor game and 90 from the
nightcap. The whole evening would then be a 60.

However, research showed that summary assessments do
not correspond particularly well to the averaged
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experienced intensities (e.g., [4]). This inspired the study of
how various other characteristics of an experiential episode,
such as amount of variation in intensities or the trend of
intensities (improving, deteriorating), relate to summary
assessments.

The question of how experiences are transformed into
summary assessments seems relevant to Human-Computer
Interaction in general and product evaluation specifically.
In many situations, questionnaires are used to assess quality
aspects of a software product, such as its usability, or users'
satisfaction. A common practice is to combine subjective
measures of usability with a usability test. Usually,
participants first work through a series of tasks. At the end
of the series, they are asked to evaluate the software on the
basis of the experiences just made. This requires the
transformation of an experiential (usage) episode into a
summary product quality assessment.

The present paper explores how the intensity of experiences
relates to summary assessments of a software product's
quality. Specifically, we study how the experience of
mental effort while working with a software relates to
summary assessments of its perceived usability.

METHOD

Twenty-one individuals (10 female, 11 male, median age =
41, min = 24 max = 57) participated in a usability test for a
new version of CONNEXX (see [6]), a software tool for the
configuration of hearing instruments. The tests were carried
out in the UK (6) and Australia (15). The majority of
participants were audiologists.

Each participant had to work through a series of typical
tasks. Immediately after completing a task, mental effort
(ME) was measured with the subjective mental effort
questionnaire (SMEQ, [7]; see also [1]). The SMEQ is a
single rating scale ranging from 0 to 150. Verbal anchors
such as hardly effortful or very effortful facilitate the rating
process. This procedure resulted in individual ME profiles
consisting of seven' measurements for each participant (see

! Originally, nine measurements were taken. However, the first
was excluded from the analysis, because the according "task" was
only meant to be an icebreaker. Participants were instructed "to
have a look around" without specification of a particular task goal.
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Figure 1 for an example). On average, a single usability test
session took about 2 hours.
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Figure 1: Example mental effort (ME) profile (participant 2).

Several predictors were derived from the seven ME
measurements (see Table 1). The "intensity of the whole
experiential episode" was captured by the average across
the individual ME measurements, "variation in intensity" by
their standard deviation. "End intensity" was represented by
the ME measurement at t7 (see Figure 1). "Peak/End" was
calculated as the proportion of the maximum ME to the ME
at t7. In the example given in Figure 1 the proportion is 1,
because end ME and maximum ME are the same. The
proportion is smaller than 1, if the end intensity is less then
the maximum. Generally this is a way to capture whether
the experience became more positive over time or not. A
second way to express this trend is to calculate a rank
correlation between position in sequence and intensity of
ME. A positive correlation expresses deterioration (i.e.,
mental effort increases over time). A negative correlation
expresses improvement (i.e., mental effort decreases over
time).

After having completed all tasks, participants were asked to
assess the product's usability with the help of seven 7-point
semantic differential items ("human — technical", "simple —
complicated", "practical — impractical", "cumbersome —
efficient", "predictable — unpredictable", "confusing —
clear", "unruly — manageable", see [5] for an earlier
application of the scale). A summary perceived usability
(sPU) wvalue was calculated for each participant by
averaging across the seven single items (internal
consistency was satisfactory, Cronbach's o = .85).

In addition, two items were used to assess perceived
usability parallel to mental effort. After measuring mental
effort, participants were asked to assess the product on the

However, mental effort measurements are not meaningful without
a particular goal. The last measurement was excluded, because
participants were aware of the fact that it would be the last
measurement. This knowledge may have prompted people to
incorporate more than their immediate task experience into their
rating.
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attributes "unruly — manageable" and "cumbersome-
efficient"?. They were further instructed to rate the product
according to the most recent experience (i.e., task).
Specifically, they were presented with their last rating and
asked to revise it accordingly. An integrated perceived
usability (iPU) value was calculated as the average across
all single PU measurements over time (i.e., 2 items x 7
measurements).

RESULTS

Table 1 shows the correlation of the five features derived
from the mental effort (ME) data with the summary (sPU)
and integrated perceived usability (iPU) judgments. The
data of two participants were removed from the analysis
because they artificially inflated the correlations.

Feature Summary Integrated
PU PU

Intensity of whole episode -42" -42"

Intensity of whole episode -36 -41"

(end intensity excluded)

Variations in intensity -.24 -25

End intensity -.49% -.28

Peak/End -.34 .09

Trend -.38 -47*

(improvement or deterioration)
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Note: m) p <0.10; *) p <0.05; N=9

Table 1: Correlations between various features of the
experiential episode and the summary and integrated
perceived usability (PU)

Summary PU correlated highest with the last ME
measurement, i.e., the higher the intensity of mental effort
at the end of the usage episode (t7), the lower was sPU.
Integrated PU, however, correlated highest with the trend of
the experiential episode. The more positive the rank
correlation between ME measurements and their position in
the episode, the lower was iPU. In other words, increased
mental effort over time (i.e., deteriorating experience) led to
lower iPU values, whereas less mental effort over time (i.e.,
improving experience) led to higher iPU values.

For both, summary and integrated PU, the correlation with
the intensity of the whole episode was substantial and
marginally significant. This seems to contradict the general
finding that summary assessments do not capture the whole
experiential episode particularly well. However, as long as
ME at t7 (i.e., end intensity) is also a part of the mean ME
(i.e., intensity of the whole episode) this finding is not
astonishing. Indeed, the elimination of the ME
measurement at t7 from the intensity of the whole episode

2 We did not use the full seven-item scale after each task in order
to make the whole procedure less time consuming.
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decreased the correlation with summary PU, whereas the
correlation with integrated PU remained intact (see Table 1,
row 3).

To better understand the way participants base their
summary judgments of PU on features of the experiential
episode, a stepwise regression analysis was performed.
Summary PU was indeed best predicted by the end intensity
of the experiential episode alone (adjusted R* = .20, F =
5.50, p < 0.05). The less intense mental effort at the end of
the episode was the higher was the summary PU value. In
contrast to summary PU, integrated PU was best predicted
by the trend (improving, deteriorating) of the experiential
episode (adjusted R* = .18, F = 4.85, p < 0.05). The
stronger the deterioration of the experiential episode was,
the lower was the integrated PU value.

To identify ways of measuring perceived usability that
better reflect the average intensity of the entire experiential
episode, one may determine the combination of available
PU measurements, which predicts the average mental effort
best. Predictors were integrated PU, summary PU and the
rate of change in PU over time (i.e., standard deviation of
PU measurements tl to t7). The best model was a
combination of summary PU and the rate of change in the
single PU measurements (adjusted R* = .38, F = 6.54, p <
0.01). A low average mental effort implied a high summary
PU (B =-.43,t=2.33, p <0.05) combined with a low rate
of change in PU over time ( = 0.52, t=2.82, p < 0.05).

DISCUSSION

The summary assessment of a product's perceived usability
(PU) is primarily based on the end of the previous
experience. This is most easily explained as a memory
effect, a so-called recency effect. Individuals construct their
summary assessment on the basis of what comes to their
mind about the episode they just experienced. The more
recent a detail, the more easily it comes into mind. Thus,
the intensity of mental effort experienced towards the end
of the episode tends to carry more weight in a subsequent
summary assessment.

On the basis of the present results one may question the
common practice of collecting summary usability
assessments based on an experiential episode. However,
this is not meant to imply that subjective usability ratings
are redundant per se. They still reflect what an individual
thinks about a product at a particular point in time and will
thus influence related attitudes or even overt behavior (e.g.,
time spent with the product in the future). The challenge is
to find additional measurement strategies that better reflect
essential features of the entire experiential episode.

One such additional strategy is to repeatedly measure
usability during the experiential episode. Indeed, the
integrated perceived usability value (i.e., the mean of PU
measurements tl to t7) is best captured by the trend
(improving, deteriorating) of the experiential episode. As
long as the trend is a central feature of the entire episode,
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integrated PU might be considered as "better" than
summary PU. It does not capture the averaged (or summed)
experienced intensities, but it reflects at least an important
aspect of an experience, namely whether using the software
becomes less or more demanding over time.

If the goal of a quality measurement is to capture the
averaged (or summed) experienced intensities, a mixed
measurement strategy seems the most promising, namely
the summary assessment of PU combined with an indicator
of the rate of change of PU. However, the last component
has to be treated carefully. The explanatory power of rate of
change in PU over time might be due to its specific way of
measurement. In the present study, participants were asked
to revise their former PU assessment on the basis of the
new experiences gained while working through the most
recent task. By that, participants were encouraged to rather
think about changes in the software's usability over time
than to make independent assessments solely based on the
experiences made in each single task. Future studies should
explore other ways to assess perceived usability directly
while experiencing the software. Those simple
measurements and derived indicators could even be an
alternative to the regularly recommended use of objective
data (e.g., number of errors, problem handling time).
Objective data is often hard to obtain in industrial settings
because of time and budget restrictions or conflicts between
the reliable measurement of, for example, task execution
time and the desire to collect qualitative, design-relevant
data.

There is one limitation of the present study to be discussed
in more detail. Mental effort may not be a variable rich
enough to represent an "experience" at all. All in all, the
percentage of variance in summary and integrated PU that
was explained by the way mental effort was experienced
over time was rather low. This implies that additional
experiential or even non-experiential aspects may play an
important role in judgments of perceived usability, such as
stimulation or prior judgments of similar or other products
that serve as standards against which a new product is
contrasted.

To conclude, the question of how experiences are integrated
into retrospective, summary assessments of those
experiences and further translated into summary
assessments of a software's perceived usability may prove
helpful in better understanding the determinants of a quality
experience. Research on preferences for sequences of
outcomes, for example, repeatedly demonstrated that an
improving sequence of otherwise identical outcomes is
preferred to a deteriorating one (e.g., [5]). Although the
actual outcomes are identical, improvement adds extra
value to a sequence. Similar aspects may be crucial in the
context of Human-Computer Interaction. Perceived
usability, for example, may rather be a consequence of
whether handling becomes less difficult over time than a
consequence of level of difficulty per se.
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In addition, the present research prompts awareness of the
problem of memory effects in subjective judgments of
usability. Practitioners as well as researchers only rarely
attempt to evaluate products by measuring how judgments
develop over time. Most of the time they rely on the
participants' ability to integrate experiences into summary
assessments. This might not be the most promising strategy.
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