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The aim of the study was to investigate the influence of perceived prototype fidelity in usability tests by
comparing two prototypes that differed with respect to their perceived proximity to the final system.
The impact of the perceived developmental stage of the product was examined for participants’
performance, perceived usability, emotions and psychophysiology. Eighty participants were tested,
operating an electronic city guide on a mobile phone. In a 2×2×2 mixed design, the system was either
presented as an early prototype or as the final system. In addition, observer presence (no observers
vs. three observers) and task difficulty (high vs. low) were experimentally manipulated. Overall, the
findings did not indicate major differences for perceived prototype fidelity. However, an interaction
between the observer presence and prototype fidelity indicated that the observer presence had a more
negative impact on the performance when testing a final system than an early prototype. Furthermore,
the observer presence resulted in a psychophysiological stress response. The findings suggest that test
outcomes are quite robust against different prototype perceptions but that the observer presence

needs careful consideration.

RESEARCH HIGHLIGHTS

• Performance, emotions and psychophysiology are not affected by stage of system development.
• Observer presence in usability testing cause higher stress levels among participants.
• Observers impair participants’ performance more in final than in early system testing.
• A single-item usability measure is more strongly affected by test instructions than a multiple-item scale.
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1. INTRODUCTION

The importance of usability as a goal in product development is
increasingly acknowledged and the benefits of usability testing
as a core method in this endeavour are hardly controversial
(Lewis, 2006). One of the method’s advantages is its flexibility,
which allows an application at various stages of product
development. At early stages, usability testing typically uses
prototypes of the system to conduct a formative evaluation,
identifying specific usability improvements (Gediga et al.,
2002). At later stages, the final product is available for tests with
users and a summative approach is often applied taking global

measures of performance and making an overall assessment
of usability [e.g. using standardized questionnaires, such as
Software Usability Measurement Inventory, Post Study System
Usability Questionnaire (PSSUQ)] (Tullis and Albert, 2008).
The tested prototypes can be very different from the final
product with respect to various dimensions of their fidelity,
and so can the respective test outcomes (e.g. a specific
interaction pattern can only be tested if the prototype offers
the required richness of interaction) (McCurdy et al., 2006;
Virzi et al., 1996). However, how prototype fidelity is perceived
by participants in a usability test can be very different even when
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testing the same system (e.g. it may depend on task instructions).
Therefore, the question arises whether the perceived prototype
fidelity might have an impact on test outcomes. For usability
practitioners, conducting prototype tests at various stages of
product development is a reality and it is of high importance to
know how a prototype should be presented to the participants
to avoid any undesired side effects.

The present study aims to compare the influence of the
perceived proximity of the current prototype to the final system
on the usability test outcomes such as performance, perceived
usability, emotions and psychophysiology. To investigate the
effects of participants’ perception of the fidelity of a prototype
compared with the final system, the presentation of the test
system was systematically manipulated. The test system was
either introduced as an early prototype in a formative testing
context or as a final system that was evaluated with a summative
approach. In addition, the previously shown effect of observer
presence in usability testing (Sonderegger and Sauer, 2009) is
investigated in both testing conditions.

1.1. Perceived prototype fidelity

In the development of interactive products, it is important
to gain user feedbacks on variants of a system design as
early as possible, to avoid the high costs of product changes
after implementation of a system (Mantei and Teorey, 1988).
Therefore, the usability practitioner often faces the situation that
user data need to be collected even before a working system is
available for testing. Prototype testing then becomes the method
of choice, and surveys among usability practitioners prove that
the method of iterative user testing with early prototypes is very
common (Vredenburg et al., 2002). The main requirements for
prototypes are low cost of production and sufficient similarity
to the final product to reach valid test outcomes. Therefore,
a very important characteristic of prototypes is their ‘fidelity’
to the final product, including aesthetic refinement, similarity
of interaction and breadth of functions (McCurdy et al., 2006;
Sauer et al., 2010; Virzi et al., 1996).

One aspect of the prototype fidelity that has hardly been
discussed in the scientific literature is how test participants
subjectively perceive a system’s developmental stage. This
perception may not be without influence, as it might make a
difference in participants’ willingness to criticise a presented
system (e.g. if a system is to be released soon, participants may
hold back critical issues since they do not wish to disappoint
the system developer).

Participants’ perceptions of a system’s developmental stage
may well differ from its objective fidelity, as the association of
objective prototype characteristics and how they are perceived
may not be a simple one for several reasons. First, some
dimensions of fidelity may have a more prominent impact
on perceptions than others. A prototype scoring high on
the dimensions of refinement of visual design and richness
of interactivity, but with a very limited data model, might

be judged by participants to be much closer to the final
product than a prototype for which only the design of the
front-end was very rough. This is in agreement with the
understanding that for the user the interface is effectively
the system (Mayhew, 1999). Secondly, the instructions of
a test facilitator by which a system is introduced to users
may also have an influence on the perception of fidelity or
developmental stage, especially if the visual design of the
interface does not reflect well how elaborate the prototype
is with respect to other fidelity dimensions. Empirical work
showed that information in the instructions given to participants
prior to testing the system influenced the perceived usability
ratings in the expected direction (Hartmann et al., 2008; Raita
and Oulasvirta, 2011). Of particular interest is the study of
Bentley (2000), which showed (though in a rather small sample
of N = 24) that participants gave higher usability ratings
when they received information that the system had already
undergone previous usability tests and was close to market
introduction than when they were led to believe that the system
had not been previously tested and was at an early stage of
development.

The question of the perceived developmental stage as an
aspect of prototype fidelity is also relevant to the distinction
between formative and summative evaluation, which represent
two important types of usability evaluation approaches (e.g.
Hix and Hartson, 1993; Nielsen, 1993). Formative usability
evaluation typically takes place during product development
and is broadly defined to be ‘anything that helps improve design
within the user interface development process’(Hix et al., 1994,
p. 21). It comprises all usability engineering methods, which
aim to identify usability problems and to improve the design on
the basis of an understanding of the causes of these problems
(Redish et al., 2002).

In contrast, summative usability evaluation aims to make an
overall assessment of product qualities (e.g. ISO 9241-11 in
ISO, 1998). It assesses global aspects of a system with respect to
user needs and examines whether defined usability requirements
have been met (Jokela, 2002). A summative usability test
typically is applied late in the product development process,
when the development of a product is almost complete (Hix
and Hartson, 1993).

The comparison of these two forms of usability evaluation
reveals that one important difference between the two is the
stage in the product development at which the evaluation
typically takes place (i.e. early for formative testing and
late for summative testing). Whether a usability test is
conducted early or late in the product development cycle
may have different consequences if the test participants
become aware of the product’s development stage. In a
test conducted early in the product development cycle (such
as informative testing), the participants may be happy to
give critical feedback about the weaknesses of the product
because there is plenty of time to remedy any such
shortcomings. In contrast, giving such open and critical
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feedback in a usability test conducted late in the product
development cycle (such as in summative testing) may have
more dramatic consequences if the test outcomes require a
delay in product launch (Karat, 1994). Therefore, the test
participants may feel that the social desirability of achieving
positive test results would be higher in a late test than in an
early one.

1.2. Observer presence in usability testing

In addition to the perceptions of product development stages,
there are further factors that may influence the test participants’
perception of the testing situation. The set-up of the laboratory
represents such a factor in usability testing, which may
also affect user behaviour during the test. Very few studies
have investigated the influence of observer presence as an
important social factor during the testing process. For example,
Sonderegger and Sauer (2009) compared three conditions of
observer presence in user testing (facilitator present with two
observers, only facilitator present, test subject working alone
in the room) and found that the presence of two additional
observers had a negative impact on participants’ heart rate
variability (HRV), performance and emotions. Harris et al.
(2005) found some evidence for effects of observer presence,
as their work showed higher error rates for complex tasks when
a facilitator was present than when the participant was alone.
Grubaugh et al. (2005) also found higher error rates in usability
testing when the laboratory set-up was more intrusive in terms
of monitoring equipment used.

These findings can be explained by social facilitation effects,
which have been extensively investigated in social psychology.
A large body of research shows that an individual’s performance
and levels of physiological arousal are affected by the presence
of others, even if they do not directly interfere, compete or
interact with a person (Guerin, 1993). More precisely, for
simple or well-learnt tasks (automated processing), the presence
of others generally improves a person’s performance due to
increased effort expenditure, while the performance for difficult
or unfamiliar tasks (controlled processing) is impaired, due to
attention overload and distraction by others (Bond and Titus,
1983; Manstead and Semin, 1980). Guerin (1986) found in his
meta-analysis of over 100 studies on social facilitation that this
effect is strongest when individuals feel watched and evaluated
rather than under mere presence of others. These issues are of
particular relevance in the context of usability testing since the
presence of observers may exert a stronger social pressure for
good performance and restraint in criticising the system when
it is close to market introduction.

1.3. The present study

The main goal of our study was to investigate whether
developmental stage of a prototype as perceived by test
participants in usability testing had an impact on test outcomes.

Therefore, we conducted laboratory-based testing sessions
which were instructed either as taking place at an early product
development stage (as in formative testing of a prototype under
development) or taking place at a late stage (as in summative
pre-launch testing to decide whether a product launch would
be advisable). In the present study, the terms ‘early prototype
testing’and ‘final system testing’are used to refer to the different
developmental stages of the system in usability testing.

To investigate whether a previously demonstrated effect
in usability tests (i.e. impact of observer presence) would
equally occur in early prototype testing as in final system
testing, we implemented two experimental conditions, which
proved in previous work by Sonderegger and Sauer (2009)
to have an effect on test outcomes. In one condition, a test
facilitator (introduced as a university researcher) and two
non-interacting observers (introduced as representatives of the
product developer) were present in the test room throughout the
test session. While the facilitator explained the procedure and
answered participants’ questions during the instruction phase,
during task completion no interaction between participant and
facilitator was allowed. In the other condition, no observers and
no facilitator were present in the test room.

As a test system a modern smartphone was used. A variety
of quantitative measures typically used in usability tests were
recorded to assess the impact of the experimental conditions.
The performance was assessed on several parameters (e.g. task
completion time). Self-report measures were taken for partic-
ipants’ emotions, perceived usability and mental load. Since
heart rate and its variability were shown to be reliable indica-
tors of mental effort and stress (Izsó and Láng, 2000; Rowe
et al., 1998), these physiological measures were chosen as indi-
cators for physiological arousal. They proved to be suitable mea-
sures especially in the context of social situations (Pruyn et al.,
1985).

Our hypotheses were as follows: (a) in the final system
condition, we predicted better performance than in the early
prototype condition. This was expected due to social desirability
effects generating higher pressure to show good performance,
because of the more severe impact usability problems would
have in the pre-launch condition (i.e. delayed product launch).
(b) We expected higher perceived usability ratings of the
system in the early prototype condition than in the final
system testing. Since all participants were using the same
fully operational application, it was expected that those in the
early prototype condition would be more positively surprised
(given the test system was introduced to them as an early
prototype), when compared with the final system condition
where participants were told that the design was complete.
(c) The different laboratory settings represent different levels
of social stressors and we predicted stronger effects on the
dependent variables in the condition with three observers, that
is, decreased HRV, lower performance for difficult tasks but
not for simple ones, increased negative emotion and decreased
positive emotion.
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2. METHOD

2.1. Participants

Eighty participants (70% female) took part in the experiment,
aged between 17 and 65 years (age: mean 27.9; SD 10.2). They
were recruited from the general public and among students,
using a test participant pool from the Universities of Basel and
Fribourg. They all had no prior interaction with the experimenter
or the observers being present during the experiment. Prior to
the experiment, it was checked that participants did not own the
specific device to be used in the experiment and were excluded
if this had been the case. They were paid 25 Swiss francs
(approximately ¤20) for participation.

2.2. Design

A 2 × 2 × 2 mixed design was used, to investigate the
following independent variables: as between-subjects variables
(a) developmental stage: early prototype testing vs. final system
testing; and (b) observer presence: three observers vs. no
observers; as within-subjects variable (c) task difficulty: high
vs. low.

2.3. Measures and instruments

2.3.1. Performance
Three performance measures were taken: (a) task completion
rate (percentage of successfully completed tasks); (b) task
completion time (s); and (c) efficiency of interaction (minimum
number of pages to be viewed for task completion divided by
actual number of pages viewed).

2.3.2. Perceived usability
Perceived usability was measured by two instruments. The
first was the PSSUQ (Lewis, 1995), which was translated
into German and slightly modified to be relevant for the test
system in question (the term ‘system’was replaced by ‘software’
throughout, to stress that only the software and not the device
was to be judged). The scale consists of 19 items and uses a
7-point Likert scale (from strongly agree to strongly disagree),
and had very good psychometric properties (Cronbach’s alpha
>0.90). The questionnaire was specifically developed for usage
in the usability tests in a laboratory setting and proved to be a
valid instrument in previous research (Lewis, 2002).

Additionally, we used a visual analogue scale (0–100; ranging
from ‘not at all’to ‘very much’) to measure an overall estimation
of perceived usability (‘The software is usable’). Single-item
measures of usability proved to be valuable and reliable in
previous research (Christophersen and Konradt, 2010).

2.3.3. Emotions
To assess short-term changes in emotion during the test
procedure, we used the Positive and Negative Affect
Schedule (PANAS scale), which allows the assessment of two

independent dimensions of mood: positive and negative affect
(Watson et al., 1988). The German language version (Krohne
et al., 1996) was shown to have good psychometric properties
(Cronbach’s alpha = 0.84). The scale uses 20 adjectives
to describe different affective states (e.g. interested, exciting,
strong); the intensity of which is rated on a 5-point Likert scale
(‘very slightly or not at all’, ‘a little’, ‘moderately’, ‘quite a bit’,
‘extremely’).

2.3.4. Task load
A German version of the well-established NASA task load index
(TLX) by Hart and Staveland (1988) was used to assess task
load on six dimensions (mental demands, physical demands,
temporal demands, own performance, effort and frustration).
The weighting procedure was not used, so that each single
dimension was given the same weight. Our data indicated that
psychometric properties were sufficient for the translated scale
(Cronbach’s alpha = 0.78).

2.3.5. Psychophysiology
HRV was used as an indicator for participants’ stress response.
We determined the frequency bands for analysis of HRV in
line with previous research and as recommended by the Task
Force of the European Society of Cardiology (1996) (high:
0.15–0.4 Hz; low: 0.04–0.15 Hz; very low: 0.003–0.04 Hz).
Since previous research has shown the low-frequency (LF)
band to be specifically relevant for measuring mental effort
and physical stress response in situations of potential social
stress (Pruyn et al., 1985; Sonderegger and Sauer, 2009), the
subsequent analysis concentrates on this HRV indicator. For the
analysis, we used the Kubios HRV 2.0™ software (Tarvainen
and Niskanen, 2008) forWindows XP™. Possible artefacts were
corrected with the artefact correction level ‘medium’ and the
default Fast Fourier Transformation was used for time interval
calculations.

2.3.6. Additional measures
As a control variable, previous experience with the specific
test device was assessed by means of a visual analogue scale
(0–100; ranging from ‘no experience at all’ to ‘a great deal
of experience’) to rule out an impact of different knowledge
and skill levels with respect to the hardware and software in
question. As a manipulation check, we introduced four visual
analogue scales, questioning participants for their estimation
of: (a) the test system in terms of developmental state, (b) the
distance to market introduction, (c) whether they felt observed
and (d) how much they felt disturbed by observation (see
Section 2.7).

2.4. Materials

2.4.1. Test device and data recording hardware
As a mobile phone test device, a black Apple, Inc. iPhone™
3G was used with 16 GB memory and a touch screen with
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Figure 1. Interface of the city guide.

a 480-by-320 pixel resolution. The mobile phone screen was
transferred wirelessly to a nearby laptop (Siemens Fujitsu
LifeBook™ T3010), where all mobile phone manipulations
were recorded. The heart rate was logged with a Polar™ RS800
heart rate monitor, which participants were wearing for the full
testing session.A video camera (Panasonic™ NV-MS5EG) was
positioned in one corner of the room facing in the direction of
the test participants’ work space.

2.4.2. Software
The test device was running on iOS2.2™. Veency™ (v1.0.4)
was installed, which allowed for displaying the mobile phone
screen directly on a nearby laptop computer wirelessly. On the
laptop, TightVNC™ (v1.3.10 for Windows XP™ ) was installed
to support this connection.

As a test system, the cityscouter™ Berlin application (v2.01)
for the Apple iPhone™ was used, which is an electronic travel
guide for the city of Berlin (Figure 1). The software offers
tourist information on Berlin city sights, restaurants, hotels and
information on city transport. The application is fully menu
driven so that no touchscreen keyboard usage was necessary.
All the data necessary for the test tasks were available offline in
the application.

As a screen capturing tool on the portable computer, the
software CamStudio™ (v2.0) was used to record all mobile
phone screen manipulation during the test sessions.

2.5. Tasks

The test participants had to accomplish the following six tasks
of finding specific information with the Berlin travel guide,
which were given on paper: (a) opening hours for the Berlin
Reichstag; (b) admission information for the Berlin TV tower;
(c) the telephone number for a specific restaurant; (d) details
for public transport connection to the Holocaust monument; (e)
a vegetarian restaurant near a specific shopping centre; and (f)
public transport connection to the Kaiser Wilhelm memorial
church. Participants had to note down the results of their search
on a task sheet. Tasks (a) to (c) were easier than tasks (d) to (f),
because they required fewer interactions, respective navigation
options were easier to understand and the solutions were more
directly supported by the functionality of the application.

2.6. Procedure

The test sessions were conducted in a laboratory at the
University of Fribourg. The participants were randomly
assigned to one of the four testing conditions (resulting from
the combination of two instructed developmental stages and two
observer presence set-ups). The experimenter (test facilitator)
welcomed the participants and led them to the preparation room,
where he gave an overview of the subsequent procedure of the
experiment.

The purpose of the usability test was explained and varied
according to the two experimental conditions for early prototype
vs. final system testing. To create an early prototype testing
situation, the system status was described as a ‘prototype in
development’, which only served the purpose to run the test
and to identify usability problems that were planned to improve
upon during the following project stages. There would be ample
time to redesign the application, since the launch was only
planned 5 months later. In the final system testing condition, the
test goal was described as generating the basis for the decision
whether the application should be launched as planned or not.
The system was described as a final product with a launch date
in the upcoming weeks.

Then the heart rate measurement procedure was introduced,
and the participant was asked to put on the heart rate monitoring
device in a rest room next door. Afterwards, the Polar™ RS800
watch was attached to the participant’s wrist and it was checked
for functional transmission. Then the participant was seated on
a sofa, asked to relax and not to move so that the heart rate
baseline could be recorded for the following 10 min. During
that time, the experimenter was not in the room.

Afterwards, the test participant filled in the PANAS
questionnaire to measure the emotional baseline and was then
guided to the usability laboratory. In the observer-present
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Table 1. Measures of user performance as a function of perceived developmental stage, observer presence and TD.

Early prototype testing Final system testing
No observers Observers present, No observers present, Observers present, Overall,

present, mean (SD) mean (SD) mean (SD) mean (SD) mean (SD)
Task completion rate (%) 79.8 (20.5) 77.5 (20.4) 81.7 (17.9) 80.0 (18.4) 79.7 (19.0)

Low TD 95.0 (12.2) 93.3 (13.7) 96.7 (10.3) 100 (0) 96.3 (10.6)
High TD 63.2 (36.7) 61.7 (32.9) 66.7 (32.4) 60.0 (36.8) 62.9 (34.2)

Task completion time (s) 139.1 (38.2) 139.3 (38.3) 122.7 (38.3) 140.3 (38.2) 135.3 (38.2)
Low TD 59.3 (41.4) 70.0 (40.0) 49.4 (38.2) 60.3 (42.7) 59.8 (40.5)
High TD 222.0 (54.6) 208.6 (60.7) 196.0 (59.3) 220.2 (58.6) 211.6 (58.2)

condition, the participant was introduced to the two observers,
who were presented as representatives of the IT development
company responsible for the application that was about to be
tested and who would like to have a first-hand insight into
how their system would work. The two observers (one female,
aged 27; one male, aged 63 years) were confederates of the
experimenter, dressed in casual business style and were not
interacting with the participant during the experiment. They
were seated at a table about 2 m behind the participant, outside
the participants’ field of vision.

Then the participant was seated on an office chair at a table
and was introduced to the test device, specifically the touch
screen, the home button and the pinch-zoom functionality,
and the tasks were described. In case of difficulties, the
participant was invited to keep working on the tasks until
a message would automatically be displayed on the mobile
phone screen prompting to pass to the next task (which was
manually triggered after 5 min). The tasks were described as all
having a solution but showing a variation in difficulty, and the
participants were given the opportunity to ask questions.

In the observer-present condition, the participants were
instructed that no help would be given by the facilitator
and observers during task completion. This was to create a
realistic usage condition. Then the test tasks were given to
the participant in written form and the video recording was
started. In the no-observer condition, the test facilitator left
the room. Participants’ full interaction with the system was
registered by direct screen recording. To avoid interference
with the HRV parameters, participants were instructed not to
talk during the psychophysiological measurement. After task
completion, the video recording was stopped and the post-test
instruments were administered (PANAS, NASA-TLX, single-
item scale for usability, PSSUQ and manipulation check).
Finally, open feedback about the system and the test procedure
were requested. All participants were then debriefed and were
given their incentives.

2.7. Manipulation check

A manipulation check consisting of four items was used to
test whether the manipulation of the independent variables was
successful.

For the early prototype vs. final system conditions, the
manipulation check confirmed that the instructions had the
intended effects on participants for the following two aspects
of the instruction. On a visual analogue scale (0–100; ranging
from ‘rough prototype’ to ‘final system’), they judged the test
system as being significantly closer to a final product in the
final system condition (mean 83.0) than in the early prototype
condition (mean 68.4), t (76) = 4.35, P < 0.001. On another
visual analogue scale asking about the perceived distance from
market introduction (0–100; ranging from ‘very far away’to ‘not
very far away’), participants judged the system as being closer to
the market introduction under the final system condition (mean
84.7) when compared with the early prototype condition (mean
74.9), t (76) = 2.65, P < 0.01.

For the manipulation of observer presence, the manipulation
check also confirmed the desired effects. On a visual analogue
scale, ranging from ‘not felt observed at all’ to ‘felt strongly
observed’ (0–100), participants reported significantly stronger
feelings of being observed (mean 36.5) when observers and
test facilitator were present in the same room, compared with
when they were working on their own (mean 26.7), t (76) =
1.72, P < 0.05. There was also an association of age with
the level of feeling observed across all conditions, with older
participants indicating to have felt less observed than younger
ones (r = −0.26, P < 0.05). When asked about how much
they felt disturbed by observation (0–100; ranging from ‘not
felt disturbed by observation at all’ to ‘felt strongly disturbed by
observation’), they reported feeling significantly more disturbed
by observation when observers and test facilitator were present
in the room during task accomplishment (mean 21.6) compared
with when working alone (mean 13.4), t (68.5) = 1.72,
P < 0.05.

3. RESULTS

We controlled for the influence of several variables (e.g.
previous experience with mobile phones, daily mobile phone
usage, gender and age) by including them as covariates in our
analysis of variance. Since none of them had any impact on the
main results, this analysis is not reported here. For all analyses,
the alpha level was set to be 5%.
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Figure 2. Efficiency of user–product interaction (minimum number of
pages to be viewed/number of pages viewed) as a function of testing
approach and observer presence.

3.1. User performance

3.1.1. Task completion rate
The performance data are presented in Table 1. The data analysis
showed that neither the developmental stage of the system nor
the observer presence had a significant impact on the task
completion rate (both F ′s < 1). Furthermore, there was no
interaction between the two factors (F < 1). As expected, task
difficulty (TD) had a strong influence on the completion rate,
with easy tasks showing a significantly higher completion rate
than difficult tasks (F(1.75) = 79.94, P < 0.001).

3.1.2. Task completion time
As reported above for the task completion rate, there was
no significant effect of experimental conditions on the task
completion time (cf. Table 1). Neither the developmental
stage of the system (F < 1) nor the observer presence
(F(1.78) = 1.07, ns), had any significant impact on completion
times and also the respective interaction proved non-significant
(F(1.78) = 1.01, ns). As expected, TD determined the task
completion time, with easy tasks being accomplished much
faster than difficult tasks (F(1.75) = 438.53, P < 0.001).

3.1.3. Efficiency of user-product interaction
An analysis of the efficiency of task completion revealed overall
high levels of efficiency, as indicated by the task efficiency
index (minimum number of pages to be viewed/actual number
of pages viewed during task completion) presented in Figure 2.
As the data show, there were no main effects of developmental
stage of the test system or of observer presence (both F ’s <

1). However, the corresponding interaction between the two
experimental conditions was significant (F(1.78) = 4.37,

P < 0.05). This was because more efficient performance
occurred in the final system testing than in the early prototype
condition, when no observers were present (F(1.38) = 4.48,
P < 0.05). While with observers being present, participants in
the two developmental stage conditions performed no different
(F < 1). Finally, an expected main effect of TD occurred, with
the participants performing significantly more efficiently on
easy (mean 0.71) than on difficult tasks (mean 0.48) (F(1.65) =
61.59, P < 0.001). No further effects were recorded.

3.2. Subjective ratings

3.2.1. Perceived usability
The data for perceived usability are presented in Table 2. In
contrast to our expectations, in the early prototype condition,
participants rated the system’s usability on the one-item scale
significantly less positively (mean 60.5) than in the final system
testing condition (mean 71.0) (F(1.75) = 6.64, P < 0.05).
However, for the overall PSSUQ score, there was no such
significant effect of developmental stage (F(1.78) = 2.37, ns).

Observer presence did not have an impact on perceived
usability on the one-item scale or for the PSSUQ overall rating
(both F ’s < 1). Overall, the correlation (r) between the
usability one-item scale and the total PSSUQ score was 0.71
(P < 0.001). Interestingly, age showed a significant effect on
PSSUQ overall score, with older participants rating the system
more negatively (F(1.74) = 9.78, P < 0.01).

3.2.2. Task load
Task load data are presented in Table 2. There was no effect of
the developmental stage (F < 1) or of the observer presence
(F(1.78) = 1.23, ns) on experienced task load, and there was
no interaction effect for the two conditions (F < 1). A separate
analysis of the subscales of the NASA-TLX also provided no
significant effects.

3.2.3. Emotions
Table 2 presents the data for participants’ emotions. Develop-
mental stage had no significant effect on the change of reported
positive affect from before to after task completion (F < 1), and
neither had observer presence (F(1.78) = 3.06, ns). There was
no significant interaction (F < 1). Similarly, for negative affect,
none of the effects were significant, showing the same pattern
of results and are therefore not reported in detail. Interestingly,
taking part in the experiment had both an impact on participants’
positive and negative affect. Participants reported significantly
more positive affect after the test (mean 3.21) than before (mean
2.88) (F(1.78) = 25.66, P < 0.001). For negative affect, there
was also an increase from pre- to post-test measurement with
participants reporting higher negative affect after (mean 1.34)
than before task completion (mean 1.24) (F(1.78) = 7.78,
P < 0.01).
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Table 2. Measures of perceived usability, emotions and mental load as a function of perceived developmental stage and observer presence.

Early prototype testing Final system testing

No observers present, Observers present, No observers present, Observers present, Overall,
mean (SD) mean (SD) mean (SD) mean (SD) mean (SD)

Perceived usability on
one-item scale
(0–100)

60.0 (18.8) 61.0 (16.3) 72.9 (17.5) 69.1 (18.0) 65.9 (18.2)

Perceived usability:
PSSUQ (1–7)

5.1 (1.01) 5.0 (0.68) 5.4 (0.70) 5.2 (0.78) 5.2 (0.80)

Positive affect
(�: pre–post)

0.50 (0.55) 0.22 (0.62) 0.38 (0.61) 0.21 (0.51) 0.33 (0.58)

Negative affect
(�: pre–post)

0.14 (0.34) 0.16 (0.33) −0.03 (0.20) 0.15 (0.44) 0.11 (0.34)

NASA-TLX (1–20) 10.1 (2.5) 10.5 (2.4) 9.4 (3.4) 10.4 (3.3) 10.1 (2.9)

�: all values represent changes from baseline (resting phase) to task completion phase, on average PANAS scale (1–5). PSSUQ, Post-study System
Usability Questionnaire.

Table 3. Changes in physiological parameters from baseline to task completion phase, as a function of perceived developmental stage and observer
presence.

Early prototype testing Final system testing

No observers present, Observers present, No observers present, Observers present, Overall,
mean (SD) mean (SD) mean (SD) mean (SD) mean (SD)

� Heart rate (bpma) +1.65 (5.2) +3.89 (5.5) +1.50 (5.3) +6.84 (6.7) +3.55 (6.0)
� LFb power (ms2) +216.9 (678.6) −346.4 (612.2) −0.1 (645.5) −114.2 (548.8) −77.5 (638.2)

�: all values represent changes from baseline (resting phase) to task completion phase, with positive values denoting an increase in the parameter.
a bpm: beats per minute.
b LF: low frequency band.

3.3. Physiological measures

3.3.1. Heart rate
We compared participants’ heart rate changes between resting
phase and task completion phase. Overall, there was a
significant increase in the heart rate from the resting phase
(mean 73.3) to the task completion phase (mean 76.8), which
was statistically highly significant (F(1.72) = 26.62, P <

0.001, see Table 3). This increase differed across observer
presence conditions. When observers were present, there was
a much stronger increase in the mean heart rate from the
resting phase to the task completion phase (+5.37 bpm) than
when participants were working on their own (+1.57 bpm)
(F(1.72) = 7.96, P < 0.01). There was no main effect on
the developmental stage of the test system (F(1.72) = 1.08,
ns) and no interaction effect (F(1.72) = 1.33, ns).

3.3.2. Heart rate variability
Using HRV in the LF band (0.04–0.15 Hz) as a sensitive
indicator for participants’ stress response and mental effort, we

compared baseline levels as measured during an initial resting
phase with measurements during the task completion phase.
To control for outliers, we excluded from the analysis eight
participants with LF band values lying outside a range of ±2
standard deviations from the mean. Our analysis showed an
impact of observer presence on these difference values (see
Table 3). There was a decrease during the task completion phase
for the power in the LF band when observers were present,
indicating higher stress levels. In contrast, when working alone,
participants showed a significant increase in power in the LF
band during the task completion phase (F(1.64) = 4.81,
P < 0.05). For the developmental stage of the system (F < 1)
or the interaction between developmental stage and observer
presence, there were no such effects (F(1.64) = 2.12, ns).

4. DISCUSSION

The primary research question of our study was to investigate
the impact of perceived prototype fidelity on central outcome
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variables and whether observer presence had the same effects
under both testing conditions. In contrast to our hypotheses,
the results did not provide a great deal of support for our
assumptions that perceived prototype fidelity in the form of
early or final stages in product development had a significant
effect on usability test outcomes. However, there was some
indication that observers had a more negative impact on
participants’ performance in final system testing than in the
early testing condition. As expected, observer presence caused
higher stress levels in participants during the task completion
phase.

A major outcome of the present study is that for both
developmental stages, very similar results were recorded for the
vast majority of dependent variables, including performance,
psychophysiology, emotion and perceived usability. Despite this
general pattern, there were selected indications of differences
between developmental stages. For example, there was an
interesting interaction between the developmental stage and
observer presence with respect to the performance. Non-
observed participants in the final system testing condition
performed better than those in the early prototype one in
terms of efficiency of accessing information. This effect may
be explained by the expectation to perform well, which
might have been higher in the final system testing condition,
especially when observers were present. Two mechanisms
might account for this. First, consequences of bad test results
were more dramatic in the final system condition, because
it may lead to a delay in product launch. Secondly, in the
final system testing condition, observers may be perceived
as being more negatively affected by poor user performance
because, as product developers, they would have to take
the blame for poor product usability (in the early prototype
condition, there would still be the chance to rectify usability
problems).

While results for the PSSUQ generally did not find any
evidence for differences between an early prototype and a final
system in subjective evaluation, a different picture emerged
for the one-item measure of usability. On this single item,
participants judging a final system rated its usability more
positively than when judging an early prototype. This was in
contrast to our expectation that in the final system condition,
users would be less tolerant and have higher expectations
towards the finished system, resulting in lower ratings of
usability. However, the results for the single-item measure are
consistent with the assumption that expectations towards a more
favourable evaluation of the test system were higher in the final
system testing condition.

In contrast, for the PSSUQ, no significant difference
occurred. Since the tested system’s usability was the same,
the fact that the different developmental stages (presenting
the system as an early prototype vs. a final system) had no
significant impact on the PSSUQ ratings indicates that this
more elaborate, multi-item instrument is less affected by social
desirability than an overall one-item measure. This is in line with

concerns raised elsewhere that an overall measure of usability
might have insufficient psychometric qualities, compared with
a multi-item scale (Hornbaek and Law, 2007). However, other
studies have found effects of positive system information being
given to participants in that judgments of perceived usability
increased after testing (Bentley, 2000; Raita and Oulasvirta,
2011). One possible explanation for these different results might
be that those studies manipulated information with respect to
core aspects of the quality of use (e.g. whether the system
had already been usability tested; positive/negative usability
ratings of system features). This is in contrast to the present
study, which referred to the developmental stage (rather than
directly addressing the system’s usability), representing a more
peripheral aspect of the system.

The results provided evidence that the presence of addi-
tional observers in a usability test setting caused higher stress
levels among test participants. The participants with observers
present during task accomplishment reported to have felt more
disturbed by the observation, an effect which was mitigated by
age, as older participants indicated that they generally felt less
observed than younger ones. When observers were present, par-
ticipants also showed changes at the physiological level, in the
form of decreased HRV and increased heart rate when work-
ing on tasks. These results on the physiological level confirm
findings of a previous study (Sonderegger and Sauer, 2009),
providing further evidence for the HRV in the LF band to be a
sensitive indicator for social stress in usability testing and even
beyond. However, we could not confirm the previous study’s
(Sonderegger and Sauer, 2009) findings concerning a negative
impact of the observer presence on the performance. Partic-
ipants with observers present generally performed no worse
than those working alone in a room. The question arises why we
could not replicate the findings of impaired performance under
observation, although we implemented the same conditions
and used very similar performance indicators that should have
been equally sensitive. One possible explanation for this dif-
ference in results between the two studies might be the gender
of the observers. In contrast to the previous study, which used
an all-male group of observers, we had one female observer.
This may have mitigated the effect of observer presence by
reducing the evaluative characteristics of the social situation,
as suggested by research on gender differences (Leary et al.,
1994). This work suggests lower self-presentation concerns of
participants in social situations when all interaction partners
were female rather than male. Research on gender stereotypes
also suggests that females are expected to show behaviours as
taking care of the well-being of others in a social context, while
men are expected to act task-oriented, even at the expense of
the well-being of others (Eagly and Karau, 2002; Leon, 2005).
This may have also contributed to a female observer not being
perceived as socially threatening as a male observer.

There are implications of our findings for usability
practitioners and researchers alike. First, usability test outcomes
may be more robust against different instructions given to
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participants, as long as these do not directly concern aspects of
quality of use of a system, such as information about previous
usability tests or usability ratings (cf. Bentley, 2000; Raita and
Oulasvirta, 2011). Secondly, observer presence has an impact
on participants in a usability test, which has now repeatedly
been confirmed (e.g. Grubaugh et al., 2005; Harris et al.,
2005; Sonderegger and Sauer, 2009). Which aspects of the
social situation in a usability test cause or moderate these
effects, however, are not yet fully understood. There is a need
for further research investigating factors such as the age and
gender of the participants and observers and how observers are
introduced to test the participants. A more qualitative approach
exploring participants’ perceptions of different aspects of the
test situation could provide valuable insights in this respect.
There are also important implications for usability engineers.
Whenever possible, observers who are not directly involved
in running a usability test should not be in the same room as
participants, because it may put the latter under stress. When
infrastructure does not allow for a separation of observers and
participants in a usability test, special care must be taken to
make test participants to feel at ease since the findings provided
evidence that even subtle differences in the user’s perception
of the testing situation can have considerable effects on the test
outcomes.
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