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Frustration: Still a Common User Experience

Morten Hertzum

Roskilde University, Denmark
Kasper Hornbaek

University of Copenhagen, Denmark

Abstract

When computers unexpectedly delay or thwart goal attainment, frustration ensues. The central studies
of the extent, content, and impact of such frustration were done more than 15 years ago. We revisit
this issue after computers have become more mature and computer use more extensive. To this end,
we had 234 crowdsourced participants log the frustrating episodes they experienced with their
computer during one hour of computer use. The average time lost due to frustrating episodes was
between 11% and 20% of the one-hour period. Though this is less time lost than in the earlier studies,
frustration remains a common user experience. While shorter, the median level of frustration during
the episodes was high (7 on a 9-point scale). The frustration level correlated with task importance and
time lost but was unaffected by computer experience and largely unaffected by computer self-
efficacy. In addition, participants indicated that 84% of the episodes had happened before, that 87%
could happen again, and that they were unable to resolve 26% of the episodes. This high rate of
recurrence and lack of control likely added to the frustration level. The episodes spanned various
issues pertaining to performance (49%), usability (36%), and utility (16%).

CCS concepts

Human-centered computing = User studies; HCI theory, concepts and models; Empirical studies in
HCI

Additional keywords and phrases

frustration, time lost, computer self-efficacy, user experience

1 Introduction

Emotion is key to the user experience [12,26,46]. While positive emotions in relation to computer
use have received considerable attention [e.g., 11], this study is about negative emotion. We have all
experienced episodes where we cannot use computers the way we want. Or when something that we
usually do with an interactive system is not working anymore. Or when we need to fix the same
problem in a user interface over and over. Such episodes are frustrating because computers were
supposed to help us attain our goals, but in these cases do not.

Frustration, understood in this way, has been discussed since the beginning of the field of HCI.
Golden [23] pointed out that “it is perfectly possible to have a program which is structured, modular,
readable, flexible, self-documenting, maintainable, which performs its specified function, and which
is a source of constant frustration and irritation to its users”. Thus, even if computers are useful, they



might be (and apparently were) frustrating. This was also pointed out in early definitions of usability,
for instance by Shackel [48]. His definition mentioned frustration as one type of negative attitude
toward computers. Finally, early views of usability problems also suggested that problem severity
might be rated according to the frustration it causes the user [20]. Thus, the second-severest type of
usability problem—after being unable to do a task—is when the user faces significant frustration [20].
This interest in frustration has continued over the past 40 years [e.g., 3,6,24,46].

Notwithstanding the continued interest, empirical data on computer frustration are limited. The
central studies of frustration were done more than fifteen years ago [9,10,15,36,37]. Their findings
were striking. In particular, they found that 44 to 50 percent of the time spent on computers was lost
to frustrations [15,37]. This alarming figure provides a sobering contrast to the many statements that
computers improve productivity and yield stimulating user experiences. Moreover, the frustrations
were often recurring and not one-time occurrences. Are computers really that substantial a stumbling
block to attaining our goals?

Answering this question is difficult. First, we are aware of only one replication of the above results
[27]. This replication had fewer participants but found only half the rate of frustration among users.
Second, much has changed over the past fifteen years regarding technology and its use. Perhaps
computer technologies have matured. User-centered design may have made computers easier to use.
One could hope so, but it remains unsettled. Computer use has certainly expanded, for example online
activity has skyrocketed. This, too, may influence the level of frustration. Third, the method used in
the original studies included the requirement that the participants had to report at least three
frustrations [15]. Skeptics might argue that this inflates the frequency of frustrations. In addition, the
participants in one of the original studies were computer-science students, who may be more alert to
computer shortcomings but also better equipped to resolve them.

The present study therefore revisits the question of the extent, content, and impact of frustrations with
computers. We use a web-based logging tool to collect frustrations from each of 234 users during one
hour of computer use. We analyze those frustrations quantitatively and qualitatively to show that
substantial amounts of time are lost to a variety of frustrating incidents, which are often recurring
rather than resolvable. These results suggest that frustrations with computers are still common. We
therefore end the paper with discussing what to do to alleviate the frustrations experienced by
computer users.

2 Background

Fifteen years ago, a series of five papers aimed to conceptualize and quantify users’ frustrations with
computers [9,10,15,36,37]. We will refer to these five papers as the computer user frustration (CUF)
studies.

2.1 Conceptualizing user frustration

Bessiere et al. [10] stated that “Frustration is almost universally accepted as the emotional outcome
of anegative computing experience”. Three properties of this statement deserve note. First, frustration
is an emotional outcome. Treating frustration as an emotional outcome is consistent with
contemporary theories, such as Berkowitz’s [8] reformulation of the frustration-aggression
hypothesis. While the original frustration-aggression hypothesis [18] defined frustration as an event
(that caused aggression), the reformulated hypothesis shifts the focus from the event to the negative
affect caused by the event. This negative affect (frustration) may, in turn, cause further responses,
including increased effort or learned helplessness [19]. Second, negative experiences with computers
cause frustration. While many kinds of events may cause frustration, the CUF studies are specifically



concerned with frustration caused by computer use. In general, events are held to be frustrating if
they unexpectedly thwart goal attainment, that is, if they interrupt task completion [4,55]. In relation
to computers, the events that thwart goal attainment are broadly known as usability problems. That
is, frustration with computers is tightly associated with experiencing usability problems. Third, the
association between the negative computing experience (task interruption) and the emotional
response (frustration) is mediated by numerous factors. Bessiere et al. [9] distinguished between
incident factors and individual factors. In Bessi¢re et al. [ 10] these factors were relabeled to situational
mediators and dispositional mediators, see Figure 1. These mediators co-determine the frustration
that users experience with computers.

Task
b
Goal
mtermuption
Situational mediators Dispositional mediators
# Level of goal commitment/ » Computer experience
Imiporimce » Psychological factors/
¢ Severity of interruption/ Self-efficacy
Time loss & Riod
» Strength of desire/
Anficipation expectations
. !
Immediate frustration Emotional outcome

Figure 1. The computer frustration model, based on Bessiere et al. [10].

An important feature of the computer frustration model in Figure 1 is its distinction between
immediate frustration and the escalation of frustration to a broader range of emotional outcomes.
Immediate frustration is a pre-emotional appraisal. It is caused by an impediment to attain a goal and
serves to “redirect limited attentional resources away from the central task or goal at hand to
peripheral features of the information environment that may now have become obstacles” [10]. That
is, immediate frustration is an adaptive response that aims to ensure task completion by, temporarily,
shifting attention to an obstacle that must be dealt with to be able to progress on the task. In contrast,
the escalation of frustration to a broader range of emotional outcomes is often described as
maladaptive. This is for example apparent in the many studies that link frustration to aggression,
anger, fear, helplessness, rage and so forth [13,55]. These emotional outcomes are maladaptive
because they imply that “getting more and more frustrated can make the problem solving situation
more difficult, rather than less so” [10]. However, thwarted goal attainment tends to produce an
emotional response, even if maladaptive.



To assess how the mediators influence frustration, Bessicre et al. [10] conducted a study similar to
that used for quantifying user frustration, see Section 2.3 for a description of the method. They
assessed the effect of the mediators at four different points in time: when the frustrating experience
occurred, aggregated across the computer session in which the frustrating experience occurred, after
the session, and in terms of the effect of the frustrating experience on the participant’s day.
Hierarchical regression showed that demographics were not a significant predictor of the level of
frustration at any of the four points in time, while computer experience, situational mediators, mood,
and computer attitudes/self-efficacy significantly predicted the level of frustration at one or more
points in time, see Table 1. Incident-level frustration was mainly predicted by situational mediators,
session-level frustration mainly by computer attitudes/self-efficacy, post-session mood mainly by
computer attitudes/self-efficacy and mood, and effect on day mainly by situational mediators. Other
studies show that frustration with computers is also mediated by personality traits such as neuroticism
and conscientiousness [21,24].

Table 1. Determinants of the level of frustration at four different points in time, N = 144 participants.

Factor R? change

Incident level Session level  Post-session Effect on da

frustration frustration mood Y

Demographics 001 03 06 04
(age, sex, education)
Computer experience 01 02 02 04%
(hours per week, years of use)
Sltuatilonal medlatgrs . 16% 07 004 8%
(task importance, time to fix, time lost, occurrence)
Mood * * *
(satisfaction with life, upset often, pre-mood) 02 03 15 06
Computer attitudes/self-efficacy 05% 4% 2% 05

(computer anxiety, comfort, ability to fix...)

* Significant R’ change, p < .05 (hierarchical regression)

2.2 Quantifying user frustration

The most troubling finding from the CUF studies was their quantification of the amount of time lost
to frustration. Ceaparu et al. [15] found that their 111 participants lost an average of 50% of the time
they spent using computers to frustrating episodes. The time lost varied substantially across individual
participants but only moderately across participant groups. For example, the data collected from
University of Maryland students showed roughly the same amount of time lost (48%) as the data
collected from Towson University students (53%). And the data collected by students who self-
reported their frustrating experiences showed the same amount of time lost as the data collected by
students who observed others’ computer use, see Table 2. Lazar et al. [37] replicated the study with
50 workplace professionals as participants, rather than students. The professionals self-reported that
they lost on average 44% of the worktime they spent using computers to frustrating episodes. In both
studies, the time lost to frustration was calculated by summing the time the participants reported that
they spent solving the problem and the time they reported spending to recover from any work lost.
The participants in Ceaparu et al. [15] spent more time solving the problems than the professionals



in Lazar et al. [37]; the two studies were similar with respect to the time spent recovering from lost
work, see Table 2.

Table 2. Time lost to frustrating experiences.

Study Group Participants Frustrating Percent of time lost to frustration
episodes Solving  Recovering from
Total
problem any work lost
Ceaparu et al. [15] Self-report 59 students 199 28 22 50
Ceaparu et al. [15] Observation 522 174 29 21 50
Lazar et al. [37] Self-report 50 professionals 149 22 22 44
Hertzum [27] ® Self-report 21 students 50 16 11 27

2Tt is not reported whether the 52 observed computer users were studying, working or engaged in leisure activities. * A
small-scale replication of the CUF studies.

The median frequency of the frustrating episodes was that they happened several times a month, see
Table 3. That is, most of the frustrating episodes had happened before. Only 26% [15] and 20% [37]
of the frustrating episodes happened for the first time, and as much as 16% [15] and 17% [37] of them
recurred as frequently as several times a day. In addition to being frequent, the frustrating episodes
were also associated with high levels of frustration. The median level of frustration was 7 and 8 on a
nine-point rating scale with 9 indicating Very frustrating, see Table 3. In both studies at least 25% of
the frustrating episodes received the top rating of very frustrating, while the lower half of the scale
(ratings 1 through 5) accounted for less than 25% of the frustrating episodes.

Table 3. Problem frequency and level of frustration.

Study Participants Frustrating episodes Median problem frequency * Median level of frustration ®
Ceaparu et al. [15] 111 373 5: several times a month 7
Lazar et al. [37] 50 149 5: several times a month 8
Hertzum [27] ¢ 21 50 4: once a week 7

2 On an eight-point rating scale with the categories: More than once a day (1), One time a day (2), Several times a week
(3), Once a week (4), Several times a month (5), Once a month (6), Several times a year (7), and First time it happened
(8). ® On a nine-point rating scale with the end points: Not very frustrating (1) and Very frustrating (9). ¢ A small-scale
replication of the CUF studies.

Finally, the CUF studies documented that the frustrating episodes were caused by a range of
applications. Ceaparu et al. [15] and Lazar et al. [37] found that the three applications causing the
largest numbers of frustrating episodes were web browsing, email, and text processing. However, the
participants were also frustrated by their chat and instant messaging applications, database programs,
file browsers, graphic design programs, hardware, operating systems, presentation software,
programming tools, spreadsheet programs, video/audio software, and “other internet use” [15]. No
one application was the cause of a large fraction of the frustrating episodes.

2.3  Method for investigating user frustration

The above results were obtained by means of “modified time diaries” [15,37] in which the participants
were to record each frustrating episode as it occurred during their computer use. This concurrent



recording was considered “an improvement over retrospective survey questions, because estimates
from memory often lead to inflated or incorrect answers” [15]. Both studies [15,37] applied
essentially the same method, detailed below.

The 59 self-report participants in Ceaparu et al. [15] were 33 computer science undergraduate student
from University of Maryland and 26 computer information systems undergraduate students from
Towson University. After these participants had completed their self-report session, they each
recruited and observed one of the 52 participants in the observation session. The observed participants
were an average of 26.1 years old (SD = 13.1), suggesting that many of them were students but also
that some of them were probably not. The 50 participants in Lazar et al. [37] were recruited “through
listservs and word of mouth in the Baltimore/Washington professional community”. As a requirement
for participation, these professionals had to be college graduates and use computers for part of their
work.

The participants were asked to “spend at least an hour using a computer and report their frustrating
experiences” [15]. To make the data more representative of the participants’ usual tasks, the
participants were “simply asked to carry on with their normal tasks™ [15]; no specific tasks were
assigned or expected. The participants — self-report as well as observed — in Ceaparu et al. [15] were
however asked to “report at least three frustrating experiences that took place when they were
performing their common tasks”. The participants in Lazar et al. [37] received similar instructions,
except that they were apparently not required to report at least three frustrating experiences.

Each frustrating experience was documented by filling out a frustrating-experience report. The
reporting form [15] stated that frustrating experiences included both major problems and minor
issues, exemplified by “computer or application crashes” and “a program not responding the way that
you need it to”, respectively. The reporting form further stated that “Anything that frustrates you
should be recorded”. This statement left it entirely to the participants to define what constituted a
frustrating experience and, thus, bypassed the authors’ conceptualization of user frustration (see
Section 2.1). The study procedure was facilitated by a web site at which all study data were entered.
For the observed participants, the observer filled out the frustrating-experience reports. To support
the observers in determining when the observed participants experienced frustration, the observers
were instructed to ask the observed participants to think aloud and to prompt them if it was unclear
whether they experienced frustration.

3 Method

The present study aimed to investigate the extent, content, and impact of frustrations during computer
use. We collected data on such frustrations with a self-report tool deployed through a crowdsourcing
website. Subsequently, we analyzed that data with qualitative and quantitative methods.

3.1 Study design

Our study design resembles that in Ceaparu et al. [15]. Compared to methods such as critical
incidents, this design allows for estimating the percentage of time that participants experience
frustration. However, in contrast to the CUF studies, we recruited participants through
crowdsourcing. The rationale for recruiting participants in this way was to sample frustrations (a)
from a large group of participants, (b) during their normal computer use, and thereby (c) across a
variety of hardware, software, tasks, and use contexts.

We relied on participants to log a frustration episode whenever they thought frustration occurred, so-
called event-based monitoring [50]. This approach allowed participants to use their computer
relatively uninterrupted during logging compared to, for instance, sampling at random times for



frustrations. However, earlier work suggests that participants in crowdsourced studies do not pay as
much attention as people recruited in traditional ways (e.g., students recruited in a classroom [5]).
Therefore, if participants had not reported anything for 10 minutes, we reminded them to either log
or dismiss the reminder.

Participants were required to log frustrations for one hour. Contrary to Ceaparu et al. [15], we did not
ask participants to report a particular number of frustrating episodes; we suspected that such a
requirement might inflate the number of frustration episodes. An hour of logging seemed feasible for
a crowdsourced study and corresponded to the logging period in the CUF studies.

Participants were free to choose when they would complete the one-hour logging. The intention was
to ensure that the logging of frustrations would not happen immediately after participants had signed
up for the study. If it did, the logging might happen when the participants would normally do
crowdwork (e.g., during breaks or in the evening) or when the participants were simultaneously doing
other crowdwork (which might not be representative of computer work in general). We therefore
asked participants to choose a time of participation “where you will be using your computer as you
would on any normal day. What you are using your computer for does not matter; it may be work or
leisure, gaming or taxes, browsing or writing”. Thus, in contrast to Ceaparu et al. [15], we did not
require participants to do the study when they “would be using a computer for their personal use as
opposed to tasks assigned to them”. We simply aimed to get participants at a time that was typical of
their work with computers.

We were broadly interested in any episode of computer interaction that participants experienced as
frustrating. Therefore, the definition of frustration was left to participants, like in the CUF studies.
Besides reporting on specific frustrations, participants described what they generally considered
frustrating about computers. These descriptions will be used to understand differences in the
participants’ general concept of computer frustration. We did not define computer beyond “the
computer you normally use”.

3.2 Participants

A total of 306 participants signed up to participate in the study at the crowdwork website Prolific
(https://www.prolific.co/). Participants were compensated GBP 5. This compensation matched the
time spent signing up, answering questions, and so forth (based on an estimation that these took
altogether 30 minutes), but not the time spent during the primary task.

3.3 Data collected

The central data were collected during the one hour of logging. In addition, participants answered
questions before and after the logging.

3.3.1 Prelogging questions

Before beginning the logging, participants answered several questions on demographics, including
age, gender, and occupation. Following earlier work on frustrations, these questions also concerned
the traits that might influence the frequency and impact of frustrations. We asked participants about
how many hours a day they used computers (with five response options: 0-2, 3-5, 6-8, 9-11, 12 or
more). We also asked about perceived computer experience indicated by two questions, both taken
from Ceaparu et al. [15]:

e “Computers make me feel”, answered between “very uncomfortable” (1) and “very
comfortable” (9).



e “How experienced do you think you are when it comes to using a computer”, answered
between “very inexperienced” (1) and “very experienced” (9).

To gauge computer self-efficacy, we asked four questions:

e “When you run into a problem on the computer or an application you are using, do you feel”,
answered between “anxious” (1) and “relaxed/indifferent” (9).

e “When you encounter a problem on the computer or an application you are using, how do you
feel about your ability to fix it?”, answered from “helpless” (1) to “confident that I can fix it”
9).

e “When there is a problem with a computer that I can't immediately solve, I would stick with
it until I have the answer”, answered from “strongly disagree” (1) to “strongly agree” (9).

e “Ifaproblem is left unresolved on a computer, I would continue to think about it afterward”,
answered from “strongly disagree” (1) to “strongly agree” (9).

These four questions were taken from earlier work on computer self-efficacy and used by Ceaparu et
al. [15]. Before beginning the logging, we also asked participants to describe what a frustrating
episode was to them (“Please describe what you consider a frustrating episode with computers. Please
also give a few examples of such episodes that have occurred to you in the past™).

3.3.2 Logging of frustrations

During the hour of logging, participants logged any number of frustration reports. For each frustration
report, we collected the following:

e “What were you trying to do?”, answered with at least 50 characters. This question was taken
from Ceaparu et al. [15].

e “Why were you trying to do it?”, answered with at least 50 characters. The intent of this question
was to allow participants to explain the context of the frustration (i.e., the goal interruption).

e “How important was it for you to get it done?”, answered from “not at all important™ (1) to
“extremely important” (9). This question was taken from Ceaparu et al. [15].

e “Which program, app or webpage did you use?”
e “Please describe your frustration”, answered with at least 50 characters.

e “How did you resolve the frustrating episode, or were you not able to resolve it”, answered with
at least 50 characters.

e “How much time did you lose”, answered in an hour:minute:second format.

e “How frustrating was this episode for you”, answered from “not very frustrating” (1) to “very
frustrating” (9). This question was taken from Ceaparu et al. [15].

After the one hour of logging, a popup made the participants aware that the period of logging had
ended. If needed, they could fill a final frustration report, and then they were taken to the postlogging
questions.

3.3.3 Postlogging questions

At the end of the study, participants would review what they entered for each frustration report, edit
their responses, and answer a few further questions. This was deemed feasible because participants



in the study by Ceaparu et al. [15] on average entered just 3.3 episodes. The participants were asked
five further questions about each frustrating episode:

e “Will this episode, or how you felt during it, affect the way you subsequently use your computer?”
(yes or no). The intention of this question was to understand the consequences of the frustration;
it was adapted from Tuch and Hornbaek [54].

e “If yes, how? Can you give an example of how you used your computer differently?” This
question was to gauge the broader impact of the frustration.

e “Did the frustration happen before?”” The intention behind this question was to understand if
frustrations were occurring regularly or merely isolated, non-recurring episodes.

e “Could the episode you described happen again?” (yes or no). The intention behind this question
was to understand better the downstream effects of frustrations; it was adapted from Tuch and
Hornbak [54].

o “Ifyes, why? If no, why not?” This question allowed participants to expand on the above.
e “Add any other information you wish to share about this frustration”.

The intention of the above questions was to learn whether frustrations had effects beyond the
individual episode. To avoid participant drop-out during this last part of the study, the post-logging
questions were not mandatory.

3.4 Procedure

Participants signed up for the study at Prolific and immediately completed the prelogging questions.
They participated in the study between April and September 2021. In the announcement of the study,
we did not explicitly mention the focus on frustrations to avoid biasing the pool of participants.
Participants then registered their email address and gave some timeslots within which they would be
able to do the one-hour logging. At the beginning of the period indicated by participants, they received
an email with a link to the self-report tool. The link opened a webpage that they were asked to keep
open during the one-hour logging session; it could be minimized or kept in a separate tab in their
browser. If they accidentally closed it, the session could be restarted by following the link. The self-
report tool had two parts: a logging part and a postlogging part.

The logging part allowed participants to register any frustration (or lack thereof) they wanted, at any
time. To register a frustration, participants would click the self-report tool and were then brought to
a webpage that allowed them to answer the questions described in Section 3.3.2. If 10 minutes passed
without any registration, participants were reminded that they needed to log their frustrations. The
reminder consisted of a pop-up notification from the self-logging tool and an audio cue. Clicking the
notification brought the self-report tool into focus. In the self-report tool, participants had the option
to report a frustration (as just described) or to report that no frustration had occurred. Participants
were asked to allow pop-up notifications to be shown and to keep the sound on during the logging
session to ensure that they would see and hear notifications.

The postlogging part of the self-report tool allowed the participants to look over all their frustration
reports; they were also requested to fill out the five postlogging questions for each frustration. If the
participant had not reported any frustrations, they were prompted for an explanation.

3.5 Data analysis

As a precursor to the data analysis, we performed three quality checks of the answers to identify and
exclude those that were clearly pasted, incomprehensible, or otherwise incoherent. The first quality



check consisted of looking through the data from each of the 306 participants to flag
incomprehensible or missing answers and people who had misunderstood the study or experienced
trouble with the self-report tool. This check led to the exclusion of 72 participants, leaving 234 (76%)
for analysis. The second quality check consisted of looking through the 207 frustrating incidents
reported by the included participants to flag the reportings that did not qualify as frustrations. This
check led to the exclusion of 22 reportings, leaving 185 (89%) for analysis. The most common reason
for exclusion was participants who responded to the reminder to log their frustrations with a reporting
indicating that they had not experienced a frustrating incident during the past ten minutes. The third
quality check consisted of looking through the 185 frustrating incidents to flag those reporting more
than an hour of lost time. Within the one-hour reporting period, it was not possible to lose more than
an hour so the reportings in excess of an hour were either wrong or they included time lost beyond
the reporting period. Because some participants reported that on their browser and system
configuration they had trouble setting the hours of the time-lost indicator to zero, we also considered
whether the reported time lost would make more sense if the hours were reset to zero (but the minutes
and seconds kept unchanged). We made this interpretation on the basis of the textual description of
the frustrating incident. This check led to including 163 (88%) of the time-lost reportings — 130 were
included unchanged and another 33 after resetting the hours to zero.

All three quality checks were performed independently by both authors, then disagreements were
discussed until a consensus was reached. The agreement between the two authors’ coding was
assessed with Cohen’s [16] Kappa. The Kappa values were .84, .67, and .84 for the first, second, and
third quality check, respectively. That is, all three Kappa values were well above the threshold of .60
recommended by Lazar et al. [35] as indicating satisfactory reliability.

We acknowledge that resetting the hours to zero for some time-lost reportings is an interpretation and
that introducing this interpretation possibly leads to underestimating the time lost. Therefore, we
estimated the time lost in two different ways in the data analysis:

e Time lost adjusted downward: This estimate of the time lost consisted of resetting the hours to
zero for 33 time-lost reportings in excess of an hour (as described above). It possibly
underestimates the time lost and should, thus, be seen as a lower bound.

o Time lost adjusted to maximum: This estimate consisted of changing the time lost to one hour
(i.e., the full reporting period) for the 33 time-lost reportings in excess of an hour. It possibly
overestimates the time lost and should, thus, be seen as an upper bound.

In addition to ratings (e.g., of the level of frustration experienced), the participants also provided free-
text responses. We used open card sorting [52] to organize these qualitative data into groups. That is,
the responses were printed on paper cards and then the authors collaboratively read one card at a time,
discussed it, and placed it next to the cards with similar content. Initially, the relations among
neighboring cards were merely tentative but gradually groups started to emerge. When a group had
materialized, we gave it a brief descriptive label. After all cards had been sorted, we walked through
the unlabeled groups to arrive at a descriptive label. In this final labeling of the groups, a small number
of cards were reassigned to other groups and some small groups were collapsed into more generic
ones.

We used card sorting to analyze the responses to four questions. First, we sorted the 185 descriptions
of frustrating incidents. This analysis resulted in 25 groups, each representing a category of
frustrations experienced during the reporting period. Second, we sorted the 185 descriptions of how
the participants resolved the incidents. This analysis resulted in six groups. Third, we sorted the 234
descriptions of what the participants in general considered a frustrating episode with computers.

10



During this analysis, many descriptions were split into multiple cards because the description covered
several dimensions of frustration, for a total of 419 cards. These cards were sorted into 39 groups,
which collectively described the dimensions in the participants’ concept of frustration with
computers. Fourth, we sorted the 234 descriptions of the participants’ occupation. This analysis
resulted in five occupation groups.

4 Results

In the following, we first describe the participant profile. Then, we analyze the quantitative data about
time lost, frustration level, and frustration recurrence. Finally, we analyze the qualitative data about
how the participants resolved the frustrations, what they were concretely frustrated about, and how
they in general construed frustration.

4.1 Participant profile

Table 4 gives the profile of the 234 participants. They were an average of 28.6 years old (SD = 9.0).
All participants were 18 years or older. Male participants were overrepresented (which is common in
crowdsourced studies [42,43]). The participants’ median daily use of computers was 6-8 hours. Our
card sorting of the participants’ occupation showed that the largest group was professionals, that only
a modest number of participants were IT professionals, and that about one third of the participants
were students.

The participants participated in the study on computers running Windows (83%) or Mac (13%); their
web browsers were typically Chrome (75%) or Firefox (18%). The most frequent screen resolution
was 1920x1080 (32%), 1366x768 (21%), or 1536864 (15%). Thus, as intended, participants seemed
to construe “the computer you normally use” to be a stationary or laptop computer.

Regarding the participants’ rating of their computer experience and computer self-efficacy, Table 5
shows that they tended to be experienced and self-efficacious. For all but one question, the answers
clustered in the upper half of the response scale. The only exception was the question about how the
participants felt when they ran into a computer problem. For this question, the answers clustered
around the middle of the response scale. That is, the ratings in Table 5 aligned well with the
participants’ substantial daily use of computers.

Table 4. Participant profile, N = 234 participants.

Classification Categories N %
Age
10-19 years 18 8
20-29 years 130 56
30-39 years 56 24
40-49 years 20 9
50-59 years 9 4
60-69 years 1 0
Gender
Female 77 33
Male 155 66
Other/Prefer not to say 2 1
Daily use of computers
0-2 hours 9 4
3-5 hours 40 17
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6-8 hours 84 36

9-11 hours 59 25
12 hours or more 42 18
Occupation
Student 82 35
Professional 100 43
IT professional 25 11
Unemployed 20 9
Other 7 3

Table 5. Participants’ computer experience and computer self-efficacy, N = 234 participants.

Question Median Distribution ?
Computer experience

Computers make me feel (1: very uncomfortable — 9: very comfortable) 8 1] |

How experienced do you think you are when it comes to using a computer? 7

(1: very inexperienced — 9: very experienced) ——-alll
Computer self-efficacy

When you run into a problem on the computer you are using, do you feel? 5

(1: anxious — 9: relaxed/indifferent) SCLLELEEE

When you encounter a problem on the computer you are using, how do

you feel about your ability to fix it? (1: helpless — 9: confident that I can 7  _-anlnn

fix it)

When there is a problem with a computer that I can't immediately solve, I

would stick with it until I have the answer (1: strongly disagree — 9: 7 ____anlll

strongly agree)

If a problem is left unresolved on a computer, I would continue to think 7 T

about it afterward (1: strongly disagree — 9: strongly agree)

# Response distribution from 1 (left) to 9 (right), median in red.

4.2 Time lost

The participants reported an average of 0.79 (SD = 0.92) frustrating incidents during the one-hour
reporting period. For 86 (37%) participants, the reporting period passed without frustrating incidents.
The remaining participants reported one frustrating incident (131 participants, 56%), two frustrating
incidents (9 participants, 4%), or three to seven frustrating incidents (8 participants, 3%). With
increasing age, participants reported slightly more frustrating incidents, #(234) = .13, p = .048.

The time lost due to a single frustrating incident varied from 1 second to 1 hour. This time included
the time spent trying to solve the problem and the time spent recovering from any lost work. Across
the one-hour reporting period, the participants lost an average of between 6.63 and 12.15 minutes to
frustration, corresponding to 11-20% of the reporting period, see Table 6. The lower bound resulted
from resetting the hours to zero in 33 time-lost reportings that were in excess of an hour; the upper
bound resulted from changing these 33 time-lost reportings to the full one-hour reporting period.

Gender affected downward-adjusted time lost, #(230) = 2.32, p = .021, but not adjusted-to-maximum
time lost, #(230) = 1.79, p = .075. For downward-adjusted time lost, female participants (M = 4.05,
SD =9.67) lost less time than male participants (M = 7.90, SD = 15.35). Furthermore, the number of
frustrating incidents reported by a participant correlated with both downward-adjusted time lost,
r(234) = .50, p < .001, and adjusted-to-maximum time lost, #(234) = .37, p < .001. In contrast,
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participant age did not correlate with either downward-adjusted time lost, 7(234) = .11, p = .101, or
adjusted-to-maximum time lost, #(234) = .10, p = .131. Similarly, the participants’ daily use of
computers and all the questions in Table 5 about their computer experience and computer self-
efficacy did not correlate with either downward-adjusted time lost or adjusted-to-maximum time lost
(s, all ps > .228).

Table 6. Time lost to frustrating incidents (in decimal minutes and as a percentage of the one-hour
reporting period), N = 234 participants.

Category Mean Std. deviation %
Time lost (adjusted downward for 33 incidents) 6.63 13.78 11
Time lost (adjusted to maximum for 33 incidents) 12.15 22.20 20

4.3 Task importance and level of frustration

The frustrating incidents happened during tasks with a median importance of seven and they caused
the participants frustration at a median level of seven, see Table 7. For both task importance and
frustration level, the participants’ ratings clustered in the upper half of the response scale. With
increasing task importance, the participants experienced a higher level of frustration, »s(185) = .59, p
<.001.

Task importance did not correlate with downward-adjusted time lost, 7s(163) = .12, p = .121, but
correlated weakly with adjusted-to-maximum time lost, 7s(163) = .17, p = .028. That is, the data
provided mixed support for a hypothesis about spending more time trying to solve and recover from
important tasks. Frustration level correlated weakly with both downward-adjusted time lost, 7s(163)
=.26, p <.001, and adjusted-to-maximum time lost, 7s(163) =.25, p =.002. That is, the data supported
a hypothesis that longer-lasting incidents caused more frustration. In addition, frustration level
correlated with only one of the questions in Table 5 about computer experience and computer self-
efficacy: Participants who reported feeling more relaxed/indifferent when they ran into a problem on
their computer experienced a slightly lower level of frustration during the incidents, r(185) =-.15, p
= .041. That is, frustration level was unaffected by computer experience and largely unaffected by
computer self-efficacy. There was no effect of gender on frustration level, U(183) = 3426.00, p =
A428.

Table 7. Task importance and frustration level, N = 185 frustrating incidents.

Question Median Distribution ?

7 _II...III

How important was it for you to get it done? (1: not at all important — 9:
extremely important)

How frustrating was this episode for you? (1: not very frustrating — 9: very

frustrating) 7 _-n=nlllN

# Response distribution from 1 (left) to 9 (right), median in red.

Further support for the high level of frustration caused by the incidents was provided by the high
percentage of incidents that had happened before or could happen again, see Table 8. Experiencing
the same frustrating incident multiple times without knowing how to avoid it likely contributed to
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drive the frustration level upward. It should, however, be noted that the three questions in Table 8
were optional and only answered for 107 (58%) of the 185 frustrating incidents.

Table 8. Consequence and recurrence of frustrating incidents, N = 107 frustrating incidents.

Question Incidents for which participant answered ‘yes’
N %

Will this episode, or how you felt during it, affect the way you

subsequently use your computer? (yes/no) 23 21
Did the frustration happen before? (yes/no) 90 84
Could the episode you described happen again? (yes/no) 93 87

4.4 How did participants resolve the frustrations?

The participants were able to resolve a total of 74% of the 185 frustrating incidents, see Table 9. The
largest category of resolved incidents consisted of those that were sorted out without the participants
mentioning a specific strategy, except putting in extra effort. The other categories of resolved
incidents involved waiting for the issue to resolve itself (e.g., “I patiently waited an extra 30 secs until
the webpage loaded successfully”), repeating previous steps (e.g., “I restart the application and it
helps. The error is gone”), taking another approach (e.g., “i had to use the mouse or trackpad instead
to manually navigate between them”), and settling for a lower-quality outcome (e.g., “Ive accepted
that it wont look as good as I wanted it to”). Finally, the participants were unable to resolve 26% of
the incidents. These incidents included deciding not to care (e.g., “It's not important enough to me to
care to resolve it - I just gave up.”), postponing further work on the problem to a later point in time
(e.g., “I cannot resolve it at the moment. I will have to come back to it when I have time.”), and
switching to a completely different activity to shake off the frustration (e.g., “I just shut down
everything, going to sleep makes me feel better and more comfortable.”).

The median level of frustration tended to be lower for resolved than unresolved frustrations, thereby
suggesting that being able to resolve an incident tempered the frustration somewhat. This suggestion
was supported by the resolved incidents with a lower-quality outcome having a median frustration
level in between the resolved and unresolved incidents (Table 9). Furthermore, the participants
perceived that resolving an incident by taking another approach was as frustrating as being unable to
resolve it. Taking another approach often involved reverting to manual procedures, which the
participants possibly experienced as less satisfying than technological solutions.

Table 9. Categorization of how participants resolved the incidents, N = 185 frustrating incidents.

Category N % Level of frustration ?
Median Distribution ®

Resolved 53 29 6 ~Malallan
Resolved by waiting 28 15 6 N T
Resolved by repeating previous steps 26 14 6 a-uialn
Resolved by taking another approach 20 11 7 e
Resolved but with lower-quality outcome 10 5 6.5 I | -
Unable to resolve 48 26 7 - -_nalil
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2 The level of frustration was rated on a scale from 1 (not very frustrating) to 9 (very frustrating). ®
Response distribution from 1 (left) to 9 (right), median in red.

4.5 What were participants frustrated about?

Table 10 shows the distribution of the 185 frustrating incidents across the 25 categories that were the
result of the card sorting. Collectively, the incidents spanned diverse issues ranging from slow
systems, over corrupted contents and user slips, to privacy concerns and running out of charge. No
single category accounted for more than 12% of the frustrating incidents. The level of frustration
varied across categories from a median of three (noisy hardware and having forgotten how to do
something) to nine (running out of charge), see Table 10. The median frustration level was above the
midpoint of the scale for 20 (80%) of the categories.

Table 10. Categorization of frustrating incidents, N = 185 frustrating incidents.

Category Class N % Level of frustration *
Median Distribution °
System is slow Performance 23 12 7 e——
System froze temporarily Performance 19 10 6 R
System crashed Performance 18 10 7 . mEN
Functionality not working Performance 13 7 6 alna.
Disruption in the flow of activities Usability 10 5 5.5 T
Input-device glitch Usability 10 5 6.5 "I |
Connectivity issue Performance 9 5 7 o
It is just hard Usability 9 5 8 S |
Difficulty finding things Usability 9 5 4 S
Popups Usability 9 5 6 als.
Corrupted contents Utility 8 4 7 . l..
Accidentally making a wrong selection Usability 6 3 6 .
Unsatisfactory contents Utility 6 3 4 1= _ al
Desired/absent functionality Utility 5 3 4 als___ &
Poor information presentation Usability 5 3 6 |
Repeated login Usability 5 3 7 11
Computer just does not work anymore Performance 4 2 7.5 i _umm
Uncertainty about payments Utility 4 2 8 . I
Noisy hardware Performance 3 2 3 T 1
Cross-application tasks Usability 2 1 5.5 1 1
Gameplay is (too) hard Utility 2 1 6 1 1
Privacy concerns Utility 2 1 7 I
Not having the right version of documents Utility 2 1 8.5 i
Having forgotten how to do something Usability 1 1 3 I
Running out of charge Performance 1 1 9 I

» The level of frustration was rated on a scale from 1 (not very frustrating) to 9 (very frustrating). °
Response distribution from 1 (left) to 9 (right), median in red.
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The three most frequent categories of frustration were about systems that were slow, froze, or crashed.
For example, participants described that “The computer became slow and the game became less
enjoyable”, “My pc is slow and when you try to open something like word or excel it froze for 1-2
min”, and “When I tried to open the folder with the dataset images, the computer just crashed on me
and I lost some work that I forgot to save”. A total of 39 of the 60 incidents in these three categories
had happened before and 38 were rated as likely to happen again. That is, recurrence was a frequent
characteristic of these incidents, some of which received the maximum frustration-level rating. For
example, a participant gave the following description of the frustration he experienced when his
computer crashed while he was trying to deliver some work to a client:

The frustration made me to be emotionally, physically, psychologically, and socially down. I
was dumbfounded for some time. I couldn't understand what was going on. I was angry and
annoyed due to the occurrence to the extent I punched the wall. The anger couldn't just be
appeased.

The next category concerned functionality that did not work. In some of these incidents, the
participants used a system the way they normally did but, on this occasion, the functionality did not
work. In other incidents, the non-working functionality was a recurrent issue for which the
participants had developed a workaround. For example, one participant’s mail client kept showing
the most recent mail as read even before he had read it. This problem had occurred since the
participant switched to Windows 10 and it also caused a synchronization issue with his phone, which
consequently gave incorrect notifications about the number of unread mails. The participant had
found a way to work around this problem but would prefer to be able to stop it from happening:

I resolve it by always clicking away to another email that has already been read. If I leave the
new email highlighted then it stays in bold and doesn't clear as being read. I would like to fix it
and stop it from happening but this is a workaround.

The next three categories concerned disruptions in the participants’ flow of activities, input-device
glitches, and connectivity issues. These incidents were system-triggered and contrary to the
participants’ intentions. For example, a participant was disrupted in her flow of activities because
“the autocorrect changed a couple of words in my email content that I didn't want changed”. Several
participants experienced input devices that did not register the participants’ input correctly, including:
“My mouse is having problems with its scroll wheel. Whenever I try to scroll up or down it doesn't
always go the way I want it to go”. In addition, participants experienced frustrations connecting to
the Internet or establishing connections among devices. As an example, a participant got frustrated
when reconnecting his AirPod earphones to his computer:

My frustration stems from having had my AirPods connected to a different device the other
day. Since my AirPods were then disconnected from my Mac it took some time to reconnect
them again, as they had to pair via BlueTooth.

The two next categories involved tasks experienced as hard and difficulties finding things. In contrast
to the previous categories, the system was not considered at fault. Still, the participants were frustrated
about how difficult it was to accomplish what they wanted to do. A participant simply noted: “Im not
very good at using this package and I cant do exactly what I want to”. Another participant turned the
blame inward when finally finding a file: “Well I could not find a file, or so I thought, but is seems
that [ have renamed it so it's all okay I guess”.

The participants were also frustrated by popups, in particular advertisements. The popups delayed
access to content, had to be closed manually, and were ‘“absolutely annoying”. Skipping the
advertisements as soon as it became possible to do so was not perceived as a satisfactory solution.
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Similarly, participants’ frustrations were not tempered by only being able to remove popups by
selecting a remind-me-later option: “I clicked on the ‘later’ button but it only helps for a couple of
hours and the message pops back up”.

The remaining 56 incidents constituted 15 categories. While these categories were modest in size,
they included three of the four categories with median frustration levels of 8 or more. These three
categories were: running out of charge, not having the right version of documents, and uncertainty
about payments. For example, a participant reported:

What I hate with a lot of these kind of services is that you do not get any kind of notification
beforehand like: ‘This is a Paid Service no matter what’. It says nothing until you are done with
everything and all of what you did is just for nothing. There are more programmes and apps
that does that which is very annoying and unnecessary.

A classification of the 25 categories into those concerning performance, utility, and usability showed
an uneven distribution across these three quality attributes, see Tables 10 and 11. The frustration level
did not differ across incidents concerning performance, utility, and usability, H(2) = 3.27, p = .195.
Relatedly, the four categories with median frustration levels of 8 or more were spread across
performance (1), utility (2), and usability (1).

Table 11. Frustrating incidents classified by quality attributes, N = 185 frustrating incidents.

Quality attribute N % Level of frustration *
Median Distribution ®

Performance (i.e., whether system is responsive and 90 49 7 _a-=lENE

reliable)

Utility (i.e., whether system functionality matches 29 16 7 canna_lla

user needs)

Usability (i.e., whether system is easy and satisfying 66 36 6 _onaillan

to use)

2 The level of frustration was rated on a scale from 1 (not very frustrating) to 9 (very frustrating). ®
Response distribution from 1 (left) to 9 (right), median in red.

4.6 How did participants construe computer frustration?

Before the one-hour reporting period, we asked the participants to describe what they in general
considered a frustrating episode with computers. Fourteen participants provided what amounted to
definitional statements, including that “a frustrating episode with computers is when they won’t do
what they are supposed to do”. All these statements expressed that the participants were delayed or
thwarted in attaining their goals. Some of the statements emphasized that the episode was unexpected,
for example: “A frustrating episode with computers is when you think something in your mind and
you want the computer to do that but for some unexpected reason it will not”. In several cases, the
unexpectedness concerned deviations from normal operations, for example: “A frustrating episode
with computers in my opinion is a situation whereby my computer refuses to function in the usual
way”. Other statements emphasized that the user felt out of control, for example: “frustrating episodes
are when there is an issue with the computer that is preventing me from doing what I need/want to be
doing and I don’t know to solve the problem”. Several statements mentioned limited experience and
competence in solving computer problems.
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Our card sorting of all the descriptions of what the participants in general considered a frustrating
episode with computers resulted in 39 groups that spanned 11 dimensions and a small ‘Other’ group,
see Table 12. The user, task, and infrastructure comprised one dimension each; the eight remaining
dimensions concerned the system. Overall, the dimensions tallied with the concrete incidents
experienced by the participants during the one-hour reporting period (Table 10).

The three most frequently mentioned dimensions concerned the system and involved
slow/unresponsive systems, hardware issues, and computer crashes. The only system dimension not
represented by a concrete incident experienced during the reporting period was the one about
dependencies/lack of interoperability. A participant described this dimension in the following way:
“When you install a new piece of software and it then causes problems with the other applications or
the devices on the computer, but you don’t know how or what it has done so it is very hard to fix”.
The infrastructure dimension was the fourth most frequently mentioned dimension. It included
descriptions that accorded with concrete incidents experienced during the reporting period, but it also
added descriptions of frustration caused by unexpected automatic updates and viruses. The user
dimension accorded with the concrete incidents, except for the addition of ergonomic issues. For
example, the user dimension included the description: “The most frustrating things with computers
are physical problems, such as back pain or problems with eyesight and tiredness”. Finally, the
descriptions of the task dimension emphasized the loss of work due to unsaved data (e.g., “when 1
have completed some work and i think it is saved and it doesnt save and i lose my work”). This issue
also appeared in several of the concrete incidents, but not as the feature that defined the incident
categories.

Table 12. Dimensions in the participants’ conception of computer frustration, N = 419 descriptions
(after splitting).

Dimensions N %
User 14 3

Cannot find stuff (4), forgotten step (3), ergonomics (2), not seeing cursor (2), programming:
bugs that I cannot fix (2), long-filename search (1)

Task 16 4
Data not saved/lost work (14), loosing game (2)

Infrastructure 44 11
Unexpected automatic updates (21), virus (12), notifications/adds (11)

System: slow, unresponsive 161 38
Freezing (60), lost connection (49), slow (48), online meeting failure (2), unstable (2)

System: hardware issues 55 13
Hardware not working (51), dirty computer (2), low battery (2)

System: crash 52 12
Crash (52)

System: difficult to understand/use 18 4

Inexplicable features (7), misbehaving functionality (4), having to switch back and forth among
apps (2), incomprehensible error codes (2), lack of control (2), new and unfamiliar (1)

System: dependencies, lack of interoperability 17 4
Compatibility/dependencies (11), interoperability (4), synchronization failures (2)
System: corrupted links and files 14 3

Downloads do not work (8), page not found (5), corrupted files (1)
System: installation, defaults 12 3
Installing (11), persistent default apps (1)
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System: licenses, certificates, accounts 8 2
Accounts (2), cookies/invalid certificates (2), license (2), password (2)
Other 8 2

5 Discussion

The conception of frustration expressed by the participants in our study corresponds with the formal
definition of frustration outlined in the CUF studies (see Section 2.1). Like the formal definition, the
conception expressed by our participants emphasizes that they are delayed or thwarted in attaining
their goal, and often unexpectedly so. This correspondence confirms a key aspect of the empirical
self-report approach and attests to the construct validity of the study.

5.1 Extent and level of frustration

Since the CUF studies [9,10,15,36,37] in 2003-2006, computers have become more mature and
computer use more extensive. Comparing our results with those of the CUF studies, five findings
stand out:

o The time lost to frustration has dropped from 44-50% in the CUF studies to 11-20% in this study
(Tables 2 and 6). While the drop is gratifying, the time lost is still high. Imagine the consequences
if our results generalize: For each five-day week of computer work, between half a day and a full
day will be spent in frustrating episodes and recovering from lost work. This makes frustration a
common user experience and a substantial cost for users and their employers.

o The median level of frustration remains high. Using the same nine-point scale, the median level
of frustration is 7-8 in the CUF studies and 7 in this study (Tables 3 and 7). It is only the duration
of the incidents that has lowered, their intensity is unchanged. Like Lazar et al. [36], we find that
the frustration caused by an individual incident increased with increasing task importance and
time lost.

o Frustrating incidents still tend to recur. In the CUF studies, the median frequency was that
incidents recurred several times a month; in the present study, participants indicated that 84% of
the incidents had happened before and that 87% could happen again (Tables 3 and 8). The high
rate of recurrence shows that the cause of the incidents is often beyond the participants’ control,
thereby leaving them to experience and recover from the same problem repeatedly.

o The number of unresolved incidents is as high or higher. In the CUF studies, participants were
unable to resolve 11% [37] and 16% [15] of the incidents, and they ignored the problem or opted
for an alternative in a further 14% [37] and 11% [15] of the incidents. In the present study,
participants were unable to resolve 26% of the frustrating incidents, took an alternative approach
in 11% of them, and settled for lower-quality outcomes in 5% of the incidents (Table 9).

o Computer experience and computer self-efficacy may not influence frustration. The CUF studies
yield mixed results on this issue. While Bessiere et al. [10] found that higher self-efficacy reduces
computer frustration, Lazar et al. [36] found no effect of experience and self-efficacy on
frustration level. We find that frustration level and time lost were unaffected by computer
experience and largely unaffected by computer self-efficacy.

It appears that frustration will be high when time is lost on an important task, irrespective of the user’s
level of experience and self-efficacy. However, the incidents that cause frustration differ for novice
and experienced users. For example, user errors are a more frequent cause of frustration among novice
users [38], while freezing and crashing applications are a more frequent cause of frustration among
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experienced users [41]. In addition, Novick et al. [41] found that more experienced users are more
often able to resolve the problem that caused the frustration. This finding is however moderated by
the high rate of recurrence in our study, which mostly involved experienced participants. The high
rate of recurrence indicates that the participants may be able to resolve the individual incident but not
to fix the underlying problem in a way that stops it from recurring. Several participants mention
feeling out of control or having limited competence in handling the issues that cause their computer
frustrations.

5.2 Causes of frustration

The participants are frustrated by incidents concerning poor performance, utility, and usability. First,
poor performance is the most common cause of frustration. Half of the incidents concern this quality
attribute. Slow, freezing, and crashing systems are prominent examples of frustratingly poor
performance, thereby confirming previous studies [15,37,39,41,49]. In addition, slow and
unresponsive systems are by far the most frequently mentioned dimension in the participants’
conception of computer frustration. It contributes to slow performance that new applications tend to
require still more network bandwidth and computer power, thereby quickly outdating users’ current
hardware. To counter this recurrent mismatch, some studies attempt to manage online delays by
engineering the user’s time perception. For example, Hong et al. [30] found that filling long delays
with additional content that distracts the user from the passage of time is preferable to displaying
information that alerts the user to the passage of time, such as progress indicators. These studies
reduce frustration by manipulating perceived time rather than clock time. Poor performance also
involves that specific functionality, internet connections, or the entire computer ceases to work, that
the hardware becomes noisy, and that the computer runs out of charge. The incidents concerning
performance are frustrating because the computer becomes less responsive and reliable.

Second, poor utility is the cause of one in six incidents. In these incidents, frustration results from a
mismatch between system functionality and user needs. The modest number of incidents concerning
this quality attribute may reflect that many participants were engaged in voluntary computer use and
could, thus, choose an activity-application pair with a fair match between need and functionality. The
reported mismatches concern corrupted, unsatisfactory, and outdated contents, desired but absent
functionality, concerns about payments and privacy, and games that are too hard. Concerns about
payment and privacy are new sources of frustration compared to the CUF studies [15,37], as are
frustrations with computer games. These sources of frustration illustrate that our data include
computer use during leisure activities. By spanning both students and professionals, our data also
cover computer use related to education and work. Hertzum [28] found that frustration levels during
leisure activities are at the lower end of the spectrum of frustration levels that users experience at
work. He also found that higher frustration levels tend to co-occur with higher error rates and longer
task completion times, thereby linking frustration to performance [29].

Third, poor usability is the cause of one in three incidents. These incidents concern disruptions in the
flow of activities, input-device glitches, operations that are just hard, difficulty finding things, popups,
accidentally making the wrong selection, poor information presentation, repeated logins, cross-
application tasks, and having forgotten how to do something. These kinds of problems resemble the
output from a usability test. They mainly pertain to two dimensions in the participants’ conception of
frustration: the user dimension and the dimension about systems that are difficult to understand and
use. Several studies equate any frustrating incident with the presence of a usability problem [e.g.,
14,39,41]. This way of defining usability problems links them directly to negative user experiences
and broadens the scope of usability to all eleven dimensions in the participants’ conception of
computer frustration (Table 12). Contrary to the performance incidents, several participants described

20



the usability incidents in terms of the demands imposed on the user rather than the qualities absent in
the system. This difference demonstrates how system and user characteristics interact in constituting
frustrating incidents. In addition, the repeated finding of frustration caused by auto-corrections shows
that facilities intended to alleviate frustration may, instead, add more of it [3,39].

Just as the incidents span the three quality attributes of performance, utility, and usability, the
incidents are not restricted to one or a few applications. A wide range of software and hardware causes
frustrating incidents [15,37]. This multiplicity complicates directed efforts to combat computer
frustration because there is no single best place to start.

Note that some models of user satisfaction, such as the Kano model [32], suggests that as users’
expectations raise, application features that used to be satisfying become neutral. It might also happen
that features are expected and that their absence causes dissatisfaction. Might the same mechanism
be at play with respect to frustrations, so that users’ increased expectations of systems are simply not
fulfilled? We do not think so. User satisfaction is the result of a complex inference before, during,
and after interaction; frustrations result from having goals thwarted, see Figure 1. Thus, the processes
appear to be different. Furthermore, while we might have come to expect to be able to do more with
computers, many participants report frustrations that are mundane and feature simple tasks.

5.3 Consequences of frustrating incidents

Evidently, the incidents go beyond immediate frustration (see Figure 1). That is, they are not merely
the adaptive redirection of attentional resources to features of the information environment that have
temporarily become obstacles. They also involve the escalation of frustration to various emotional
responses to the thwarted goal attainment and they have downstream effects on the quality and
quantity of work products. Due to the frequency of computer frustration, these escalations and
downstream effects have real consequences. We see three main consequences:

First, frustration is integral to how people experience computers. Computers are not solely
experienced as empowering, fun, and supportive of creative expression; they are also the source of
repeated frustration. This consequence is not the result of limited computer experience. On the
contrary, the participants tended to be experienced with computers and used them for a median of 6-
8 hours a day. While computer self-efficacy had virtually no influence on frustration level, we
speculate that it may influence the downstream consequences of computer frustration. Specifically,
frustrating incidents may reinforce low computer self-efficacy and cause people with low computer
self-efficacy to approach computers with hesitation, shy away from them, or need support from
colleagues and relatives to use them successfully. This way, frustrating incidents are a barrier to
attaining universal usability [51].

Second, a disturbing amount of time is lost to frustration. The downstream consequences of this loss
of time are enormous. People would, on a daily basis, have more time for productive work, enjoyable
activities, and relaxation if they did not lose 11-20% of their computer time to frustration. This finding
reminds us of Landauer’s [34] critique of computers for not providing the productivity gains they are
introduced to provide. While much has happened since Landauer’s work, which was published in
1995, it appears that computer use still involves substantial amounts of unproductive time due to
freezes, crashes, redoing lost work, and so forth. In addition, computers often introduce additional
tasks that are experienced as frustratingly peripheral to the primary work. For example, the electronic
health records introduced in hospitals have increased the time medical doctors spend on
documentation tasks and reduced their face-to-face time with patients, thereby causing frustration at
a level described as medical doctors hating their computers [22].
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Third, users are often delayed or obstructed in doing what they want their computer to help them do.
The delays and obstructions shift users’ focus of attention from their activities to the computer. In
26% of the frustrating incidents, the participants were unable to resolve the incident and, thereby,
prevented from resuming their activity. In the other incidents, the shift of attention broke the flow in
the participants’ activities and required them to regain their focus once they had resolved the incident.
Several participants mentioned deadlines that became harder to meet and added further consequences
to the incidents. This way, the frustrating incident foreshadowed subsequent frustrations in much the
same way as the large number of frustrations that could happen again foreshadowed a continuing
series of frustrating incidents.

5.4 Implications

The overarching implication of this study is that there is still an urgent need to make computer use a
less frustrating experience. Meeting this need may seem a daunting task, given that frustrating
computer experiences are diverse and in several respects as severe now as they were fifteen years
ago. More specifically, we want to point out ten implications:

First, it is worth reiterating that the frustrating incidents are not caused by limited computer
experience, low computer self-efficacy, or the like. Further support for this finding is reported by
Kjeldskov et al. [33], who compared the usability problems experienced by the same users of the
same system just after they started using it and after 15 months of daily use. While the overall number
of experienced usability problems decreased, the decrease was modest and there was no decrease in
the number of critical usability problems. Thus, additional experience and training will not do away
with the frustrations. Only small gains can be expected from improving the user in one way or another.

Second, the categories and dimensions of frustration (Tables 10 and 12) provide a catalog that can be
used in devising targeted efforts toward reducing computer frustration. Categories such as poor
information presentation and absent/desired functionality appear solvable through increased use of
user-centered design. Other categories, such as running out of charge, may appear mundane but strain
current technological capabilities. Still other categories, especially popup ads, reflect conflicts of
interest between users who want to get on with their activities and companies that want to promote
their products. Diverse efforts are required to tackle the variety of reasons for the frustrations.

Third, slow performance is the single largest category of frustrating incidents. Faster hardware may
reduce these problems but is probably a limited solution: More efficient hardware will likely be
followed by functionality that demands more resources and by expectations for more immediate
responses. This effect resembles Jevons’ paradox [2] and suggests that other solutions are needed.
The underlying issue appears to be insufficient attention to shielding slow performance from what
the user experiences. Careful engineering of the user’s time experience may reduce the perceived
waiting time and, thereby, the experienced frustration [25,47]. The importance of such reductions is
shown by Ramsay et al. [44], who document downstream effects of slow performance.

Fourth, frustrating incidents have downstream consequences. That is, they have consequences beyond
the experienced frustration and time lost. For example, Ramsay et al. [44] report that frustratingly
long download times carried over into less favorable assessments of the system content - once it
became available. Relatedly, Zimmerman et al. [56] found that users who were subjected to a
frustrating computer malfunction during the first task in an experiment performed worse on the
second task compared to a control group that was not subjected to the computer malfunction during
the first task. Our data also include examples of participants who needed to leave work and turn to
household activities, such as cooking, to calm down after a frustrating incident. These findings
illustrate the need for further studies of the downstream consequences of computer frustration.
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Fifth, the participants indicated that most of the incidents were recurring problems. Longitudinal
studies are required to validate this finding, which suggests that users are to a large extent living with
recurring frustrations rather than resolving their computer frustrations. We speculate that recurring
frustrations influence brand perceptions, foster workarounds, and contribute to burnout. These effects
are aggravated by the general tendency for bad experiences, such as frustrations, to impress
themselves more strongly on people than good experiences [7]. While workarounds are an adaptive
response of taking action to mitigate problems, burnout is a distinctly maladaptive response where
the recurrent presence of stressors results in a chronic feeling of energy depletion.

Sixth, the distinction between immediate frustration and emotional outcome (Figure 1) deserves
further study because it accentuates that the absence or presence of an emotional outcome is an
imperfect indicator of whether users were thwarted in attaining their goal. How often and under what
conditions is immediate frustration accompanied by an emotional response? Hadlington and Scase
[24] found more maladaptive emotional responses among users who scored high on fear of missing
out, internet addiction, and the big-5 personality traits extraversion and neuroticism. Further work is
needed to investigate how task characteristics, such as pace, and technology characteristics, such as
mandatoriness, influence whether immediate frustration is accompanied by an emotional response.

Seventh, 37% of the participants reported no frustrations; this was not possible in Ceaparu et al. [15].
Apart from a slight age effect, our data do not explain differences in the number of frustrating
incidents. Hadlington and Scase [24] suggest that the no-frustration participants may score higher on
the personality traits of agreeableness, conscientiousness, and openness. Some participants may also
be better than others at working around problems. Another explanation could be that the absence of
frustration for some participants stemmed from the particular tasks they performed during the
reporting period, rather than from their personality. Experience sampling [17] is one alternative
methodology that might help explore these issues because it lends itself to longitudinal studies. Such
studies would allow for investigating how computer frustration varies across a person’s tasks and
whether some people consistently experience no computer frustrations.

Eighth, the relation between frustration and usability should be analyzed further. Some studies equate
experienced frustration with the presence of a usability problem [e.g., 14,39,41]. This practice defines
usability very broadly, which makes sense in the context of usability testing. However, some of the
reported frustrations are related to utility and, thus, clash with a traditional distinction between
usability and utility. Are such frustrations indicators of usability problems or something else?
Furthermore, the practice of equating usability problems with experienced frustration disregards the
situations where the user’s immediate frustration is not accompanied by an emotional outcome (see
Figure 1). To detect these situations in usability tests, the evaluator must attend to whether the users’
focus is shifted away from their goal to recover from breakdowns, irrespective of whether the shift is
accompanied by the expression of frustration.

Ninth, the types of frustrations that participants report offer ideas for research in HCI and software
development. It seems that operating systems could be developed to protect users much better from
frustrations, in particular relating to crashes and unresponsiveness. It is also a fact that hardware
decays. However, decaying hardware need not degrade the user experience. A gracious adaptation to
decay should be possible, either manually as when one can select a display resolution that matches
the strength of one’s graphics card or automatically. Better feedback on the system state and better
diagnostics might alleviate other types of frustration; however, it seems to us that such improvements
would only matter for a small number of frustrations. Finally, participants describe trying again as a
common strategy to work around frustrations that recur. Earlier work by Akers et al. [1] has shown
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how usability problems may be predicted from logged user interface events. Similarly, research could
explore the extent to which frustrations can be automatically diagnosed and alleviated in real-time.

Finally, future studies should continue to investigate the time lost to frustration. It appears especially
important to validate the amount of time lost for other participant groups, with different methods, and
over longer timespans. For example, computer users could be shadowed by expert observers, like in
previous studies of communication loads and interruptions at hospitals [e.g., 53]. Or data spanning
entire days may be collected using the day reconstruction method, like in previous studies of how
working people spend their time [31]. Specifically, future studies should look more into the finding
that female participants lost less (downward-adjusted) time to frustration than male participants but
experienced similar levels of frustration. Is this finding due to situational factors or different gender
attitudes to computers?

5.5 Limitations

Three limitations should be remembered in interpreting the results of this study. First, the participants
are crowdworkers, who may not be representative of computer users in general. Specifically, male
participants are overrepresented. In addition, the participants tend to be experienced with computers
and have high computer self-efficacy; 79% of them use computers at least six hours a day. Second,
we relied on participants to self-report their frustrations but acknowledge that self-reporting has
limitations. Self-reporting enabled us to collect frustrating episodes during the participants’ normal
computer use but also meant that we did not have control over the use situation. In addition, the
participants may have experienced frustrations they did not report. We aimed to make it
straightforward to report frustrations but acknowledge that reporting meant extra work for the
participants. That said, some participants reported even one-second frustrations. Furthermore,
Ceaparu et al. [15] found near identical results for self-reported frustrations and frustrations collected
by observing others. In contrast, Novick et al. [40] recommend observation over self-reporting to
improve accuracy in frustration studies. Third, 79% of the participants are between 20 and 39 years
of age. That is, older people are underrepresented relative to the age distribution of the general
population. With increasing age, people likely experience more computer frustration because they
undergo a gradual decline in mental and motor abilities. Increasing age is also associated with lower
computer self-efficacy [45]. Collectively, these limitations suggest that our results more likely under-
than overestimate the extent and impact of computer frustration.

6 Conclusion

Frustration is a common user experience. Across the 234 study participants, the average time lost to
frustrating incidents was between 11% and 20% of the one-hour reporting period. Participants
indicated that 84% of the incidents had happened before, that 87% could happen again, and that they
were unable to resolve 26% of them. This high rate of recurrence and lack of control likely contributed
to the frustration level, which was a median of 7 on a 9-point scale. The single largest source of
frustration was slow performance, but it was followed by a variety of other issues, including systems
that froze or crashed, functionality that did not work, disruptions in the flow of activities, input-device
glitches, and many more. Collectively, these issues delay or obstruct users in doing what they want
their computer to help them do and, thereby, make frustration integral to how they experience
computers. Removing, or just reducing, the sources of frustration poses considerable challenges for
computer science and human-computer interaction.
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