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Abstract
Purpose – This paper aims to examine the impact of problem-solving activities, emotional experiences
and contextual and personal factors on learning from dealing with software-related problems in
everyday office work.
Design/methodology/approach – To measure the use of problem-solving activities, emotional
experiences and the contextual factors of problem characteristics and learning in situ, a research diary
was used. To measure team psychological safety (contextual factor) and personal factors, including the
Big Five personality traits, occupational self-efficacy and technology self-efficacy, the authors
administered a self-report questionnaire. In sum, 48 students from a software company in Germany
recorded 240 diary entries during five working days. The data was analysed using multilevel analysis.
Findings – Results revealed that asking others and using information from the internet are positive
predictors of self-perceived learning from a software-related problem, while experimenting, which was the
most common activity, had a negative effect on learning. Guilt about the problem was positively related to
learning while working in the office (as opposed to remote work), and feeling irritated/annoyed/angry showed
a negative effect. Surprisingly, psychological safety had a negative effect on perceived learning.
Research limitations/implications – Major limitations of the study concern the convenience sample
and the disregard for the sequence of the activities.
Originality/value – This study contributes to the limited empirical evidence on employees’ problem-
solving activities and informal workplace learning in the software context. To overcome the shortcomings of
previous studies using retrospective assessments and in-lab observations, this study uses the diary method to
investigate in situ.
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Introduction
In the present study, we investigate the antecedents of informal workplace learning from
dealing with software-related problems in the workplace. For several reasons, it is assumed
that informal learning will become increasingly important compared to formal learning
(Littlejohn and Pammer-Schindler, 2022). First, software has become the most important tool
for knowledge workers (Leiß et al., 2022; Littlejohn and Margaryan, 2014b, 2014a) and is
subject to frequent updates and changes (Kiani et al., 2020). Oftentimes, users have to
troubleshoot and learn software by themselves in the course of their regular working tasks
(Kiani et al., 2020), as it is challenging to cover these rapid developments with formal
training (Kiani et al., 2020; Harteis, 2022). Second, while standard curriculums have been
successful in training employees in standard work practices, knowledge workers increasingly
have to deal with “fuzzy tasks” (Harteis, 2022, p. 417), as well as complex and niche problems
(Littlejohn and Pammer-Schindler, 2022). Thus, problem-solving is a central requirement for
knowledge workers, especially when dealing with complex software tools, but, at the same
time, problem-solving is also considered an important source of informal learning in the
workplace (Rausch, 2013; Kiani et al., 2020; Tynjälä, 2013; Tynjälä and Häkkinen, 2005).

To solve work-related problems, knowledge workers usually have access to various
resources (Rausch et al., 2015; Cuyvers et al., 2016; Kiani et al., 2019; Kiani et al., 2020).
These can comprise personal, social and technological resources (Leiß et al., 2022).
Although there is some empirical work on employees’ use of resources and problem-
solving activities and learning (Rausch et al., 2015; Cuyvers et al., 2016; Haemer et al.,
2017; Kooken et al., 2007), with some focusing specifically on the software context
(Andrade et al., 2009; Leiß et al., 2022; Kiani et al., 2020; Kiani et al., 2019; Novick et al.,
2009), empirical evidence is scarce. Furthermore, previous research has mostly relied on
interviews, in-lab observations and, occasionally, surveys. While interviews and surveys
suffer from the disadvantage of being based on retrospective assessments, in-lab
observations take place outside of real work activities, affecting their validity. The diary
method as a research method enables retrospective memory bias to be reduced as well as
an investigation in situ (Rausch et al., 2022; Bolger et al., 2003; Ohly et al., 2010). Thus, it
is particularly appropriate for researching the handling of software (Benbasat and Barki,
2007; Littlejohn and Margaryan, 2014b). To the best of the authors’ knowledge, no
empirical study has examined software-related problem-solving and the resulting
learning by applying intensive longitudinal methods such as diaries. To fill this research
gap, the present study investigates employees’ use of resources in solving software-
related problems and the resulting learning by using a research diary.

Learning and problem-solving are complex phenomena that are influenced by various
antecedents (Cerasoli et al., 2018; Jeong et al., 2018; Littlejohn and Pammer-Schindler, 2022; Noe
et al., 2014; Tynjälä, 2008; Vu et al., 2022; Rintala et al., 2019). Thus, our study takes into account
emotional experiences as well as the contextual factors of problem characteristics, team
psychological safety and the location of work, in addition to the personal factors of the Big Five
personality traits and self-efficacy, as potential antecedents of learning from software-related
problem-solving.

Informal learning through problem-solving
A large proportion ofworkplace learning takes place informally (Eraut, 2010; Tynjälä, 2013). Thus,
it occurs apart from formally organised learning programs (Eraut, 2000; Marsick and Watkins,
2015), in the absence of a teacher and is oftentimes unstructured, unintended and implicit (Eraut,
2004; Marsick and Watkins, 2015). A central source of informal workplace learning is solving
work-related problems (Eraut, 2000, 2004; Tynjälä, 2013; Tynjälä and Häkkinen, 2005). A problem
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can be defined as a situation in which an individual lacks knowledge on how to achieve a specific
goal (Newell and Simon, 1972). Problem-solving usually comprises researching, acquiring and
applying new knowledge and may therefore result in learning (Dörner andWearing, 1995; Newell
and Simon, 1972; Wüstenberg et al., 2012). Help-seeking behaviour is conceptually closely
related to problem-solving, as help-seeking is always associated with a specific problem
that needs to be solved and may result in learning (Lee, 1997; van der Rijt et al., 2013).
Characteristics of help-seeking include the involvement of more than one person and a
certain proactivity within help-seeking (Lee, 1997; van der Rijt et al., 2013). Other studies
explicitly further included non-personal interactions such as forums, text tutorials and
videos as well as other resources on the web (Leiß et al., 2022; Kiani et al., 2020; Kiani
et al., 2019).

In general, there are several information resources employees can refer to when they face
work-related problems in the workplace. In the model of informal workplace learning
through problem-solving, Leiß et al. (2022) classify them into personal resources, social
resources and technological resources. These resources, in turn, offer several problem-
solving activities that employees can use to solve problems at hand. Activities based on
personal resources comprise reflecting and trying out. Activities based on social resources
include observing competent others as well as asking competent others. Activities based on
technological resources refer to consulting codified information, including physical and
digital information and tools. Similar activities were reported by Cuyvers et al. (2016) and
Haemer et al. (2017). Furthermore, the model highlights the role of personal and contextual
factors as well as emotional experiences in problem-solving and learning.

Emotional experiences and workplace learning are strongly connected (Benozzo and
Colley, 2012), and there is empirical evidence that emotional experiences impact workplace
learning (Rausch et al., 2017; Benozzo and Colley, 2012; Hökkä et al., 2020; Zhao, 2011).
Furthermore, emotional experiences affect information-seeking in general, which may also
influence learning. Different emotions influence the sources, the start, a potential limitation,
the termination and the avoidance of information-seeking in different ways (Savolainen,
2014; Willson and Given, 2020). Feeling stressed, for instance, also causes early-career
academics to ask colleagues instead of using codified information (Willson and Given, 2020). In
addition, Zhang and Jansen (2009) found that happy people processed more general
information, while sad people processed more specific information during an internet search.
Within the context of problem-solving, Spering et al. (2005) found participants with negative-
induced emotions to be more thorough when searching for information during their problem-
solving attempts and to be more likely to search for information before they started their
problem-solving attempts. These findings show that emotional experiences influence not only
whether andwhere people seek information but also how they use and process it.

Empirical research on solving software-related problems
There are a few empirical studies that investigated help resources and problem-solving
activities and their influence on problem-solving in the context of workplace learning. In this
vein, intrinsic and extrinsic reflection (Haemer et al., 2017), seeking help from others
(Haemer et al., 2017; Kooken et al., 2007), interactions with others (Cuyvers et al., 2016), trial-
and-error (Haemer et al., 2017; Kooken et al., 2007; Cuyvers et al., 2016), observing (Cuyvers
et al., 2016) and consulting (online) written material (Kooken et al., 2007; Cuyvers et al., 2016)
were identified to support workplace learning.

Within the software context, in a previous study, Leiß et al. (2022) revealed consulting and
observing colleagues as well as reflecting to be most often available and most often used to
tackle enterprise resource planning (ERP) software-related problems. However, this was
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without clear reference to potential learning. Further studies found recalling (Andrade et al.,
2009) and asking colleagues (Kiani et al., 2020; Novick and Ward, 2006) to enhance software
use and learning. Regarding different online resources like videos or forums (Kiani et al., 2020;
Kiani et al., 2019; Novick andWard, 2006), built-in help (Novick et al., 2009; Andrade et al.,
2009; Kiani et al., 2019) and trial-and-error (Novick et al., 2009; Novick and Ward, 2006;
Andrade et al., 2009), empirical evidence on the frequency of use and usefulness for
software use and learning is ambiguous. These few conducted studies share several
limitations. Most studies only anticipated learning from task performance, were not field
studies and were not conducted in situ.

Antecedents of learning from problem-solving
We distinguish contextual and personal factors as antecedents of learning from problem-
solving (Cerasoli et al., 2018; Rintala et al., 2019; Tynjälä, 2013; Vu et al., 2022). As contextual
factors, we assume that the location of work, team psychological safety and problem
characteristics affect the use of problem-solving activities as well as the resulting learning.

Physical proximity can increase the likelihood that employees learn from each other
(Škerlavaj and Dimovski, 2006), while geographical, temporal and perceived separation can
negatively impact team communication and the synchronous availability of team members
(Morrison-Smith and Ruiz, 2020). Thus, we suppose that with a person’s greater separation
from his or her team, it may be more difficult to ask other team members for help. Instead,
other learning resources are used. This may impact learning outcomes.

Team psychological safety is “a shared belief that the team is safe for interpersonal risk
taking” (Edmondson, 1999, p. 354), resulting, for example, in people daring to talk about
problems and mistakes or ask for help without fear of losing face (Edmondson, 1999).
Psychological safety is a positive antecedent of individual and team workplace learning
(Edmondson and Lei, 2014; Frazier et al., 2017; Newman et al., 2017) and affects, for example,
learning from failures (Carmeli and Gittell, 2009), proactive learning behaviours (Mornata
and Cassar, 2018), cooperative learning (Post, 2012) and different forms of team learning
behaviour (Edmondson, 1999; Harvey et al., 2019). Hence, in teams with high team
psychological safety, members may be more likely to dare to reveal their lack of knowledge
and to ask other members for help, for instance. This assumption is in line with the results of
van der Rijt et al. (2013), who found that trust, which is a concept that overlaps with
psychological safety (Newman et al., 2017; Edmondson and Lei, 2014), is a significant
positive predictor of asking for help (van der Rijt et al., 2013).

Generally, work-related problems can be shaped by different characteristics, like, for
example, their structuredness (well-structured vs. ill-structured) (Jonassen, 1997), complexity
(Smith, 1991), familiarity (Smith, 1991), difficulty (Smith, 1991), urgency (Rausch et al., 2015),
severity (Rausch et al., 2015; Feng and MacGeorge, 2006) or responsibility (Rausch et al., 2015;
Feng and MacGeorge, 2006). Three problem characteristics that we expect to be particularly
relevant for the present study are urgency, potential negative consequences and the extent to
which a person feels guilty for the occurrence of the problem. The urgency of a problem, as well
as its potentially negative consequences, can motivate people to solve it quickly and efficiently,
which is likely to result in learning. Perceived responsibility can lead to employees not asking
others for help so as not to reveal the problem to them, which can also impact learning.

Concerning personal factors, we expect the Big Five personality traits as well as self-
efficacy to impact solving software-related problems and learning in the workplace. The Big
Five personality traits refer to the five broad personality dimensions of extraversion,
neuroticism, agreeableness, openness to experience and conscientiousness (McCrae and
Costa, 1999). They influence informal learning in the workplace (Cerasoli et al., 2018;
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Noe et al., 2013; Rintala et al., 2019), as well as aspects related to technology acceptance and use
(Barnett et al., 2015; Devaraj et al., 2008; Özbek et al., 2014). As, for example, people high in
extraversion are sociable, talkative and friendly (McCrae and Costa, 1987), we expect them to be
more likely to ask other people than use other (software-based) problem-solving activities when
they face a software-related problem. This could also ultimately influence learning outcomes.

Furthermore, the Big Five personality traits influence an individual’s information-seeking
behaviour in general, which could also impact learning. Al-Samarraie et al. (2017) investigated
the influence of personality traits on information-seeking behaviour. Results showed that when
searching for a specific piece of information on the internet, people with high conscientiousness
are quicker to retrieve information and decide than people with high agreeableness and
extraversion. When searching for information on the internet, which requires evaluation in
terms of quantity and quality, extraverts were the quickest to find it, followed by people high in
agreeableness and people high in conscientiousness.When it comes to using facets and refining
queries in an internet-based search process, that is, conducting complex information research,
extraverts and people high in conscientiousness performed the best because of their
information-processing strategies. In addition, Heinström (2005) found three different
information-seeking patterns connected to the Big Five personality traits. The results yielded
that the information-seeking behaviour of fast surfing, characterised by effortless information
seeking, using information confirming old views, problems with a critical analysis of detected
information and a lack of time, was positively influenced by conservativeness (low openness to
experience). Extraversion, openness to experience and low agreeableness were found to be
positive predictors of broad scanning, which is a behaviour comprising thorough and wide
information seeking. The information-seeking behaviour of deep diving includes larger efforts
to find information of only the highest quality. This behaviour was not significantly affected by
any of the Big Five personality traits (Heinström, 2005).

Self-efficacy is a further predictor of informal workplace learning (Cerasoli et al., 2018;
Choi and Jacobs, 2011; Jeong et al., 2018; Rintala et al., 2019) and can be defined as “people’s
judgement of their capabilities to organise and execute courses of action required to attain
designated types of performances” (Bandura, 1986, p. 391). Self-efficiency can also be
transferred to computer and IT use. In some studies, computer self-efficacy was identified as
a positive predictor of technology acceptance and use (Lee et al., 2003; Venkatesh, 2000;
Venkatesh and Bala, 2008). Self-efficacy may also impact the use of activities for solving
software-related problems. For instance, it may have an influence on whether a user trusts
himself or herself to independently solve such a problem. Then high self-efficacy might be
related to being more likely to use problem-solving activities that do not involve other
people, such as trying out or searching on the internet. Supporting this assumption,
Cleavenger et al. (2007) also expect people with high self-efficacy to be less likely to ask other
people about a problem at hand because of their belief in their own ability to handle the
problem. Although Cleavenger et al. (2007) found no empirical evidence for this relationship,
we nevertheless consider it plausible.

Altogether, given prior research’s results and shortcomings discussed above, our study
addresses the following research questions: How do (RQ1) problem-solving activities; (RQ2)
emotional experiences; (RQ3) contextual factors; and (RQ4) personal factors influence
learning from solving software-related problems?

Method
Participants
To address the above research questions, a diary study with 49 students from a software
company in Germany was conducted. Participation was voluntary, and all participants
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provided written informed consent. As an incentive, the participants were offered a
comprehensive workshop on the topics of scientific work and writing theses for the
university. Twenty-one participants were female, 28 were male, and their mean age was
22.7 years. Of the 49 participants, 48 were students at various universities, and one was a
vocational education and training (VET) student. Of the university students, 31 pursued
their bachelor’s degree and 17 pursued their master’s degree. As the study was conducted
during the COVID-19 pandemic, participants were also asked to indicate the percentage of
their working time they usually spend at home and on site in the office each week. On
average, the participants worked 82% of their weekly working time remotely.

Procedure
A semi-standardised diary was used to collect data in situ. The diary period comprised five
working days, and the participants were asked to record about ten software-related
problems during the diary period. Participants were asked to fill in the diary as soon as
possible after the problem occurred or was solved. Depending on their working hours,
participants could either keep the diary for five days within one working week or spread the
five working days over several weeks (usually threeweeks). Before the diary period, the
participants completed an additional self-report questionnaire that included demographics,
personality traits, workplace characteristics and team characteristics.

Measures
Diary. Most diary items were standardised to reduce participant burden. The diary was
provided digitally via the survey web app LimeSurvey and contained five content areas.
First, the participants were asked to indicate if they worked remotely or on site in the office
at the time the software-related problem occurred. Second, the participants rated three
problem characteristics:

(1) perceived guilt for the problem (“To what extent was I to blame for the problem?”,
from 1¼ not my fault at all to 5¼ completely my fault);

(2) potential negative consequences resulting from the problem (“How negative could
the potential consequences of the problem be?”, from 1 ¼ no negative consequences
to 5¼ extremely negative consequences); and

(3) the problem’s urgency (“Please assess the urgency of the problem”, from 1 ¼ no
time pressure at all to 5¼ very high time pressure).

For all items, the answer not applicable was also available. Third, participants selected the
problem-solving activities that were used to deal with the software-related problem at hand.
These were derived from the Model of Informal Workplace Learning Through Problem-
Solving by Leiß et al. (2022). Available problem-solving activities were asking another
person, using information from the internet, using internal information, using software-
integrated information, using university course material, using one’s own previous notes,
experimenting (trying out) until the problem is solved and observing other people while they
dealt with similar problems. Fourth, the participants indicated their emotional experience
when dealing with the problem using the circumplex item of emotional experience (Rausch,
2014). Based on Russell (1980) and similar frameworks, eight emotional states were
arranged with valence on the x-axis and arousal on the y-axis. The participants were asked
to choose a maximum of three out of these eight emotional states they experienced when
dealing with the software-related problem (1¼ a little to 3¼ very). Each emotional state was
described using three adjectives. These were motivated/delighted/curious; confident/happy/
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glad; contented/accepted/proud; calm/even-tempered/daydreaming; bored/dull/uninterested;
unhappy/gloomy/sad; irritated/annoyed/angry; and nervous/worried/afraid. Emotional states
that were not chosen were coded as zero. Fifth, participants were asked to indicate how
much they had learned from dealing with the software-related problem (“In what way did
you learn something from working on the problem?” rated on a five-point Likert scale from
1¼ learned nothing at all to 5¼ learned a lot).

In sum, the participants recorded 242 software-related problems, two of which were
excluded from further analysis because of missing data. Descriptives for the activities used
for solving software-related problems are displayed in Table 1.

Self-report questionnaire
Team psychological safety. Team psychological safety was measured using the four-item
scale by Harvey et al. (2019) (e.g. “In this team, it is easy to speak up about what is on your
mind”). A five-point Likert scale from 1 ( not agree at all) to 5 ( strongly agree)was used. The
scale’s consistency was good (Cronbach’s alpha¼ 0.83).

Occupational self-efficacy. Occupational self-efficacy was measured using the scale by Abele
et al. (2000) (e.g. “I know exactly that I can fulfil the requirements of my profession if I only want
to”). The scale comprised six items that were rated on a five-point Likert scale from 1 ( not agree
at all) to 5 ( strongly agree). The scale’s consistencywas rather low (Cronbach’s alpha¼ 0.67).

Technology self-efficacy. Technology self-efficacy was measured using the scale by Laver
et al. (2012), which comprises ten items and is based on the computer self-efficacy measure by
Compeau and Higgins (1995). The items were rated on a five-point Likert scale from 1 (not at all
confident) to 5 (completely confident). It shows good consistency (Cronbach’s alpha¼ 0.80).

Big Five personality traits. The Big Five personality traits were measured by Saucier’s
(1994) Big Five Mini Markers and their German version by Weller and Matiaske (2009), which
included four adjectives for each trait. The twenty adjectives were rated on a five-point Likert
scale from 1 (not agree at all) to 5 (strongly agree). Internal consistency was good for
extraversion (Cronbach’s alpha ¼ 0.89), satisfactory for agreeableness (Cronbach’s alpha ¼
0.71) and conscientiousness (Cronbach’s alpha ¼ 0.69), but unsatisfactory for openness to
experience (Cronbach’s alpha¼ 0.52) and neuroticism (Cronbach’s alpha¼ 0.45).

Multilevel analysis
As the diary entries were nested in persons, we conducted a multilevel analysis (Hox et al.,
2018; Snijders and Bosker, 2012). Two diary entries were excluded from the multilevel
analysis as they contained too many missing values. This resulted in 240 diary entries from

Table 1.
Descriptive statistics
for problem-solving

activities

Problem-solving activity Usage absolute Usage in % of all problems

Experimenting (trying out) 123 51.3
Using information from the internet 88 36.7
Asking another person 81 33.8
Using internal information 19 7.9
Using software-integrated information 16 6.7
Using one’s own previous notes 11 4.6
Observing another person 9 3.8
Using university course material 4 1.7

Notes:Multiple responses are allowed. Usage in % of all problems for n¼ 240 problems
Source:Authors’ own work
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48 participants that were included in the multilevel analysis. According to Enders and Tofighi
(2007) and Nezlek (2001), we centered predictors on Level 2 at the grandmean and predictors on
Level 1 at the group mean. Furthermore, we calculated the baseline level of problem
characteristics and emotional experiences and included these variables in the analysis to
investigate the influence of the Level 2 differences (Enders and Tofighi, 2007; Pond et al., 2021).

The research questions were tested by a series of multilevel models using the software R
(Bates et al., 2015; Kuznetsova et al., 2017; R Core Team, 2022; Wickham et al., 2022). In
Model 1, we added the problem-solving activities. We excluded activities that were used
fewer than 15 times for solving software-related problems in the whole data set (observing
colleagues, using one’s own notes and using university course material). In Model 2, we
included the emotional experiences; in Model 3, the contextual factors; and in Model 4, the
personal factors. Because the Big Five personality traits of openness to experience and
neuroticism did not show satisfactory scale reliability, they were excluded from the analysis.
The models were calculated as random intercept models. The pseudo-R2 value was
calculated based on Snijders and Bosker (2012). A table showing means, standard deviations
and correlations between all study variables for n ¼ 48 participants and n ¼ 240 diary
entries included in themultilevel analysis is included in the Appendix.

Results
First, the null model was calculated to get the intraclass correlation coefficient (ICC). The
ICC for learning from dealing with software-related problems is 0.25, indicating that 25% of
the variance can be explained by differences on Level 2, that is, between the participants.
Then Model 1 was calculated by adding the activities for problem-solving (dummy coded
with “0”, indicating that an activity was not used). Model 1 fits the data better than the null
model. Table 2 shows the results of all the calculated models. Using information from the
internet was identified as a significant positive predictor of self-perceived learning, while
experimentingwas a significant negative predictor.

In Model 2, we added the emotional experiences to the analysis. Again, this model fits the
data better than the previous one. Results show that a person’s deviation from his or her
baseline level of feeling irritated/annoyed/angry was a significant negative predictor of self-
perceived learning. This means that higher feelings of being irritated/annoyed/angry are
associated with less learning. Moreover, controlling for the emotional experiences resulted in
asking others to become a further significant positive predictor of self-perceived learning
from dealing with software-related problems, while experimenting was only significant at
the ten percent level.

In Model 3, the contextual factors were included, which again resulted in a better model
fit. The location of work (dummy coded with “0” indicating remote work and “1” indicating
work in the office) was a significant negative predictor, indicating that participants learned
less when they dealt with a software-related problem that occurred while they worked in the
office. Moreover, the baseline level of the extent to which a person believes that he or she is
to blame for the occurrence of software-related problems (Ø own guilt) as well as a person’s
deviation from this general tendency (own guilt) were significant positive predictors of self-
perceived learning from software-related problems.

In the course of Model 4, we added the personal characteristics. This did not lead to a
significant improvement in the model fit compared to Model 3. However, the results
identified occupational self-efficacy as a significant positive predictor of self-perceived
learning. Controlling for the personal factors also led to team psychological safety and, once
more, experimenting to become significant negative predictors.
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Discussion
In the present study, we investigated the influence of problem-solving activities, emotional
experiences, contextual antecedents and personal antecedents on learning from dealing with
software-related problems in the workplace. In a diary study, 48 students from a German
software company recorded 240 diary entries that were analysed bymultilevel modelling.

Regarding the effects of problem-solving activities on learning from solving software-
related problems (RQ1), the results show that although experimenting on one’s own is the
most common problem-solving activity, it has a negative effect on self-perceived learning.
There is conflicting evidence with respect to the frequency of using experimentation for
problem-solving. While the high frequency we found is consistent with the findings of
Andrade et al. (2009) and Novick et al. (2009), who found a high use of trial-and-error
approaches in software-related problem solving, Rausch et al. (2015) found only little use of
this strategy for general work-related problems in office work. In one of our previous
studies, we also found rather lower usage for experimenting compared with other activities
for solving ERP-related problems (Leiß et al., 2022). Thus, our results partly confirm and
partly contradict previous research on the usage frequency of experimenting for solving
(software-related) problems. What is surprising at first is the direction of the effect. The little
evidence available so far tends to support the opposite effect. Novick et al. (2009), Haemer
et al. (2017), Cuyvers et al. (2016) and Andrade et al. (2009), in their cases in combination with
other problem-solving activities like recalling and helping, reported positive effects of
experimenting on problem-solving success. However, only Haemer et al. (2017) and Cuyvers
et al. (2016) referred to learning, but not in a software context. We assume that the effect of
experimenting on learning may strongly depend on the complexity of the software and the
problems encountered. Presumably, only simple problems can be efficiently solved with trial
and error, but they offer little learning opportunity. As already stated in the introduction,
knowledge workers are facing increasingly complex tasks and problems. Thus,
experimenting may not be well suited for them and their problems and consequently has no
positive impact on problem-solving performance or potential learning. An additional
explanation would be that users need a certain amount of prior knowledge to learn
effectively from experimenting (Haemer et al., 2017). Since our participants had rather less
work experience, this could also explain the negative effect of experimenting on learning.

Moreover, Novick et al. (2009) identified three factors affecting experiment outcomes.
First, these are evident, hidden or false affordances. This includes cues and signposts in a
software’s user interface that make it appear that they lead to a certain function but in fact
do not. A further factor affecting experiment outcomes was the match or mismatch of
vocabulary. For example, a user often has a term in mind for a certain function and searches
for it in the menu or on the user interface. If a different term is used there or a different path
leads to the term, the problem solution may fail. The third factor affecting experiment
outcomes is users’ incomplete or wrong mental models. In this case, users have not fully
understood how software works or how individual elements are interrelated, which also
affects the problem-solving and learning negatively (Novick et al., 2009). We believe it is
very likely that these factors also played a role among our participants and may explain the
negative influence of experimenting on learning that we found.

Asking others and using information from the internet were the second and third most
common activities for problem-solving and both were significant positive predictors of
learning. This is in line with the results of other studies that found that asking colleagues
(Rausch et al., 2015; Leiß et al., 2022; Novick andWard, 2006; Cuyvers et al., 2016; Kiani et al.,
2020; Kooken et al., 2007; Haemer et al., 2017) and internet resources (Leiß et al., 2022;
Cuyvers et al., 2016; Kiani et al., 2020; Kiani et al., 2019; Kooken et al., 2007) were rather
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frequently used and effective. As reasons for asking other people instead of using some sort
of codified information, Kiani et al. (2020) found task-specific help needs; availability of
company best-practices; and problems to find codified information and vocabulary
problems when using other problem-solving activities (e.g. online research, manuals). Other
authors reported similar problems when using problem-solving activities other than asking
other people. These were problems related to the finding and identification of relevant
information, as well as unsuitable levels of explanation, difficulty of navigation and
vocabulary problems, especially for newcomers during help-seeing and learning (Kooken
et al., 2007; Novick et al., 2009; Kiani et al., 2019; Novick and Ward, 2006; Andrade et al.,
2009). We imagine that the above reasons were why our participants with rather limited
work experience often relied on asking others, and that not having to face these difficulties
when solving problems certainly supports learning.

Regarding the high usage of information from the internet, other studies found that
online help is used because participants are familiar with it in another professional or
personal context (Kiani et al., 2019), and often users do not want to use the printed manual
because of navigation problems, outdated information, bulkiness and insufficient level of
detail but instead use online help or online documentation (Novick and Ward, 2006). These
could be reasons why the participants in our study used information from the internet
frequently, and again, problem-solving activities and sources that do not present the
aforementioned difficulties will certainly promote learning better.

Addressing the role of emotional experiences on learning from solving software-related
problems (RQ2), an above-average experience of being irritated/annoyed/angry is
negatively related to self-perceived learning. Our results support Savolainen’s (2014)
findings, which showed that negative emotions like anxiety, aversion, fear and irritation can
limit and terminate people’s information-seeking, and we expect this can impact learning.
Moreover, within the control-value theory, anger is categorised as a negative activating
emotion that can lead either to positive or negative learning outcomes, depending on the
task and contextual conditions (Pekrun et al., 2011; Pekrun and Stephens, 2010). These
ambivalent outcomes are also reflected in the empirical results (Rausch et al., 2017; Callister
et al., 2017; Loderer et al., 2020; Reio and Callahan, 2004). The negative relationship we
identified is in line with the results by Pekrun et al. (2011). However, the causality is unclear
because irritation and anger towards the respective software or problem at hand could also
be the result of a lack of problem-solving and learning success.

Including contextual factors in the analysis (RQ3), working on site in the office (as
opposed to working remotely) was a significant negative predictor of learning from
software-related problems, indicating that participants learned less when they dealt with a
software-related problem that occurred while they worked in the office. Furthermore, both
the baseline level of guilt (Ø own guilt) as well as the situational above-average experience of
guilt (own guilt) were both significant positive predictors of learning from software-related
problems. Feng and MacGeorge (2006) assume that perceived responsibility for a problem
may influence both receptivity to advice and the feeling that the problem is solvable, or fear
of losing face and fear of negative evaluation by others, leading to resistance to advice. Feng
and MacGeorge (2006) found no significant effect of responsibility on the receptiveness of
advice. Perhaps, however, the direction of effect we found is also because of the former
assumption, and therefore there is a positive effect on learning. Although there are studies
that did not find a direct positive effect of guilt on learning (Rausch et al., 2017; Zhao, 2011),
the direct positive effect we found is in line with the results of Liu and Xiang (2018).

The negative effect of working in the office is surprising, as we had expected that
the opportunities to learn from the help of colleagues would be greater in the office

JWL
35,9

302



(Škerlavaj and Dimovski, 2006). Besides, face-to-face interactions are often preferred and
useful for problem-solving and learning (Kooken et al., 2007; Kiani et al., 2020) and, as
already discussed, the results of the present study identified asking others to be a significant
positive predictor of learning from solving software-related problems. It is possible that the
positive impact of remote work on learning can be explained by the fact that remote workers
rely more on using information from the internet, which also proved to be a significant
positive predictor of self-perceived learning. However, there is no significant positive
correlation between working remotely and using information from the internet. A further
explanation for the unexpected results may be that working remotely allows employees to
take more time to reflect and elaborate on a problem, which, in turn, fosters learning
(Haemer et al., 2017).

Finally, including personal factors related to learning from solving software-related
problems (RQ4) did not improve the model fit. Still, the significant positive influence of
occupational self-efficacy is well in line with the existing research (Cerasoli et al., 2018; Jeong
et al., 2018; Rintala et al., 2019). Most surprisingly, when controlling for personal factors,
team psychological safety turned out to be a significant negative predictor of learning,
which contradicts the findings of previous studies (Edmondson and Lei, 2014; Frazier et al.,
2017; Newman et al., 2017). One plausible explanation might be that high psychological
safety may lead to turning to others too quickly without even trying to solve the problem by
oneself, to delegating problems completely or to wasting time with unimportant things
(Edmondson and Lei, 2014). This would mean losing learning opportunities, while lower
psychological safety forces one to solve the problem on one’s own, thus taking advantage of
learning opportunities. However, this would question the positive effects of asking others as
described above, and such a relationship cannot be found in the correlations. Team
psychological safety is significantly positively correlated with working remotely and
experimenting on Level 1. Because of the physical distance between colleagues, it may feel
safer to just experiment when a person encounters a problem while working remotely. The
obvious lack of knowledge cannot be observed directly by colleagues. Experimenting,
however, is associated with less learning.

Limitations and further research
Our research is subject to several limitations. Some of the problem-solving activities were
excluded from the analysis because they occurred too rarely, and for the activity of asking
other people, we did not differentiate if the participants asked face-to-face or used
communication tools. Furthermore, we did not consider the order in which the activities were
performed, which would reveal more complex strategies. Moreover, we had a rather small
convenience sample of rather young employees from only one company. Thus, the
generalisability of our results is limited. Finally, learning wasmeasured by only one diary item.

Altogether, using the diary method revealed deep insights into the complex processes of
learning from software-related problem-solving in the workplace. The two strands of research-
research on solving software-related problems and research on learning from problem-solving
in the workplace – should be further integrated. Our study revealed several surprising results
that should be investigated in replication studies and could be enhanced by qualitative data
such as interviews or observational data. Considering the content, further research on possible
mediators of the relationship between psychological safety and learning from problem-solving
in the workplace would be interesting. Furthermore, the availability and use of software and
tools for solving software-related problems (e.g. asking colleagues via communication
platforms vs face-to-face) would be an exciting dimension. Finally, the content and extent of
perceived learning could be captured in amore differentiated way.
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