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Abstract
In this study, we investigated whether the use of smartphone games while reading 
a text reduces learning performance or reading speed. We also examined whether 
this is affected by push notifications. Ninety-three students were randomly assigned 
to three learning conditions. In the gaming group (G), participants played a game 
app for 20 s at 2-min intervals while reading. In one subgroup, the game app sent 
push notifications (GN+); in the other subgroup, no notifications (GN−) were sent. 
In the control group (C), participants did not play a game. After the reading, par-
ticipants took a multiple-choice quiz. We compared quiz scores and reading times 
of the groups (G) and (C) and within the gaming group (GN+, GN−) and observed 
no differences. Since the statistical non-significance of these tests does not entail 
the absence of an effect, we conducted equivalence tests, which did not demonstrate 
equivalence either. The experiment ensured high internal validity, yet remained 
inconclusive. Reasons for the similarity of performance in all groups could be 
non-specific exercise effects (all participants owned a smartphone), low similarity 
between the tasks, low variance of participants’ ability and motivation (high achiev-
ing, low ADHD scores) or low game complexity. Future research should address 
these questions.
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1  Introduction

While reading this study, where is your smartphone right now? Are you sure that it 
will not interrupt your reading? Smartphones have become nearly ubiquitous, espe-
cially in the life of younger persons. If you visit a university library these days, the 
chances are high that you will see students studying while their smartphones lie next 
to the book, taking a look at their phones at more or less regular intervals. According 
to one study, students interrupt their learning due to modern technologies like smart-
phones or computers every 6 min (Rosen et al., 2013). This is considered a prob-
lem, because interruptions may impair learning or memory performance (Conard 
& Marsh, 2014; Kuznekoff & Titsworth, 2013; Oulasvirta & Saariluoma, 2004). 
Nearly all German households (96.7%) own at least one mobile phone (Destatis, 
2018) and especially in the age group of 14–49 year olds, smartphones (over 95% 
users) have become indispensable (VuMa, 2019). Considering these numbers, the 
question if smartphones interfere with learning is highly relevant.

1.1 � Interruptions due to smartphones

The effects of distracting interruptions on performance in a main task have been 
investigated from several perspectives. McFarlane (1999) examined different types 
and modes of interruptions: ‘immediate’ (requiring an immediate response from 
the user), ‘negotiated’ (the users decide for themselves when they want to react), 
‘mediated’ (an intelligent system decides a favourable time for the interruption) and 
‘scheduled’ (regular interruptions after specified times). The study found that all 
types of interruptions had negative effects: depending on the type of interruption, 
people made more mistakes in one of the tasks (the interrupted one or the interrupt-
ing one) or they needed more time for the task completion. In all forms, however, 
the interruption seemed to interfere with performance. Another study also found 
that interruptions may slow down participants working on a main task (Kreifeldt 
& McCarthy, 1981). A few studies have investigated interruptions by smartphones, 
specifically in learning contexts. Many rely on self-report data, using correlational 
designs. In a correlational study with about 2000 US college students, the col-
lege grades and self-reported information regarding their use of Facebook, email-
ing, talking on their smartphones and texting while doing college homework were 
recorded (Junco & Cotten, 2012). The use of Facebook and texting while doing 
homework was associated with worse grades. Further self-report studies also found 
a negative relationship between the use of social media and the grade point aver-
age (Karpinski et al., 2013; Rosen,et al., 2013). Turning to experimental evidence, 
Wood et  al. (2012) compared the performance after a 20-min lecture presenta-
tion on research in a 15-items quiz between an experimental group using a smart-
phone (texting, emailing, MSN messaging and Facebook) with three control groups 
(enforced paper-and-pencil note-taking, enforced word-processing note-taking 
and a natural use of technology condition). The control groups outperformed the 
smartphone group, indicating that mobile phone use may be detrimental to learning 
performance. These results have been replicated with similar experimental designs 
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(Conard & Marsh, 2014; Dietz & Henrich, 2014; Gupta & Irwin, 2016). Czerwinski 
et  al. (2000) used a repeated-measures design in which participants working on a 
computer task (searching for book titles in a spreadsheet) were interrupted by text 
messages from computer searches (interruption condition) or not interrupted (con-
trol condition). Interruptions were associated with a decline in the participants’ task 
performance (searches with interruptions took significantly longer than searches 
without interruptions). Of note, all these studies restricted smartphone use to com-
munication (texting, using social media). However, other frequent smartphone uses 
include mobile phone games (Ipsos, 2016): Every fourth German Internet user plays 
daily video games on a smartphone and the majority (64%) of German app players 
are between 18 and 44 years old.

Games may lead to frequent interruptions due to a game-inherent mechanism: in 
many gaming apps, a point mechanism is implemented, in which a kind of ‘energy’ 
is expended through game play. When depleted, it will recharge itself over time. 
Once recharged, the user can continue to play (for example Harry Potter: Hogwarts 
Mystery™ requires an energy unit every 4 min). In addition, it may take time to col-
lect a reward (for example in Hay Day, planted wheat takes 2 min and carrots 10 min 
before they can be harvested). Many gaming apps signal these events by a so-called 
‘push notification’ intended to turn the user to the game again. Such notifications 
can entail audio or vibration signals, depending upon the user’s phone settings, and 
may thus become so-called external interruptions to other activities. The notifica-
tions can be turned off or on manually in the user-settings of the mobile phone or the 
respective app. Even if users switch off the notifications sent by the game, however, 
they may still be aware of the respective intervals and check into the game accord-
ingly in order to advance in the game. In these cases, the interruptions may become 
internally generated self-interruptions.

Interruptions are generally detrimental to the interrupted task (Couffe & Michael, 
2017; Trafton & Monk, 2007). However, the ‘costs’ to the main task differ between 
internally and externally generated interruptions. Katidioti et  al. (2016) found a 
longer processing time of the main task with internally controlled interruptions in 
contrast to external interruptions. The authors explain the longer processing time 
by the higher cognitive workload that is required to make the conscious decision to 
change tasks. However, contrary results have also been reported. In a natural office 
environment, participants needed more time to return to the main task after the 
interruption, when the interruption was external and not internal. Possibly, the par-
ticipants had more difficulty returning to their actual task if they were not in control 
of the time of the interruption (Cades et al., 2010).

1.2 � Study goals

Regarding game apps, it is unknown whether a casual gaming app causes interfer-
ence with study tasks (and if so, to what extent) and how receiving push notifica-
tions compares to interrupting the main task on one’s own initiative to check the 
game. In the present study, we examined the effects of a standardized smartphone 
game on students’ performance when studying a text. In addition, we investigated 

3967Education and Information Technologies (2022) 27:3965–3980



1 3

whether the use of app notifications resulted in performance differences. Perfor-
mance was operationalized as learning performance (i.e. scores in a quiz testing the 
participants’ understanding and retention of information contained in the studied 
text) and reading time.

We tested the following hypotheses with regard to the differences between stu-
dents using a smartphone game (G) and students in the control group (C), who did 
not use a smartphone game:

1.	 Students’ learning performance will be lower when they use the smartphone 
game.

2.	 Students’ reading time for the text will be longer when they use the smartphone 
game.

	   We also tested whether the subgroups (GN+) and (GN−) differed in perfor-
mance or reading time. Due to the inconsistent evidence regarding the conse-
quences of the locus of the interruptions, we tested two-sided hypotheses.

3.	 Students’ learning performance will differ depending on whether they use the 
smartphone game with or without notifications.

4.	 Students’ reading time for the text will differ depending on whether they use the 
smartphone game with or without notifications.

2 � Method

2.1 � Procedure and participants

The study was conducted in a behavioural laboratory at  Philipps University Mar-
burg. For recruitment of a student sample, the study was advertised online on the 
university Research Participation System and via a university-wide email list. After 
providing informed consent, the participants were able to familiarize themselves 
with the game app by playing a demo version of the game (description below) on 
a provided smartphone. The questionnaires were implemented in the online survey 
software SoSci Survey (SoSci Survey GmbH, Munich, https://​www.​sosci​survey.​de) 
and filled in at a computer. The participants provided demographic information and 
rated their prior knowledge regarding the topic of the text (i.e. methane hydrate). 
The participants were then asked to read a text on methane hydrate. All participants 
were informed that their learning performance would be tested after the reading 
and that they should indicate to the experimenter when they had finished reading. 
Participants allocated to the GN+ and GN− groups read the text while playing the 
smartphone game every 2 min for 20 s. They received the instruction that both tasks 
(reading and gaming) were important and they should try to do as well as possi-
ble in both of them. Participants of the control group (C) did not play the game. 
Subsequently, all participants answered a quiz about the text. After completing each 
experimental part (reading plus gaming and quiz), they provided information about 
their motivation and their subjective performance, as well as their typical smart-
phone use. Finally, the participants filled in a screening test for Attention Deficit 
Hyperactivity Disorder for use as a control variable (see below).
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Inclusion criteria were age over 18 years, being student at a German university, 
enrolled in German-speaking courses and unrestricted abilities of seeing, hearing 
and movement of the fingers. The participants were allocated randomly to one of 
the three experimental groups (notifications GN+, no notifications GN−, control C). 
A total of 98 participants provided informed consent; three participants had to be 
excluded because of technical difficulties and two because the participants did not 
follow the instructions. Thus, 93 participants remained to be analysed, 31 per group 
(GN+, GN−, C). The participants were aged 22.8 ± 3.8  years; the majority was 
female (73.1%). The mean school-leaving grade of the participants was 1.8 ± 0.7 
(possible range: 0.7 [best] to 4.0 [worst]). All participants reported owning a smart-
phone (although this was not an inclusion criterion).

2.2 � Material

2.2.1 � Demographic information and prior knowledge

The participants provided information on sex, age, first language, subject studied, 
semester and Abitur school leaving grade (Abitur: the German school leaving cer-
tificate, entitling the person to study at a university). In order to assess prior knowl-
edge of the topic of the text (i.e., methane hydrate), we asked participants to rate 
their knowledge about methane hydrate and six distractors (cinema, the Tau-Ceti 
system, fracking, low-energy houses, neopterans, forest owls) on a six-point scale 
(0 = ‘I know nothing about this topic’, 5 = ‘I know everything about this topic’).

2.2.2 � Text

As study text, we selected a text that was similar in complexity to texts students 
were used to in study courses. The topic was selected with the aim to be unfamiliar 
to most participants to ensure that any knowledge on the topic had to be gained from 
the text. To choose the text, we conducted a pilot study, in which 15 students of 
psychology at the  Philipps University Marburg were asked to indicate their knowl-
edge of three topics on a six-point rating scale (0–5). For ‘methane hydrate’, the 
pilot test participants indicated virtually no prior knowledge (0.13 ± 0.34). Based on 
this result, we decided to use a shortened version (1722 words) of the article ‘Bren-
nendes Eis: Methanhydrat—Energiequelle der Zukunft oder Gefahr fürs Klima?’—
‘Burning ice: methane hydrate—energy source of the future or danger for the cli-
mate?’ (Gutt et al., 2001).

2.2.3 � Quiz

A knowledge test in multiple-choice format tested the participants’ learning perfor-
mance with regard to the text. Participants had to choose the correct answer from 
among four answer options for each of 18 questions. The learning performance was 
indicated by quiz scores, i.e., the number of correctly answered questions (maxi-
mum 18, minimum 0).
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2.2.4 � Smartphone game

In order to ensure a standardized gaming app novel to all participants, the first 
author (KG) programmed an easy custom gaming app (see Fig. 1) using the MIT 
App Inventor (Massachusetts Institute of Technology, Massachusetts, USA). The 
app was installed on a smartphone (Huawei P8 lite 2017), which was provided 
to all participants. The participants’ task was to drag a penguin figure across the 
screen with a finger to ‘pick up’ statically displayed fish while avoiding a mov-
ing polar bear. The number of fish collected appeared as a score at the top of the 
screen. Whenever the polar bear was touched, the score was reset to nil. The game 
was playable for 20 s until a black screen appeared for at least 2 min. Participants 
could return to the game screen by simply tapping the screen when the 2-min wait 
was over. Depending on the test conditions, the end of the waiting time was either 
signalled by a short vibration and a beep (GN+), or not announced (GN−).

Fig. 1   Screenshots of the smartphone game. Left panel: waiting screen. Right panel: gaming screen. 
‘Gesammelte Fische’: number of fish collected; ‘fertig’: finished
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2.2.5 � Motivation check

After each part of the experiment (i.e., the text, the quiz and the last gaming episode), 
participants reported how motivated they were in completing the preceding experimen-
tal activity, how much fun the activity was, how interested they were in the respective 
activity. After the quiz, they also rated how well they believed to have done on the quiz. 
The participants in the gaming group also indicated how much they felt disturbed by 
the app while studying and how well they believed to have done in the game. All ques-
tions were rated on a six point scale (0 = ‘not at all’, 5 = ‘very much’).

2.2.6 � Smartphone use

Participants completed the Problematic Use of Mobile Phones (PUMP) scale (Merlo, 
et al., 2013) to assess problematic user patterns. The scale consists of 20 statements 
about possible thoughts, feelings, and behaviours related to problematic smart phone 
use, which have to be rated on a five-point scale, from 1 = ‘strongly disagree’ to 
5 = ‘strongly agree’. The PUMP scale demonstrated good internal consistency, with 
α = .94. In the present study, we used the German translation PUMP-D (Graben et al., 
2020), which also showed good psychometric properties, with ω = .91.

In addition, the participants were asked whether they owned a smartphone (mobile 
phone with internet access), a cell phone (mobile phone without internet access) or no 
mobile phone at all. Moreover, participants reported how much they used their mobile 
phone on a typical day (in minutes), how often they typically interrupted their stud-
ies due to self-initiated interruptions (count) and how often interruptions occurred as a 
reaction to signals or notifications from their mobile phone (count).

2.2.7 � Attention Deficit Hyperactivity Disorder (ADHD)

To screen for attention deficits, we used the German 30-item screening version of the 
Conners Adult ADHD Rating Scales (CAARS) (German scale: Christiansen et  al., 
2011; original scale: (Conners et al., 1999). The frequency and severity of any ADHD-
related symptoms are rated on a four-point scale (from 1 ‘not at all/ never’ to 4 ‘very 
much/ very frequently’). The self-report questions can be organized in five different 
scores (DSM-IV ADHD Symptoms score, Inattention score, Hyperactivity/Impulsiv-
ity score, Index score) and a total symptom score. The scores have good psychometric 
properties with Cronbach’s alpha between .74 and .95 (Adler et al., 2008) and excellent 
test–retest reliability with r = .89 (Erhardt et al., 1999).

2.3 � Data analysis

To adjust the text reading time for the time spent playing the game, we subtracted 
the playing time (20  s per round) from the total reading time for each participant 
and, in the following, always referring to ‘adjusted reading time’.

The groups were compared for baseline characteristics and successful randomiza-
tion regarding basic variables with one-way ANOVAs regarding age, Abitur school 
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leaving grade, ADHD score, previous knowledge and interest in the topic of the text, 
and the motivation to perform well in the quiz and with the χ2 test (sex). The one-
sided hypotheses (1) and (2) regarding gaming vs. non-gaming were tested by com-
paring group G with Group C by one-tailed t-tests; the two-sided hypotheses (3) and 
(4) by comparing the subgroups GN+ and GN− with two-tailed t-tests. As a meas-
ure of effect size, Cohen’s d is reported.

To investigate the absence of an effect of the experimental manipulation, the 
analyses were repeated with group-specific and overall outliers (± 2 × SD) excluded. 
Additionally, post hoc equivalence tests comparing group G with Group C and com-
paring the subgroups GN+ and GN− with the dependent variables adjusted reading 
time and quiz scores were computed (Lakens, 2017).

Missing data were excluded on a pairwise basis. All analyses were computed 
with SPSS version 21.0.0 (IBM, Meadville, USA).

3 � Results

The experimental groups did not differ with regard to age, Abitur school leav-
ing grade, sex, or any of the other control variables (see Table  1 for a full 
characterization).

3.1 � Quiz performance and adjusted reading time for the textual task

The quiz scores of the control group C (11.90 ± 2.67) and the gaming group G 
(11.44 ± 2.77) did not differ [one-tailed t-test: t(91) = 0.78, p = .219, d = 0.17]. The 
adjusted reading time was descriptively, but not statistically significant longer for the 
gaming group (13.1 ± 4.0 min) than for the control group (12.2 ± 4.0 min) [one-tailed 
t-test: t(91) = − 1.14 p = .129, d = − 0.27]—for z-values see Fig. 2. Participants’ quiz 
scores did not differ between those who received notifications (GN+: 11.23 ± 2.80) 
and those who did not (GN−: 11.65 ± 2.76) [t(60) = 0.59, p = .555, d = 0.15]. Like-
wise, the adjusted reading times did not differ between GN+ (13.0 ± 4.3 min) and 
GN− (13.3 ± 3.7 min) [t(60) = 0.30, p = .764, d = 0.08]—for z-values see Fig. 3.

3.2 � Performance regarding the gaming app

Only participants of the GN+ and GN− group used the gaming app. In every 
round, a maximum of 43 fish could be collected. Participants collected on aver-
age 34.4 ± 29.8 fish per round (high variance due to the possibility to “hit the polar 
bear” at the end of a round what resulted in no collected fishes) and played a mean 
of 6.4 ± 1.3 rounds. On average, they collided with the polar bear once (± 1.3) in 
the whole time, which corresponds to 0.15 collisions per round. In none of these 
measures were significant group differences between GN+ and GN− observed [fish 
per round: t(60) = 1.06, p = .294, d = 0.27; number of played rounds: t(60) = − 0.95, 
p = .346, d = 0.24; collisions with the polar bear per round: t(60) = − 0.54, p = .592, 
d = 0.14]. The participants in the GN− group took more time to begin playing (first 
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touch of the screen) after the game became playable again t(60) = 5.96, p < .001, 
d = 1.68. Both groups were equally motivated to play the game (t(60) = − 0.667, 
p = .507, d = 0.17) with a mean of 4.78.
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Fig. 2   Adjusted reading time and quiz performance (G/C). Adjusted reading time and quiz performance 
of the gaming group (G) and the non-gaming control group (C). Z-values with standard errors shown
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Fig. 3   Adjusted reading time and quiz performance (GN−/GN+). Adjusted reading time and quiz per-
formance of the two gaming groups without (GN−) and with push notifications (GN+). Z-values with 
standard errors shown
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On a scale from ‘not at all’ (1) to ‘very much’ (6), participants felt 4.6 ± 1.5 
distracted by the gaming-app while reading the text. To identify whether partici-
pants felt more distracted by the notifications (externally controlled disruption) or 
by monitoring the time (internally controlled disruption), a t-test was conducted 
between the two gaming groups (GN+, GN−), but no difference was observed 
[t(60) = − 1.35, p = .183, d = − 0.35]. How much the participants felt distracted by 
the game correlated with adjusted reading time (r = .40, p = .001) but not with the 
quiz-score (r = − .05, p = .706).

3.3 � Post‑hoc analyses

We repeated the analyses with group-specific and overall outliers (± 2 × SD) 
excluded, which did not change of any of the results.

Given the absence of significant group effects, we conducted equivalence tests 
based on participants’ mean quiz scores and adjusted reading time across the 
groups (Lakens, 2017). The test was conducted with Welch’s t-test (corrected for 
unequal variances). The smallest effect size of interest (SESOI) for the quiz score 
was regarded as a difference of one point in the quiz score, resulting in the equiv-
alence bounds ∆L = − 1; ∆U = 1. The SESOI for adjusted reading time was deter-
mined as Cohen’s d = 0.2 and resulted in the following equivalence bounds: For 
the comparison of groups C and G ∆L = − 42.57 and ∆U = 42.57; for the group 
comparison GN+ and GN− ∆L = − 47.99 and ∆U = 47.99. For the quiz scores, 
the equivalence tests were neither significant for the comparison of groups C and 
G (t(62.23) = − 0.90, p = .187), nor for the comparison of groups GN+ and GN− 
(t(59.99) = − 0.82, p = .207). For the adjusted reading time, the equivalence tests 
were also not significant (comparison of groups C and G: t(86.39) = − 0.27, p = .395; 
comparison of groups GN+ and GN−: t(58.65) = − 0.49, p = .315).

4 � Discussion

With this study, we present the first experiment to investigate whether the paral-
lel use of smartphone gaming apps disturbs students’ learning performance when 
reading a text. We did not find a reduced reading speed for gaming app users or a 
decrease in their test performance compared to a control group. Moreover, the gam-
ing application’s notification mode did not exert an influence on reading time or quiz 
performance.

With regard to the existing research (Conard & Marsh, 2014; Karpinski et  al., 
2013; Kuznekoff & Titsworth, 2013; Oulasvirta & Saariluoma, 2004; Rosen et al., 
2013), it is unexpected that no significant difference was found between the group 
that could read the text without distraction and the group playing on the smartphone 
while reading. It is noteworthy that the quiz scores and reading times cannot be 
declared as equal (see equivalence tests), either.

We therefore examined design-specific or sample-specific characteristics as pos-
sible reasons for this unexpected finding. There is a possibility that the distracting 
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effect from the parallel use of smartphone games while reading is actually present, 
but smaller than previously assumed and thus not significant in our relatively small 
sample. Alternatively, one may speculate that the distractive effect of the gaming app 
may have been present, but that our student sample (consisting of participants highly 
motivated to perform well in achievement tasks) was able to compensate for it. An 
additional finding in our data strengthens this interpretation: participants’ ratings of 
how much they felt disturbed by the app correlated moderately (r = .40) with read-
ing time. This could be indicative of the aforementioned compensation of a disrup-
tive effect, resulting in increased cognitive load: people tend to drive more of their 
cognitive resources into tasks when challenge stressors appear, which helps with 
short term performance but produces faster mental fatigue (Crawford et al., 2010; 
Widmer et al., 2012). Mental fatigue is already known to reduce working memory 
performance (Borragán et al., 2017; Faber et al., 2012) and could possibly result in 
poorer quiz scores and/or longer reading time in the case of a longer text (since this 
increased effort could not be maintained in the long term). Thus, one might specu-
late that less-able or less motivated learners may not compensate as successfully. In 
this respect, our high-achieving sample will probably underestimate the effect of the 
parallel use of gaming apps on learning performance.

In addition, the participants of our study may already have been somewhat used 
to such interruptions, as all participants owned a smartphone and evidence suggests 
that training reduces interruptive effects. Hess and Detweiler (1994) showed that, 
after two training sessions with interruptions, the interruptions lost some of their 
detrimental effect. In the current study, only participants owning a smartphone par-
ticipated, and the study design was close to a natural learning situation. It is highly 
likely that participants were somewhat accustomed to interruptions by their smart-
phone while reading texts and had experience in the compensation required.

Another reason for the unexpected result of not finding a direct effect on learn-
ing performance may be that, in previous experiments focussing on reading/learn-
ing tasks, the interruptions were linked to texting (Conard & Marsh, 2014; Dietz 
& Henrich, 2014; Gupta & Irwin, 2016; Wood et al., 2012) and, in their cognitive 
demands, were thus very similar to the main task. Playing a simple game may be 
less disruptive than texting in these contexts because reading a text (as main task) 
and playing a smartphone game (as a disruptive task) are less similar. The more 
similar the interruptive task is to the main task, the more disruptive it seems to be 
(Gillie & Broadbent, 1989).

To elucidate whether the push notifications of games influence the distractive 
effect, we experimentally manipulated these app settings to investigate whether 
they resulted in performance differences. However, no difference emerged 
between the groups with and without notifications, indicating that both push noti-
fications (i.e. externally controlled disruptions) and the participant’s own time 
monitoring (i.e. internally controlled disruptions), seemed equally (non-)disrup-
tive. Possibly, receiving a push notification is a clear interruption, whereas in the 
GN− condition, in which participants had to monitor when the game was playable 
again, one could argue whether it is an internally generated interruption or more 
akin to a dual-task. However, in this context it is also interesting to consider that 
quiz scores and reading time between the two gaming groups cannot be declared 
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to be the same, either. Thus, we cannot be sure that there is no detrimental effect 
of push notifications. Given that it is unlikely that smartphones will disappear 
from lecture halls, classrooms and work desks in the near future and that a detri-
mental effect cannot be excluded, our study points to a variable that can be easily 
changed by the user (push notifications off or on). For future research, it is impor-
tant to investigate this type of variable (also for example interruption by vibration 
or by sound) and its effects, as people could potentially be more willing to change 
a setting on their smartphone than to ban it completely during studying.

In the current study, factors that might compromise internal validity were 
strictly controlled: all participants used the same experimental smartphone and 
the same gaming app. No participant had prior experience regarding the gam-
ing app or any knowledge regarding the topic of the text and the randomization 
resulted in groups comparable with regard to important basis variables. A few 
limitations should be taken into account when interpreting our results. Firstly, for 
reasons of standardization, the participants did not use their own smartphones. 
This may have minimized the size of the effect because evidence suggests that 
many people feel a strong psychological attachment or involvement towards their 
personal mobile phone (Fullwood et al., 2017; Walsh et al., 2010) and therefore 
may pay more attention to their own smartphone. Secondly, most of the partici-
pants were psychology students (58.1%) with very good Abitur school leaving 
grades, who may not be representative of the general population of university stu-
dents. It is possible that these academically very able and highly motivated stu-
dents are particularly capable of compensating for the negative effects of mobile 
phone use. In particular, they showed good impulse control and unremarkable 
ADHD scores. Thirdly, the game design should be mentioned: it was a very sim-
ple game that might only use a few cognitive resources. A recent review (King & 
Delfabbro, 2014) found that a higher investment of time, energy or money in a 
(Internet) game is one of the factors leading to increased playing, which is already 
known as the sunk cost effect (Arkes & Blumer, 1985). In our study, the game 
was new to all participants (i.e. no previous investment of time, energy or money 
had taken place) and, importantly, in real life the attractiveness of self-chosen 
games would be much higher, causing them to possibly be more disruptive.

5 � Conclusion

In this study, no detrimental effect of parallel use of an easy gaming app on the 
learning performance of university students reading a text was observed. Partici-
pants’ reading time and quiz performance appeared unimpaired and were also not 
significantly affected by the presence or absence of push notifications. However, 
for none of these comparisons could statistical equality of the groups be estab-
lished. This confirms that it is worthwhile to investigate further the effects of 
smartphone games on study-related tasks. This study is a good starting point for 
this endeavour and highlights a wide range of relevant directions of experimental 
research.
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6 � Directions for future research

The current sample was a homogeneous sample of high achieving students with 
good impulse control. It will be relevant to investigate the effects in samples with 
different characteristics, such as persons with a broader range of academic ability, 
higher impulsivity and less ability to delay gratification. In addition, the attractive-
ness of the game and the learning task should be varied systematically in order to 
investigate variations of the learners’ (relative) motivation. The gaming task’s attrac-
tiveness could be increased if participants were highly invested in the game, for 
example when having spent much time to achieve high scores. To explore whether 
the present experiment was influenced by the use of compensation strategies, the 
length of the text should be varied for the costs of compensation to become poten-
tially more apparent.
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