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Abstract 

It is well known that e-mails are causing information overload. Existing research investigated the amount 
of e-mails but does not consider the format of a single e-mail and its cognitive impact. Therefore, we 
investigate e-mail conversations as one of the most promising formats, which is composed of the quoted 
history of appended e-mails, forwarded to a third person. Cognitive load theory is used to scrutinize the 
contribution of the e-mail conversation format on intrinsic, extraneous, and germane cognitive load. The 
resulting hypotheses and our pilot of the experiment investigate the induction of e-mail overload by e-
mail conversations. By successfully validating our measurement instruments we gain first indications of 
construct validity. As a result we present an exploratory factor analysis, a confirmatory factor analysis, 
and an assessment of the model fit. Subsequently, we reflect on our findings and present the implications 
for future research. 
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Introduction 

White collar workers are experiencing stress through the introduction of new technologies (Ragu-Nathan 
et al. 2008), but also through the use of established technologies like electronic mails (e-mail) (Barley et 
al. 2011). Stress is a major contributor to the phenomenon of information overload (IO) (Moore 2000). 
Researchers (e.g., Gill 1998; Schroder et al. 1967) characterized IO by an “excessive supply” (Savolainen 
2007, p. 614) of information as the principal point of the ambiguous and omnipresent IO phenomenon 
(Eppler and Mengis 2004). The phenomenon has been researched in various contexts like online 
interaction spaces (Jones et al. 2004) or social network sites (Maier et al. 2014) but also for established 
technologies like e-mail (Dabbish and Kraut 2006; Sumecki et al. 2011). Many of these insights are built 
on the amount of information as the principal point of the IO phenomenon, for example by investigating 
the volume of social information (Maier et al. 2014) or the amount of postings (Jones et al. 2004). For the 
technology e-mail, existing research investigates the amount of e-mails sent and received, as well as the 
time spent on these activities (e.g., Dabbish and Kraut 2006; Sumecki et al. 2011). The term e-mail 
overload describes the phenomenon of IO, caused by the amount of e-mails (Sumecki et al. 2011) and we 
will use this term in the remainder of the paper. 

Scholars looked at IO and the e-mail overload phenomenon by investigating the total amount of e-mails 
and the individuals’ perceptions about these. This research focus neglects the format of e-mails and does 
not open the black box of how e-mail overload emerges. It is known that e-mail is used not only for 
communication, but also for different types of tasks which leads to different types of e-mail formats 
(Whittaker and Sidner 1996). Existing research does not consider how these different formats are 
perceived by individuals. We contribute to the understanding of e-mail overload by investigating the 
impact of the e-mail format on e-mail overload by extending established research. Our central argument 
is that the root cause of the problem is the format of an e-mail, not only the high volume of e-mails that 
overloads white collar workers. Hence, we investigate e-mail conversations, how we call quoted histories 
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of e-mails sent back and forth between participants, appending the past e-mails and answering on top. We 
look at the entire conversation by processing all quotes when the e-mail conversation is forwarded to a 
new communication participant, not at the emergence of e-mail conversations. We have chosen this 
format as the forwarding of e-mails is stimulated by the increased division of labor and the needed 
information exchange and e-mails sent around in organizations are a major predictor of IO (Schultz and 
Vandenbosch 1998). 

This paper aims to present an important step to open the black box of the e-mail overload phenomenon 
and investigate the format of a single e-mail. We suggest drawing on cognitive load theory (Sweller 2010; 
Sweller et al. 2011; Sweller et al. 1998; Van Merriënboer and Sweller 2005; Van Merriënboer and Sweller 
2010) to measure intrinsic, extraneous, and germane cognitive load of e-mail conversations. By drawing 
on insights of cognitive science, intrinsic cognitive load is imposed by the content of an e-mail, extraneous 
cognitive load is imposed by an inadequate presentation format, and germane cognitive load by the 
learning activities to cope with this format (Sweller et al. 2011). Consequently, we ask the following 
research question: “What is the impact of e-mail conversations on intrinsic, extraneous, and germane 
cognitive load?” 

We designed an experiment providing the same content to one group in the format of a single e-mail and 
to one group in the format of an e-mail conversation. We carried out a pilot study, conducted a 
confirmatory factor analysis, and assessed the model fit based on an experiment with 29 participants in 
order to gain first indications on construct validity. 

Consequently, we present the results of the pilot study aiming to measure the impact on intrinsic, 
extraneous, and germane cognitive load by the format of e-mail conversations. Due to the small sample 
size and the new items, we only investigate the measurement model and not the hypothesis. So, this paper 
is an important building block towards answering our research question by providing validated 
measurement instruments. No data is provided to test our hypotheses because the aim of this paper is to 
develop a valid measurement model for further research. 

The remainder of the paper is structured as follows. First, we discuss e-mail overload and its causes as 
related work. Cognitive load theory and the hypotheses development are presented in Section 3. In 
Section 4 we describe the used method in terms of our experiment and the developed measurement 
scales. Section 5 presents the results of the pilot and in the second to last section we discuss our findings 
and give a summary in the last section. 

Related Research 

There are two different research streams investigating the phenomenon of e-mail overload (Grevet et al. 
2014): Scholars investigate the high volume of e-mails that are stored in the inbox but they are also 
looking at the high amount of incoming e-mails and an individual’s perception of this. The first stream 
realized early that there are many e-mails stored in the inbox and that e-mail is also used for other tasks 
(e.g., task management) than communication (Whittaker and Sidner 1996). Computer science developed 
solutions trying to mitigate the problem by classifying e-mails, automatically sorting them into folders, 
and auto archiving (e.g., Bälter and Sidner 2002; Schuff et al. 2006). Some of these features have been 
implemented in state-of-the-art e-mail software (Sumecki et al. 2011). Despite these software solutions, 
current studies confirm the presence of the phenomenon in contemporary mailboxes until today (Fisher 
et al. 2006; Grevet et al. 2014; Szóstek 2011).  

Based on the research stream of IO a second meaning of e-mail overload emerged which is concerned with 
the high volume of incoming e-mails and a human’s perceptions of it (Dabbish and Kraut 2006; Sumecki 
et al. 2011). Also this phenomenon is still problematic and present up to this day (Grevet et al. 2014). We 
make use of this meaning in our paper because it involves human’s perceptions and it is more appropriate 
to answer our research question which is based on the investigation of cognitive load. Insights of IO are 
often based on the “excessive supply” (Savolainen 2007, p. 614) of information so that individuals are 
unable to cope with it (e.g., Gill 1998; Sumecki et al. 2011). One of the major antecedents is the increased 
computer-mediated communication in organizations (Hiltz and Turoff 1985). Especially e-mails which are 
still used quite intensively in organizations (Grevet et al. 2014), increased the amount of information that 
is available to and shared between participants (Bawden 2001). Scholars (e.g., Dabbish and Kraut 2006; 
Ducheneaut and Bellotti 2001; Ingham 2003; Sumecki et al. 2011) coined the term e-mail overload as the 
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state where the use of e-mail is overwhelming the user (Sumecki et al. 2011) due to individual’s limited 
cognitive capacity (Berghel 1997; Heylighen 2004; Kirsh 2000). E-mail overload studies investigate how 
individuals perceive the volume of e-mails that are sent around and the time needed (Sumecki et al. 2011). 
Furthermore, different aspects have been added to first research insights regarding the high amount of 
incoming e-mails (Dabbish and Kraut 2006). Interruptions caused by incoming e-mails and how often e-
mails should be retrieved are additional investigated insights (Gupta et al. 2013; Gupta et al. 2011; 
Renaud et al. 2006; Vidgen et al. 2011). To sum up, existing research concentrates on the total amount of 
antecedents and its impact on the overall perception of being overloaded. To our knowledge none of the 
existing research investigates the impact of the format of e-mails on cognitive load or the contribution to 
e-mail overload. 

Theoretical Background and Hypotheses Development 

Early works identified the relation between the use of information technology leading to cognitive 
overload (Vollmann 1991). Communication that is conducted through an electronic channel increases 
ambiguity and cognitive load in comparison to natural face-to-face communication (Kock 2004; Kock 
2005; Kock 2009). In order to compensate for missing cues in unnatural electronic communication more 
cognitive load is necessary (Kock 2001a; Kock 2001b; Kock 2007). Thus, we scrutinize a cognitive lens to 
investigate how the format of e-mail conversations impacts e-mail overload by assessing intrinsic, 
extraneous, and germane cognitive load during the decoding of e-mail conversations. 

Cognitive load theory (Sweller 2010; Sweller et al. 2011; Sweller et al. 1998; Van Merriënboer and Sweller 
2005; Van Merriënboer and Sweller 2010) is used to explain the limitations of individuals processing 
capacity (Berghel 1997; Heylighen 2004; Kirsh 2000). Researchers make use of the human cognitive 
architecture in cognitive load theory and the argument that working memory is limited. The theory 
differentiates between working memory and long-term memory. Working memory is limited to five to 
nine pieces of information (Miller 1956) or merely four when working with it (Cowan 2001). It can be 
equated with consciousness (Sweller et al. 1998). Working memory aims to relate new information to 
existing information and acquire new schemas (Sweller 2010; Sweller et al. 2011). Long-term memory is 
virtually unlimited in the storage of schemas (Chi et al. 1982). Retrieving schemas is an unconscious 
automation in the long-term memory and does not involve working memory (Schneider and Shiffrin 1977; 
Shiffrin and Schneider 1977). Existing literature distinguishes cognitive load occurring in working 
memory by its causes into three different types (Sweller et al. 2011): (1) intrinsic, (2) extraneous, and (3) 
germane cognitive load which are described in Table 1. 

 

Type of cognitive load Description 

Intrinsic The information itself causes intrinsic cognitive load. 

Extraneous Inadequate presentation of the information causes extraneous cognitive load. 

Germane Learning activities in terms of schema acquisition causes germane cognitive 
load. 

Table 1. Cognitive Load Types 

Drawing on cognitive load theory, working memory is seen as the restriction leading to the limitation of 
human information processing capacity (Chen et al. 2011; Chen et al. 2012). Consequently, we also see the 
shortage of working memory as the cause for e-mail overload and upon this; we develop our hypotheses to 
investigate how the format of e-mail conversations is impacting intrinsic, extraneous, and germane 
cognitive load. 

Intrinsic cognitive load (Sweller 2010; Sweller et al. 2011; Sweller et al. 1998) is caused by the 
information itself (Sweller et al. 2011; Sweller and Chandler 1994). The information is segmented into 
information elements that are related and interact with each other (Sweller and Chandler 1994). Existing 
studies see a strong relation between the amount of interactive information elements and the induced 
cognitive load (e.g., Barrouillet et al. 2007). For our e-mail context, information elements are embedded 
in the content of the e-mails. The more difficult the content is and the more information is embedded in 
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the e-mail, the higher the induced intrinsic cognitive load. In our study we investigate the format of e-mail 
conversations and do not change the content of the e-mail conversations. As the content is the same and 
the embedded information elements are also the same, we propose that the intrinsic cognitive load does 
not change and therefore stands as a manipulation check: Readers of e-mails in the e-mail conversation 
format experience the same intrinsic cognitive load as those of the same e-mail in a single e-mail format. 

Extraneous cognitive load (Sweller 2010; Sweller et al. 2011; Sweller et al. 1998) is caused by inadequate 
presentation of information, regardless of the embedded information. It has been investigated that lower 
levels of extraneous load facilitate understanding because an adequate presentation format is used 
(Sweller and Chandler 1994; Sweller et al. 1990). Research identified several extraneous cognitive load 
increasing effects. Especially the split attention effect increases extraneous cognitive load by choosing a 
presentation format which requires mental integration of information. Mental integration is needed when 
a physically separated presentation format is chosen such as text and diagrams (Chandler and Sweller 
1992) or computers and manuals (Sweller and Chandler 1994). Those additional interactive elements 
forces working memory into mental search and integration rather than concentrating on the information 
(Chandler and Sweller 1991; Chandler and Sweller 1992; Sweller et al. 1990; Tarmizi and Sweller 1988; 
Ward and Sweller 1990). For our e-mail context, we investigate e-mail conversations which are quoting 
and appending the conversation history to the end of an e-mail. The content of the e-mail is split and 
distributed over the whole conversation history into several quotes. This format results in a physically not 
integrated presentation format that is supposed to lead to a split attention effect. As existing research also 
observed a split attention effect between nonintegrated blocks of texts (Chandler and Sweller 1992), we 
propose to readers that are reading the whole e-mail conversation also an split attention effect, as part of 
the working memory will be engaged into mental search and integration which will induce extraneous 
cognitive load: 

Hypothesis 1: Readers of e-mails in the e-mail conversation format experience a higher extraneous 
cognitive load than those who read the same e-mail in the single e-mail format. 

Germane cognitive load is induced by learning activities in terms of schema acquisition and is important 
for learning (Kalyuga 2011; Sweller 2010). Schema acquisition is the process of relating new information 
to existing information in long-term memory (Chi et al. 1982). As working memory is first used for 
intrinsic and extraneous cognitive load, germane cognitive load and learning only takes place if enough 
cognitive capacity is still available (Sweller et al. 1998; Van Merriënboer and Sweller 2005; Van 
Merriënboer and Sweller 2010). For our e-mail context, we expose the readers of e-mail conversations to 
the format of e-mail conversations. Thus, they are able to learn how to cope with this format. As the 
readers of a single e-mail do not see the format of e-mail conversations, they do not need to use the format 
and are also unable to create schemas how to effectively decode information embedded in e-mail 
conversations. We posit the following hypothesis: 

Hypothesis 2: Readers of e-mails in the e-mail conversation format experience a higher germane 
cognitive load than those who read the same e-mail in the single e-mail format. 

To test our hypotheses we developed context specific constructs of cognitive load to reflect the research 
domain. These constructs now refer to e-mails and are presented in Table 2. 

 

Construct Description 

Intrinsic cognitive 
load (e-mail) 

The information in terms of the content of the e-mail text causes intrinsic 
cognitive load. 

Extraneous cognitive 
load (e-mail) 

Inadequate presentation of the e-mail in terms of an inadequate presentation 
format of an e-mail causes extraneous cognitive. 

Germane cognitive 
load (e-mail) 

Learning activities in terms of schema acquisition in terms of how to cope 
with an inadequate presentation format of e-mail conversations causes 
germane cognitive load. 
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Table 2. E-Mail Constructs and their Descriptions 

Research Method 

We designed an anonymous experiment to test our hypotheses in which we exposed participants to e-
mails covering the same content. We manipulated the e-mail format and either presented the e-mail as a 
single e-mail or split it into the format of e-mail conversations (please see Figure 1 for snippets of an 
example and Figure 2 for details on the manipulation). 

 

 

Figure 1. Experiment Manipulation 

 

 

Figure 2. Manipulation Details 

During the reading of the e-mail we asked the participants to answer questions based on the provided e-
mail using a multiple choice test afterwards. Subsequently the participant’s intrinsic, extraneous, and 
germane cognitive load was assessed with the measurement scales in the next section. As a last step 
control variables were collected. A lottery of Amazon vouchers among the best participants was used to 
incentivize correct answers. A detailed illustration of the experiment procedure is outlined in Figure 3. 
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Figure 3. Experiment Procedure 

Before testing our experiment in a larger scale we conducted a pilot test with the software LimeSurvey1 for 
assessing our measurement model and get first indications of construct validity and reliability. 29 
students and professionals were recruited online. To avoid priming effects of the terms e-mail and e-mail 
overload, participants were invited to a study on answering content based questions about a text. Our 
sample was composed of 17 male and 12 female participants who were either native speakers or fluent in 
the language of the experiment. The average age of the participants was 26.93 (SD = 8.09; range = 19 - 54) 
and 93.10% of them check their e-mails five or more times per day. As we evaluated the measurement 
model together for both groups and did not seek support for our hypotheses by group comparisons (t-
test), we omitted checks whether the two experimental groups originate from the same population. 

Measurement 

To obtain the items for our experiment, we conducted a content validity assessment (Moore and Benbasat 
1991; O'Leary-Kelly and Vokurka 1998). All items were redeveloped based on a psychometric instrument 
which is able to distinguish between intrinsic, extraneous, and germane cognitive load in the learning 
context (Leppink et al. 2014). Subjective rating scales for mental effort (e.g., nine-point unidimensional 
scale, Paas 1992) are used quite often in existing cognitive research (see Paas et al. 2003; Van Gog and 
Kester 2012 for an extensive discussion). The scales were adapted for our domain and purpose. Thus, the 
reference unit of the items was changed to the content of the text for intrinsic cognitive load and the 
format in terms of the structural outline for extraneous and germane cognitive load. We developed new 
items to improve content validity and to overcome issues of internal consistency with the existing items. 
All items refer to the text the participants were exposed to. The final items are presented in Table 3. 

 

Construct Item 

E-mail intrinsic 
cognitive load 

ICL1 The storyline covered in this text was complex. 

ICL2 The content of this text was hard to understand. 

ICL3 I had difficulties to keep up with the text's content. 

E-mail extraneous 
cognitive load 

ECL1 The text's structural outline (not content-related) was confusing. 

ECL2 I invested a high mental effort in the text's inefficient structural 
outline (not content-related). 

ECL3 The text's structural outline (not content-related) was burdensome to 
me. 

E-mail germane 
cognitive load 

GCL1 Reading the text enhanced my understanding of its structural outline 
(not content-related). 

GCL2 Reading the text helped me to deal with texts with a similar 

                                                             

1 http://www.limesurvey.org/ 
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structural outline (not content-related). 

GCL3 Reading this text enhanced my knowledge regarding this type of 
structural outline (not content related). 

Table 3. Measurement Scales 

Results 

Based on our pilot test we assessed the validity of our measurement model by conducting first an 
exploratory factor analysis (EFA) and afterwards a confirmatory factor analysis (CFA) using IBM SPSS 20 
and IBM SPSS Amos 16. The EFA was performed with varimax rotation and the number of factors was 
identified by an eigenvalue cutoff of 1.00. Items that were not loading strongly on its intended factor or 
too strong on other factors were excluded from the analysis. In general all items performed as intended 
and therefore and due to space restrictions we present only the results of the CFA. 

With the result of the EFA we performed a CFA assessing our measurement model. The reliability and 
convergent validity are shown in Table 4. By using established guidelines (Gefen et al. 2011; Hair et al. 
2011; Straub et al. 2004) Cronbach’s Alpha and Composite Reliability are suggested to be larger than 0.7 
and the Average Variance Extracted (AVE) should be at least 0.5. Our constructs exceed all three 
thresholds which is a good indicator for reliability and convergent validity. For discriminant validity 
please consult also Table 4, where we present the latent variable correlations and the Fornell-Larcker 
Criterion. The correlations to the constructs need to be lower than the square root of the AVE. 

 

Construct Cronbach’s 
Alpha 
(>0.7) 

Composite 
Reliability 

(>0.7) 

AVE 
(≥0.5) 

Mean S.D. ICL ECL GCL 

E-mail intrinsic 
cognitive load (ICL) 

0.88 0.87 0.69 4.41 2.81 0.83   

E-mail extraneous 
cognitive load (ECL) 

0.89 0.92 0.80 4.78 3.11 0.51 0.89  

E-mail germane 
cognitive load (GCL) 

0.93 0.93 0.82 3.17 2.74 -0.06 0.36 0.91 

Note: AVE = Average Variance Extracted, S.D. = Standard Deviation. Diagonal elements of the last three columns represent the square root of the 
AVE. Off diagonal elements are the correlations among latent constructs. 

Table 4. Evaluation of Reliability and Convergent Validity 

The loadings and cross-loadings of the items on the constructs are presented in Table 5. All the 
requirements of established guidelines are fulfilled, meaning all items load higher than 0.7 on the 
intended construct (Hair et al. 2011) and substantially less on other constructs (Straub et al. 2004). 

 

Construct Item ICL ECL GCL 

E-mail intrinsic cognitive load (ICL) ICL1 0.799 0.410 -0.051 

ICL2 0.741 0.380 -0.047 

ICL3 0.940 0.482 -0.059 

E-mail extraneous cognitive load (ECL) ECL1 0.427 0.833 0.301 

ECL2 0.477 0.930 0.336 
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ECL3 0.467 0.912 0.329 

E-mail germane cognitive load (GCL) GCL1 -0.056 0.321 0.889 

GCL2 -0.058 0.329 0.911 

GCL3 -0.058 0.332 0.919 

Table 5. Loadings and Cross-Loadings 

To evaluate the model fit we calculated established fit indices (Browne and Cudeck 1993; Gefen et al. 
2011; Hair et al. 2010; Hu and Bentler 1999). All values and the respective suggested values are presented 
in Table 6. Nearly all fit indices exceed the recommended thresholds, except AGFI, GFI, and NFI. These 
low values may be caused by our low sample size, as AGFI and GFI tend to improve with larger samples 
(Bollen 1990; Shevlin and Miles 1998). Also NFI underestimates samples with less than 200 participants 
(Bentler 1990; Mulaik et al. 1989). As per recommendation (Kline 2005) we see all model fit indices in 
combination which are indicating a good model fit. 

 

Fit Index Suggested Value Value 

χ2 (df, p) Lower is better 24.884 (23, 0.356) 

χ2/df <3 1.082 

RMSEA <0.080 0.054 

SRMR <0.090 0.065 

AGFI >0.850 0.697 

GFI >0.900 0.845 

NFI >0.900 0.876 

TLI >0.950 0.982 

CFI / RNI >0.950 0.989 

Table 6. Fit Indices 

Discussion 

The aim of this paper is to investigate how the format of e-mail conversations is impacting intrinsic, 
extraneous, and germane cognitive load. We looked at e-mail conversations, as if a third person is 
involved and reading the history of quoted e-mails between two or more communication participants. The 
format of e-mail conversations is investigated as existing insights are built solely on the total amount of e-
mails and different types of e-mails in terms of formats are not considered. For our hypotheses, we draw 
on cognitive load theory (Sweller 2010; Sweller et al. 2011; Sweller et al. 1998; Van Merriënboer and 
Sweller 2005; Van Merriënboer and Sweller 2010) and make use of psychometric measurement scales to 
differentiate between intrinsic, extraneous, and germane cognitive load (Leppink et al. 2013; Leppink et 
al. 2014). E-mail conversations are split through its meta information (e.g., date and time of the e-mail) 
which leads to physical distribution. For that purpose, the split attention effect is used to explain the 
impact of the format of e-mail conversations on extraneous cognitive load, because physically not 
integrated presentation formats induce additional extraneous cognitive load by the needed mental 
integration. 

To answer our research question we developed an experiment in which we exposed participants to the 
same e-mail either in the format of a single e-mail or split into the format of an e-mail conversation. 
Based on the provided e-mails participants were asked to answers content based questions. Subsequently 



  Impact of E-Mail Conversations on E-Mail Overload 
  

 Twenty First Americas Conference on Information Systems, Puerto Rico, 2015 9 

the participant’s intrinsic, extraneous, and germane cognitive load was assessed. Based on a pilot test 
among professionals and students an exploratory factor analysis and a confirmatory factor analysis 
indicated that we have strong reliability, discriminant validity, and convergent validity for all of our three 
constructs. Also our fit indices indicate a good model fit. In consequence, we built a strong measurement 
basis and piloted an experiment. This is a crucial step towards identifying how the format of e-mail 
conversations is impacting intrinsic, extraneous, and germane cognitive load. 

The main contribution of this paper is the analysis of the measurement scales, based on the pilot of the 
experiment. We contribute towards e-mail overload by operationalizing the measurement of e-mail 
induced IO, what we call e-mail overload. Existing research considers the limitations of humans working 
memory only implicit (Dabbish and Kraut 2006; Sumecki et al. 2011). By measuring intrinsic, extraneous, 
and germane cognitive load we overcome these limitations as working memory utilization is assessed. By 
assessing e-mail formats with intrinsic, extraneous, and germane cognitive load we do not only open the 
black box of e-mail overload but we also show that it is possible to distinguish further antecedents of e-
mail overload by isolating them and assessing its impact on intrinsic, extraneous, and germane cognitive 
load. It is well known that working memory capacity differs between individuals (Feldman Barrett et al. 
2004; Just and Carpenter 1992). Existing research does not account for this fact and gives an overall 
perception (e.g., Barley et al. 2011). Because cognitive load is not dependent on working memory capacity 
(Sweller et al. 2011), these limitations does not apply for our research design. Even though existing 
research is not assessing cognitive load in their investigations of e-mail overload (e.g., Adam 2002; Girrier 
2003; Ingham 2003; Whittaker and Sidner 1996) we are also able to distinguish between intrinsic, 
extraneous, and germane cognitive load. Distinguishing between different types of cognitive load is 
beneficial as they result from different causes. Whereas intrinsic cognitive load cannot be changed, 
extraneous cognitive load is caused by inadequate presentation and can be reduced without changing the 
content of the e-mail. Germane cognitive load which is dealing with learning activities can be also reduced 
if there is less inadequate presentation. Overall partially germane and especially extraneous cognitive load 
are the theoretical base for coping tools, coping strategies and optimization in general, as they should aim 
for the reduction of those load types. Additionally we contribute to the causes of e-mail overload by being 
able to investigate the format of e-mail conversations. This approach is congruent with the investigation 
of existing single causes, such as interruptions (Gupta et al. 2013; Gupta et al. 2011; Renaud et al. 2006; 
Vidgen et al. 2011). 

We also contribute to the more general research stream of IO with this paper by providing a valid 
measurement instrument to assess intrinsic, extraneous, and germane cognitive load of not only the 
format of e-mail conversations but also of any text format. A related concept of cognitive load has been 
used in the early stages of IO research (Grisé and Gallupe 1999). However, to our knowledge cognitive 
load, especially intrinsic, extraneous, and germane cognitive load has not been used to assess causes of IO. 
With this approach of assessing causes we provide the possibility to extend existing insights on 
information characteristics (Keller and Staelin 1987; Plumlee 2003; Schneider 1987) and gain a deeper 
understanding how and by which cognitive load these information characteristics contribute to IO. 

Our measurement model, the design, and the pilot of our experiment are also an important contribution 
for practice. For white collar workers it is first priority to understand how they can reduce e-mail overload 
by knowing how much specific causes contribute to e-mail overload. Our work can be used as a toolbox for 
analyzing whether coping tools or coping strategies are able to help them to reduce the probability of e-
mail overload. Based on the concepts of intrinsic, extraneous, and germane cognitive load they are able to 
evaluate whether coping tools or coping strategies indeed result in a reduction of cognitive load. The 
reduction of cognitive load is either based on the real reduction of information which results in a lower 
intrinsic cognitive load or if it is based on extraneous cognitive load which is based on an adequate 
presentation. For practitioners it is suggested to improve the presentation of information and reduce 
extraneous cognitive load as no information is lost. More specific for the format of e-mail conversations it 
is advisable to avoid the reading of long e-mail conversations as an overhead of extraneous and germane 
cognitive load is created by the presence of a split attention effect. Practices like the forwarding of e-mail 
conversations in order to involve third persons can be improved by summarizing the key facts. 

For future research, we encourage researchers to use our hypotheses or our measurement scales in order 
to develop experiments assessing intrinsic, extraneous, and germane cognitive load of different types of 
texts. We will sharpen and adapt our items and will seek support for our hypotheses with an experiment. 
Furthermore, it is promising to explore additional formats of e-mails as existing research shows that e-
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mail is not only used for communication but also for other tasks (Whittaker and Sidner 1996). In a second 
step the impact of these e-mail formats on intrinsic, extraneous, and germane cognitive load can be 
assessed using our validated scales. 

Our study is not without limitations. The format of e-mail conversations is not the single cause of IO as 
existing research also sees the high amount of e-mails sent around as a cause of stress (Barley et al. 2011) 
and IO (Dabbish and Kraut 2006; Sumecki et al. 2011). But other technologies are also able to cause IO 
(Bawden 2001) and even without any technology, information is able to cause IO (Schroder et al. 1967). 
Looking at the methodology, we obtained good results for our measurement model, fit indices, validities, 
and reliability. In terms of the measurement of cognitive load we focused on latent variables which are in 
this case able to differentiate intrinsic, extraneous, and germane cognitive load. However, further 
assessment methods for cognitive load in general are available (e.g., electroencephalography Antonenko 
et al. 2010). Due to the limited data in the pilot study, we did not seek support for our hypotheses and 
therefore we are unable to fully answer our research question. 

Conclusion 

Because existing research relies on the total amount of e-mails and individual’s perception about it we 
demonstrated that also a single e-mail in terms of the format needs to be examined. We investigated the 
format of e-mail conversations, which is characterized by answering on top of the history of quoted e-
mails. By drawing on cognitive load theory we designed an experiment to measure intrinsic, extraneous, 
and germane cognitive load and conducted a pilot test which we analyzed based on exploratory factor 
analysis, confirmatory factor analysis and model fit. The results indicate strong reliability, discriminant 
validity, and convergent validity, as well as good model fit. With this unique measurement model, based 
the pilot of our experiment, we contribute to e-mail overload and IO. 

REFERENCES 

Adam, R. 2002. "Is e-mail addictive?," Aslib Journal of Information Management (54:2), 2002, pp. 85-
94. 

Antonenko, P., Paas, F., Grabner, R., and van Gog, T. 2010. "Using Electroencephalography to Measure 
Cognitive Load," Educational Psychology Review (22:4), pp. 425-438. 

Bälter, O. and Sidner, C. 2002. "Bifrost inbox organizer: giving users control over the inbox," in: 
NordiCHI '02 Proceedings of the second Nordic conference on Human-computer interaction Aarhus, 
Denmark: ACM. 

Barley, S.R., Meyerson, D.E., and Grodal, S. 2011. "E-mail as a Source and Symbol of Stress," 
Organization Science (22:4), pp. 887-906. 

Barrouillet, P., Bernardin, S., Portrat, S., Vergauwe, E., and Camos, V. 2007. "Time and cognitive load in 
working memory," Journal of Experimental Psychology: Learning, Memory, and Cognition (33:3), 
pp. 570-585. 

Bawden, D. 2001. "Information overload," Library & Information Briefings (92), pp. 1-15. 
Bentler, P.M. 1990. "Comparative Fit Indexes in Structural Models," Psychological Bulletin (107:2), pp. 

238-246. 
Berghel, H. 1997. "Cyberspace 2000: Dealing with Information Overload," Communications of the ACM 

(40:2), 02, pp. 19-24. 
Bollen, K.A. 1990. "Overall fit in covariance structure models: Two types of sample size effects," 

Psychological Bulletin (107:2), pp. 256-259. 
Browne, M.W. and Cudeck, R. 1993. "Alternative ways of assessing model fit," in: Testing structural 

equation models, K.A. Bollen and J.S. Long (eds.). Newsbury Park, CA: Sage, pp. 136-162. 
Chandler, P. and Sweller, J. 1991. "Cognitive load theory and the format of instruction.," Cognition and 

Instruction (8:4), pp. 293-332. 
Chandler, P. and Sweller, J. 1992. "The split attention effect as a factor in the design of instruction," 

British Journal of Educational Psychology (62:2), pp. 233-246. 
Chen, C.-Y., Pedersen, S., and Murphy, K.L. 2011. "Learners' Perceived Information Overload in Online 

Learning via Computer-Mediated Communication," Research in Learning Technology (19:2), pp. 
101-116. 



  Impact of E-Mail Conversations on E-Mail Overload 
  

 Twenty First Americas Conference on Information Systems, Puerto Rico, 2015 11 

Chen, C.-Y., Pedersen, S., and Murphy, K.L. 2012. "The influence of perceived information overload on 
student participation and knowledge construction in computer-mediated communication," 
Instructional Science (40:2), pp. 325-349. 

Chi, M.T.H., Glaser, R., and Rees, R. 1982. "Expertise in problem solving," Advances in the psychology of 
human intelligence (1). 

Cowan, N. 2001. "The magical number 4 in short-term memory: A reconsideration of mental storage 
capacity," Behavioral and Brain Sciences (24:1), Feb, pp. 87-185. 

Dabbish, L. and Kraut, R. 2006. "Email overload at work: An analysis of factors associated with email 
strain," Proceedings of the 2006 20th anniversary conference on Computer supported cooperative 
work, Banff, Alberta, Canada: ACM, pp. 431-440. 

Ducheneaut, N. and Bellotti, V. 2001. "Email as habitat: An exploration of embedded personal 
information management," Interactions (8:5), pp. 30-38. 

Eppler, M.J. and Mengis, J. 2004. "The concept of information overload: A review of literature from 
organization science, accounting, marketing, MIS, and related disciplines," Information Society 
(20:5), Nov-Dec, pp. 325-344. 

Feldman Barrett, L., Tugade, M.M., and Engle, R.W. 2004. "Individual Differences in Working Memory 
Capacity and Dual-Process Theories of the Mind," Psychological bulletin (130:4), pp. 553-573. 

Fisher, D., Brush, A.J., Gleave, E., and Smith, M.A. 2006. "Revisiting Whittaker & Sidner's "email 
overload" ten years later," in: Proceedings of the 2006 20th anniversary conference on Computer 
supported cooperative work. Banff, Alberta, Canada: ACM. 

Gefen, D., Rigdon, E.E., and Straub, D. 2011. "An Update and Extension to SEM Guidelines for 
Administrative and Social Science Research (Editor's Comments)," MIS Quarterly (35:2), pp. iii-xiv. 

Gill, S. 1998. "UK business information on the Internet," New Library World (90:6), pp. 238-242. 
Girrier, R.P. 2003. "E-mail is a two-edge sword," United States Naval Institute Proceedings (129), pp. 90-

93. 
Grevet, C., Choi, D., Kumar, D., and Gilbert, E. 2014. "Overload is overloaded: email in the age of Gmail," 

Proceedings of the SIGCHI Conference on Human Factors in Computing Systems, Toronto, Ontario, 
Canada: ACM, pp. 793-802. 

Grisé, M.-L. and Gallupe, R.B. 1999. "Information Overload: Addressing the Productivity Paradox in Face-
to-Face Electronic Meetings," Journal of Management Information Systems (16:3), 12/01, pp. 157-
185. 

Gupta, A., Li, H., and Sharda, R. 2013. "Should I send this message? Understanding the impact of 
interruptions, social hierarchy and perceived task complexity on user performance and perceived 
workload," Decision Support Systems (55:1), pp. 135-145. 

Gupta, A., Sharda, R., and Greve, R.A. 2011. "You've got email! Does it really matter to process emails now 
or later?," Information Systems Frontiers (13:5), Nov, pp. 637-653. 

Hair, J.F., Black, W.C., Babin, B.J., and Anderson, R.E. 2010. Multivariate data analysis: A global 
perspective, (7th ed.). Upper Saddle River, NJ, USA: Pearson-Hall International. 

Hair, J.F., Ringle, C.M., and Sarstedt, M. 2011. "PLS-SEM: Indeed a silver bullet," The Journal of 
Marketing Theory and Practice (19:2), pp. 139-152. 

Heylighen, F. 2004. "Complexity and Information Overload in Society: why increasing efficiency leads to 
decreasing control," The Information Society (87), pp. 1-19. 

Hiltz, S.R. and Turoff, M. 1985. "Structuring computer-mediated communication systems to avoid 
information overload," Communications of the ACM (28:7), 07, pp. 680-689. 

Hu, L.-t. and Bentler, P.M. 1999. "Cutoff criteria for fit indexes in covariance structure analysis: 
Conventional criteria versus new alternatives," Structural Equation Modeling: A Multidisciplinary 
Journal (6:1), pp. 1-55. 

Ingham, J. 2003. "E-mail overload in the UK workplace," Aslib Proceedings (55:3), pp. 166-180. 
Jones, Q., Ravid, G., and Rafaeli, S. 2004. "Information Overload and the Message Dynamics of Online 

Interaction Spaces: A Theoretical Model and Empirical Exploration," Information Systems Research 
(15:2), 06, pp. 194-210. 

Just, M.A. and Carpenter, P.A. 1992. "A capacity theory of comprehension: individual differences in 
working memory," Psychol Rev (99:1), pp. 122-149. 

Kalyuga, S. 2011. "Cognitive Load Theory: How Many Types of Load Does It Really Need?," Educational 
Psychology Review (23:1), pp. 1-19. 

Keller, K.L. and Staelin, R. 1987. "Effects of Quality and Quantity of Information on Decision 
Effectiveness," Journal of Consumer Research (14:2), pp. 200-213. 



  Impact of E-Mail Conversations on E-Mail Overload 
  

12 Twenty First Americas Conference on Information Systems, Puerto Rico, 2015 

Kirsh, D. 2000. "A few thoughts on cognitive overload," Intellectica (30:1), pp. 19-51. 
Kline, R.B. 2005. Principles and Practice of Structural Equation Modeling, (2nd Edition ed.). New York: 

The Guilford Press. 
Kock, N. 2001a. "Asynchronous and distributed process improvement: the role of collaborative 

technologies.," Information Systems Journal for East European management studies (11:2), pp. 87-
110. 

Kock, N. 2001b. "Compensatory adaptation to a lean medium: an action research investigation of 
electronic communication in process improvement groups," Professional Communication, IEEE 
Transactions on (44:4), pp. 267-285. 

Kock, N. 2004. "The Psychobiological Model: Towards a New Theory of Computer-Mediated 
Communication Based on Darwinian Evolution," Organization Science (15:3), pp. 327-348. 

Kock, N. 2005. "Media richness or media naturalness? The evolution of our biological communication 
apparatus and its influence on our behavior toward E-communication tools," Professional 
Communication, IEEE Transactions on (48:2), pp. 117-130. 

Kock, N. 2007. "Media naturalness and compensatory encoding: The burden of electronic media obstacles 
is on senders," Decision Support Systems (44:1), pp. 175-187. 

Kock, N. 2009. "Information Systems Theorizing based on Evolutionary Psychology: An Interdisciplinary 
Review and Theory Integration Framework," MIS Quarterly (33:2), pp. 395-418. 

Leppink, J., Paas, F., Van der Vleuten, C.P.M., Van Gog, T., and Van Merriënboer, J.J.G. 2013. 
"Development of an instrument for measuring different types of cognitive load," Behavior Research 
Methods (45:4), pp. 1058-1072. 

Leppink, J., Paas, F., van Gog, T., van der Vleuten, C.P.M., and van Merriënboer, J.J.G. 2014. "Effects of 
pairs of problems and examples on task performance and different types of cognitive load," Learning 
and Instruction (30:0), pp. 32-42. 

Maier, C., Laumer, S., Eckhardt, A., and Weitzel, T. 2014. "Giving too much social support: social overload 
on social networking sites," European Journal of Information Systems). 

Miller, G.A. 1956. "The Magical Number Seven, Plus or Minus Two: Some Limits on Our Capacity for 
Processing Information," The Psychological Review (63:2), pp. 81-97. 

Moore, G.C. and Benbasat, I. 1991. "Development of an Instrument to Measure the Perceptions of 
Adopting an Information Technology Innovation," Information Systems Research (2:3), pp. 192-222. 

Moore, J.E. 2000. "One Road to Turnover: An Examination of Work Exhaustion in Technology 
Professionals," MIS Quarterly (24:1), pp. 141-168. 

Mulaik, S.A., James, L.R., Van Alstine, J., Bennett, N., Lind, S., and Stilwell, C.D. 1989. "Evaluation of 
goodness-of-fit indices for structural equation models," Psychological Bulletin (105:3), pp. 430-445. 

O'Leary-Kelly, S.W. and Vokurka, R.J. 1998. "The empirical assessment of construct validity," Journal of 
Operations Management (16:4), pp. 387-405. 

Paas, F. 1992. "Training strategies for attaining transfer of problem-solving skills in statistics: a cognitive 
load approach," Journal of Educational Psychology (84:4), pp. 429-434. 

Paas, F., Tuovinen, J., Tabbers, H., and Van Gerven, P. 2003. "Cognitive load measurement as a means to 
advance cognitive load theory," Educational Psychologist (38:1), pp. 63-71. 

Plumlee, M.A. 2003. "The Effect of Information Complexity on Analysts' Use of That Information," The 
Accounting Review (78:1), pp. 275-296. 

Ragu-Nathan, T.S., Tarafdar, M., Ragu-Nathan, B.S., and Tu, Q. 2008. "The Consequences of 
Technostress for End Users in Organizations: Conceptual Development and Empirical Validation," 
Information Systems Research (19:4), pp. 417-433. 

Renaud, K., Ramsay, J., and Hair, M. 2006. ""You've Got E-Mail!" ... Shall I Deal With It Now? Electronic 
Mail From the Recipient's Perspective," International Journal of Human-Computer Interaction 
(21:3), pp. 313-332. 

Savolainen, R. 2007. "Filtering and withdrawing: strategies for coping with information overload in 
everyday contexts," Journal of Information Science (33:5), 10, pp. 611-621. 

Schneider, S.C. 1987. "Information overload: causes and consequences," Human Systems Management 
(7:1987), pp. 143-153. 

Schneider, W. and Shiffrin, R.M. 1977. "Controlled and automatic human information processing: I. 
Detection, search, and attention," Psychological Review (84:1), pp. 1-66. 

Schroder, H.M., Driver, M.J., and Streufert, S. 1967. Human information processing; individuals and 
groups functioning in complex social situations, New York: Holt, Rinehart and Winston. 



  Impact of E-Mail Conversations on E-Mail Overload 
  

 Twenty First Americas Conference on Information Systems, Puerto Rico, 2015 13 

Schuff, D., Turetken, O., and D'Arcy, J. 2006. "A multi-attribute, multi-weight clustering approach to 
managing "e-mail overload"," Decision Support Systems (42:3), pp. 1350-1365. 

Schultz, U. and Vandenbosch, B. 1998. "Information Overload in a Groupware Environment: Now You 
See It, Now You Don't," Journal of Organizational Computing & Electronic Commerce (8:2), 06, pp. 
127-148. 

Shevlin, M. and Miles, J.N.V. 1998. "Effects of sample size, model specification and factor loadings on the 
GFI in confirmatory factor analysis," Personality and Individual Differences (25:1), pp. 85-90. 

Shiffrin, R.M. and Schneider, W. 1977. "Controlled and automatic human information processing: II. 
Perceptual learning, automatic attending and a general theory," Psychological Review (84:2), pp. 127-
190. 

Straub, D., Boudreau, M.C., and Gefen, D. 2004. "Validation guidelines for IS positivist research," 
Communications of the Association for Information Systems (13:24), pp. 380-427. 

Sumecki, D., Chipulu, M., and Ojiako, U. 2011. "Email overload: Exploring the moderating role of the 
perception of email as a 'business critical' tool," International Journal of Information Management 
(31:5), 10, pp. 407-414. 

Sweller, J. 2010. "Element Interactivity and Intrinsic, Extraneous, and Germane Cognitive Load," 
Educational Psychology Review (22:2), pp. 123-138. 

Sweller, J., Ayres, P., and Kalyuga, S. 2011. Cognitive load theory, New York, USA: Springer. 
Sweller, J. and Chandler, P. 1994. "Why Some Material Is Difficult to Learn," Cognition and Instruction 

(12:3), pp. 185-233. 
Sweller, J., Chandler, P., Tierney, P., and Cooper, M. 1990. "Cognitive load as a factor in the structuring of 

technical material," Journal of Experimental Psychology: General (119:2), pp. 176-192. 
Sweller, J., van Merrienboer, J.G., and Paas, F.W.C. 1998. "Cognitive Architecture and Instructional 

Design," Educational Psychology Review (10:3), pp. 251-296. 
Szóstek, A.M. 2011. "'Dealing with My Emails': Latent user needs in email management," Computers in 

Human Behavior (27:2), pp. 723-729. 
Tarmizi, R.A. and Sweller, J. 1988. "Guidance during mathematical problem solving," Journal of 

Educational Psychology (80:4), pp. 424-436. 
Van Gog, T. and Kester, L. 2012. "A test of the testing effect: acquiring problemsolving skills from worked 

examples," Cognitive Science (36:8), pp. 1532-1541. 
Van Merriënboer, J.J.G. and Sweller, J. 2005. "Cognitive Load Theory and Complex Learning: Recent 

Developments and Future Directions," Educational Psychology Review (17:2), pp. 147-177. 
Van Merriënboer, J.J.G. and Sweller, J. 2010. "Cognitive load theory in health professional education: 

design principles and strategies," Medical Education (44:1), pp. 85-93. 
Vidgen, R., Sims, J., and Powell, P. 2011. "Understanding e-mail overload," Journal of Communication 

Management (15:1), pp. 84-98. 
Vollmann, T.E. 1991. "Cutting the Gordian Knot of Misguided Performance Measurement," Industrial 

Management & Data Systems (91:1), pp. 24-26. 
Ward, M. and Sweller, J. 1990. "Structuring Effective Worked Examples," Cognition and Instruction (7:1), 

pp. 1-39. 
Whittaker, S. and Sidner, C. 1996. "Email overload: exploring personal information management of 

email," Proceedings of the SIGCHI Conference on Human Factors in Computing Systems, 
Vancouver, British Columbia, Canada: ACM, pp. 276-283. 

 

 


