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Students’ mind wandering in macroscopic and submicroscopic textual narrations and its 

relationship with their reading comprehension 

Abstract 

The aim of the current study was to investigate students’ mind wandering while reading different 

types of textual narrations (macroscopic and submicroscopic) in chemistry. Another goal was to 

determine the relationship between mind wandering and students’ reading comprehension. The 

participants were 65 female ninth grade students in Oman. Using a computer screen, participants 

were required to read about sodium chloride. A probe-catch procedure was used to measure 

students’ mind wandering. Half of the slides presented textual narrations at the macroscopic level 

and the other half presented narrations at the submicroscopic level. We gave the students a paper 

and pencil reading comprehension test at the conclusion of the reading task. The findings 

indicated that participants’ mind wandering while reading submicroscopic textual narrations was 

significantly higher when compared to reading macroscopic textual narrations. Also, there was a 

significant negative relationship between mind wandering and reading comprehension for both 

macroscopic and submicroscopic textual narrations. Implications and future research are 

discussed. 

Keywords: Cognitive abilities; macroscopic textual narrations; mind wandering; reading 

comprehension; Sodium Chloride; submicroscopic textual narrations 
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Introduction 

General students’ performance in chemistry has been associated with their reading 

comprehension (Pyburn, Pazicni, Benassib, & Tappinc, 2013). Students with high language 

comprehension have a cognitive advantage over students with low language comprehension. 

They are able to: 1) inhibit irrelevant details and 2) use prior knowledge efficiently. What is 

more, language comprehension ability compensates for lack of prior knowledge (Pyburn et al., 

2013). However, little is known about learners’ reading comprehension of different types of 

textual narrations in chemistry (macroscopic and submicroscopic) and whether students’ 

attention to both types of narration is consistent. When attention is not devoted to the text, mind 

wandering takes place. Linking this mind wandering to macroscopic and submicroscopic textual 

narrations has not been given proper attention in chemistry education research. The closest line 

of research is the investigation of the effect of field dependent attributes on students’ 

performance in chemistry. Field dependent students are those who are easily distracted by 

irrelevant material. Their performance in chemistry is found to be negatively affected by their 

field dependency (Al-Naeme & Johnstone, 1991; Danili & Reid, 2006). Field dependent 

attributes seem to affect students’ test performance regardless of the type or content of test 

questions: algorithmic questions or questions where language is important (Danili & Reid, 2006). 

The scope of this study is to investigate students’ mind wandering while reading macroscopic 

and submicroscopic textual narrations in chemistry. 

Cognitive processing of macroscopic and submicroscopic levels of chemistry 

The triplet nature of chemistry (macroscopic, submicroscopic and symbolic) has been an 

indispensable subject of research and discussion in chemistry education literatures ( umon   
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  oughi- hadhraoui         ilen ovi    egedinac    Hrin         rilliman         yan   

Herrington, 2014; Taber, 2013; Warfa, Roehrig, Schneider, & Nyachwaya, 2014). The three 

levels included in this triplet nature of chemistry are considered as levels of thought (Johnstone, 

2000).  tudents’ performance in chemistry has been attributed to their ability to conceptualize 

chemical phenomena and entities in terms of these three levels. Much of the difficulty students 

have in learning chemistry and the related misconceptions have been considered to be a result of 

their inability to comprehend the details of the phenomenon undertaken at the three levels and 

their failure to move spontaneously among them ( elly         ilen ovi  et al.        

Prilliman, 2014; Ryan & Herrington, 2014; Sanger, Vaughn, & Binkley, 2        str m   

Talanquer, 2014; Warfa et al., 2014). In addition, most of the learners do not seem to 

spontaneously provide a submicroscopic explanation of chemical phenomena unless they are 

cued to do so (Al-Balushi, 2012, 2013a).  

There have been different attempts to cognitively understand students’ cognitive 

processing of macroscopic and submicroscopic concepts. Since the macroscopic level is the 

observable domain of chemistry and the submicroscopic level is the unobservable level, 

students’ conceptuali ation of each of them has not been the same (Gulacar, Eliks, & Bowman, 

2014; Springer, 2014; Taber, 2013). Different studies investigated students’ cognitive processes 

when conceptualizing macroscopic and submicroscopic entities and processes. Generally 

speaking, the level of abstractness for submicroscopic concepts is considered to be higher than 

for macroscopic concepts of the physical world (Al-Balushi, 2011, 2013b; Al-Balushi & Coll, 

2013; Gericke & Hagberg, 2007; Taber, 2013). In fact, viewing and manipulating chemical 

representations in the physical world or providing learners with information-rich representations 

places less cognitive load than processing them solely in the student’s mind (Cranford, 
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Tiettmeyer, Chuprinko, Jordan, & Grove, 2014; Springer, 2014). In addition, higher-performance 

students, who are able to handle higher cognitive loads could represent the chemical phenomena 

at macroscopic, submicroscopic and symbolic levels better than lower-performance students 

(Gulacar et al., 2014). Interestingly, presenting unconnected macroscopic and submicroscopic 

information places more cognitive load on learners’ wor ing memory than does integrating 

different levels by which learners could conceptualize linkages among them ( ilen ovi  et al.  

2014). 

Another cognitive aspect related to students’ conceptuali ation of the macroscopic and 

submicroscopic entities and processes is their conception of “si e and scale”.  tudents’ 

estimation of the spatial scales of submicroscopic entities is less accurate compared with 

macroscopic ones (Jones, Gardner, Taylor, Wiebe, & Forrester, 2011; Jones & Taylor, 2009; 

Tretter, Jones, & Minogue, 2006). Not only is students’ estimation of scales negatively affected 

as they move from the macroscopic to submicroscopic, but also their doubt in the existence of 

natural entities increases. Students express more suspicion about the existence of more abstract 

theoretical entities, such as electron clouds and photons, than less abstract entities, such as 

meteorites, body cells and bacteria (Al-Balushi, 2011, 2013b). In addition, since they lack 

definite details, more theoretical entities trigger more vivid mental images than more concrete 

entities (Al-Balushi, 2013b). Another cognitive attribute that distinguishes students’ 

conceptualization at both the macroscopic and submicroscopic level is spatial ability. Much of 

students’ success in understanding different macroscopic and submicroscopic entities and 

phenomena is linked to their spatial ability (Carter, Larussa, & Bodner, 1987; Pribyl & Bodner, 

1987; Wang & Barrow, 2011; Wu & Shah, 2004; Yang, Andre, Greenbowe, & Tibell, 2003).  
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Collectively, the research results discussed above reveal that learners’ cognitive 

processing and conceptualization of entities and phenomena at the macroscopic and 

submicroscopic levels in chemistry are related to the level of abstractness (Al-Balushi, 2011, 

2013b; Al-Balushi & Coll, 2013; Gericke & Hagberg, 2007; Taber, 2013), cognitive load 

(Cranford, Tiettmeyer, Chuprinko, Jordan, & Grove, 2014; Gulacar et al., 2014; Springer, 2014), 

learners’ estimation of si e and scale at both levels (Jones, Gardner, Taylor, Wiebe, & Forrester, 

2011; Jones & Taylor, 2009; Tretter, Jones, & Minogue, 2006) learners’ distrust of the existence 

of scientific entities (Al-Balushi, 2011, 2013b)  and spatial ability required (Carter, Larussa, & 

Bodner, 1987; Pribyl & Bodner, 1987; Wang & Barrow, 2011; Wu & Shah, 2004; Yang, Andre, 

Greenbowe, & Tibell, 2003). Due to the differences between macroscopic and submicroscopic 

levels, the current study focuses on finding whether mind wandering can be added to the list of 

these differences (mentioned above) and eventually contributes to our interpretations of students’ 

comprehension. It should be noted that some of the above cognitive parameters might be 

considered to be causes of the differences between macroscopic and submicroscopic, while 

others might be considered to be consequences of these differences. Mind wandering is probably 

one of the consequences. However, the disparity between these cognitive parameters is outside 

the scope of this paper. 

It might be argued that if students’ minds are wandering, it means that they are not 

putting in the necessary mental effort, i.e. they are not paying attention. This would obviously 

lead to a slower reading rate and lower comprehension. However, since we are comparing 

between two different types of textual narrations (i.e. macroscopic and submicroscopic), findings 

will help us decide which type, if any, leads to more mind wandering. Understanding this will 

help chemistry educators, especially curriculum designers and teachers, to initiate instructional 
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techniques that reduce mind wandering when it comes to using the type of text that leads to more 

mind wandering. 

Mind wandering 

Mind wandering is defined as decoupling attention from an immediate task context 

toward unrelated concerns (Schooler et al., 2011; Smallwood & Schooler, 2006). Mind 

wandering is an attention state where the individual is not completely focused on the task at 

hand. Importantly, mind wandering is principally described as a failure of cognitive control 

(McVay, Kane, & Kwapil, 2009; Reichle, Reineberg, & Schooler, 2010; Smallwood, 

McSpadden, & Schooler, 2008). Literature shows that mind wandering has been studied in 

several tasks. These tasks are signal detection, verbal encoding, visuomotor tasks, reading, 

sustained attention, working memory and intelligence testing (Antrobus, 1968; Reichle et al., 

2010; Schooler, Reichle, & Halpern, 2004).   

Perhaps the situation in which the disruptive effects of mind wandering have been most 

thoroughly explored is that of reading (Reichle et al., 2010; Schooler et al., 2004; Smallwood, 

2011; Smallwood et al., 2008; Smilek, Carriere, & Cheyne, 2010). During reading, when the 

mind starts wandering to unrelated feelings and thoughts, the eyes keep on scanning the words 

without paying attention to their meaning (Smallwood, 2011). More specifically, mind 

wandering leads to item-specific comprehension deficits as well as model-building deficits 

(Smallwood et al., 2008). In addition, mind wandering is associated with a reduced coupling 

between motor responses and their lexical determinants (Smallwood, 2011). Unfortunately, this 

disengagement from the external environment that has been observed in reading tasks appears to 
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occur in many other performance settings, with important implications (Matthew & Thomas, 

2014; Smallwood, 2001).  

A study conducted by Foulsham, Farley, and Kingetone
 
(2013) investigated the 

differences in eye movements and mind wandering made during reading. Participants were 

introduced to 48 key sentences (24 with low frequency target words and 24 with high frequency 

target words). Eye movement was recorded while reading. Mind wandering was measured by 

using a probe screen that asked subjects to answer whether they were on task or not. The study 

presented multiple differences between reading prior to a mind wandering response and reading 

when on tas . The consequences of students’ mind wandering were slower reading times  longer 

average fixation duration and an absence of the word frequency effect on gaze duration. 

Interestingly, during mind wandering the link between eye scanning and word identification 

decoupled, supporting the disengagement given above.  

To date, mind wandering is measured by self-report measures. Previous investigations 

have used one of two methods: self-catch or probe-catch. In a “self-catch” procedure  

participants are instructed to self-monitor their attention and respond when it strays from the 

task, thus identifying their own mind wandering (Ward & Wegner, 2013). An alternative is the 

“probe-catch” procedure  whereby a probe sporadically as s participants whether they were on 

task or mind wandering. The self-catch procedure requires meta-awareness and thus monitors 

episodes where the participant is both off task and becomes aware of this fact (Ward & Wegner, 

2013). In the present study, we used the probe-catch procedure—asking participants to respond 

to thought probes.  

Purpose of study 
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The purpose of the current study was to explore whether mind wandering would differ 

when reading different types of textual narrations (macroscopic and submicroscopic). In 

addition, the relationship between mind wandering and reading comprehension was measured. 

Thus the study investigates two research questions: 

1.  oes students’ mind wandering while reading textual narrations in chemistry differ 

for macroscopic and submicroscopic texts? 

2. What is the nature of the relationship between students’ mind wandering and their 

comprehension of textual narrations (macroscopic and submicroscopic) in chemistry?  

Methodology 

Participants 

The participants were 65 grade nine female students in two different female schools in 

Muscat, the capital of the Sultanate of Oman. The school system in Oman has two different 

phases: A) the basic education phase which includes cycle I (grades 1–4) and cycle II (grades 5–

10), and B) the post-basic education phase which includes grades 11 and 12. Cycle I schools are 

mixed gender schools; however, the rest of the grade levels are offered in gender-based schools. 

Arabic is the mother tongue of the participants, and the language of instruction for science 

subjects in Omani public schools is Arabic. 

Design and Procedures 

We used a randomized design in which a series of mind-wandering measures were 

recorded for a single group within a period of time during which participants were given two 

types of textual narrations (macroscopic and submicroscopic) to read. The order of which type of 
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narration came first was assigned randomly to participants. The experiment took place in the 

school’s computer lab. A text about table salt (sodium chloride) was shown to each participant 

on a computer screen. Since the language of instruction is Arabic, all materials were presented in 

Arabic.  The text was presented on six slides each of which was shown for three minutes. Three 

slides presented macroscopic passages and three slides presented submicroscopic passages. To 

control for the order effect, the order of macroscopic/submicroscopic textual slides was designed 

in two versions which were received randomly by the participants. The first version (X-version) 

started with the macroscopic slides while the second version (Y-version) started with the 

submicroscopic slides. Table 1 illustrates the sequence of the experiment. 

After each text slide, the computer presented for 30 seconds a slide that had a mind 

wandering question asking participants to determine whether their thoughts were on or off task. 

During the 30 seconds, the participant was instructed to respond to the question on a paper-based 

answer sheet. Then when these 30 seconds were over, the computer screen moved to another text 

slide that was presented for three minutes. Once all slides had been shown and participants had 

responded to all six mind wandering questions, a comprehension test was given for 20 minutes. 

Since participants were required to answer the mind-wandering question during which they 

needed to focus and check out an answer in a given paper, we believe that their mind wandering 

diminished after each question, before they moved to the next reading slide. 

The word count for the textual slides was 272.5 on average: macroscopic (3 slides; 

273.67 words in average; total=821) and submicroscopic (3 slides; 271.33 words in average; 

total=814). This variation in word count among slides was caused by the desire to have complete 

idea(s) within each slide. Splitting the same idea between two slides was thought to add a 

distraction to participants.  
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Table 1: The Sequence of the Experiment 

 

The participants were made aware before they left for the computer lab that they would 

be asked to respond to a research instrument. It was also made clear to participants that their 

completion of the instrument would not count as part of their course mark. The study was 

performed in compliance with the relevant laws and Ministry of Education guidelines, with the 

Slide Content X-version of order 

(received randomly by 

one half of the 

participants) 

Y-version of order 

(received  randomly by 

the other half of the 

participants) 

 Duration 

(min) 

1
st
 Instructions     

2
nd

 First section of text  Macroscopic Submicroscopic  3 

3
rd

 First mind wandering question - -  0.5 

4
th

 Second  section of text  Macroscopic Submicroscopic  3 

5
th

 Second mind wandering question - -  0.5 

6
th

 Third  section of text  Macroscopic Submicroscopic  3 

7
th

 Third mind wandering question - -  0.5 

8
th

 Fourth section of text  Submicroscopic Macroscopic  3 

9
th

 Fourth mind wandering question - -  0.5 

10
th
 Fifth  section of text  Submicroscopic Macroscopic  3 

11
th
 Fifth mind wandering question - -  0.5 

12
th
 Sixth section of text  Submicroscopic Macroscopic  3 

13
th
 Sixth mind wandering question - -  0.5 

14
th
 Directing participants to do the 

reading comprehension test which 

was given for 20 minutes 

- -  0.5 
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school’s permission to conduct the study being obtained. No ris s  such as tiredness or potential 

serious damage to participants, were anticipated in the study as the time they spent during the 

administration was relatively short and the nature of the instrument was at the participants’ 

cognitive level. Safety precautions in the computer lab were taken into consideration. The 

computer lab that hosted the study was built by the Ministry, equipped with modern devices and 

designed according to high safety specifications. The study was implemented by a cooperative 

teacher who was present during the implementation of the study. At no time were participants 

left alone in the lab without monitoring. Data obtained from the study were dealt with securely 

by the researchers and no one other than the two of them was made aware of the participants’ 

scores.  articipants’ identities were  ept anonymous. 

Instruments and materials 

The textual narrations. The textual narrations were about table salt (sodium chloride). There 

were two types of narrations: macroscopic and submicroscopic. Appendix A illustrates the topics 

included in each type. To minimize the intervention of text familiarity, it was the intention not to 

provide participants with textual passages that they had encountered before. Thus, the textual 

narrations used in the current study were constructed by the authors. Omani student science 

textbooks were reviewed and two American published high school chemistry textbooks were 

consulted (Myers, Oldham, & Tocci, 2004; Wilbraham, Staley, Matta, & Waterman, 2004). 

 The scientific content of the narrations was validated by a panel of four referees: two 

science educators working at a national university and two experienced ninth grade chemistry 

teachers. The panel was asked to check the content for scientific accuracy, readability of the text 
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and its appropriateness for grade nine students. Based on this panel’s suggestions, some minor 

linguistic corrections in phrases were made. 

Mind wandering. The present study used a probe-catch procedure with randomly presented 

probes. Participants were given text to read and were periodically probed with questions 

regarding whether at that moment their thoughts were on or off task. This is considered to be a 

valid method to measure mind wandering during reading (Dixon & Bortolussi, 2013; Foulsham 

et al., 2013; Schooler et al., 2011; Smallwood, Fishman, & Schooler, 2007; Smallwood et al., 

2008; Smallwood & Schooler, 2006). During the current experiment, participants were probed 

six times while they were reading the textual narrations presented on the computer screen. Each 

probe was given in a new slide after each textual slide (see Table 1). Three mind wandering 

probes were given while they were reading the macroscopic text and three while they were 

reading the submicroscopic text. The mind wandering question that participants were instructed 

to answer was: “Were you fully attending when you were reading the last slide or were you 

thin ing about something else?”  articipants were as ed to rate their attention on a 5-point Likert 

scale: 1: I was thinking about something different all the time (5 points); 2: I was thinking about 

something different most of the time (4 points); 3: I was attending to the text some of the time and 

thinking about something different the rest of the time (3 points); 4: I was attending to the text 

most of the time (2 points); 5: I was attending to the text all the time (1 point).  

It might be predicted that since participants were anticipating the mind-wandering 

question, they would simultaneously have been thinking about these probes, as if the nature of 

the study could lead to mind wandering. Also, one might argue that since participants knew that 

they had to answer a test at the end, then answering the mind-wandering questions was not 

totally independent.  Thus, some participants might make more effort to focus on what they were 
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reading because of their anticipation of the test. However, this aspect of the study was controlled 

for both macroscopic and submicroscopic narrations. Therefore, one should not worry that the 

nature of the study might confound the findings since the same procedure was applied to both 

types of narrations.   

The reading comprehension test. After participants finished reading and responding to the 

computer slides, a test (paper and pencil) was given to participants at the end of the experiment 

which aimed to measure their reading comprehension. There were 20 multiple-choice items, ten 

of them measured the comprehension of the macroscopic text and the other ten measured the 

comprehension of the submicroscopic text. One point was given to each correct response. Thus, 

the total score of the test was 20. The test was reviewed by the same panel that reviewed the 

textual narrations. Minor linguistic changes were made as a result of this reviewing process.  

Piloting the experiment 

 The experiment was piloted on a female grade nine classroom of 20 students to check: 1) 

the flow of the computer slides and the setting of the whole experiment; 2) the readability of the 

computer slides and the comprehension test; and 3) the reliability of the comprehension test. The 

participants were asked to point out any unclear phrases. Minor corrections resulted from this 

process. The comprehension test reliability coefficient was .71. 

Data analysis 

 Data was entered into the IBM SPSS statistics.  tudents’ mind wandering total score  

macroscopic mind wandering, submicroscopic mind wandering, macroscopic test score, 

submicroscopic test score and total test score were computed. Descriptive statistics, t-test paired-

samples statistics and correlations were computed. 
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The decision to use parametric statistics to describe and analyse mind wandering Likert-

scale data is supported by statistical analysis literatures (Boone & Boone, 2012; Knapp, 1990; 

Minium, King, & Bear, 1993; Murray, 2013; Norman, 2010; Sullivan & Artino, 2013) 

suggesting two schools of thought regarding the appropriate statistical analyses for Likert-scale 

data. One school of thought asks researchers to use the median instead of the mean when 

analysing such data. However, the second school of thought considers using means and standard 

deviations as an appropriate method to represent Likert-scale data and welcomes ‘any operations 

that yield lawful relationships and accurate predictions’ ( inium   ing    Bear   99   p. 77). 

Norman (    ) states that ‘parametric methods can be utili ed without concern for “getting the 

wrong answer”’ (p. 6 5). 

Results 

The study has six variables of interest. They are:  ) participants’ overall mind wandering 

performance, 2) mind wandering performance for macroscopic textual narrations, 3) mind 

wandering performance for submicroscopic textual narrations, 4) reading comprehension test 

score, 5) performance on the macroscopic questions of the comprehension test and 6) 

performance on the submicroscopic questions of the comprehension test. The descriptive 

statistics are shown in Table 2. It can be observed that participants’ overall mind wandering 

(m=2.03; SD=0.63) is not considered high. According to the Likert scale mentioned in the 

 ethodology section above  this score falls under ‘attending to the text most of the time’. On the 

other hand, their reading comprehension performance (m=9.50; SD=3.86) was moderate (47.5% 

of the maximum score). The macroscopic reading comprehension sub-score (m=4.88; SD=2.17) 

was moderate (48.8% of the maximum score) and the submicroscopic reading comprehension 

sub-score (m=4.70; SD=2.27) was also moderate (47% of the maximum score). Since the 
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information and concepts about table salt presented in the textual narrations given to participants 

are covered at more advanced grade levels, their moderate comprehension performance level was 

not surprising. 

Table 2: Descriptive Statistics for All Variables 

Instrument Variable N M SD 

Mind wandering  1. MW* score 65 2.03 0.63 

2. Macroscopic MW 65 1.92 0.76 

3. Submicroscopic MW 65 2.14 0.73 

Reading comprehension test 4. Comprehension score** 65 9.50 3.86 

5. Macroscopic sub-score 61 4.88 2.17 

6. Submicroscopic sub-score 60 4.70 2.27 

*MW: mind wandering. ** total score: 20, score range: 1 – 17. 

To answer the first question: Does students’ mind wandering while reading textual 

narrations in chemistry differ for macroscopic and submicroscopic texts? a paired-samples t-test 

was computed (Table 3). The results indicate that the mean score on mind wandering 

performance for submicroscopic textual narrations (m = 2.14; SD=0.73) was significantly greater 

at the p ˂ .    level than the mean score on mind wandering performance for macroscopic 

textual narrations (m = 1.92; SD=0.76). In spite of the significant statistical differences between 

the mind wandering means for macroscopic and submicroscopic, it was noted that neither mind 

wandering means were high. They fell under the category of ‘attending to the text most of the 

time’. This reflects that participants were paying attention to the tas  and ta ing the experiment 

seriously. 

Table 3: t-test Paired-Samples Statistics 

 N M SD 2-tail sig 
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Macroscopic MW
a
 65 1.92 0.76 

0.00** 
Submicroscopic MW

a
 65 2.14 0.73 

a
MW: mind wandering.  ** p <0.001 

To answer the second question: What is the relationship between students’ mind 

wandering and their comprehension of textual narrations (macroscopic and submicroscopic) in 

chemistry? a Pearson correlation was conducted among the variables (Table 4). There was a 

negative significant correlation coefficient (r=- . 9) between participants’ mind mind-wandering 

score and their reading comprehension. 

Table 4: Pearson Correlations among Variables  

Instrument Variables 1 2 3 4 5 

Mind Wandering 

(MW) 

1. MW score 1     

2. Macroscopic MW .85** 1    

3. Submicroscopic MW .83** .42** 1   

Reading 

comprehension 

test 

4. Comprehension score -.49** -.33** -.51** 1  

5. Macroscopic sub-score -.53** -.34** -.54** .87** 1 

6. Submicroscopic sub-score -.31** -.19 -.34** .88** .52** 

** p<.001 

Discussions and Conclusions 

Previous research links mind wandering to poor reading comprehension (Foulsham et al., 

2013; Schooler et al., 2011). This conclusion has been supported in the current study by the 

significant negative correlation between mind wandering and reading comprehension.  In 

addition, the results of the current study indicate that participants had significantly greater mind 

wandering for the submicroscopic textual narrations than they had for the macroscopic textual 

narrations. Thus the findings of the current study add to the main conclusion in chemistry 

education literature that learners’ cognitive processing of macroscopic content differs from their 
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processing of submicroscopic content (Al-Balushi, 2011, 2013a, 2013b; Al-Balushi & Coll, 

2013; Jones et al., 2011; Jones & Taylor, 2009; Taber, 2013; Tretter et al., 2006). Figure 1 

illustrates these differences. 

Figure 1. Cognitive differences between macroscopic and submicroscopic levels in chemistry 

Different studies have tackled the phenomenon of mind wandering during reading and 

could help us understand the higher mind wandering score during the reading of submicroscopic 

narrations. One factor that contributes to keeping the mind focused is the interaction between the 

text information and representations of the more general context related to what is being read 

(Schooler et al., 2011; Smallwood, 2011). During mind wandering this interaction is reduced, 

and the reader becomes unable to build a situational model of what they read. Their inability to 
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choose the important linguistic features of the text and link different text elements leads to weak 

attention and prevents constructing desired meaning (Foulsham et al., 2013; Smallwood et al., 

2007; Smallwood et al., 2008). A coupled processing between two types of representations takes 

place during normal reading: 1) external information presented by the text which is being read 

and 2) internal representations in mind of the reader. When the brain starts mind wandering, this 

coupling interaction breaks down. This reduced external coupling justifies the significant 

negative impact of mind wandering on reading comprehension (Schooler et al., 2011; 

Smallwood, 2011; Smallwood et al., 2007). Also, mindless reading reduces the processing of 

visual information (Smilek et al., 2010) and reading pace becomes slower (Foulsham et al., 

2013). 

Less interesting text leads to more mind wandering (Dixon & Bortolussi, 2013). Also, the 

presence of difficult, new and/or low frequency words within the text is associated with longer 

gaze durations and leads to longer total inspection times (Foulsham et al., 2013; Sereno & 

Rayner, 2003; Smallwood et al., 2008), contributing to slower reading pace (Foulsham et al., 

2013) and worse reading comprehension (Smallwood et al., 2008). This description of words 

could match submicroscopic words. They are more abstract (Al-Balushi, 2011, 2013b; Al-

Balushi & Coll, 2013; Gericke & Hagberg, 2007; Taber, 2013), less frequently encountered by 

learners than macroscopic description of natural phenomena and they represent more difficult 

concepts than macroscopic words ( elly         ilen ovi  et al.         rilliman         yan 

  Herrington         anger et al.           str m   Talanquer        Warfa et al., 2014). 

Students, when interacting with submicroscopic explanations, are required to believe in the 

existence of different unobservable theoretical entities, to comprehend their characteristics and 
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behaviors and to utilize this knowledge in constructing explanations for different phenomena. 

There is no doubt that this is an advanced level of cognitive processing (Taber, 2013).  

We admit that each of the two narrations (macroscopic and submicroscopic) possesses a 

degree of unfamiliarity and exerts a level of cognitive load on the mind of the learner. Thus, one 

would anticipate that characteristics such as unfamiliarity and greater cognitive load would result 

in less efficient reading. However, we did not know, before the results of the current study, 

whether this unfamiliarity and cognitive load were at the level that would lead one type of text to 

have a greater mind-wandering effect than the other. The current study contributes partially to 

providing an answer to this query. Obviously, these cognitive demands are not necessarily at the 

same extensive level when dealing with macroscopic entities and processes. Although a great 

deal of macroscopic terminology and materials are not familiar to students, and they start 

learning about new chemicals in the school laboratory (Taber, 2013), they could still see these 

materials, observe the changes happening to them, manipulate their quantities and watch the 

consequences and relate to observations familiar from their everyday and previous experience 

more than they do for submicroscopic terminology. This helps our brains to chunk information 

by relating new knowledge to existing mental schemata and thus reduces the load on the memory 

span (Taber, 2013). This is not available to such an extent at the submicroscopic level. Thus, the 

new abstract and theoretical terminology presented in the submicroscopic narrations in the 

current study might hinder students’ attempts to ma e sense of what is being presented. To 

conceptualize the submicroscopic entities and phenomena, students have to rely, on many 

occasions  on their imagination.  elying solely on the student’s mind to process chemical 

representations would increase the cognitive load and reduce the possibility of producing 

meaningful learning (Springer, 2014). Previous research reveals that not everybody can imagine 

Page 19 of 28 Chemistry Education Research and Practice

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

C
he

m
is

tr
y

E
du

ca
tio

n
R

es
ea

rc
h

an
d

P
ra

ct
ic

e
A

cc
ep

te
d

M
an

us
cr

ip
t



 
 

20 
 

submicroscopic entities and their dynamic interactions (Al-Balushi, 2009; Al-Balushi & Coll, 

2013). Thus, it could be plausible to suggest that because of the unfamiliarity and abstract nature 

of submicroscopic words and the cognitive load they add while reading them, they were 

associated with slower reading peace, longer gaze durations and longer total inspection times, 

leading to longer mind wandering. Nevertheless, more in-depth data, both quantitative and 

qualitative, are needed to explore the degree of unfamiliarity and cognitive load that learners 

experience when interacting with macroscopic and submicroscopic narrations. 

One solution to mind wandering is metacognitive training such as mindfulness-based 

cognitive therapy which trains individuals to reduce mind wandering by changing the 

relationship between individuals and their thoughts (Smallwood et al., 2007). In fact, 

metacognitive s ills play an important role in students’ performance in chemistry (Mathabathe & 

Potgieter, 2014; Taber, 2013). This idea could be considered as a future quasi-experimental 

study, in which a remedial programme that is based on metacognitive training is offered to 

participants while reading chemistry text. The effect on mind wandering could then be measured. 

Another solution could be making the text more interesting (Dixon & Bortolussi, 2013) by 

incorporating diagrams. Further research could investigate learners’ mind wandering when 

presented with submicroscopic text only and with text combined with submicroscopic diagrams. 

One of the limitations of the current study is that it does not count cognitive load while 

participants are conducting the task. Further research could use one of the cognitive load 

measures
 
( ilen ovi  et al., 2014) and calculate how it mediates the relationship between 

reading comprehension at both levels (macroscopic and submicroscopic) and mind wandering. 

Another limitation of the current study is that it overloo s the possible effect of participants’ 

spatial ability in their reading comprehension of the macroscopic and submicroscopic textual 
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narrations. It would be interesting if learners’ spatial ability is added to the research variables  

and its relationship with mind wandering and reading comprehension is analyzed. 

 

 

Appendix A The content of each textual slide 

Text Slide Content 

 Macroscopic 

Slide 1  Introduction: importance of table salt in our lives* 

 History of table salt 

 Its physical appearance 

 Where it can be found 

 Different uses 

 Production: by evaporation of sea water 

Slide 2  Production: by freezing of sea water in cold regions 

 Production: by mining 

 Its scientific name and the chemical elements that compose it 

 Physical properties of sodium 

Slide 3  Uses of sodium in industry 

 Biological uses of sodium in the human body 

 Physical properties of chlorine 

 Uses of chlorine in industry 

 Submicroscopic 

Slide 4  Location of sodium and chlorine in the periodic table 

 Chemical properties of alkali metals group 

 Chemical properties of halogens group 

 Description of the reaction between sodium atoms and chlorine atoms to produce sodium 

chloride 

Slide 5  Description of how the formation of sodium chloride leads to chemical stability for sodium and 

chlorine atoms 

 Description of the sodium chloride crystal, the arrangement of atoms and the chemical bond 

between them 

Slide 6  The chemical explanation of the dissolving of sodium chloride in water 

 The electrochemical analysis of sodium chloride solution 

* If the participant receives the submicroscopic slides first (Y-version), this introduction is presented at the 

beginning of the first slide displayed to her (slide no. 4 in this table). 
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