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Abstract: Saturation is a key construct used by qualitative research theorists as a way to verify the
rigor and validity of a study. This study intends to examine how saturation is used within qualitative
educational technology studies that addressed saturation. We selected journals which (a) follow a
peer review process; (b) are considered influential in their fields and of high quality, as reflected in
being in Q1 (first quartile) or Q2 (second quartile) in Scopus; and (c) publish qualitative research.
The number of journals selected for this study was 20, and we selected 3 articles from each. The
methodology in the chosen articles was interview-based, and the articles were published in the
journal in the 5 recent years 2018–2022 (i.e., a 5-year review period). The research results indicated
that 20 out of 60 of the participating studies paid attention to the definition of saturation, 25 out of
60 participating studies paid attention to ‘why saturation was sought’, and 26 out of 60 participating
studies paid attention to ‘when saturation was sought’. All the participating studies paid attention
to ‘how was saturation assessed’. The most-mentioned expression to indicate the achievement of
saturation was the emergence of new information, themes, categories, and codes, where most of the
participating studies used expressions related to this aspect.

Keywords: educational technology; qualitative research; interviews; saturation

1. Introduction

Saturation has been considered by qualitative research theorists as an important
construct that serves to verify the rigor and validity of the research [1], and thus the appro-
priateness of the emerging categories and themes to the studied phenomenon. Recently,
researchers in social and educational research have been paying more attention to satu-
ration, considering it an essential construct that needs to be present transparently in the
research methodology of the qualitative research [2–4].

Glaser and Strauss developed the concept of saturation in the framework of a grounded
theory approach to qualitative research. In grounded theory, the aim is to construct a theory
from the inductive analysis of textual data to describe social or educational phenomena [5].
To ensure the validity of the inductive process of data collecting and analysis, saturation is
suggested as a main means.

Researchers related saturation to two processes in the data collection and analysis pro-
cesses: saturation of the set of categories related to a studied phenomenon, and saturation
of the properties of a category found to be related to a studied phenomenon [6]. This is in
line with the definition put forward by Glaser and Strauss [5] of saturation referring to the
point in data collection and analysis when no additional themes and categories emerge from
data, which happens when all relevant categories and sub-categories have been identified
and described. We propose that the first part of the previous description is related to the sat-
uration of the set of categories, while the second part of the previous description is related
to the saturation of the properties of each category. In addition, Sharma et al. ([7], p. 7)
describes the saturation of categories as: “saturate categories include the phase in which the
researcher reaches a situation where he/she realizes that no more information is coming up
for the category under study. Each category has its saturation limits and the same depends
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on the judgment of research”. Performing the two saturation processes sets the ground for
the building of a comprehensive and credible theory that describes the studied educational
phenomenon.

Defining saturation in one of two ways or in a definition that includes the two ways is
present in various definitions of saturation by qualitative researchers. Bryant and Charmaz
([8], p. 611) defined theoretical saturation in terms that deliver both types of saturation
as “the point at which gathering more data about a theoretical construct reveals no new
properties nor yields any further theoretical insights about the emerging grounded theory”.
In addition, Urquhart ([9], p. 194) defined saturation in terms of new codes: ‘the point in
coding when you find that no new codes occur in the data. There are mounting instances
of the same codes, but no new ones’, whilst Given ([10], p. 135) described saturation as
the point at which ‘additional data do not lead to any new emergent themes’. A similar
position regarding the (non)emergence of new codes or themes has been taken by others
(e.g., [11,12]).

In addition, Saunders et al. [4] found that researchers follow four models of saturation.
The first model is the theoretical saturation, which relates to the development of theoretical
categories; related to grounded theory methodology. The second model is the inductive
thematic saturation, which relates to the emergence of new codes or themes. The third
model is the a priori thematic saturation; related to the degree to which identified codes or
themes are exemplified in the data. The fourth model is the data saturation, related to the
degree to which new data repeat what was expressed in previous data. Sebele-Mpofu [1]
uses different studies to elaborate the previous saturation models of Saunders et al. [4].

Saturation could result from theoretical sampling. Breckenridge and Jones ([13], p. 2)
describe theoretical sampling as constant comparison of codes: “Constant comparison of
codes yields a provisional set of conceptual categories, from which point new categories
emerge and new incidents are fitted and re-fitted into existing categories”. The researcher
samples both for theoretical similarity and difference to expound the properties of each
category, attempting to saturate all categories until the emergence of a core category [5].
Theoretical sampling is thereafter focused on data that is sufficiently and significantly
relevant to the core category and its related properties. Moreover, Strauss and Corbin [14]
described theoretical sampling as a means to “maximise opportunities to discover variations
among concepts and to densify categories in terms of their properties and dimensions”
(p.201). The previous argument relates theoretical sampling to saturation, where theoretical
sampling ensures saturation. In addition, Saunders et al. [4] argue that the relatedness of
sampling to saturation leads to the relatedness of saturation to the notion of theoretical
sampling.

In addition to the above, saturation could be related to the sample size issue. Glaser
and Strauss ([5], p. 61) describe this relatedness, when they address when to stop sampling;
i.e., when to be satisfied with the sample size:

The criterion for judging when to stop sampling the different groups pertinent to a
category is the category’s theoretical saturation. Saturation means that no additional data
are being found whereby the sociologist can develop properties of the category. As he sees
similar instances over and over again, the researcher becomes empirically confident that a
category is saturated. He goes out of his way to look for groups that stretch diversity of
data as far as possible, just to make certain that saturation is based on the widest possible
range of data on the category.

Urquhart [9] and Birks and Mills [11] relate saturation primarily to the termination of
analysis, rather than to the collection of new data. The termination of analysis indicates
also the termination of data collection, i.e., being satisfied with the size of the sample
already used to collect the data. Morse ([15], p. 587) argues that the most common leading
principle for evaluating the sufficiency of a purposive sample is saturation: “Saturation is
the most frequently touted guarantee of qualitative rigor offered by authors to reviewers
and readers”. In addition, the saturation construct leads the researcher to combine sampling,
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data collection and data analysis, and thus not treating these components of qualitative
research as separate stages in a linear process ([16], p. 18).

Researchers were interested in the types of saturation used in qualitative research
papers. Hennink et al. [6] talked about two types of saturation: code saturation and
meaning saturation. They described code saturation as indicating when researchers have
“heard it all” and the range of thematic issues was identified, while meaning saturation
indicates what is needed to “understand it all.” (p. 591). Examining 25 in-depth interviews,
Hennink et al. [6] found that code saturation was reached at nine interviews, where, at the
same time, 16 to 24 interviews were needed to reach meaning saturation.

Saunders et al. [4], drawing on a number of examples in the literature, explored three
issues related to saturation: (1) ‘What?’—in what way(s) is saturation defined? (2) ‘Where
and why?’—in what types of qualitative research, and for what purpose, should saturation
be sought? and (3) ‘When and how?’—at what stage in the research is saturation sought,
and how can we assess if it has been achieved? The results of the first issue revealed
four ways of defining saturation (see above). The results of the second issue showed that
where and why of the saturation depended on the way saturation was defined. Thus, in
a deductive approach, saturation “may refer to the extent to which predetermined codes
or themes are adequately represented in the data—rather like the idea of the categories
being sufficiently replete with instances, or ‘examples’, of data, as suggested in the a priori
thematic saturation model” (p. 1898). Saunders et al. [4] emphasized that ‘Where and why’
also depended on the type of research, where in narrative research, saturation fitted less.
Here, narrative research is related to inquiry about the participants’ stories and telling the
stories in a narrative way. The results of the third issue showed that ‘When and how?’
depended on the way saturation was defined. By using the concept of informational
redundancy, the data saturation definition assumes that saturation should be assessed
early in the process. Determination of the data saturation process precedes formal analysis.
Some studies reported the use of saturation during the interview process. Considering
the inductive thematic saturation, saturation is reached at the level of analysis, in relation
to the non-emergence of new codes or themes. In the theoretical saturation, the question
of considering saturation is at a more advanced stage and at a higher level of theoretical
generality.

2. Research Rationale, Goals and Questions

The present research intends to verify how saturation was used as a component of the
qualitative methodology in educational technology research. Doing that, it describes this
use in papers that utilized saturation to describe the validity and reliability of their research.
Vasileiou et al. [17] invited researchers to consider how saturation parameters, such as
sample size, are found in prior studies. This invitation assumes that this consideration has
a vital role in supporting transparent reporting. The present research will help researchers
in the social sciences in general and researchers in educational technology in particular, in
paying attention to an important methodological issue in qualitative research, i.e., saturation.

We will consider saturation in the present research by addressing the three saturation
issues targeted by Saunders et al. [4] regarding saturation in qualitative research. These
issues were: What, ‘where and why’, and ‘when and how’. We divided the third issue
into two issues: the ‘when’ issue and the ‘how’ issue. In addition, we will consider an
additional issue not emphasized in Saunders et al. [4], which is ‘what expressions were
used’ to indicate that saturation was achieved? We put special emphasis on the additional
topic as it has been little studied. The five research questions that the present research will
try to answer are:

1. ‘What?’—in what way(s) is saturation defined?
2. ‘Where and why’ was saturation sought?
3. ‘When (at what stage in the research)’ is saturation sought, and how was it assessed?
4. ‘How’ is saturation achievement assessed?
5. ‘What expressions were used’ to indicate that saturation was achieved?
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As this research intended to examine both theoretical as well as practical aspects of
saturation, we referred to Saunders et al. [4]. As for the first issue, which is the way to
define saturation, that pertains more to the theoretical side of saturation, while the other
three have to do more with the practical side. Adding the saturation expression issue in the
present study was a logical addition as it is expected to be in all the studies that address
saturation, while the other issues could be found to some extent in the previous studies.

3. Methods
3.1. Search Strategy

Identifying studies was accomplished by utilizing the search function of each journal.
We used the terms ‘technology’, ‘qualitative’, ‘interview*’, AND ‘saturation’. We limited
the results to articles published between 1 January 2018 and 31 October 2022.

3.2. Eligibility: Inclusion/Exclusion Criteria

A structured search for articles related to educational technology and reporting
interview-based qualitative studies was carried out and qualitative analysis was applied to
the studies that met the criteria. We selected journals which:

6. Follow a peer review process.
7. Are considered influential in their fields and of high quality, as reflected in being in

the first or second quartile in Scopus.
8. Publish qualitative research. Twenty education journals were chosen.
9. We chose three articles from each journal. These chosen articles were:
10. Published in the journal in the five recent years 2018–2022 (i.e., a 5-year review period).
11. Empirical studies.
12. Are concerned with the integration of technology in education.
13. Use interviews as a data collecting tool.

3.3. Data Saturation

When we arrived at 45 studies, we reached saturation in two meanings. The first
meaning is the saturation of categories, where no new categories emerged. The second
meaning is the properties of each category, where the properties of the categories did not
change after analyzing 45 studies. In spite of this saturation, we continued to analyze
another 15 studies from additional educational technology journals, where this analysis
proved the saturation at which we arrived earlier.

In addition to the above, this number (60) constitutes a suitable number (above the
average of 14) of studies for qualitative synthesis, where too many studies can overwhelm
and exhaust the saturation point, leaving no additional insights [18]. For example, Hennink
and Kaiser [3] used 23 studies to perform a systemic review of studies regarding the sample
size they used for saturation. Lin et al. [19] focused on 22 empirical studies to study their
interactive designs of oral tasks by evaluating the teaching methods, the types of oral
tasks, the role played by the robots and the facilitators, and their effectiveness as a tool for
improving oral competence. Here, we considered 60 studies as these studies were spread
over five years.

3.4. Data Extraction and Analysis

To examine each of the issues in which the present research is interested, an inductive
content analysis was initially conducted. Inductive content analysis processes consist
of three phases, according to Elo et al. [20]: preparation, organization, and reporting of
results. During the preparation stage, data is collected and sorted, and the unit of analysis
is selected, while the organization phase includes open coding, creating categories, and
abstraction. In the reporting phase, the phenomenon is described based on the content of
the categories. Specifically for the present study, on the basis of this analysis, the categories
that expressed qualitatively different values related to an issue were developed.

Table 1 shows the themes and codes related to each research question.
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Table 1. Themes and codes related to each research question.

Research Question Category Codes Examples

‘What?’—in what way(s) is
saturation defined?

‘Saturation is’, ‘Saturation addresses’,
‘Saturation is defined as’.

Saturation addresses the coverage of the
educational phenomenon by the set of categories

emerging at the data analysis.

Why was saturation sought?
‘We performed saturation to’, ‘Saturation

was sought to’, ‘Saturation was
considered in order’.

Saturation was sought to decide whether to
continue the data collecting.

When (at what stage in the
research) is saturation sought?

‘Saturation was sought when’, ‘Saturation
was performed during’, ‘Saturation was

considered at the stage of’.

The researchers addressed saturation at the data
analysis phase.

How was saturation assessed?
‘Saturation was achieved when’, ‘What
indicated saturation was’, ‘Saturation

was assessed by’.

Saturation was achieved when the range of
categories arrived at indicated that the educational

phenomenon was described sufficiently.

Expressions that were used to
indicate that saturation was

achieved

‘No new information emerged’, ‘No new
codes emerged’, ‘No new themes

emerged’.

‘We knew that saturation was achieved when no
new coded emerged from the analysis of the

interviews’.

4. Results

The present research intended to verify five issues related to saturation in educational
technology studies. Below, we address each issue, describing the categories related to it,
and which emerged as a result of the analysis. Then we give an example of a study that
satisfied the category.

4.1. ‘What?’—In What Way(s) Is Saturation Defined?

The reviews of the studies related to the use of technology in education showed that
two values emerged in the answer to the first saturation issue. The first value is not defining
saturation but describing how it was reached, while the second value is defining saturation
and describing how it was reached. Specifically, the definition of saturation happened
in four ways: addressing the set of categories, addressing the properties of categories,
addressing the redundancy of information, and addressing objectivity.

Charmaz, ([21], p. 213) defines saturation as the situation when “you have defined,
checked, and explained relationships between categories and the range of variation within
and between your categories”.

Tomczyk and Walker ([22], p. 8) defined saturation by referring to the properties
of a category: “Repeated statements were not included in a given category due to the
saturation of a given area”. Graham ([23], p. 149) defined saturation by referring to the
redundancy of information: “Saturation is the point in the data collection process where
the information becomes redundant”. Reilly et al. ([24], p. 2241) defined saturation by
referring to objectivity: “Therefore, the paper considers saturation to be in balance with
objectivity”. Table 2 shows the frequency of the values of ‘in what way(s) saturation is
defined’ among the participating papers.

Table 2. Values of ‘in what way(s) saturation is defined’.

Value of Way of Saturation Frequency

In terms of the set of categories 11
In terms of the properties of categories 4

In terms of the redundancy/sufficiency of information 4
In terms of objectivity 1
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4.2. Why Was Saturation Sought?

The reviews of the studies related to the use of technology in education showed
that four values emerged in the answer to the second saturation issue, which is ‘why
saturation was sought’. These values concerned using saturation to decide whether to
continue the data collecting, whether to continue the combined process of data collecting
and data analysis, whether to continue the data analysis, and whether to consider codes
and categories as reliably identifiable.

Bilgiç and Tuzun [25] used saturation to decide whether to continue the data collecting,
and specifically to decide on the transcript to continue the coding with. Lewis et al. ([26], p. 959)
sought saturation to decide whether to continue the combined process of data collecting
and data analysis: “We conducted data analysis concurrently with data collection until
we reached saturation”. In addition, Lovrić et al. ([27], p. 3) used saturation to decide
whether to continue the data analysis process: “The sample size was further determined
based on informational needs and using a model of inductive thematic saturation, as a
criterion for discontinuing data analysis”. Reilly et al. ([24], p. 2241) used saturation in the
context of deciding whether to consider codes and categories as reliably identifiable: “The
paper considers saturation . . . . to be achieved when the themes that can be mined from
the paper are those that are reliably identifiable”. In the previous citation, Reilly et al. ([24],
consider saturation to be sought in order to ensure that the resulting codes are an adequate
summary of coded phenomenon.

Table 3 shows the frequency of the values of why’ saturation was sought’ among the
participating papers.

Table 3. Values of ‘why’ saturation was sought’.

Value of Why Saturation Was Sought Frequency

To decide whether to continue the data collecting 12
To decide whether to continue the combined process of data collecting and

data analysis 2

To decide whether to continue the data analysis 8
To decide whether to consider codes and categories as reliably identifiable 3

4.3. When (at What Stage in the Research) Is Saturation Sought?

The reviews of the studies related to the use of technology in education showed that
three values emerged regarding when saturation is sought: addressing saturation at the
collecting data phase, addressing saturation at the data analysis phase, and addressing
saturation at both the data collecting and analysis phases.

Part of the researchers were engaged with addressing saturation at the collecting data
phase. Graham ([23], p. 149) described saturation as: “Saturation is the point in the data
collection process where the information becomes redundant”. Part of the researchers
started addressing saturation at the data analysis phase. Krasny et al. [28] kept looking
for saturation in the analysis phase: “The second author used an open-coding strategy in
which he wrote memos regarding themes as they emerged from the texts and organized
them into categories that represented overlapping themes, using an iterative process until
saturation was reached among themes”. Here, saturation began at the analysis phase as the
authors talk about generation of codes and categories.

Part of the researchers combined the collecting data and analysis data phases. Lewis
et al. [26] combined the data collecting and analysis processes to examine the achievement
of saturation. They began examining saturation as they started collecting data and to do so,
they kept analysing the data they collected (see above). Table 4 shows the frequency of the
values of ‘when saturation was sought’ among the participating papers.
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Table 4. Values of ‘when saturation was sought’.

Value of When Saturation Was Sought Frequency

Addressing saturation at the collecting data phase 7
Addressing saturation at the data analysis phase 14

Addressing saturation at both the data collecting and analysis phases. 5

4.4. How Was Saturation Assessed?

The reviews of the studies related to the use of technology in education showed
that three values emerged regarding how saturation is sought: assessing saturation by
considering the emergence of new information, themes, categories, codes, etc; assessing
saturation by considering the range of themes and categories; and assessing saturation
by considering the interviewing process. Below, we describe these values, without giving
examples on them, as the reader can find relevant examples when describing the next issue;
that is, expressions that were used to indicate that saturation was achieved.

A selection of the participating studies reported the assessment of saturation through
considering the emergence of new information or insight. In doing that, they used different
expressions, where these expressions were general as information and insight, or more
specific as themes and categories.

A selection of the participating studies reported the assessment of saturation through
considering the range of themes and categories. In doing so, they used the expressions
‘range of themes’, ‘range of terms’, and ‘the sufficiency of data’.

A selection of the participating studies reported the assessment of saturation through
considering the interviewing process. In doing so, they used the expressions ‘interviewing
process’, ‘reliability of the process of arriving at categories’, and ‘participants’ knowledge
and experience’.

Table 5 shows the frequency of the values of ‘how was saturation assessed’ among the
participating papers.

Table 5. Values of ‘how was saturation assessed’.

Value of ‘How Was Saturation Assessed’ Frequency

Assessing saturation by considering the emergence of new information,
themes, categories, codes, etc. 46

Assessing saturation by considering the range of themes 7
Assessing saturation by considering the interviewing process 7

4.5. Expressions That Were Used to Indicate That Saturation Was Achieved

The description, of ‘what indicated that saturation was reached’, was expressed using
14 terms: the sample size, new information, new insights/recurring insight, new concepts,
new codes, new themes, the number of participants, the number of interviews, the number
of codes and categories arrived at, the range of themes, the sufficiency of data, the process
of interviewing, the reliability of the themes, and participants’ knowledge and experience.
Below, we address each case.

4.5.1. Expressions Used When the Assessing of Saturation Was Done by Considering the
Emergence of New Information, Themes, Categories, Codes, Etc

Referring to the sample size:
Al-Kumaim et al. ([29], p. 4) described the relatedness of reaching saturation to the

research sample size: “As in qualitative research, sample sizes should not be large as this
will prevent the extraction of enough rich data. At the same time, if a sample is too small, it
will be hard to reach data saturation”. Thus, Al-Kumaim et al. [29] did not specify a sample
size as indicating saturation, but talked about a size that is neither big nor small.

Referring to new information:
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Mirmoghtadaie et al. ([30], p. 63) described how saturation was reached in terms
of new information: “There appeared to be saturation of data as no new information
was gained from the last interviews.” Zhu and Bonk [31] used the term ‘limited new
information’ to describe how saturation was reached: “The data reached a saturation point
after 22 interviews, as there was limited new information identified at that point of the
interview process” (p. 111).

Referring to new codes:
Kara Aydemir and Can ([32], p. 1092) described achieving saturation by referring to

new codes: “it was observed that the final three interview transcripts provided few or no
new codes. Therefore, it was determined that saturation had been achieved.”

Referring to new themes:
Cooper et al. ([33], p. 5) described achieving saturation by referring to new themes:

“Saturation point was reached when no new themes emerged from the data”. Authors also
talked about recurring themes instead of the absence of new themes.

Referring to the number of participants:
Reedy ([34], p. 135) described achieving saturation by referring to the number of

participants: “Given that most qualitative researchers find that data saturation is often
reached with about 20 participants when conducting in-depth interview-based studies . . . ,
the sample size of 19 is considered the optimum number for this study”.

Referring to the number of interviews:
Zhu and Bonk ([31], p. 109) described achieving it in terms of the number of interviews:

“In this study, the researcher found that the data had reached saturation after finishing
22 instructor interviews”. Some studies described achieving saturation in terms of reports,
where the report was the unit of data collection. Lovrić et al. ([27], p. 1) described saturation
when they used participants’ reports as data collection: “data saturation was achieved after
analyzing the reports of 33 undergraduate nursing students”.

Referring to the number of codes and categories:
Bilgiç and Tuzun ([25], p. 148) described achieving saturation by mentioning the

number of codes and categories that they achieved:

The category saturation was reached when a total of 727 codes were generated under
13 categories by the total coding process. Analysis continued with the selective coding
in which researchers checked for the repeating codes and categories and organized the
relationships between the codes and categories. In the end, 608 codes were obtained in 9
categories which represented the core issues.

4.5.2. Expressions Used When the Assessing of Saturation Was Done by Considering the
Range of Themes and Categories

Referring to the range of themes:
Crook and Nixon ([35], p. 8) described achieving saturation by referring to the range

of themes: “Finally, the findings reported here are based on a sample of only modest scale.
Yet we believe that it was large enough to reach a saturation point in relation to the range
of themes active in relation to characterising the student experience”

Referring to the sufficiency of data:
Veletsianos et al. ([36], p. 1716) described achieving saturation by referring to the

sufficiency of data: “ . . . and then continued scheduling interviews until we felt confident
that the data collected would be sufficient to answer the posed research question”.

Expressions used when the assessing of saturation was done by considering the
interviewing process:

Referring to the process of interviewing:
Bruggeman et al. ([37], p. 4) described achieving saturation as a result of conducting

the last interview several months after the first interview: “In addition, the twelfth and
last interview was conducted several months after the first interview in order to improve
stability of observations and reach saturation”.

Referring to the reliability of the themes:
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Reilly et al. ([24], p. 2241)) described the achievement of saturation in terms of reliable
identification of themes: “to be achieved when the themes that can be mined from the
paper are those that are reliably identifiable”.

Referring to the participants’ knowledge and experience:
Interestingly, some researchers talked about not reaching saturation, and why they

did not reach it: “Although the number of statements analysed is significant, in the applied
research model it is not possible to speak of a full saturation of the categories delineated
here, since many teachers likely do not know about these online discussion groups, or if they
do, refrain from participating for whatever reason” [22]. Thus, for Tomczyk and Walker [22],
the reason for not reaching saturation is the insufficient knowledge or experience of the
participants. Tomczyk and Walker ([22], p. 27) defined saturation as they came to define
how it was not reached: “it is not possible to speak of a full saturation of the categories
delineated here”.

Table 6 shows the frequency of the values of ‘What expressions were used to indicate
that saturation was achieved’ among the participating papers.

Table 6. Frequency of values of ‘What expressions were used to indicate that saturation was achieved’.

Expressions of ‘When Saturation Was Achieved’ Frequency

Assessing saturation by considering the emergence of new information, themes, categories, codes, etc:
The sample size 16

No new information 6
No new insights 1
No new concepts 3

No new codes 6
No new themes 4

The number of participants 3
The number of interviews 4

The number of codes and categories 3
Assessing saturation by considering the range of themes

The range of themes 6
The sufficiency of the data 1

Assessing saturation by considering the interviewing process
The process of interviewing 1

The process of arriving at categories 4
Participants’ knowledge and experience 2

5. Discussion

The present research was interested in three issues related to saturation as described
in papers related to technology use in education, published in the years 2019–2022, and
published in journals that are ranked Q1 and Q2 in Scopus.

5.1. What Way(S) Was Saturation Defined?

The first issue in which the present research is interested was the ways saturation is
defined. One-third of the studies paid attention to the definition of saturation (20 out of
60). Almost half of those (11 out of 20) defined it in terms of the set of categories, i.e., the
dimensions issue of the categories [38]. This would indicate the concern of the researchers
that the set of categories emerging from the data cover all the elements of the studied
educational technology phenomenon. This coverage aspect lies behind another definition
found in four of the participating papers, that of redundancy/sufficiency of information.
This interest in the coverage points at qualitative researchers’ awareness that qualitative
research seeks to understand how subjects interact with the social world through multiple
and varied meanings [39], where this multiplicity needs varied categories to cover the
studied phenomenon in which the research subjects are engaged.

Moreover, 4 of the papers defined saturation in terms of the properties of categories.
Usually, researchers are concerned with the development of categories, through looking
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for their properties, for finding the relations between the categories ([40], p. 350), which
could help with the development of the theory [41]. The reason for not mentioning the
development of the categories in the definition of the saturation could be a result of being
concerned with the extent of categories as a collective and not the extent of the individual
category.

In addition to the above, very few participating papers mentioned objectivity in their
definition of saturation. The reason could be the complexity of the definition of objectivity.
For example, Eisner [42] argues that it is difficult to evaluate the correspondence between
our views of reality and reality itself, which makes evaluating this correspondence a
difficult matter.

5.2. Why Was Saturation Sought?

The second issue in which the present research was interested is ‘why saturation was
sought’. Less than half of the participating studies referred to this issue (25 out of 60). A
little less than half of the referring studies (12 out of 25) mentioned they used saturation to
decide whether to continue the data collecting, while almost one-third of the studies (8 out
of 25) mentioned that they used saturation to decide whether to continue the data analysis.
Some of those that referred to the data collection phase could also have been engaged with
the saturation issue in the data analysis phase, but they did not mention it.

The above research results indicate two points. First, part of the participating studies
(here, more than half of them) are not concerned with saturation as a tool for deciding
whether to continue/quit the collection or analyzing of the data. For them, it is sufficient to
declare how they arrived at saturation, an issue that we will address in the context of the
fourth research question. The first issue could indicate that some researchers are concerned
with the practical issue of saturation, where it is enough to declare the method of arriving
at saturation without declaring why this issue was addressed in the first place.

Second, most of the participating studies that referred to the issue of ‘why they sought
saturation’ (22 out of 25) did that to decide upon quitting/continuing the data collection
and analysis processes. This use of saturation could indicate considering saturation as a
technique for deciding upon continuing or quitting data collection and analysis [43]. Thus,
saturation here served as a technique in the process of performing the qualitative research,
a technique that helped make decisions regarding this process.

5.3. When Was Saturation Sought?

The third issue in which the present research was interested is ‘when saturation was
sought’. A little less than half of the participating studies referred to this issue (26 out
of 60). More than half of the referring studies (14 out of 26) mentioned that they addressed
saturation in the data analysis phase. This is in line with researchers who suggest that
saturation can happen during or at the end of the analysis phase. Guest et al. ([2], p. 2)
suggested a way to report saturation in qualitative research: “We subsequently propose
an alternative way of evaluating saturation and offer a relatively easy-to-use method of
assessing and reporting on it during or after an inductive thematic analysis”. For more
description of the method please refer to the paper of Guest et al. [2]. It should be noted that
data analysis is the final process before the writing-up of results, so arriving at saturation
is a crucial step to decide the commencement of the results wite-up. Thus, saturation is
an integrative block, not only of the methodology but also for the study writing itself;
specifically the beginning of this writing.

The other participating studies mentioned that they addressed saturation in the data
collection and analysis phases, or in the data collection phase. Considering research on
saturation, part of the researchers talked about this process as part of the collection and
analysis phases, though they did that only implicitly. Morse ([43], p. 1123) considered
saturation “the phase of qualitative data analysis in which the researcher has continued
sampling and analyzing data until no new data appear and all concepts of the theory are
well-developed . . . .and their linkages to other concepts are clearly described”. Morse
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began the description of saturation by considering it as part of the analysis phase but
continued to consider it part of the sampling phase, i.e., the data collection phase. Here, the
role of saturation is a thorough one where it is present all over the research process. It is in
fact part of the cyclic process: collect, analyze, look for saturation. If saturation is achieved,
stop the cyclic process, or continue it otherwise.

5.4. How Was Saturation Assessed?

The fourth issue in which the present research was interested is ‘how was saturation
assessed’. All the participating studies referred to this issue (60 out of 60), where most of
the referring studies (46 out of 60) mentioned that they assessed saturation by considering
the emergence of new information, themes, categories, codes, etc. This result indicates that
the studies were concerned with saturation as arriving at the whole set of categories that
characterize the specific educational technology phenomenon. This aspect is a principal
characteristic of saturation [7,8]. It is worth noting that the studies did not assess saturation
by looking at the properties of categories, though some of them did define saturation as thus.
The previous argument indicate that the participating studies looked at the educational
phenomenon as a whole, and less at the local aspects of each category, where we look at
properties as the conditions of the category occurrence, and the results of this occurrence.

5.5. What Expressions Were Used to Indicate That Saturation Was Achieved?

The fifth issue in which the present research was interested is ‘what expressions were
used to indicate that saturation was achieved?’. All the participating studies referred
to this issue (60 out of 60), which is why they were chosen to participate in the present
study. This referring was done by referring to three main expressions. The first expression
is the emergence of new information, themes, categories, and codes, where most of the
participating studies used expressions related to this aspect. This use is in line with different
studies that described saturation using this expression (ex., [9–12]), starting from Glaser
and Strauss [5]. The terms within the first expression could be related to defining saturation
in terms of categories or the properties of a category. It could be that the mentioning of
these terms substituted giving definition to saturation.

Seven of the participating studies used the expression ‘the range of themes’ to describe
saturation. Here, the participating studies were concerned with the properties of the
individual categories more than in other means of saturation. The expression ‘range’ was
also used by Glaser and Strauss [5], but to indicate the range of data in a category, where
this range is sought by the researcher to ensure diversity of data “just to make certain that
saturation is based on the widest possible range of data on the category” (p. 61).

A further 7 of the participating studies used the expression of the ‘interviewing process’
to indicate arriving at saturation. These studies were interested mainly in the reliability of
the categorization of the data, where they assumed that what added to this reliability is
the process of this categorization and those who were engaged in this process. Here, the
participating studies were concerned mainly with the trustworthiness of the research. This
trustworthiness would indicate confidence of the validity of the whole research process.

6. Conclusions, Limitations and Recommendations

The present research intended to examine issues related to saturation in qualitative
educational technology studies. The contribution of the present research should be consid-
ered in light of the spread of educational technology in the classroom and the publication
of a large quantity of papers on this issue. Research related to the integration of educational
research now address the different educational aspects as the cognitive aspect [44], the
affective aspect [45], the social aspect [46], the behavioural aspect [47] and the metacog-
nitive aspect [48]. The results of the present research would show authors of educational
technology papers, that address the different aspects of learning, how to address the issue
of saturation in their papers and to include sufficient information about it.
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The results of the present research indicate that not all the issues were transparent
in the participating studies. Almost half the participating studies paid attention to the
definition of saturation, while half of them paid attention to ‘why saturation was sought’.
A little more than half the participating studies paid attention to ‘when saturation was
sought’. All the previous results indicate the need for more transparency in reporting issues
related to saturation in educational technology studies that use interviews in qualitative
research [17].

It was suggested by Golafshani [49] that consistency of data could be achieved when
raw data and data reduction were examined and verified during the research process. Data
reduction could be examined through paying attention to the different issues of saturation
that were disrobed and discussed in the present research. Studies that took care of the
issues examined in the present research could be pointed at as achieving consistency of
data, which has not been observed in more than half of the participating studies. Thus,
as was recommended above, educational technology studies are called to encourage the
consistency of their data and findings by taking care of the different issues of saturation
with which the present research was concerned.

Some of the themes related to saturation that emerged in the present research could
be the subject for discussion or dispute, such as the number of participants. In the present
research, our main goal was to present a picture of what is happening in technology-based
educational research papers. Theoretical research should address the issue of the fitness
of expressions or ideas to the methodological notions that are at the heart of qualitative
methodology. One of these potential expressions is the number of participants. It is worth
noting that the number of participants or interviews was mentioned in the studied papers
to express the arriving at saturation, but was not the reason for it.

The present research took care of educational technology studies, from Q1 or Q2, that
were published in the five recent years 2018–2022. It is interesting to verify the five issues
of saturation in qualitative studies from other rank quarters, as well as those that will be
published in the future in the same quarters.

The present study took care of saturation issues presented in Saunders et al. [4], in
addition to a fourth related issue, namely, ‘what expressions were used’ to indicate that
saturation was achieved. We used in the present research the saturation issues in Saunders
et al. [4], as these issues relate to theoretical as well as practical aspects of saturation. Future
research could study additional issues related to saturation, such as theoretical sampling
– for example, when and why researchers use saturation sampling and whether this use
fits the features of theoretical sampling as described by researchers in qualitative methods.
Another issue related to saturation is taking into consideration the variation of school types
or the variations of age groups that the studies address.

In addition to the above, the present study sample included studies that included
the term ‘saturation’ as a qualitative tool to ensure the validity of their data collection
and analysis. We did not condition the inclusion of the study by its satisfaction of all the
saturation issues addressed in the present research, as this was one of the aspects in which
the present research was interested. Future research could use interviews with authors
to investigate when and why they decide to take care of each saturation issue addressed
in the present research. Moreover, we wanted to make a balance between three issues:
the number of journals that we consider, the number of studies in a journal, and arriving
at saturation. Although this paper did not want to evaluate the journal, but rather the
saturation issues in educational technology papers, it was nonetheless important for us
that this evaluation is not restricted to a select few journals. At the same time, we thought
that one or two studies in a journal would not shed light on the saturation issue in that
journal. Saturation of categories and the properties of categories was the leading principle
about the overall number of studies that were chosen for analysis.
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