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Figure 5. The path diagram of Model 10. The modifications from Model 1 include transfer of
items al, a2, and n6 to the PERFORMANCE factor and item pr6 to the INTERACTION factor.
NAV=navigation, ACC=access, PERF=performance, INT=interaction, REL=relevance,

PRES=presentation, IMP=impact, DIV=diversity, TECH=technology, and CON=content.
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Table 4
Standardized Parameter Estimates for Model 10

Loading
Factor Item Estimate S.E.* Z-value Significance
NAVIGATION nl 811 .036 22.535 <.001
NAVIGATION n2 760 .041 18.365 <.001
NAVIGATION n3 .803 .040 20.044 <.001
NAVIGATION n4 11 .047 15.163 <.001
NAVIGATION ns .666 .052 12.826 <.001
ACCESS a3 .698 .046 15.276 <.001
ACCESS a4 .638 051 12.527 <.001
ACCESS as 708 .055 12.875 <.001
ACCESS a6 .690 .046 14.989 <.001
ACCESS a’ .697 .051 13.578 <.001
ACCESS a8 .805 .039 20.560 <.001
PERFORMANCE pfl .608 .052 11.690 <.001
PERFORMANCE pf2 .820 .036 22.948 <.001
PERFORMANCE pf3 .683 .054 12.534 <.001
PERFORMANCE pf5 746 .045 16.674 <.001
PERFORMANCE al 762 .044 17.144 <.001
PERFORMANCE a2 745 .052 14.401 <.001
PERFORMANCE né .802 .041 19.408 <.001
INTERACTION itl 759 .041 18.327 <.001
INTERACTION it2 708 .043 16.364 <.001
INTERACTION it3 771 .037 20.606 <.001
INTERACTION it4 878 .028 31.033 <.001
INTERACTION it5 .820 .031 26.064 <.001
INTERACTION pré .809 .040 20.283 <.001
RELEVANCE rl .830 .047 17.670 <.001
RELEVANCE r3 .844 .037 22912 <.001
RELEVANCE r4 .868 .031 27.963 <.001

Note. *Standard error. (Table continues)
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Table 2 (continued)
Standardized Parameter Estimates for Model 10

Loading
Factor Item Estimate S.E. Z-value Significance
RELEVANCE r5 783 .041 19.280 <.001
PRESENTATION pr2 .865 .026 32.633 <.001
PRESENTATION pr3 .683 .046 14.860 <.001
PRESENTATION prd 741 .035 21.209 <.001
PRESENTATION prs 821 .029 28.489 <.001
IMPACT ipl .866 .029 30.133 <.001
IMPACT ip2 817 .029 28.220 <.001
IMPACT ip3 .832 .028 29.768 <.001
IMPACT ip4 938 017 55.819 <.001
IMPACT ip5 .865 .024 35.655 <.001
IMPACT ip6 .876 .022 39.690 <.001
DIVERSITY d2 .883 .047 18.685 <.001
DIVERSITY d3 958 .054 17.786 <.001

Note. *Standard error.
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Table 5

Estimated Factor Correlation Matrix for Model 10

Factor” NAV ~ ACC PERF INT REL PRES IMP DIV
NAV 1.000

ACC 752 1.000

PERF .580 543 1.000

INT 715 .826 463 1.000

REL 478 498 737 415 1.000

PRES 599 .609 812 .657 .839  1.000

IMP 567 .540 675 534 761 885 1.000

DIV 242 187 366 236 362 420 369 1.000

Note. “NAV = Navigation, ACC = Access, PERF = Performance, INT = Interaction, REL = Relevance,
PRES = Presentation, IMP = Impact, DIV = Diversity

Table 6

Subscale Reliabilities for Model 10
Subscale Raykov's p Coefficient
NAVIGATION .866
ACCESS .857
PERFORMANCE .894
INTERACTION 910
RELEVANCE 900
PRESENTATION .894
IMPACT .948
DIVERSITY 920

Note. The estimated reliability of the entire 41-item scale is .980.
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Figure 6. Path diagram of Model 1h, showing the loadings of the eight first-order factors on two
hypothesized second-order factors, CONTENT and TECHNOLOGY. This higher-order model is
based on the lower-order structure of Model 10 and an a priori hypothesis about the nature of the
higher-order structure. NAV=navigation, ACC=access, PERF=performance, INT=interaction,
REL=relevance, PRES=presentation, IMP=impact, DIV=diversity, TECH=technology,

CON=content, TEC = technology and CON = content.
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factors were hypothesized to load together on another second-order factor (CONTENT). This
particular grouping was proposed because the TECHNOLOGY factors all seem to relate
specifically to characteristics unique to digital textbooks and the CONTENT factors all seem to

relate to characteristics germane to textbooks of any format.

CFA showed that Model 1h had reasonable fit, but that this fit was significantly worse
than Model 10 (2= 121.735, p <.001). In addition, the loading of PRESENTATION on the TEC
second-order factor was out-of-range (>1.000). This was due to a small negative residual error
variance of -0.029 for the PRESENTATION factor. Since the estimated negative value was close
to zero, this anomaly was handled by constraining the residual error variance of
PRESENTATION to zero in a subsequent analysis. Table 7 displays the fit and comparative
statistics for Model 1h with this minor modification included. Table 8 displays the factor
loadings of the first-order factors on their respective higher-order factors in Model 1h. The

estimated reliabilities of the higher-order factors in Model 1h were both equal to .884.

Second-order exploratory factor analysis in the confirmatory framework (E/CFA). An
Exploratory Factor Analysis (EFA) using the factor correlation matrix from Model 10 (see Table
5) and subsequent parallel analysis revealed two salient second-order factors in the data. Table 9
presents the factor loadings obtained from the EFA and Table 10 displays results from the
parallel analysis. Using the means of the simulated eigenvalues from the parallel analysis
produced a result equivalent to that if the 95™ percentiles of the eigenvalues had been used, so
only the mean values are reported in Table 10. The data in Table 10 show that the first and
second eigenvalues are larger than would be expected by chance, pointing to a two-factor
solution. In this model (Model 2h) the relationship of the lower-order factors was slightly

different than the a priori higher-order hypothesis had predicted (Figure 7). In particular,



Table 7

Second-Order Model Fit and Comparative Statistics

Model square® CFI” TLI° RMSEA‘ y2 Difference®  Significance
Model 10 293.969 .891 .966 .091 n/a n/a
Model 1h 353.566  .854 952 .108 121.735 <.001
Model 2h 270.885 .900 .967 .090 35.230 <.001

Note. “y2 is a measure of absolute fit. "CFI is a measure of comparative fit with good fit indicated by values

near .90. °TLI is a measure of comparative fit with good fit indicated by values above .90. ‘RMSEA is a
measure of parsimony with good fit indicated by values below .10.° The y2 Difference test for each of the
higher-order models is in reference to Model 10, the best first-order model. ‘P-values relate to the y*
Difference Test. The Degrees of Freedom for each difference test was equal to 1 in all cases.

Table 8
Standardized Parameter Estimates for Model 1h

Loading
Second-order Factor First-order Factor  Estimate S.E.” Z-value  Significance
TECHNOLOGY NAVIGATION 795 .035 22.411 <.001
TECHNOLOGY ACCESS .820 .033 24.690 <.001
TECHNOLOGY PERFORMANCE 840 .037 22.801 <.001
TECHNOLOGY INTERACTION 783 031 25.625 <.001
CONTENT RELEVANCE .842 .029 29.207 <.001
CONTENT PRESENTATION 1.000 .000 n/a <.001
CONTENT IMPACT .882 .027 32.374 <.001
CONTENT DIVERSITY 411 .057 7.153 <.001

Note. *Standard error.
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Table 9

Second-order EFA Factor Loading Estimates

Lower-order Factor Higher-order Factor 1 Higher-order Factor 2
NAVIGATION 137 724
ACCESS -.190 938
PERFORMANCE 794 .030
INTERACTION -.085 .944
RELEVANCE 929 -.085
PRESENTATION 913 101
IMPACT .808 .090
DIVERSITY 463 -.530
Table 10

Parallel Analysis of Higher-Order EFA Eigenvalues

Factor Model Eigenvalue Mean Eigenvalue

One 4.963 1.279

Two 1.187 1.177

Three 0.749 1.093

Four 0.377 1.022

Five 0.279 0.960

Six 0.235 0.900

Seven 0.151 0.826

Eight 0.069 0.744
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Figure 7. Path diagram of Model 2h, showing the loadings of the eight first-order factors on two
second-order factors, F1 and F2. This higher-order model is based on the lower-order structure of
Model 10 and the results of EFA using the factor covariance matrix of Model 10 (see Table 3).
Note that PERF loads with IMP, PRES, and REL and DIV loads on both second-order factors.
NAV=navigation, ACC=access, PERF=performance, INT=interaction, REL=relevance,
PRES=presentation, IMP=impact, DIV=diversity, TECH=technology, CON=content, TEC =

technology and CON = content.
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PERFORMANCE loaded together with RELEVANCE, PRESENTATION, and IMPACT on one
second-order factor (F1), while NAVIGATION, ACCESS, INTERACTION, and DIVERSITY
loaded together on another second-order factor (F2). DIVERSITY also cross-loaded on the factor

explaining PERFORMANCE, RELEVANCE, PRESENTATION, and IMPACT.

CFA showed that Model 2h had reasonable fit (see Table 4), but this fit was significantly
worse than the fit of Model 10 (Chi-square = 36.060, p <.001). In addition, the loading of
PRESENTATION on the TEC second-order factor was out-of-range (>1.000). This was due to a
small negative residual error variance of -0.011 for the PRESENTATION factor. Since the
estimated negative value was close to zero, this anomaly was handled by constraining the
residual error variance of PRESENTATION to zero in a subsequent analysis. Table 7 provides
the fit and comparative statistics for Model 2h with this minor modification included. Factor
loadings for Model 2h are listed in Table 11. The estimated reliability of the second-order Factor

1 in Model 2h was .902 and the estimated reliability of higher-order Factor 2 was .910.

Table 11

Standardized Parameter Estimates for Model 2h

Second-order Loading

Factor First-order Factor Estimate S.E’ Z-value Significance
Factor 1 PERFORMANCE 814 .032 25.089 <.001
Factor 1 RELEVANCE .840 .029 29.268 <.001
Factor 1 PRESENTATION 1.000 .000 n/a <.001
Factor 1 IMPACT .876 028 31.124 <.001
Factor 1 DIVERSITY 412 057 7.211 <.001
Factor 2 NAVIGATION .864 .036 24.167 <.001
Factor 2 ACCESS 903 031 28.937 <.001
Factor 2 INTERACTION .866 .029 30.318 <.001

Note. *Standard error.
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It was not possible to directly compare the fit statistics of Model 1h and 2h statistically,
because these models were not nested. In the end, since both higher-order models were equally
parsimonious, interpretability became the most important aspect to consider in determining
which higher-order model to retain and use going forward. Interpretability is also the main aspect

to consider in comparing the higher order models with the preferred first-order model.

Summary

This chapter presented results from the qualitative and quantitative analyses used to
develop and evaluate a model of digital textbook quality from the perspective of college
students. The qualitative analysis revealed eight major themes related to digital textbook quality
and these themes were subsequently used as the basis of a hypothesized mathematical model
amenable to empirical evaluation. Factor analytic procedures were used to evaluate variations of
the mathematical model and make improvements. The conclusions supported by this evaluation

are discussed in the next chapter.
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Chapter 5
Discussion
The purpose of this study was to develop and empirically validate a model of digital

textbook quality from the perspective of college students. Such a model should potentially be
useful to developers and consumers of digital textbooks as a guide to product evaluation. In the
context of open educational resources, an understanding of what makes for a high quality digital
textbook could potentially help faculty and content managers in their efforts to initially develop
and/or subsequently revise their open textbooks and other openly licensed digital instructional

materials.

Development and evaluation of the model of digital textbook quality was accomplished
in two major steps. First, college students were asked directly to describe the characteristics of a
high quality digital textbook and these responses were analyzed using qualitative methods. The
results of the qualitative analysis were then used to develop a conceptual model of digital
textbook quality, which model facilitated the creation of an initial measurement instrument. A
separate group of college students were subsequently asked to respond to the items on the
measurement instrument. The responses from these students were then used to evaluate and
improve the initial model. Quantitative analysis also informed revisions and improvements to the
initial measurement instrument. The results of this two-step approach were described in Chapter

4 and are discussed next.

Summary of Qualitative Analysis

The thematic analysis of the literature review and student responses to questionnaire

items and interviews revealed eight major themes related to the quality of digital textbooks.
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These themes related to (a) how students access their textbooks and navigate through them, (b)
how the textbooks performed technically, (c) how up-to-date and well-aligned the content was
with current knowledge and other aspects of the course, (d) how well technology interfaced with
the content through interactive content, (¢) how and what material was presented, (f) how the
textbook impacted student performance, and (g) how sensitive the textbook was to diverse
cultures and viewpoints. Most of the themes were derived from student responses to
questionnaires and interviews and are characteristics of textbooks not mentioned in the literature
on textbook evaluation. Two of the themes (impact and diversity) were derived mostly from the
review of the literature and were included in the analysis because one or two students provided

comments related to these themes.

Overall, student responses to the questionnaire and interviews appeared to be thoughtful
and meaningful. The interviews especially revealed that students care about the quality of their
instructional materials and are willing to provide feedback to their instructors if they think it will

help improve the learning experience.

Summary of Quantitative Analysis

The results from the thematic analysis of the literature review and student responses
provided a framework upon which to build an initial mathematical model of digital textbook
quality from the perspective of college students. This initial mathematical model consisted of
eight factors based on the eight themes from the qualitative data and provided the blueprint for
constructing initial questionnaire items to measure each factor/theme. Student responses to these
initial items provided an opportunity to empirically evaluate the items using IRT and improve the

initial measurement model using CFA.
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IRT results indicated that three items did not function well. The options of each of the
poorly functioning items were presented in a reverse order relative to the options in all of the
other items. Specifically, the first option in the poorly functioning items was an indicator of high
textbook quality with indication of quality decreasing with subsequent options. The reverse was
true of the other 41 items in the instrument. This particular characteristic of these three items
likely contributed to their poor functioning, possibly because some students apparently did not
pay close attention to the wording and inadvertently endorsed a category they may not have
intended to endorse. The fact that all three poorly functioning items were reversed-ordered may
imply an increased likelihood of response-sets. Response-sets occur when students are not
sincere in their responding and simply use a random or systematic approach to completing the
items. Technically, response sets occur when respondents provide response patterns that are not
related to the construct being measured (Johnston & Hackmann, 2011). Such behavior can
decrease the validity of an instrument. However, because the options in the instrument used in
this study varied substantially from item to item, the likelihood of response sets probably
decreased compared to instruments with more similar or identical response options across items.
In addition, the within student variability in responses across the 41 items ranged from 0.37 to
1.92 (mean = 0.94), providing further evidence against decreased validity due to response sets. In
the end, the IRT results were valuable for identifying those items that should be excluded from

the subsequent model evaluation using CFA.

CFA results indicated that the initial measurement model could be improved by a few
modifications. In particular, a couple of items originally designed to measure ACCESS and one

item originally designed to measure NAVIGATION were actually shown to be better measures
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of PERFORMANCE. In a similar manner, one of the items designed to measure

PRESENTATION was shown to be a better measure of INTERACTION.

Closer inspection of the content of these items led me to conclude that these
modifications were justifiable. Items a/ and a2, for instance, both related to students’ satisfaction
with the performance of their accessibility options, while the remainder of the ACCESS items
dealt primarily with the availability of the textbook. Similarly, item 76 related to students’
perception of the overall ease of navigation (a PERFORMANCE-related feature), while the other
NAVIGATION items related to specific navigation functionalities like bookmarking and
searching. Finally, item pr6 related to students’ perceptions of the usefulness of study helps in
their textbook, similar to most of the INTERACTION items that related to specific pedagogical
features like interactive quizzes and links to supplementary information. The remainder of the
PRESENTATION items, on the other hand, related more generally to how content was

presented.

Overall, the modifications made as a result of CFA improved the fit and interpretability
of the initial model. This improved model was then used to explore the relationships among the
factors themselves. In particular, it was hypothesized that four of the factors -NAVIGATION,
ACCESS, PERFORMANCE, and INTERACTION - related primarily to characteristics of
digital textbooks, like technical performance and search functions. The other four factors —
RELEVANCE, PRESENTATION, IMPACT, and DIVERSITY — were characteristics germane
to textbooks of any format, digital or otherwise. In addition, these factors all appeared to relate
more particularly to the content of the textbook. A second-order CFA showed that these
hypothesized relationships were reasonably justified. EFA, together with parallel analysis,

confirmed the presence of two second-order factors, but indicated that PERFORMANCE was
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mathematically more closely related to RELEVANCE, PRESENTATION, and IMPACT than to
NAVIGATION, ACCESS, and INTERACTION. The EFA also indicated that DIVERSITY
loaded together with NAVIGATION, ACCESS and INTERACTION on one second-order factor,
with a cross-loading on the other second-order factor. It is difficult to interpret the meaning of
these relationships, however, since none of the PERFORMANCE items relate to content and

neither of the DIVERSITY items relate to the technical aspects of the digital textbook.

Conclusions

This section presents conclusions related to the research questions addressed by this study

and to the measurement instrument developed as a result of this research.

Desirable characteristics of a high quality digital textbook. Eight key characteristics
of high quality digital textbooks were derived from student responses to questionnaires and
interviews, and from the literature. These characteristics included navigation features, access
features, technical performance, relevance, interaction features, presentation features,

educational impact, and sensitivity to diversity.

Preferred factor models. Based on the foregoing analyses, the best first-order model
was Model 10 (Figure 5). However, there was evidence that a second-order model explained the
relationships among the first-order factors better than the first-order model. Indeed, Model 1h
(the second-order model based on a priori theory, Figure 6) was preferable to Model 10 (the best
first-order model) and to a second-order model based on EFA (Model 2h, Figure 7). This
conclusion is justified based on several reasons. Specifically, Model 1h (a) was more
interpretable than Model 2h, (b) accounted for relationships among the factors better than Model

10, (c) had good fit, and (d) was reasonably parsimonious compared to the other models.
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Evidence of reliability and validity. Scores obtained from the revised measurement
instrument (Appendix B) based on Model 1h are estimated to have to have high subscale and
composite reliability (see Table 6). The second-order factors also have high estimated reliability.
In addition, the qualitative approach used in this study provided built-in content validity in a
manner similar to that conferred by a table of specifications used in test construction.
Furthermore, the CFA provided some evidence of construct validity. While further research is
needed to provide even more evidence of validity, the instrument in its current form is
recommended for use by developers and users of digital textbooks, especially open digital
textbooks. Given the structure of Model 1h and the high scale-score reliabilities, it is
recommended that a separate score be used for each first-order factor and for each second-order

factor, in addition to a total score for the entire instrument.

Contributions of This Study to the Literature on Textbook Evaluation

The findings from this study are consistent with the literature on textbook evaluation in
only a small number of ways. In particular, textbook selection committees have used aspects of
some of the themes suggested by students as important indicators of textbook quality. These
aspects include quality of pedagogical aids, educational impact, and content accuracy, which are
aspects of the presentation, impact, and relevance themes in this study, respectively. In addition,
the theme of interaction as defined by student responses was related to the general idea of
interaction presented in the literature in that it dealt with particular components of digital
textbooks designed to promote learning through interaction. These elements included things like

interactive quizzes and links to external supplementary materials.
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In general, however, textbook selection committees do not commonly use most of the
characteristics that students identified as important criteria for evaluating digital textbooks.
Similarly, the students in this study did not identify most of the criteria used by selection
committees in their evaluation decisions. One reason for this discrepancy may be that most
students are likely not capable of accurately using the textbook evaluation criteria commonly
used by selection committees. For instance, textbook selection committees often focus on
readability, content coverage, and cost. While some students may be capable of detecting
readability differences, most are not knowledgeable enough to make evaluation decisions based
on content coverage. In addition, it doesn’t appear from this study that cost is something students
associate with quality. Also, this study did not explicitly address cost because the Project

Kaleidoscope textbooks were provided to students for free in most cases.

Another possible reason for the discrepancy between the textbook evaluation criteria
important to students and the criteria important to selection committees may be that textbook
selection committees have not, for whatever reasons, paid enough attention to student
perspectives of textbook quality. It is particularly interesting to note that several textbook
evaluation studies have focused on measures of human interest as a criterion for evaluating
textbooks. Presumably, these evaluators see human interest as something that should be
important to students. However, no student in my study indicated that it is important for a high

quality digital textbook to be “interesting.”

Finally, at least some of the criteria I have defined apply to a specific class of textbooks
(i.e. textbooks presented in a digital format), while the criteria recommended in the literature for

use by textbook adoption committees have been developed to apply primarily to traditional
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printed texts. The focus on digital textbooks highlights one way that this study has extended the

literature on textbook evaluation.

Indeed, this study has extended the literature on textbook evaluation in several important
ways. First, this study has added another perspective relevant to textbook evaluation in general:
the perspective of college students. In particular, the study has identified eight criteria that can be
valuable when students are asked to evaluate their textbooks. These criteria could also be
valuable to developers of textbooks and others involved in textbook design. Second, this study
has added understanding to the evaluation of digital textbooks in particular, something that is
lacking almost completely from the literature. As more and more digital instructional materials
are developed, an accurate understanding of what makes for a high quality digital textbook will
become increasingly important. Third, this study has provided a factor model and a measurement
instrument that can be used together for development and evaluation purposes. Finally, this study
has shown the usefulness of using a mixed-methods approach to instrument development. In
particular, this study has shown that using end-user perspectives to inform quantitative analysis

is a methodologically sound approach to product evaluation.

Limitations

This study had at least two main limitations that should be considered when interpreting

results. These limitations included sampling inadequacies and lack of cross-validation.

Sampling inadequacies. There were several sampling inadequacies in this study. First,
because student respondents were recruited through their instructors, there was little control over
which instructors promoted the questionnaire and interview requests to their students. Faculty

decisions to send the questionnaire on to their students could have been a factor of the
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instructors’ perceptions of textbook quality (or lack thereof). For instance, an instructor’s
motivation to pass the questionnaire request on to his students could have been influenced by the
instructor’s perception that the textbook he was using was of particularly high or low quality. In
the end, the nature of the sampling design potentially limited the representativeness of the

student sample.

Second, only community college students in a small number of institutions located in
only a few parts of the United States were included in the sample for this study. The perspectives
of other types of students (e.g. university, liberal arts college, K-12) and students from other
parts of the country were not included, further limiting the representativeness of the sample.
However, it is not clear why criteria would be expected to vary across type of student or

geographic location. Further research would be needed to shed light on this issue.

Third, this study was limited to a single type of digital textbook: an open digital textbook
developed as part of Project Kaleidoscope. Students in this study did not use other types of
digital textbooks, especially those distributed by for-profit publishers. The differences between
digital textbooks developed through Project Kaleidoscope and those developed by private, for-
profit publishers have not been well studied. Thus, the results of this study apply particularly to

open digital textbooks developed through faculty collaboration.

Finally, the most important sampling inadequacy was small sample size. While the
sample size was quite large for the qualitative portion of the study, only 235 students completed
the questionnaire based on the initial measurement model. In particular, the limited sample may

have led to less stability in the CFA parameter estimates.
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Lack of cross-validation. In a related way, the small sample size in this study prohibited
a cross-validation study using a split-sample approach. It is often useful to randomly divide a
sample in half and then analyze the data separately for each subgroup. The results of these
analyses can then be compared to determine whether the findings are generalizable across
subsamples. This approach may provide confirmation of the model fit and parameter estimates,
but was not possible in this study. Because the models in this study were quite complex, a
sample of 118 was not large enough for the estimation algorithm to reach convergence.

Recommendations

This section presents recommendations for (a) use of the preferred model of digital

textbook quality, (b) use of the measurement instrument, and (c) further research.

Use of the model. The following recommendations for use of the model of digital

textbook quality are made based on the findings of this study:

1. Authors and developers of for-profit digital textbooks should use the eight
criteria identified in the model of digital textbook quality when considering
how to produce high quality, educationally impactful, and profitable products.

2. Textbook selection committees should use the eight criteria to inform their
evaluation decisions. In higher education, these committees generally consist of
one or a few faculty members considering which textbook should be required
for students in a particular course. Consideration of the student perspective in
higher education seems particularly relevant.

3. Adopters and developers of open digital textbooks should use the eight criteria

to inform development and revision decisions.
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Use of the measurement instrument. The following recommendations for use of the

measurement instrument (Appendix B) are made based on the findings of this study:

1. Authors and developers of for-profit digital textbooks should use the instrument
to acquire student feedback about their products, if they are willing to make
modifications based on such feedback.

2. Developers and adopters of open digital textbooks, like the faculty in Project
Kaleidoscope, should use the instrument frequently to inform textbook revision
decisions based direct feedback from their students. Student responses to items
on the instrument should help focus an instructor’s attention on particular
characteristics of the book that could be improved. This feedback, combined
with instructor expertise, should lead to potentially important revisions and
improvements to the open digital textbooks.

3. Educational researchers should use scores from the instrument in comparative
studies of digital textbooks, open or otherwise. It is possible that advocates of
open educational resources could use the results of such comparative studies to
debunk the frequent claims by for-profit publishers that OER are, by default, of

lower quality than publisher-produced instructional materials.

Further research. The following recommendations for further research are made based

on the findings of this study:

1. Future research on a model of digital textbook quality from the student
perspective should be based on larger sample sizes. I recommend a sample size

of at least 1000 students in order to ensure stable parameter estimates and to
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allow for cross-validation studies. In addition to increasing the sample size, it is
also important to further expand the range of the student sample to include
university, liberal arts college, and K-12 students from a range of geographic
locations. Such studies would extend the generalizability of the results of this
study in the community college context.

Future research should include cross-validation studies. Such studies are
important to further refine the model of digital textbook quality from the
student perspective and provide more evidence of validity of the model.

Future research should explore the stability of the proposed model across
subgroups and across time. Cross-group studies would determine whether or
not the factor structure is the same across gender, ethnic, and student groupings
(university, community college, high school, etc.). Such studies could also
establish that the model is stable within groups and across time or
administrations of the instrument. Overall, factor invariance studies are
important for further establishing the generalizability of the model.

Future research should be conducted to improve the measurement instrument.
Specifically, a future studies should explore student sincerity in responding to
items (Browne, 2011), the effect of reverse-ordering response options on some
items, and possible ways of reducing the total number of items needed to
measure each factor. In addition, future studies should estimate the reliability of
the measurement instrument using a hierarchal linear modeling approach (Yeo,

Kim, Branum-Martin, Wayman, & Espin, 2011). Such an approach would
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provide a more appropriate reliability estimate than a single reliability

coefficient because the textbooks being evaluated are nested within courses.

Final Thoughts

This dissertation began with a quote about quality from the novel Zen and the Art of
Motorcycle Maintenance by Robert M. Pirsig. In this quote, Pirsig claimed that “any philosophic
explanation of Quality is going to be both false and true precisely because it is a philosophic
explanation.” The purpose of this research was to identify the desired characteristics that are
indicators of high quality digital textbooks from the student point of view. The explanation of
quality I have presented in this work is certainly Persigian, in that it is dependent on the context
and the purpose for which it is used. In some contexts it will be truer than in others. Despite this,
it is hoped that the criteria identified, the model evaluated, and the instrument developed will be

useful to users and developers of digital textbooks — especially open digital textbooks.
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Appendix A
Initial 44-Item Digital Textbook Quality Questionnaire
NAVIGATION (n)
1. How useful to your learning is the search function in your digital textbook?

a. There is no search function
b. Not at all useful

c. Slightly useful
d. Moderately useful
e. Very useful

2. How accurate is the search function in your digital textbook?
a. There is no search function
b. Not at all accurate

c. Slightly accurate
d. Moderately accurate
e. Very accurate

3. How useful to your learning are the internal links (such as links between chapters or
sections) in your digital textbook?
a. There are no internal links
b. Not at all useful

c. Slightly useful
d. Moderately useful
e. Very useful

4. How useful to your learning are the page numbers in your digital textbook?

a. There are no page numbers
b. Not at all useful

c. Slightly useful

d. Moderately useful

e. Very useful

5. How useful to your learning is the bookmarking or place-holding function in your digital
textbook?
a. There is no bookmarking function
b. Not at all useful

c. Slightly useful
d. Moderately useful
e. Very useful
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6. How easy is your digital textbook to navigate?

a. Very difficult

b. Somewhat difficult
c. Somewhat easy

d. Very easy

ACCESS (a)

1.

To what extent are you satisfied with your current options for accessing your digital
textbook? Access options might include online, download, print, e-book, etc.

a. Very dissatisfied

b. Somewhat dissatisfied

c. Somewhat satisfied

d. Very satisfied

How convenient is it for you to access your digital textbook?
a. Very inconvenient
b. Somewhat inconvenient
c. Somewhat convenient
d. Very convenient

How useful to your learning is the option to print your digital textbook (or parts of it)
yourself?

a. There is no option to print my digital textbook

b. Not at all useful

c. Slightly useful
d. Moderately useful
e. Very useful

How useful to your learning is the option to download your digital textbook so that you
can read it OFFLINE on a personal device such as a computer, phone, e-reader, etc.?

a. There is no option to download my digital textbook

b. Not at all useful

c. Slightly useful
d. Moderately useful
e. Very useful

How useful to your learning is the option to read the ONLINE VERSION of your digital
textbook on various mobile devices such as a laptop, phone, or tablet?

a. There is no option to read the online version on various devices

b. Not at all useful

c. Slightly useful
d. Moderately useful
e. Very useful
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How useful to your learning is the option to purchase a printed copy of your digital
textbook?

a. There is no option to purchase a printed copy

b. Not at all useful

c. Slightly useful
d. Moderately useful
e. Very useful

After you have completed this course, how useful to your learning do you think it will be
to have continued access to your digital textbook?

a. Not at all useful

b. Slightly useful

c. Moderately useful

d. Very useful

How useful to your learning are the accessibility features in your digital textbook, such as
the options to increase font size or listen to an audio version?

a. There are no accessibility features

b. Not at all useful

c. Slightly useful
d. Moderately useful
e. Very useful

PERFORMANCE (pf)

1.

How often do you experience technical problems with your digital textbook, such as
website crashes, device issues, login problems, and software incompatibility?

a. Regularly

b. Frequently

c. Occasionally
d. Rarely
e. Never

How easy is it for you to locate the ONLINE VERSION of your digital textbook?
a. Very difficult
b. Somewhat difficult
c. Somewhat easy
d. Very easy

How easy is it for you to log in to the online version of your digital textbook?
a. Idon’tneed to log in to my digital textbook
b. Very difficult

c. Somewhat difficult
d. Somewhat easy
e. Very easy
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4. How compatible is your digital textbook with the software you use to view it, such as
web browsers, document viewers, and operating systems?
a. Not at all compatible
b. Slightly compatible
c. Moderately compatible
d. Very compatible

5. *To what extent does the download/upload speed of the online version of your digital
textbook impede your learning?
a. Does not impede at all
b. Slightly impedes
c. Moderately impedes
d. Greatly impedes

INTERACTION (it)

1. How useful to your learning is the note-taking function in your digital textbook?
a. There is no note-taking function

b. Not at all useful
c. Slightly useful

d. Moderately useful
e. Very useful

2. How useful to your learning is the highlighting function in your digital textbook?
a. There is no highlighting function
b. Not at all useful

c. Slightly useful
d. Moderately useful
e. Very useful

3. How useful to your learning are the interactive quizzes (quizzes that provide immediate
feedback) in your digital textbook?
a. There are no interactive quizzes
b. Not at all useful

c. Slightly useful
d. Moderately useful
e. Very useful

4. How useful to your learning are the links to EXTERNAL materials in your digital
textbook, such as websites, videos, etc.?

a. There are no links to external materials
b. Not at all useful

c. Slightly useful

d. Moderately useful

e. Very useful
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5. How useful to your learning are the EMBEDDED interactive materials in your digital
textbook, such as embedded videos, tutorials, interactive charts, etc.?
a. There are no embedded materials
b. Not at all useful

c. Slightly useful
d. Moderately useful
e. Very useful

RELEVANCE (r)

1. How up-to-date is the information in your digital textbook?
a. Not at all up-to-date
b. Slightly up-to-date
c. Moderately up-to-date
d. Very up-to-date

2. *In light of the stated goals for your course, how much material does your digital
textbook contain that is unnecessary?
a. Very little or no amount of unnecessary material
b. A slight amount of unnecessary material
c. A moderate amount of unnecessary material
d. A great amount of unnecessary material

3. How well is the material in your digital textbook aligned with the instruction presented
by your instructor?
a. Very poorly aligned
b. Somewhat poorly aligned
c. Somewhat well aligned
d. Very well aligned

4. How well is the material in your digital textbook aligned with the assignments given by
your instructor?
a. No assignments are given
b. Very poorly aligned
c. Somewhat poorly aligned
d. Somewhat well aligned
e. Very well aligned

5. How well is the material in your digital textbook aligned with the exams given by your
instructor?
a. No exams are given
b. Very poorly aligned

c. Somewhat poorly aligned
d. Somewhat well aligned
e. Very well aligned
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PRESENTATION (pr)

1. To what extent is the information in your textbook confusing or unclear?
a. Very confusing or unclear
b. Fairly confusing or unclear
c. Fairly straightforward or clear
d. Very straightforward or clear

2. How well-organized is your digital textbook?
a. Not at all well-organized
b. Slightly well-organized
c. Moderately well-organized
d. Very well-organized

3. How useful to your learning are the visual aids in your digital textbook, such as graphs,
pictures, charts, diagrams, maps, etc.?
a. There are no visual aids

b. Not at all useful

c. Slightly useful

d. Moderately useful
e. Very useful

4. How detailed is the material in your digital textbook?
a. Not at all detailed
b. Somewhat detailed
c. Fairly detailed
d. Very detailed

5. How useful to your learning are the examples in your digital textbook?
a. There are no examples
b. Not at all useful

c. Slightly useful
d. Moderately useful
e. Very useful

6. How useful to your learning are the study helps in your digital textbook, such as
glossaries, study guides, review sections, summary sections, etc.?
a. There are no study helps
b. Not at all useful

c. Slightly useful
d. Moderately useful
e. Very useful



92

IMPACT (ip)

1. To what extent has your digital textbook affected your learning?
a. Greatly impeded my learning
b. Slightly impeded my learning
c. Slightly enhanced my learning
d. Greatly enhanced my learning

2. To what extent has your digital textbook affected your motivation to learn?
a. Greatly decreased my motivation
b. Slightly decreased my motivation
c. Slightly increased my motivation
d. Greatly increased my motivation

3. To what extent has your digital textbook affected your exam scores in your course?
No exams are given

Very negatively affected my scores

Somewhat negatively affected my scores

Somewhat positively affected my scores

Very positively affected my scores

oo o

4. To what extent has your digital textbook affected your retention of the subject matter in
your course?
a. Very negatively affected my retention
b. Somewhat negatively affected my retention
c. Somewhat positively affected my retention
d. Very positively affected my retention

5. To what extent has your digital textbook BROADENED your understanding of the
subject matter in your course? (Broad understanding means surface-level knowledge of
many topics.)

a. Not at all broadened my understanding
b. Slightly broadened my understanding

c. Moderately broadened my understanding
d. Greatly broadened my understanding

6. To what extent has your digital textbook DEEPENED your understanding of the subject
matter in your course? (Deep understanding means detailed knowledge the most
important topics.)

a. Not at all deepened my understanding
b. Slightly deepened my understanding

c. Moderately deepened my understanding
d. Greatly deepened my understanding
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DIVERSITY (d)

1. To what extent is your digital textbook biased toward a particular worldview or culture?
a. Very unbiased

b. Somewhat unbiased
c. Somewhat biased
d. Very biased

2. How sensitive is your digital textbook to your unique background, culture, and
viewpoints?

Very insensitive

Somewhat insensitive

Somewhat sensitive

Very sensitive

ac o

3. How sensitive is your digital textbook to others’ unique backgrounds, cultures, and
viewpoints?
a. Very insensitive
b. Somewhat insensitive
c. Somewhat sensitive
d. Very sensitive
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Appendix B

Revised 41-Item Digital Textbook Quality Questionnaire

NAVIGATION (n)

1. How useful to your learning is the search function in your digital textbook?
a. There is no search function
b. Not at all useful

c. Slightly useful
d. Moderately useful
e. Very useful

2. How accurate is the search function in your digital textbook?
a. There is no search function
b. Not at all accurate

c. Slightly accurate
d. Moderately accurate
e. Very accurate

3. How useful to your learning are the internal links (such as links between chapters or
sections) in your digital textbook?
a. There are no internal links
b. Not at all useful

c. Slightly useful
d. Moderately useful
e. Very useful

4. How useful to your learning are the page numbers in your digital textbook?
a. There are no page numbers
b. Not at all useful

c. Slightly useful
d. Moderately useful
e. Very useful

5. How useful to your learning is the bookmarking or place-holding function in your digital
textbook?
a. There is no bookmarking function
b. Not at all useful

c. Slightly useful
d. Moderately useful
e. Very useful
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ACCESS (a)

1. How useful to your learning is the option to print your digital textbook (or parts of it)
yourself?
a. There is no option to print my digital textbook
b. Not at all useful

c. Slightly useful
d. Moderately useful
e. Very useful

2. How useful to your learning is the option to download your digital textbook so that you
can read it OFFLINE on a personal device such as a computer, phone, e-reader, etc.?
a. There is no option to download my digital textbook
b. Not at all useful

c. Slightly useful
d. Moderately useful
e. Very useful

3. How useful to your learning is the option to read the ONLINE VERSION of your digital
textbook on various mobile devices such as a laptop, phone, or tablet?
a. There is no option to read the online version on various devices

b. Not at all useful
c. Slightly useful

d. Moderately useful
e. Very useful

4. How useful to your learning is the option to purchase a printed copy of your digital
textbook?
a. There is no option to purchase a printed copy
b. Not at all useful

c. Slightly useful
d. Moderately useful
e. Very useful

5. After you have completed this course, how useful to your learning do you think it will be
to have continued access to your digital textbook?
a. Not at all useful
b. Slightly useful
c. Moderately useful
d. Very useful
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6. How useful to your learning are the accessibility features in your digital textbook, such as

the options to increase font size or listen to an audio version?
a. There are no accessibility features
b. Not at all useful

Slightly useful

Moderately useful

Very useful

o a0

PERFORMANCE (pf)

I.

How often do you experience technical problems with your digital textbook, such as
website crashes, device issues, login problems, and software incompatibility?

a. Regularly

b. Frequently

c. Occasionally
d. Rarely
e. Never

How easy is it for you to locate the ONLINE VERSION of your digital textbook?
a. Very difficult
b. Somewhat difficult
c. Somewhat easy
d. Very easy

How easy is it for you to log in to the online version of your digital textbook?
a. Idon’tneed to log in to my digital textbook
b. Very difficult

c. Somewhat difficult
d. Somewhat easy
e. Very easy

How compatible is your digital textbook with the software you use to view it, such as
web browsers, document viewers, and operating systems?

a. Not at all compatible

b. Slightly compatible

c. Moderately compatible

d. Very compatible

How easy is your digital textbook to navigate?
a. Very difficult
b. Somewhat difficult
c. Somewhat easy
d. Very easy



6. To what extent are you satisfied with your current options for accessing your digital
textbook? Access options might include online, download, print, e-book, etc.
a. Very dissatisfied
b. Somewhat dissatisfied
c. Somewhat satisfied
d. Very satisfied

7. How convenient is it for you to access your digital textbook?
a. Very inconvenient
b. Somewhat inconvenient
c. Somewhat convenient
d. Very convenient

INTERACTION (it)

1. How useful to your learning is the note-taking function in your digital textbook?
a. There is no note-taking function
b. Not at all useful

c. Slightly useful
d. Moderately useful
e. Very useful

2. How useful to your learning is the highlighting function in your digital textbook?
a. There is no highlighting function
b. Not at all useful

c. Slightly useful
d. Moderately useful
e. Very useful
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3. How useful to your learning are the interactive quizzes (quizzes that provide immediate

feedback) in your digital textbook?
a. There are no interactive quizzes
b. Not at all useful

c. Slightly useful
d. Moderately useful
e. Very useful

4. How useful to your learning are the links to EXTERNAL materials in your digital
textbook, such as websites, videos, etc.?
a. There are no links to external materials

b. Not at all useful
c. Slightly useful

d. Moderately useful
e. Very useful



5. How useful to your learning are the EMBEDDED interactive materials in your digital
textbook, such as embedded videos, tutorials, interactive charts, etc.?
a. There are no embedded materials
b. Not at all useful

c. Slightly useful
d. Moderately useful
e. Very useful

6. How useful to your learning are the study helps in your digital textbook, such as
glossaries, study guides, review sections, summary sections, etc.?
a. There are no study helps
b. Not at all useful
Slightly useful
Moderately useful
Very useful

° a0

RELEVANCE (r)

1. How up-to-date is the information in your digital textbook?
a. Not at all up-to-date
b. Slightly up-to-date
c. Moderately up-to-date
d. Very up-to-date

2. How well is the material in your digital textbook aligned with the instruction presented
by your instructor?
a. Very poorly aligned
b. Somewhat poorly aligned
c. Somewhat well aligned
d. Very well aligned

3. How well is the material in your digital textbook aligned with the assignments given by
your instructor?

a. No assignments are given

b. Very poorly aligned

c. Somewhat poorly aligned
d. Somewhat well aligned

e. Very well aligned

4. How well is the material in your digital textbook aligned with the exams given by your
instructor?
a. No exams are given
. Very poorly aligned
Somewhat poorly aligned
Somewhat well aligned
Very well aligned

o a0 o
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PRESENTATION (pr)

I.

To what extent is the information in your textbook confusing or unclear?
a. Very confusing or unclear
b. Fairly confusing or unclear
c. Fairly straightforward or clear
d. Very straightforward or clear

2. How well-organized is your digital textbook?
a. Not at all well-organized
b. Slightly well-organized
c. Moderately well-organized
d. Very well-organized
3. How useful to your learning are the visual aids in your digital textbook, such as graphs,
pictures, charts, diagrams, maps, etc.?
a. There are no visual aids
b. Not at all useful
c. Slightly useful
d. Moderately useful
e. Very useful
4. How detailed is the material in your digital textbook?
a. Not at all detailed
b. Somewhat detailed
c. Fairly detailed
d. Very detailed
5. How useful to your learning are the examples in your digital textbook?
a. There are no examples
b. Not at all useful
c. Slightly useful
d. Moderately useful
e. Very useful
f.
IMPACT (ip)
1. To what extent has your digital textbook affected your learning?

a. Greatly impeded my learning
b. Slightly impeded my learning
c. Slightly enhanced my learning
d. Greatly enhanced my learning
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2. To what extent has your digital textbook affected your motivation to learn?
a. Greatly decreased my motivation
b. Slightly decreased my motivation
c. Slightly increased my motivation
d. Greatly increased my motivation

3. To what extent has your digital textbook affected your exam scores in your course?
No exams are given

Very negatively affected my scores

Somewhat negatively affected my scores

Somewhat positively affected my scores

Very positively affected my scores

°o o o

4. To what extent has your digital textbook affected your retention of the subject matter in
your course?
a. Very negatively affected my retention
b. Somewhat negatively affected my retention
c. Somewhat positively affected my retention
d. Very positively affected my retention

5. To what extent has your digital textbook BROADENED your understanding of the
subject matter in your course? (Broad understanding means surface-level knowledge of
many topics.)

Not at all broadened my understanding

Slightly broadened my understanding

Moderately broadened my understanding

Greatly broadened my understanding

eo o

6. To what extent has your digital textbook DEEPENED your understanding of the subject
matter in your course? (Deep understanding means detailed knowledge the most
important topics.)

a. Not at all deepened my understanding

b. Slightly deepened my understanding

c. Moderately deepened my understanding

d. Greatly deepened my understanding

DIVERSITY (d)

1. How sensitive is your digital textbook to your unique background, culture, and
viewpoints?
a. Very insensitive
b. Somewhat insensitive
c. Somewhat sensitive
d. Very sensitive



2. How sensitive is your digital textbook to others’ unique backgrounds, cultures, and

viewpoints?

a

b.
C.
d.

Very insensitive
Somewhat insensitive
Somewhat sensitive
Very sensitive
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