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Abstract


The high cost of commercial textbooks in higher education creates barriers to equitable access to learning materials and negatively impacts student performance. Open educational resources (OER) offer a cost-effective alternative, but their impact on student learning remains a critical question. This study directly compared student outcomes between OER and commercial textbooks in a controlled reciprocal design. Forty undergraduate participants completed reading tasks and knowledge assessments using both textbook types, focusing on topics in DNA structure and function and population ecology. Results showed no significant differences in learning gains between OER and commercial textbooks, consistent with prior research. However, participants spent significantly less time on task when using the shorter, learning objective-aligned OER readings, particularly for jargon-heavy DNA content. These findings highlight the potential of OER to reduce cognitive load and improve efficiency without compromising learning outcomes. Future research should explore the role of textbook alignment, length, and student preparation strategies in optimizing learning with OER, particularly in flipped classroom contexts. This study supports OER adoption as a cost-saving measure that maintains academic integrity while enhancing accessibility and efficiency.
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Open Education Resource Learning Gains


Textbooks remain central to educational practices in the United States (Crawford & Snider, 2000; Hilton, 2020; Seaman & Seaman, 2024). However, the high cost of textbooks in higher education creates significant barriers for students (Anderson & Cuttler, 2020; Brandle et al., 2019; Goldrick-Rab, 2016; Hendricks et al., 2017; Hilton et al., 2014; Katz, 2019; Martin et al., 2017; Wiley et al., 2012). When students attempt to complete course assignments without required textbooks, surveys indicate academic underperformance without access to necessary learning resources (Florida Virtual Campus, 2012, 2022; Goldrick-Rab, 2016; Nusbaum et al., 2020). These hidden costs exacerbate inequities in access to education (Blessinger & Bliss, 2016; Bossu et al., 2012; Hockings et al., 2012; Lane, 2008, 2012; Willems & Bossu, 2012).

 
Open educational resources (OER) provide a solution to this issue. OER are adaptable learning materials available for free use and repurposing that improve access and equity (Blessinger & Bliss, 2016; Bossu et al., 2012; Lane, 2008, 2012; Smith & Casserly, 2006; Willems & Bossu, 2012). Cost consideration is the first element in a student-centered research framework on the efficacy of OER called COUP, where cost combines with outcomes, usage, and perceptions (Bliss, Robinson, et al., 2013), and remains a pillar of the SCOPE model (Clinton-Lisell et al., 2023), which expands upon COUP by taking into consideration social justice and reconceptualizing usage to engagement. Most studies of OER engagement and perceptions leverage student or faculty survey data. Surveys reveal students appreciate the lower costs and yield useful insights into student usage and perceptions of OER (Bliss, Hilton, et al., 2013; Bliss, Robinson, et al., 2013; Cuttler, 2019; Grissett & Huffman, 2019; Hendricks et al., 2017; Illowsky et al., 2016; Jhangiani et al., 2018; Martin et al., 2017). Faculty awareness of OER is increasing (Seaman & Seaman, 2024), but real-time comparisons between OER and commercial materials remain vital for understanding student engagement and outcomes (Hilton, 2020).

 
Parallel to cost, usage, and perceptions, faculty considering OER adoption are guided by the principle of “do no harm” to student learning outcomes when replacing a textbook (Fisher, 2018; Lovett et al., 2008; Ryan, 2019), of principal importance in this research. The SCOPE framework developed by Clinton-Lisell and colleagues (2023) expanded the definition of cost to include emotional, social-political, time, and academic costs (such as course withdrawal rates and cognitive load), in addition to financial considerations. Time and cognitive load are of particular interest to our study. Cognitive load theory (Sweller, 1988) suggests that the perceived difficulty of an academic task (coupled with the required time investment) has a direct relationship with student goal setting, their willingness to put mental effort into learning, and their likelihood of persisting with learning (Feldon et al., 2019). This suggests that if an OER requires less time on task and is perceived by the student as less difficult, better learning outcomes are expected, compared to a commercial textbook.

 
Comparisons of student learning outcomes after course adoptions of OER indicate no significant impact on average to academic achievement (Clinton & Khan, 2019; Hendricks et al., 2017; Hilton, 2016; Tlili et al., 2023; Vander Waal Mills et al., 2019). Tlili and colleagues’ (2023) and Clinton and Khan’s (2019) meta-analyses of learning efficacy from up to 25 published studies found variation in the student learning outcomes across studies. Even given variation, Clinton and Khan (2019) detected no effect on learning or assessment scores after a switch from a non-OER to an OER textbook. Refining our understanding of how OER impacts learning achievement, Tlili and colleagues (2023) found a statistically significant but negligible effect on learning gains, tempered by subject matter, education level, and geographical location. While researchers have found both gains (Colvard et al., 2018; Grewe & Davis, 2017; Jhangiani et al., 2018; Smith et al., 2020) and losses (Delgado et al., 2019) in learning after a switch to OER, the majority of studies support meta-analysis findings of no effect (Clinton et al., 2019; Croteau, 2017; Fialkowski et al., 2020; Grissett & Huffman, 2019; Hendricks et al., 2017; Kersey, 2019; Nusbaum et al., 2020; Vander Waal Mills et al., 2019). In short, student learning gains after a conversion to an OER textbook are complex.

 
In a study that examined three OER learning gains studies, Griggs and Jackson (2017) also indicated the textbook format and preparedness generates variation in student learning. The variation and complexity mapped in the two meta-analysis studies (Clinton & Khan, 2019; Tlili et al., 2023) could have some of these same contributors to variance. In addition to different textbook types, studies on OER efficacy address length (Dennen & Bagdy, 2019), quality, and content of readings. Finally, a comparison of non-OER to OER requires alignment of both types of teaching resources with the course learning objectives (Fink, 2013; Wiggins & McTighe, 2006). Our research question addressed whether an instructor-curated focused OER textbook would yield better student performance on reading questions, less total time on the task, and equivalent learning gains relative to the same student using a commercial textbook. To control for these sources of variation, we conducted a controlled experiment that allowed the same student equal exposure to both OER and commercial textbooks. We hypothesized that students using OER would perform better on reading questions, take less time to answer reading questions, and show learning gains at least equivalent to the students using the non-OER text.


Method


We recruited undergraduate, non-biology majors to participate in a non-classroom study to directly compare learning from an OER and a commercial textbook in a within-subjects counterbalanced experiment. Study participants answered five short incoming knowledge evaluation (IKE) questions using either an OER or non-OER reading, then repeated the process with the other textbook type on a different subject-matter topic. We examined learning gains in a semi-structured interview.

 
Incoming Knowledge Evaluation

 
The reading questions, or IKEs, used in the study had five multiple choice questions based on the learning objectives and covered in the readings. IKE questions were written to require understanding, application, or synthesis of ideas, with one exception where the answer was almost verbatim in both texts. An example IKE question on population ecology was:

 
The exponential equation of population growth describes


	 a population where the growth rate slows as the population size increases.

	 population growth limited by the maximum population size that the habitat can sustain.

	 a population growing at its intrinsic rate of natural increase.

	 A and B.

	 B and C.




An example IKE question on DNA was:

 
A newly discovered bacterial species has 35% G in its DNA. What is the % A?


	 35%

	 15%

	 30%

	 25%

	 Not enough information to determine




Textbook Readings

 
The readings used in the study were from two textbooks: Biological Principles (Choi et al., 2015), an OER faculty-authored and curated text for use in an introductory biology course for science majors at a US university, and Biological Science, 5th edition (Freeman et al., 2014), a commercial textbook published by Pearson Education. Biological Principles was written from the outline of learning objectives authored by course faculty. The professionally-edited commercial textbook Biological Science was the second most assigned textbook in US college-level biology courses (Ballen & Greene, 2017). Freeman et al.’s Biological Science was the required reading in the course before OER textbook implementation. Readings from both textbooks were provided electronically to study participants; however, learning objectives were not provided to the participants.

 
We selected readings from these textbooks on DNA structure and function and population ecology. The readings included the information necessary to complete five short IKE questions, as well as content not assessed on the IKE. The commercial textbooks had higher word counts, more figures and images, more equations in boxes in the ecology reading (Table 1), and included topics beyond the learning objectives. Each OER text also included one 12-13 minute video. Some participants accessed only parts of one or both the texts; some participants did not view the video.

 
 Table 1

 Word, Image, and Equation Counts for Commercial and OER Textbooks by Subject

   	Content
 	Subject and type of textbook
 

  	Ecology
 	DNA
 

  	OER
 	Commercial
 	OER
 	Commercial
 

  	Word count
 	724
 	9,193
 	878
 	6,676
 

  	 Number of figures
 	2
 	17 (+ 3 photos)
 	5
 	20 (+ 1 photo)
 

  	 Number of equations
 	2
 	2
 	0
 	0
 

  	Boxes
 	0
 	1
 	0
 	0
 

  	 Number of equations in boxes
 	0
 	10
 	0
 	0
 

  	 Number of videos
 	1
 	0
 	1
 	0
 

  	Length of video
 	11 min 53 s
 	
 	12 min 58 s
 	
 

 


 Note. OER = open educational resource.

 
Participants

 
Study participants (N = 40) were undergraduate students at a doctoral granting research university (R1) in the southeastern United States. Their pre-surveys indicated they did not have prior exposure to college-level biology coursework, including AP credit. We distributed participants into four textbook-by-topic groups evenly, as we scheduled their interviews. Participants were compensated and recruitment was ongoing until 40 study participants completed the interview.

 
Reciprocal Design Overview

 
In a within-subjects counterbalanced design, each participant completed a think-aloud, semi-structured interview that contained two main tasks and several additional elements:


	 a pre-task prompt to “Draw DNA” 

	 interview element

	 first reading task

	 interview element

	 second reading task

	 interview element, and 

	 a post-task prompt to “Draw DNA.” 




Specifics of the interview elements are addressed in the next section.

 
In their interviews, participants accessed an open education and a commercial textbook resource to complete reading tasks with either DNA or ecology content. Each participant completed one task in an OER textbook and one task in a traditional commercial textbook. If their first task was on the DNA topic, then their second task was on the ecology topic, and vice versa. This design allowed for a direct comparison of the same student in two different textbook environments. Each participant completed two reading tasks and a “Draw DNA” pre/post-task prompt. We compared IKE scores and time on task of the Biological Principles OER versus the non-OER textbooks.

 
Detailed Interview Methodology

 
In the one-on-one interview session, each participant completed two reading tasks, one in each of two textbook environments: open education or commercial. Each reading task included simultaneous access to the assigned textbook-by-topic online reading and to the Internet while completing five multiple choice IKE questions. Participants accessed the readings and the Internet using pre-opened browser tabs on a laptop provided for the interview. Tasks were introduced as formative with no mention of grades for correct scores. IKE scores were recorded in Qualtrics. Reading task learning change scores were calculated from the proportion correctly answered (Marx & Cummings, 2007; Theobald & Freeman, 2014). We recorded the duration of each reading task in minutes using screen-recording software Camtasia (https://www.techsmith.com/camtasia/). All interviews were conducted by AA within two months in spring of 2018; interviews lasted up to two hours.

 
To confirm minimal prior knowledge for each topic, participants completed a pre- and post-assessment. We prompted participants to “Draw DNA” while narrating aloud. The “Draw DNA” pretest provided an independent metric of prior biology content knowledge. The “Draw DNA” posttest documented knowledge recall after both reading tasks were completed. The pre- and post-drawing assessment and narration were captured with LiveScribe software (https://livescribe.com). Using an inductive approach to quantify student prior knowledge about DNA, we scored each drawing with its verbal explanation for knowledge of DNA structure and function, awarding 0 or 1 point per concept out of 9 possible points. The knowledge types and categories are shown in Table 2. For the post-task “Draw DNA,” we applied the same scoring rubric, adjusting the post score upward to include concepts from the pretest that were not explicitly restated post test. We assumed these correct concepts were not forgotten but rather omitted when considering newly learned or recalled information in the open-ended prompt to “Draw DNA.” While we also polled a “Draw Ecology” prompt, the data were not readily scorable in a quantitative analysis.

 
 Table 2

 Categories of Knowledge About DNA Structure and Function

   	Knowledge type
 	Knowledge category
 

 	DNA structure
 	a double helix that includes lines like ladder rungs
rungs on ladder represent two “things” (e.g., bases)
two things pair in specific ways (e.g., base pairs of A = T and G = C)
four different units (e.g., A, T, G, C or similar)
chemical bonds (e.g., hydrogen)
5’ to 3’ directionality or reference to “antiparallel” structure
nucleotide base with a backbone (e.g., sugar and or phosphate)
 

 	DNA function
 	processes (e.g., mutation, replication, transcription, recombination)
codes for genetic information and/or traits
 

 



Data Analysis

 
We analyzed initial content knowledge using the pre-task “Draw DNA” prompt (interview element 1), learning change scores from the “Draw DNA” task (elements 1 and 7), and IKE performance and duration for each reading task (elements 3 and 5).

 
Prior DNA Knowledge

 
Three raters (CS, KD, and AJ) independently scored DNA content knowledge of participants before and after they completed the reading tasks. Each rater rated all 40 pre-task “Draw DNA” entries, then used interrater differences for 14 of 40 to reformulate the scoring rubric. Each rater again independently scored all 40 pre-task “Draw DNA” entries. We calibrated how raters interpreted the revised rubric, which informed the post-task rubric (Table 2). Each rater for a third time independently re-scored the pre-task and then scored the post-task “Draw DNA” entries. Rater agreement was assessed using Krippendorff’s alpha (Hayes & Krippendorff, 2007). We analyzed DNA pretest knowledge scores using the lm() function in R, with textbook and task order as explanatory variables. All statistical analyses were performed using R (Version 4.0.5).

 
Learning Gains

 
The post-task rubric was adjusted to account for participants who demonstrated the DNA knowledge types and categories as shown in Table 2 in the pre-task drawing that they did not include again in the post-task drawing. In these cases, we calculated an adjusted post-“Draw DNA” score to account for those points. We calculated normalized learning change scores as the ratio of the difference in the DNA knowledge score from pre- to post-task to the maximum possible gain, or c = (post - pre) / (postmax - pre), where postmax = 9, the maximum possible score from the rubric (Marx & Cummings, 2007; Theobald & Freeman, 2014). The normalized change scores, which are equivalent to learning gains (Hake, 1998; Theobald & Freeman, 2014), were analyzed using lm() for differences between textbook and task order, and for interaction effects.

 
IKE Question Cognitive Profiles

 
We matched the 10 IKE questions to learning objectives. Then, using the Blooming Biology Tool (Crowe et al., 2008), three researchers and one co-author (CS) independently scored each question according to which level of Bloom’s taxonomy of educational goals would be required to answer it: know, comprehend, apply, analyze, synthesize, or create (Anderson & Krathwohl, 2001).

 
IKE Performance and Time on Task

 
IKE performance and time on task were analyzed using mixed models with repeated measures (by participant) using the lmer() function in R. The full models included fixed-effects textbook, topic, and task order. Participant was a random effect. To identify the parsimonious models with the best fit, we used Akaike’s information criterion (AIC) to identify and compare full models with less parameterized models. We present results from type III analysis of variance with Satterthwaite’s method from the model with the lowest AIC. When log transformation better approximated a normal data distribution, we completed analyses with both untransformed and log-transformed data. Independent variables of IKE performance and time on task were centered using a z score. For participants who showed unusually high prior DNA content knowledge, we completed the mixed model analysis both with and without those participants. As an alternative analysis, we conducted a fixed effects analysis of variance aov() on the time on task data, where we replaced the random effect of “participant” with “taskorder,” the order in which participants used each textbook (i.e., OER first or commercial first).

 
We completed a power analysis for the generalized linear model (GLM) using the power.f2.test() function with treatment number u = 4, degrees of freedom v = 40-2-1, significance level = 0.05, and power as 80% to determine the effect size (f2) required to see significant differences in our data.

 
If participants simply guessed at IKE questions, we would predict that limited time on task would generate low scores. To test for this, we screened for a relationship between time on task and the IKE performance with Kendall-Theil Sen Siegel nonparametric linear regression using mblm(), which is not robust to ties in the ranked data, and also using rank-based estimation regression rfit() in R.


Results

Pre/Post Recall of DNA Content Knowledge From “Draw DNA”

 
The three raters showed high agreement when ranking gains in DNA content knowledge from the pre-task (Krippendorff’s alpha40,3 = 0.927). For the post-task “Draw DNA” scores, raters had similarly high agreement (Krippendorff’s alpha40,3 = 0.901). Given the strong agreement between raters, we moved forward with analysis of DNA content knowledge using average scores from the “Draw DNA” data. Before the reading tasks, study participants scored DNA content knowledge of 3.02 ± 0.25 on average, with a range from 0 to 6.66, including two participants with scores above 5 out of 9 possible DNA content knowledge points. The division of participants into different textbook treatments and task order groups was random with respect to their pre-task DNA content knowledge (textbook F = 0.999, p = .324; task order F = 0.018, p = .895). Adjusted post-“Draw DNA” scores were on average 5.72 ± 0.26 (mean ± standard error). All participants increased in DNA knowledge score between the initial and final assessment.

 
Learning gains from “Draw DNA,” calculated as normalized learning change scores, were on average 0.462 ± 0.029 (mean ± standard error) points (see Figure 1 showing DNA learning gains in both first and second task). Most of that change is attributable to increased recall of DNA structure knowledge (raw data M = 2.1 ± 0.167) rather than knowledge about the function of DNA (raw data M = 0.6 ± 0.077). “Draw DNA” learning gains revealed no significant differences in the gain of DNA content knowledge given textbook (F = 0.095, p = .760) or in the order those textbooks were presented (F = 0.011, p = .917), with no interaction effect between textbook type and the order of the tasks (F = 1.055, p = .311).


 Figure 1

 Learning Gains for Participants From the “Draw DNA” Pre- and Posttest

[image: 8117 f1]

Note. Panel a: Participant scores after the first task. Panel b: Participant scores after the second task. OER = open educational resource.

 
Reading Task Performance

 
With the IKE questions, two ecology and three DNA questions required lower-order cognitive approaches while the remaining were higher order. Participants taking the ecology IKE scored a median of 4 out of 5 possible, a mean of 4.2, and 45% scored 5. For the 5 DNA questions, the median was 4, with a mean of 3.8, and 18% scored full marks. The model with the lowest AIC score was IKE_ZScore ∼ Textbook + Topic, with the random effect of participant omitted. Participants showed no significant differences in IKE performance between commercial and open education textbooks, F(1,77) = 2.09, p = .153. See Figure 2. Participants performed significantly better on ecology than on DNA questions, F(1,77) = 4.98, p = .029. Removing two outlier participants with high prior content knowledge on the pretest did not alter these results (data not shown). Models fitted using linear mixed effects were all singular, indicating that the data distribution was on the boundary of feasible parameter space for the model. We therefore also applied the AIC to a fixed effect analysis of variance model aov(), omitting the random effect of participant. This analysis revealed the same result as the mixed effect model.


 Figure 2

 Student Performance on the Five IKE Reading Questions
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 Note. IKE = incoming knowledge evaluation.

 
Time on Task

 
Participants spent significantly more time on the DNA task when using the commercial textbook (log-transformed and z -centered data: F(1,38) = 21.55, p < .001). See Figure 3. Participant was also a significant effect for time on task, with the likelihood ratio test 15.81, df = 1, p < .001.


 Figure 3

 Time on Reading Task When Using Each Type of Textbook
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We conducted a fixed effects analysis of variance on the time on task data, replacing the random effect of participant with the order in which the participant used each textbook (i.e., OER first or commercial first). Data for this analysis were centered using the z score and also log-transformed to normalize the distribution. As with the mixed model analysis, we saw the significant effects of textbook (F = 8.894, p = .039) and topic (F = 8.209, p = .0055), but there was not an effect of task order (F = 1.051, p = .3037) for the participants. A Tukey’s honestly significant difference (HSD) analysis of interactions showed that the DNA topic was more time-consuming overall, especially when paired with the commercial textbook, F(1,72) = 4.22, p = .044, or when DNA was the first task of the two each participant completed, F(1,72) = 7.85, p = .007.

 
There is no predictive relationship between time on task and the IKE score according to a rank-based estimation regression (Figure 4, t = 0, p = 1) and a Kendall-Theil Sen Siegel nonparametric linear regression (V = 289, p = .886).


 Figure 4

 No Relationship Between Time on Task and the IKE score
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Note. IKE = incoming knowledge evaluation.

 
Power Analysis

 
Given the within-subjects counterbalanced design with a sample size of 10 in each of 4 treatments groups, power analysis for a GLM with 80% power and a 5% significance level indicated that a large effect size of 0.32 would be necessary to detect significant differences for time on task and IKE scores.


Discussion


Student learning outcomes from both the reading task IKE and the posttest learning gains did not decline with the switch from commercial to OER textbooks, in agreement with the majority of previous studies (Clinton et al., 2019; Clinton & Khan, 2019; Croteau, 2017; Fialkowski et al., 2020; Grissett & Huffman, 2019; Hendricks et al., 2017; Kersey, 2019; Nusbaum et al., 2020; Tlili et al., 2023; Vander Waal Mills et al., 2019). Given that the OER readings and IKE questions were aligned with the same learning objectives, we expected IKE performance to increase. Instead, the IKE scores showed only a non-significant trend toward higher performance when using the Biological Principles OER textbook. Our sample size was too low to detect moderate differences in learning gains between the commercial and OER textbooks.

 
Significant differences emerged in time spent on DNA content, with longer times for the commercial textbook (Figure 3). Participants completed ecology tasks more quickly, regardless of textbook type, and performed better on these IKE questions than on DNA questions (Figure 2). The relative ease of ecology content on growth may stem from greater familiarity, intuitive concepts, or reduced cognitive load (Feldon et al., 2019). Jargon-rich commercial DNA chapters likely increased cognitive load, reducing efficiency (Ou et al., 2022). Alternatively, students may be better primed for ecology from prior education, or the questions themselves were less challenging.

 
Longer time on task on the less-focused commercial readings suggests their length and complexity increased cognitive load, making it harder to retrieve relevant concepts for IKE questions. The commercial readings (Freeman et al., 2014) contained more jargon than OER readings, adding to comprehension challenges (Hsu, 2014). Future research should examine how factors such as concept density, sentence length, and jargon impact cognitive load and learning.

 
The shorter, objective-focused OER readings likely explain faster task completion in the OER DNA content. Brevity, though underexplored in OER research, appears beneficial for engagement (Dennen & Bagdy, 2019; Howard & Whitmore, 2020). The OER was designed directly from course learning objectives, unlike the commercial text (Freeman et al., 2014), which included additional material and presented concepts in a different order. Shorter, learning objective-focused OER are not the norm with OER adoption, but brevity and focus motivated the shift to OER in the course textbook transformation. Future studies should explore how brevity and focus in OER impacts student learning.

 
Pre-class preparation is key in flipped classrooms (Bassett et al., 2020; Heiner et al., 2014; Sappington et al., 2002). Shorter, directed readings improve engagement and reduce off-task preparation time, which may benefit learning (Baier et al., 2011). This contrasts with comprehensive, unfocused textbook chapters that can overwhelm students (Bloom et al., 1956; Fink, 2013).

 
The seemingly counterintuitive result that students working with a reading aligned to the reading questions still do not outperform those using less well-aligned course materials calls into question what the value of a textbook is and presents an interesting direction for future research on how reading structure can best help students prepare for class. One possibility is that students do not read effectively when preparing for class. In fact, we have ample anecdotal evidence of this from students enrolled in the course. Some students will passively read to study instead of using retrieval practice or other deep-learning strategies. Unpublished survey data from the course indicate that a subset of students omit the preparatory reading altogether, a pattern noted by other researchers (Gorzycki et al., 2020; Parlette & Howard, 2010), omitting the opening step in retrieval practice and instead turning their time resources elsewhere (Aagaard et al., 2014; Berry et al., 2010). Skipping the reading might not be a perceived cost if the student believes they will be provided with the opportunity to review and learn more in class. Additionally, cognitively higher-order learning objectives may exceed most students’ ability to learn deeply from a first read alone, especially in a student population where reading has declined (Gorzycki et al., 2020; Parlette & Howard, 2010). While a few study participants completed the second task too quickly to have more than cursorily used the text, this was not common among the 40 study participants. This “phone-it-in” behavior may be more common for students in a course with readings and low-stakes reading quizzes. A next step is to analyze student behavioral approaches to using the textbook as a learning resource to help complete a reading quiz. New AI-enhanced digital textbooks present alternative strategies for textbook implementation and efficacy (Koć-Januchta et al., 2022).

 
Our findings that our OER at minimum did no harm to student learning enrich the OER literature on learning outcomes. These results invite new research directions into the quality and alignment of the textbook and how students engage with their reading materials. Our results from this direct comparison of the same study participants who engaged with OER and with commercial texts provides additional evidence that OER implementation saves students money while: (a) not detracting from student learning of content specific to course-defined student learning objectives, and (b) spending less time on their first pass at understanding course content. Future research directions for OER research include examination of how readings align with learning objectives (Fink, 2013; Wiggins & McTighe, 2006), how reading length influences student motivation and cognitive load to learn new ideas, and how students approach pre-class readings to prepare for deeper learning in a flipped classroom. The evidence we present on learning outcomes for the same student in OER and non-OER textbook environments deepens the discussion on how students learn from OER and provides insights into future research directions important to student learning.
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