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Textbooks are often used to implement instructional innovations, yet it is unclear whether the textbooks 
should create highly explicit learning opportunities or should leave them open to teachers’ adap-
tations. For the case of an instructional innovation on word problem strategy learning by strategic 
scaffolding in Grade @, we compare both options (and a no-treatment waiting-control group) in a 
randomized controlled trial: In two treatment conditions, teachers professionally learned to analyze 
and enhance students’ strategies, but received two different textbook chapters: The “open learning 
opportunity” textbook contained word problems sequenced by increasing strategic complexities, and 
teachers were asked to autonomously integrate strategic scaffolds and reflection prompts discussed in 
the PD; the “explicit learning opportunity” textbook already integrated them. Students of teachers in 
both treatment conditions had significantly higher learning gains than in the control group, with 
slightly higher gains for teachers with the “explicit learning opportunities” textbook.  

 

THEORETICAL BACKGROUND: HOW OPEN SHOULD THE TEXTBOOK BE? 

Relation of textbook and professional development 

On the one hand, textbooks and other curriculum materials are “widely regarded as instruments for the 
implementation of change in mathematics classrooms” (Rezat et al., 2021, p. 1189), for (a) other pri-
orities in the mathematical learning contents, (b) new instructional practices, or (c) impacting students’ 
experience in ways that can be educative for teachers (Ball & Cohen, 1996). In particular when 
teachers are not yet acquainted with the new practices, a well-designed textbook with targeted learning 
opportunities can serve as support to realize general approaches. Hence, offering textbooks and other 
curriculum materials count as a promising material implementation strategy (Roesken-Winter et al., 
2021) for new instructional approaches.  

On the other hand, many teachers strongly adapt provided tasks, scaffolds, and reflection prompts for 
their own classrooms (Rezat et al., 2021). And these adaptations are not problematized anymore in 
terms of treatment fidelity but are considered as indicators of teachers’ autonomous design capacities 
(Brown, 2009). These autonomous design capacities might be enacted more easily with open 
curriculum materials that leave space for different adaptations. Yet for the adaptations to be productive, 
they need to be underpinned by professional development (PD) opportunities for teachers to think 
through the underlying rationales of the instructional design (Ball & Cohen, 1996). Hence, PD 
opportunities can contribute to the personnel implementation strategy (Rosken-Winter et al., 2021).  

Even when both strategies, material and personnel strategies are combined, it is still unclear in which 
explicitness new instructional approaches should be integrated into textbooks, in order not to reduce 
teachers’ autonomous design capacities. Therefore, we pose the following research question:  
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When teachers learn a new instructional approach, how much do their students’ learning gains depend 
on the degree to which this approach is explicitly integrated in the textbook or left open to be integrated 
autonomously by the teachers?  

Topic in view: Strategy learning for word problems  

We pursue this research question for the case of teaching comprehension strategies for solving word 
problems. Empirical research has identified different unproductive strategies used by students for 
dealing with word problems, e.g. searching solely keywords, or focusing on numbers without taking 
their meaning into consideration (e.g. Nesher & Teubal, 1975). In contrast, the following strategies 
have been identified as being productive comprehension strategies (Prediger & Krägeloh, 2015): (1) 
focusing on the question in order to find the relevant information, (2) focusing on information and 
their meaning, and (3) focusing on the relations between these information.  

For overcoming the mentioned surface strategies, various instructional approaches have been devel-
oped to enhance more productive comprehension strategies (Verschaffel et al., 2020). In particular, we 
developed a strategic scaffolding approach based on concept maps and solution plans (such as in Figure 
1). Qualitative and quantitative evidence was provided that students working with these two scaffolds 
are guided to the above described productive mathematic-specific reading and comprehension 
strategies (Dröse & Prediger, 2021).  

 
Figure 1: Strategic scaffolds to enhance students’ strategy learning (Dröse & Prediger, 2021) 

So, it is the aim of our implementation study to enable teachers to use this effective strategic 
scaffolding approach in their own classroom, by professional development (personnel implementation 
strategy) and textbooks (material implementation strategy). 

Professional development sessions on supporting strategy learning 

Our professional development program consists of two sessions with three hours of training each. The 
first PD session focused on identifying obstacles in word problems. Using transcript and video 
vignettes teachers were asked to analyze possible student obstacles in understanding and solution of 
word problems, and to distinguish them especially on a linguistic, conceptual, and strategic level. 
Afterwards further analysis focuses especially on students productive and unproductive strategy use. 
Subsequently in the second PD session, approaches for addressing obstacles concerning inadequate 
strategy use were discussed. A distinction has been made between simplifying approaches that reduce 
the need for complex strategy use (e.g. “... reformulate the word problem so that the obstacles are 
reduced”) and amplifying approaches that promote students’ successive strategy learning (e.g. “... I 
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teach specific strategies for working on word problems”) (distinction between simplifying and 
amplifying according to Walqui, 2006). For amplifying students’ strategies, teachers were introduced 
to the strategic scaffolding approach with concept maps and solution plans (in Figure 1). In the second 
PD session also, the functions of the strategic scaffold and their meaningful application were 
disentangled, and typical prompts to initiate students’ metacognitive reflection on strategy use were 
discussed. 

Open questions on material strategy in providing textbooks 

In an earlier study, we have shown that the combination of this PD program with a textbook revealing 
integrated explicit learning opportunities can be very effective (Dröse & Prediger, 2021): The teachers 
participating in this condition brought their students to significantly higher learning gains than teachers 
who only learned about typical student difficulties in the PD session and received less support by a 
textbook which contained only the same word problems, without explicitly integrating the strategic 
scaffolds.  

However, the conditions in most PD programs are different. Usually, teachers receive limited textbook 
support and need to unfold autonomous design capacities to complement the word problems given in 
their textbooks with the newly learned scaffolding approaches. Only some textbooks offer open 
learning opportunities by posing rich word problems, and only very few textbooks also make learning 
opportunities explicit by strategic scaffolding and explicit reflection on productive and unproductive 
strategies (Verschaffel et al., 2020). We investigate if this less supported condition can also result in 
students’ learning gains. 

Textbook with explicit and open learning opportunities 

In order to study two versions of the material strategy, the teachers were offered two kinds of textbook 
chapters for their students, one textbook with “open learning opportunities” and one with “explicit 
learning opportunities” (in brief, open and explicit textbook). Both textbook chapters were based on 
a well-designed series of word problems of increasing linguistic and strategic complexity and demands 
as displayed in Table 1. In addition, both chapters were accompanied by a teacher manual that 
contained an overview and explanation of the task levels (as displayed in Table 1), possible task 
solutions and in the “explicit learning opportunity” indications on how the tasks with prompts should 
be used by the students, e.g., on which task students should work independently and which task should 
be discussed in small group or whole class setting.  

While both textbook chapters use the same series of word problems (see Figure 2), the explicit textbook 
chapter contained more tasks with targeted prompts that aim at enhancing students’ strategy use. The 
open textbook, in contrast, encourages the teachers to autonomously integrate the strategic scaffolds 
and prompts for metacognitive reflections discussed in the two PD session into the teaching-learning 
arrangement themselves. Teachers with the open textbook could independently decide about activity 
structures. Therefore, the term “open” in our context refers to the explicitness of enhancement on 
strategy learning and teachers’ open space to implement their own design capacity.  
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Table 1: Increasing linguistic and strategic complexities of word problems in the textbook chapters 

As the example in Figure 2 reveals, the explicit textbook integrates the strategic scaffolds of concept 
maps and the solution plan including their introduction, practicing them and a fading out into the tasks 
that are formulated to support word problem understanding an enhancement of strategy learning.  

In addition, the tasks also include reflection prompts to initiate metacognitive reflection on strategy 
use. This means that the term “explicit” describes an already existing support in the textbook tasks to 
enhance strategy learning while at the same time the textbook chapter provides less flexibility for the 
teachers to adapt to students’ contributions. The same task that is used in the open textbook is displayed 
on the right side of Figure 2 with the additional task to make strategy learning more explicit as it is 
given to the students.  

 

 
Figure 2: Two kinds of learning opportunities on strategies for word problems: Explicit and open 
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METHODOLOGICAL FRAMEWORK 

Research design of the randomized controlled trial and independent variable 

We conducted a randomized controlled trial in a pre-post-test design with n = 764 fifth graders (10–
11 years). N = 41 mathematics teachers were randomly assigned to two treatment conditions and a no-
treatment waiting-control group. 

We simulated the need for autonomous design capacities in the “open learning opportunity” (OLO) 
textbook condition as described above. Here teachers could decide freely how to integrate the strategic 
scaffolds presented in the PD sessions into their teaching.  In the “explicit learning opportunity” (ELO) 
textbook condition the textbook explicitly included the discussed strategic scaffolds and reflection 
prompts, with less flexibility to adapt to students’ learning pathways. Teachers were encouraged to 
implement the textbook chapter according to the teacher guide. In both conditions, teacher diaries were 
used for treatment control.  

In addition, students in both treatment conditions were also compared to a no-treatment waiting-
control group (with no learning opportunities on word problems) to capture a baseline control for re-
test effects. 

Measures for dependent variables and control variable 

Dependent variable. Students’ learning gains in word problem comprehension was assessed as de-
pendent variable in parallel pre-tests and post-tests on mathematic-specific reading comprehension 
strategies, which were developed and validated in a previous study (Dröse & Prediger, 2021). 

Control variables. Students’ multilingual background (languages spoken at home) and socio-
economic status (book-at-home scale) were captured using a self-report questionnaire. Students’ 
general reading skills were assessed using the ELFE-Test (Lenhard & Schneider, 2006), a standardized 
German reading speed and text comprehension test.  

Sample 

Table 2 shows the composition of three student groups. It reveals that the control group had more 
favorable backgrounds, and both treatment conditions were largely comparable, with students in the 
OLO group (with open textbook) being slightly more often monolingual and of higher SES than in the 
ELO group (with explicit textbook).  

 

 
Table 2: Control variables for three student groups of the randomized controlled trial 
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Methods for data analysis  

To compare the groups’ learning gains in word problem comprehension, the pre- and post-test scores 
and effect sizes (Cohen’s d) were determined descriptively and tested pairwise for differences by 
analyses of variance with repeated measures (ANOVA) on a significance level of 5%. 

 

RESULTS 

In Table 3, the descriptive data for pre- and post-test scores of all three groups is documented. In line 
with the control variables, the control group started with higher pre-test scores, and then showed no 
re-test effects in the post-test scores.  

In spite of higher general reading skills, the ELO group with less monolingual students and less high-
SES students started with slightly lower pre-test scores than the OLO group (mELO = 6.3, mOLO = 6.6), 
but caught up in the post-test (m = 7.6 for both groups). Both, the ELO and OLO group had visible 
learning gains with significant, albeit small intra-group effect sizes (dELO = 0.14 and dOLO = 0.11, both 
p < .05).  

 
Table 3: Comparing learning gains on word problem strategies (max. pre-/post-test score: 12) 

The pairwise ANOVAs with repeated measures confirm that both treatment groups show higher learn-
ing gains than the control group (Ftime x ELO / CG (1, 422) = 14.72, p < .0001, and Ftime x OLO / CG (1, 496) = 
14.91, p < .001).  

In contrast, the ANOVA comparing both treatment groups (Ftime x ELO / OLO (1, 654) = 1.12, p = 0.29) 
reveals no significance for the descriptively identified tendencies for slightly higher learning gains for 
the ELO group compared to the OLO group. 

 

DISCUSSION 

Although textbooks can support the implementation of innovative instructional approaches (Rezat et 
al., 2021), it is widely accepted that they best work combined with PD programs (Ball & Cohen, 1996). 
This was replicated in an earlier study (Dröse & Prediger, 2021) showing that when a PD course only 
unpacks students’ difficulties without treating instructional approaches to overcome them, teachers’ 
design capacities cannot effectively compensate missing explicit learning opportunities in the 
textbooks. Consequently, the current study pursued a comprehensive personnel implementation 
strategy (Roesken-Winter et al., 2021) for both treatment groups: Both participated in the same PD 
program not only on students’ typical difficulties with word problems, but also on enhancing students’ 
strategies by strategic scaffolding.  
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However, we saw the need to further disentangle the material implementation strategy as so far, little 
was known about how narrowly the textbook should support teachers within a PD program to 
implement the newly introduced instructional approaches.  

The current study reveals that after two intense PD sessions (three hours each) in which student 
difficulties and instructional approaches are thoroughly discussed, teachers can develop sufficient 
design capacities to autonomously integrate the scaffolds into their teaching, even when the textbook 
(in the OLO condition) only provides a well-designed series of work problems, not the scaffolds and 
tasks for learning to use the scaffolds. The descriptively visible slight advantages for the ELO textbook 
over the OLO textbook were not significant in the ANOVA.  

Of course, the findings must not be overgeneralized and considered with respect to the methodological 
limitations. For example, we have not yet taken into account the slight difference in the control 
variables (higher reading skills for the ELO group, but more monolingual students in the OLO group) 
which might create biases. In the next steps, we will include them into the statistical data analysis.  

However, the current findings are already worth to consider several (alternative or complimentary) 
explanatory hypotheses for explaining the similarity of learning gains between students with open and 
explicit textbooks:  

(1)  Both groups had six hours of PD, this is unusually much (at least for our German PD context), so 
teachers might have been much better prepared for the lessons in view than usual. They might 
have thereby enacted higher design capacities (Brown, 2009) than usual when they rely more on 
explicit learning opportunities in the textbooks.  

(2)  Also, the provided OLO textbook with more open tasks still was directly aligned with the PD 
program content in that the sequence of provided word problems contained exactly those 
challenges for which the instructional approaches were optimized. This is not an ecologically valid 
condition as usual textbooks might be more far away so that the autonomous integration is harder 
to realize.  

(3)  Teachers who are invited to autonomously adapt teaching materials might handle the material 
more reflectively and find better fits for their learning groups (Brown, 2009). This explanatory 
hypothesis will require a further study of the video data recorded during the classroom lessons.   

The current study can only generate hypotheses for explaining its findings, these have to be backed up 
in further research. Qualitative analyses of videorecorded lessons are planned to study the differences 
in teachers’ implementation of material and content in order to see how teachers work with the given 
textbooks (Prediger, Ahlemeyer & Dröse, in preparation). 

Future studies should investigate similar questions also for other curriculum materials and other 
learning contents, as the findings are so far only specific to the investigated material.  
 

Acknowledgment. The project MuM-Pro-Lesen (Teachers’ professional growth for language-
responsive mathematics teaching: Implementation study for word problem text comprehension) was 
funded by the German Research Foundation (DFG-grants: PR 662/18-1 to Susanne Prediger, DR 
1291/2-1 to Jennifer Dröse). 



Dröse, Ahlemeyer & Prediger 

8 

References 
Ball, D. L., & Cohen, D. K. (1996). Reform by the book: what is - or might be - the role of curriculum materials 

in teacher learning and instructional reform? Educational Researcher, 25(9), 6–8, 14. 
https://doi.org/10.3102/0013189X025009006 

Brown, M. W. (2009). The Teacher-Tool relationship. Theorizing the design and use of curriculum materials. 
In J. T. Remillard, B. A. Herbel-Eisenmann, & G. M. Loyd (Eds.), Mathematics teachers at work: Connect-
ing curriculum materials and classroom instruction (pp. 17–36). Routledge.   

Dröse, J., & Prediger, S. (2021). Identifying obstacles is not enough for everybody – Differential efficacy of an 
intervention fostering fifth graders’ comprehension for word problems. Studies in Educational Evaluation, 
68(100953), 1–15. https://doi.org/10.1016/j.stueduc.2020.100953   

Lenhard, W., & Schneider, W. (2006). ELFE 1-6. Ein Leseverständnistest für Erst- bis Sechstklässler. In M. 
Hasselhorn, H. Marx, & W. Schneider (Eds.), Deutsch Schultest. Göttingen: Hogrefe.  

Nesher, P., & Teubal, E. (1975). Verbal cues as an interfering factor in verbal problem solving. Educational 
Studies in Mathematics, 6(1), 41-51. https://doi.org/10.1007/BF00590023 

Prediger, S., & Krägeloh, N. (2015). Low achieving eighth graders learn to crack word problems: a design 
research project for aligning a strategic scaffolding tool to students' mental processes. ZDM – Mathematics 
Education, 47(6), 947-962. https://doi.org/0.1007/s11858-015-0702-7 

Prediger, S., Ahlemeyer, L., & Dröse, J. (in preparation). How teaching materials and professional development 
contribute to implementing curriculum reforms: The case of strategies for word problems. 

Rezat, S., Fan, L., & Pepin, B. (2021). Mathematics textbooks and curriculum resources as instruments for 
change. ZDM – Mathematics Education, 53(6), 1189–1206. https://doi.org/10.1007/s11858-021-01309-3  

Roesken-Winter, B., Stahnke, R., Prediger, S., & Gasteiger, H. (2021). Towards a research base for 
implementation strategies addressing mathematics teachers and facilitators. ZDM – Mathematics Education, 
53(5), 1007–1019. https://doi.org/10.1007/s11858-021-01220-x  

Verschaffel, L., Schukajlow, S., Star, J., & Van Dooren, W. (2020). Word problems in mathematics education: 
a survey. ZDM – Mathematics Education, 52(1), 1–16. https://doi.org/10.1007/s11858-020-01130-4   

Walqui, A. (2006). Scaffolding instruction for English language learners: A conceptual framework. 
International Journal of Bilingual Education and Bilingualism, 9(2), 159-180. 
https://doi.org/https://doi.org/10.1080/13670050608668639  

 

 


