
 

CC-BY-NC License 4.0     This is an Open Access article distributed under the terms of the Creative Commons – Attribution 
License 4.0 International which permits unrestricted non-commercial use, distribution, and reproduction in any medium, 

provided the original work is properly attributed. 

Ellen Watson, BRANDON UNIVERSITY, watsone@brandonu.ca  
Sheryl Gares, UNIVERSITY OF ALBERTA, sgares@ualberta.ca  

Brian Rempel, UNIVERSITY OF ALBERTA, brempel@ualberta.ca  

 
 

Is the Course Working? An Account of Our Development 

of an Instrument to Measure the Science Attitudes and 

Skills of Undergraduate Students Outside of Science 

Disciplines 
 
ABSTRACT 

After a redesign of our school year structure, our science team developed an introduction to 

science course focused on teaching science to non-science majors early in their post-
secondary studies. The goal of this course was not to prepare students for further pursuit of 
science degrees; instead, we wanted to equip them with the skills and attitudes necessary to 

understand the scientific world in which we live. Consequently, we wondered whether these 
skills and attitudes were being met throughout the course; was the course working? When 

searching the literature, we did not identify any instrument that simultaneously and concisely 

measured general science skills and attitudes. Given this gap and based on our desire to 
measure science skills and attitudes for non-science majors at our campus, this research team 
developed Augustana Interdisciplinary Scientific Literacy Evaluation (AISLE) in order to 

provide a measurement of students’ science skills and abilities in a general science course at 
the post-secondary level. However, as we would come to know, this process was not as simple 

as might seem. The purpose of this paper is to provide an account of the development and 
validation of the AISLE for those who wish to use the instrument or for others in the SoTL 

community looking to develop similar tools. We also offer an account of using the AISLE in our 
course to measure students’ science skill and attitude development. In the end, our STEM-
based instructional team learned that what appeared to be straight forward assessment 

development, was, in fact, a far more involved and complicated process.  
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INTRODUCTION 
In the wake of a schedule redesign at our campus, our science team developed a new general 

science course. Designed to be taken by non-science majors (i.e., undergraduates outside of science 

disciplines), this course exposed students to various ideas and concepts across the traditionally 
defined sciences (i.e., biology, chemistry, and physics). As we saw it, this course was a chance to teach 
critical and creative thinking through the lens of science to those who may be less interested in 

pursuing higher studies in the field. As stated by SoTL scholars, Strzalkowski and Sobhanzadeh (2023), 

“the ability to use scientific reasoning to make personal decisions or to use scientific knowledge to 
appreciate natural phenomena or cultural events more fully should not be limited to scientists or 
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science students” (91). We concur with these scholars, and we sought to develop a course where those 
who did not intend to pursue science beyond our course could still use science skills appropriately 

and have positive attitudes toward science. 

Scharff and colleagues (2023) identified the development of critical and creative thinking as 
one of the grand challenges for SoTL scholars. Science, by its very nature, requires critical and creative 

thinking, yet, as critiqued by Kopacz and Handlos (2021), many general science courses stress the 
mastery of science content. Focusing solely on content mastery is problematic since critical thinking is 
highly influenced by students’ skills in and attitudes about science (Darmaji et al. 2020). With this in 
mind, we wanted to challenge the norm in teaching post-secondary science (i.e., mastery of content) 

and develop a general science course aimed at promoting skills and attitudes—those elements 
connected to critical thinking. We believed that our course addressed this challenge, but we wanted a 
way to determine whether we were addressing the skills and attitudes vital to critical thinking in 

science. Beyond traditional course assessments, we wondered whether our course had any impact on 
students’ science skills and attitudes. Thus began our search for an instrument that might shed light 

on this wondering.  

In response to the argument that much of the SoTL literature focuses on teaching, Manarin et 
al. (2021) called scholars to focus efforts on student learning. To investigate students’ learning, our 
group sought an instrument that might provide insight into students’ skills and attitudes in science. 

Science skills, to these researchers, were conceptualized as those skills necessary for undertaking 
scientific investigations, analyzing data, and making conclusions. Instruments aimed at measuring 

science skills have become increasingly popular, particularly in post-secondary contexts. Originating 
in the field of physics, science skills are often measured using concept inventories. One of the most 

popular and earliest developed concept inventories was the “Force Concept Inventory” (Hestenes, 
Wells, and Swackhamer 1992). Today, concept inventories can be easily found beyond physics in other 
subject areas such as biology (e.g., D’Avanzo 2008) and chemistry (e.g., Krause et al. 2004; Pérez García 

et al. 2016). Unfortunately, concept inventories are highly subject-specific, and this is problematic for 

those of us teaching general science1 courses.  
As we aimed to develop critical thinkers in science, we wanted our students to leave the 

course with appropriate science attitudes. Our team defines science attitudes as one aspect of the 
affective domain of science—specifically, the feelings and values held by an individual about science 
(Mao et al. 2021). Students’ science attitudes have been shown to impact the way they interact with, 

and think about, science (Villafañe and Lewis 2016). Attitudes were particularly important to our 
instructional team because we were teaching a first-year, general science course aimed at non-
science majors; we wanted students to leave our course with positive science attitudes since they 
were unlikely to take another post-secondary science course. There are various tools for measuring 

students’ science attitudes in the education literature (e.g., Blalock et al. 2008; Cary, Wienhold, and 

Branchaw 2019; Halloun and Hestenes 1998; Supardi, Istiyono, and Setialaksana 2019). However, 

these instruments are designed to be administered alone, and we sought to explore students’ skills 

and attitudes about science together in a succinct format. We wanted a way to capture students’ 
learning and development in their skills and attitudes but needed a resource that was appropriate for 
a general science audience. Further, a concise instrument could provide insight into both science 

skills and attitudes. 
The purpose of this article is to provide an account of our experiences in developing this 

instrument and offer advice to those considering the development of similar survey-style instruments. 

Given the lack of an identified instrument for our purposes, we developed a new instrument aimed at 
measuring students’ science skills and attitudes in a general science course, designed for non-science 



IS THE COURSE WORKING? 

 

Watson, Ellen, Sheryl Gares, and Brian Rempel. 2025. “Is the Course Working? An Account of Our Development 
of an Instrument to Measure the Science Attitudes and Skills of Undergraduate Students Outside of Science 

Disciplines.” Teaching & Learning Inquiry 13: 1–27. https://doi.org/10.20343/teachlearninqu.13.29 

3 

majors. Further, as general science courses are quite common in undergraduate education since the 
post-secondary system continues to diversify students’ knowledge, particularly in the first year, we 

provide a description of one possible measure others may use to capture their students’ learning of 

science skills and attitudes.  
 
Context 
In 2017, the academic calendar at Augustana Campus, a Canadian Liberal Arts and Sciences 

campus of the University of Alberta (from this point called the campus) changed significantly to 

introduce a block-session structure. The block courses were designed to be intensive, immersive, and 

experiential. Our instructional team decided to capitalize on this restructuring to develop an 
introductory science course specifically aimed at non-science majors on our campus.  

Before the implementation of the new structure in 2017, non-science students tended to 

register in introductory environmental science and biology courses, and almost none of our non-
science students registered in physical or mathematical sciences disciplinary courses. Further, all the 

introductory science courses offered by the department were designed to primarily serve those 

disciplinary majors. Anecdotally, our non-science students also reported that they were attracted 
most to introductory environmental science because it did not require a laboratory component, 
whereas introductory biology, chemistry, and physics courses did require laboratory time and, thus, 

were perceived as being more work. The twin factors of students shying away from physical or 
mathematical sciences, as well as avoiding courses with a laboratory component, meant that many 

non-science students taking their minimum six credits of science needed for a BA degree ended up 

with a narrow understanding of science. Further, the number of BA students registered in introductory 
environmental science and biology courses put enrollment pressures on those courses; in many years, 
those courses were at maximum capacity as students scrambled to register in the limited number of 
seats available.  

A team of science faculty designed and offered a three-week course aimed at developing the 

science skills and attitudes of students not majoring in a science discipline. Our course objective was 
to provide students with a brief, experiential introduction to three branches of science (biology, 

chemistry, and physics) in a short time (a three-week block course). Survey courses for non-scientists 
can be found at many institutions, but we were not aware of many courses for non-scientists that 
include a laboratory component in a compressed format, despite the centrality of experimental work 

in science. We designed the course such that one-third of the class began in each of the different 

disciplines, and the order in which the different sciences were encountered was irrelevant. The 
experiments aimed to introduce students to one or two key experimental techniques in each 

discipline (e.g., microscope use in biology) as well as a few of the foundational concepts in that 
discipline that arise from the laboratory experiments (e.g., use of moles in chemistry).2  

Our objective in designing this course was to invite non-scientists to experience one of the 

intrinsic ways in which scientists learn about the world: through laboratory experimentation. This 

course was designed to help non-science learners fulfill their degree distribution requirements, rather 
than to act as an entry point to science, technology, engineering, or mathematics (STEM) programs. 
Therefore, our overarching goals were to make sure learners enjoyed the lab experience and 

developed a general appreciation for modes of thought common in STEM disciplines rather than 
focusing on content knowledge. Some introductory lab techniques and disciplinary knowledge were 

necessary, but we primarily focused learning on developing general science skills (e.g., graphing and 

numeracy) and attitudes (e.g., relying on experimental evidence). 
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This course intended to increase science skills and positively impact science attitudes for non-
science majors. Historically, short post-secondary courses have been shown to have little impact on 

science beliefs and attitudes (Abd-El-Khalick and Lederman 2000; Kite et al. 2021; Konnemann et al. 

2018), but we were hopeful that the inclusion of a laboratory component and increase in science skills 
might influence both. As previously shown (e.g., Chowning 2022; Hunter, Laursen, and Seymour 2006), 

involving non-scientists in the practice of science can impact their knowledge of and beliefs about 
science. Given the unique design and intentions of the course—the inclusion of a laboratory 
experience in a general sciences course for non-science-majors—we sought a way of assessing 
whether this course was indeed improving students’ science skills and attitudes.  

 
INSTRUMENT SEARCH AND DESIGN 

To assess whether we achieved our goal of increasing science skills and attitudes, we decided 

to survey students at the beginning and end of the course. In the literature, there are tools used to 
measure particular science skills or concepts in the form of concept inventories, of which a large 

number are validated and published in each of biology (see Cary, Wienhold, and Branchaw 2019; 

D’Avanzo 2008), chemistry (Krause et al. 2004; Pérez García et al. 2016), and physics (e.g., Hestenes, 
Wells, and Swackhamer 1992; Maloney et al. 2001; Thornton and Sokoloff 1998). Similarly, several 
excellent tools for measuring students’ attitudes toward science have been published (e.g., Adams et 

al. 2006; Halloun and Hestenes 1998; Supardi, Istiyono, and Setialaksana 2019). However, no science 
attitude surveys or concept inventories described in the literature aligned directly with our objectives. 

Further, our course was neither aimed at science students nor content-focused, which was the case 

with many identified surveys and inventories. We sought a survey that was appropriate for non-
science students in a general science survey course. 

We did not find any validated instruments that could be used to simultaneously evaluate both 
skills and attitudes. Our team intended to quickly gain perspective on students’ science attitudes and 

skills with one concise, combined document; we worried that using two separate (and often lengthy) 

surveys might contribute to survey fatigue and take unnecessary class time to complete. To meet this 
need, we decided to create the Augustana Interdisciplinary Scientific Literacy Evaluation (AISLE), a 

tool that could be used to quantitatively measure students’ abilities to apply science skills to a 
problem and to reason like a scientist.  

In this article, the design and calibration of the Augustana Interdisciplinary Scientific Literacy 

Evaluation (AISLE) is described. The specific questions we address herein are: 

● Does AISLE provide a valid and reliable representation of students’ skills in science?  
● Does AISLE provide a valid and reliable representation of students’ attitudes toward science?  

For those interested in instrument design, we highly suggest using a systematic framework to 
guide your development. In this study, we applied DeVellis’ (2017) eight steps to developing 
measurement scales in the creation of this instrument. These steps include: (1) determine what you 

want to measure, (2) generate an item pool, (3) determine the format for measurement, (4) have items 

reviewed by experts, (5) consider including validation items, (6) administer items to a development 
sample, (7) evaluate the items, and (8) optimize scale length. To meet the first step, our team sought 
to measure students’ science skills and science attitudes.  

In our design, we focused less on establishing the reliability for any individual item and 
instead focused on broader coverage of different potential skills and attitudes. The goal was not to 

design a tool hyper-focused on a few specific items, but rather one that was broadly applicable across 

many items. To generate an item pool (DeVellis’ step two), after reading the aforementioned studies 
of science skills and science attitudes, our team of STEM faculty collaboratively generated topics that 
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would be the focus of the questions probing science skills on AISLE, a list of ideas and skills that are 
common across many scientific disciplines (e.g., interpretation of graphs, experimental design). For 

each potential topic, we designed a multiple-choice question to test that idea specifically or the 

potential idea was discarded if no satisfactory question could be created. Through discussion with 
other STEM faculty, the list of items was iteratively narrowed down to a final group of 10 (see Table 1) 

that included many important science skills for which proficiency was amenable to being tested using 
a multiple-choice question.  

 

Table 1. Summary of target science skills and attitudes in AISLE 
Science skill Science attitude 

Graph interpretation Instruments and measurements 
Estimation and checking the reasonableness of results Trust in the scientific process 
Relating theory to observation Mathematical models and experiments 
Proposing an experiment to test a hypothesis Disagreement in science 
Measurement units Ethics in science 
Simplifying models and limiting cases Serendipity in science 
Numeracy Scientific theories 
Uncertainty in measurements and interpretation Science and the media 
Types of variables Scientific thinking 
Inductive reasoning Who are scientists 

 
We followed similar process to develop a list of items that were categorized as science 

attitudes. In deciding what to label as a science attitude, we initially generated a list of simple phrases 

or attributes (e.g., relying on experimental evidence to derive a conclusion, how disagreements in 
science are resolved). For each phrase, the authors attempted to design a multiple-choice question to 
test that idea specifically. The objective was to identify key elements of how practicing scientists 

think, construct their knowledge, and understand the entire science process. Again, through 

discussion with other STEM faculty, we pruned the list of phrases and questions to a final set of 10 
which can be seen in Table 1. 

For DeVellis’ (2017) third step, researchers are tasked with determining the format for the 

assessment. AISLE was developed to be twenty multiple choice questions with ten questions designed 

to measure non-disciplinary science skills (e.g., graphing, estimation) and ten questions designed to 
measure science attitudes (e.g., scientific method, relying on experimental evidence). We used 

multiple choice style questions for ease of scoring and to assist with students’ abilities to efficiently 
complete the AISLE. For a complete list of the AISLE questions and answers (along with the answer 
key and scoring information), see Appendix. Our team designed AISLE in such a way that participants 

selected the best response to questions about either a science skill or attitude, with the potential 

answers having been categorized by five scientific experts (science faculty members holding a PhD in 
a scientific discipline). Each question had five possible responses: one “best answer” which scored 
two points, two “intermediate answers” which scored one point each, and two “poor answers” which 

scored zero points each (Adams and Wieman 2011; Bass, Drits-Esser, and Stark 2016). Finally, science 
skills-based questions were assigned odd numbers 1–19 using an online randomness generation tool, 
and science attitude-based questions were assigned random even numbers 2–20. This organization 

made calculation simple but avoided too much focus on attitudes or skills at any given point in the 

survey. The maximum AISLE score was 40 points.  
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Instrument analysis 
As practicing scientists who espouse positivist approaches to defining science skills and 

attitudes, we designed and validated this survey from a similar paradigm. Positivist research 

paradigms assume that there is one truth which can be known, and this truth is independent of 
context and observer (Miller-Young and Yeo 2015). That is, for the purposes of this survey, we assumed 

that these constructs (i.e. science skills and attitudes) can be described (and agreed upon) by experts. 
With the assistance of other scientists, a survey was developed that knowledgeable experts believed 
to best describe science skills and attitudes. We, the authors, recognize that positivist positionality is 

contentious in educational research, and we do not claim this is the only way to describe skills and 

attitudes. However, as we sought to measure these aspects—the idea of measurement itself being 
questioned in educational research (Watson 2020)—we followed the tradition of instrument 
development in educational psychology and applied a priori definitions to the constructs of science 

skills and attitudes. This survey provides one way to consider both, but we caution readers from using 
this as the sole descriptor of either construct. 

Our instructional team presented our results of the survey at an educational conference and 

were asked about the validity and reliability of the survey; at the time, we did not have an answer. 
When working in a positivist (and quantitative) research paradigm, researchers are primarily 
concerned with having a valid and reliable survey. As summarized by Wilson-Doenges (2015) 

“reliability and validity are paramount to researchers across fields to ensure that information 
gathered and reported is measuring what the researcher wants to measure and measuring it well” 

(49). Hence, to help our fellow SoTL scholars who may wish to venture into the world of quantitative 

instruments, we describe our account of determining the validity and reliability of the AISLE below.  
 
Face validity 
As suggested by DeVellis (2017) in step four, experts reviewed this instrument. In our context, 

we considered experts to be faculty members in science. Following the initial stages of question and 

response generation, we administered the entire set of questions and possible answers to a panel of 
five STEM faculty for a further round of feedback. We later learned that this is called achieving face 

validity. Face validity is an indication of whether, at a surface level, a measure seems relevant and 
appropriate for what it is purporting to measure. At this stage, wording was altered to improve clarity, 
references to sample scientific disciplines (e.g., “Biologists have proposed a theory. . . .”) were 

checked to ensure reasonability, and answers were further refined to distinguish the two-point (or 

correct answer), one-point (or partially correct), and zero-point (or incorrect) choices more clearly. We 
collected discussion feedback and used it to further refine the AISLE questions and responses into 

their final form. DeVellis’ step five suggests considering the inclusion of validation items3; the team 
decided not to include validation items to keep the survey at an appropriate length.  
 

Calibration data collection 
 In step six, DeVellis suggests forming calibration data by administering the instrument to a 
development sample. As we aimed to provide our readers with an account of our instrument 
development, we devote our analysis section to how we explored validity and reliability of the AISLE 

with this calibration data. The results of our course area topic for another paper. To collect calibration 
data, we administered the initial draft of the AISLE instrument to several sample groups at Augustana 

Campus as well as one group studying at the main campus of the University of Alberta; students were 

also asked to comment on their experience of the AISLE. The target group of students for AISLE was 

those registered in a course designed for students in majors or programs outside the natural sciences. 
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To match the calibration group as closely as possible to the future test group, we used students as the 
closest available comparison groups when possible.  

Having a clear sense as to how groups of first year students score on AISLE is of particular 

importance for the future use of AISLE as a pre- and post-test in its intended context. As shown in 
Table 2, AISLE data were collected for first-year students not registered in a BSc program at the 

beginning of their first year (titled first-year arts, although not all students were registered only in BA 
programs), first-year students registered in a BSc program in their first year of university (titled first-
year science), and second to fourth year BSc students (titled upper year science). For the first-year arts 
groups, we deemed it necessary to use students at another campus of the same university in order to 

avoid the possibility that any of the students involved in the calibration process might subsequently 
take the course and become part of the future test data for AISLE. We included only those surveys that 
were completed with no blank responses in the data analysis.  

As the AISLE is designed to capture science skills and attitudes, and our course aimed to 
improve science skills and attitudes, it could be the case that there is overlap in the ideas taught in the 

course and those assessed on the AISLE. This would make sense since we intended to use this 

assessment (at least in part) as a measure of whether students’ skills and attitudes were impacted 
throughout the course; we wanted to assess what we teach. To minimize the possibility that our team 
would be teaching specifically to this assessment, we separated the AISLE design from the course 

design, but we recognize there could be some overlap in the expected course skills and attitudes and 
the course content. Data reported in this section—which we call calibration data—were collected 

within the first quarter of each semester to try to establish reliability and validity with baseline scores.  
 

ANALYSIS AND FINDINGS 
 Given the lack of interval data4 and since there is a possibility of a zero score on this 
instrument and an inconsistent ratio between responses (i.e., the inclusion of multiple partially 

correct responses), we deemed the use of traditional validation approaches (i.e., factor analysis) used 

on multi-scale instruments inappropriate. We turned to correlational analyses to determine validity 
and reliability. 

 

Table 2. Summary of calibration data collected 
Group  Number of surveys (n) 

First-year science A 26 
First-year science B 110 
Upper year science A 15 
Upper year science B 5 
Upper year science C 14 
First-year arts A 20 
First-year arts B 90 

Total 280 
 

Calibration data 
In step six, DeVellis (2017) indicates that researchers must evaluate their items. Here, we 

present our analysis to evaluate AISLE items and scales, as well as the overall survey. We use validity 
and reliability to evaluate the numeric data and a thematic analysis to evaluate the items using the 
qualitative feedback from participants.  
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Validity 
For our purposes, as researchers learning to develop survey instruments, we relied on an 

introductory definition to validity; to us, an instrument is considered valid when it accurately 

represents what it is supposed to measure. There is much more to this aspect and more sophisticated 
statistical research might go on to delineate aspects such as discriminant, construct, criterion, and/or 

external validity. As we seek to describe our account of learning how to develop an instrument, we are 
taking an introductory look into validity. Below, we describe how we came to understand our 
instrument as being valid, or as researching students’ skills and attitudes as intended.  

To determine the validity of the results of AISLE with our calibration data, we compared 

responses for each question to each set of questions (skills and attitudes) using a Pearson correlation. 
The Pearson correlation coefficient, which uses the symbol r, summarizes and (numerically) describes 
the strength and direction of a linear relationship between two variables. In this correlational analysis, 

we were concerned with how closely items—or questions on the survey—were related to each scale. A 
scale describes a construct and consists of multiple items; in this research, our two scales were skills 

and attitudes.  

Correlations were used to determine whether these results truly connected to the other 
questions in the proposed area (skills and attitudes). Table 3 shows results for odd questions 1–19 
(skills questions) when compared with both the skills and attitudes arrays shown on AISLE. In Table 4, 

the results for even questions 2 –20 (attitude questions) when compared with both the skills and 
attitudes arrays on AISLE are shown. In general, questions positively correlated with all areas, 

r(280)=0.095 to r(280)=0.54, and—apart from question one—correlated more strongly with their 

anticipated area (skills or attitudes) than the other area. All correlations had a p-value of p < 0.001; a p-
value describes the significance of the result. The smaller the p-value the more likely a result is 
significant. A p-value of 0.05 or less is often considered statistically significant with a p-value of 0.001 
or less giving the strongest cases of statistical significance (p<0.001 suggests that this event has a 

<0.1% chance of randomly occurring). 

 
Table 3. Results for skills questions on AISLE 

  Before removing items After removing items 
Question Science skill r to skills r to attitudes r to skills r to attitudes 

1 Graph interpretation 0.40 0.40 Item removed 

3 Estimation and checking the 
reasonableness of results 

0.43 0.15 0.45* 0.15 

5 Relating theory to observation 0.34 0.12 0.36* 0.12 

7 Proposing an experiment to 
test a hypothesis 

0.41 0.24 0.40 0.24 

9 Measurement units 0.38 0.20 0.39* 0.20 
11 Simplifying models and 

limiting cases 
0.40 0.12 0.42* 0.14* 

13 Numeracy 0.45 0.13 0.47* 0.12 
15 Uncertainty in measurements 

and interpretation 
0.52 0.18 0.53* 0.17 

17 Independent vs. dependent vs. 
constrained variables 

0.49 0.24 0.48 0.22 

19 Inductive reasoning 0.41 0.29 0.40 0.30* 



IS THE COURSE WORKING? 

 

Watson, Ellen, Sheryl Gares, and Brian Rempel. 2025. “Is the Course Working? An Account of Our Development 
of an Instrument to Measure the Science Attitudes and Skills of Undergraduate Students Outside of Science 

Disciplines.” Teaching & Learning Inquiry 13: 1–27. https://doi.org/10.20343/teachlearninqu.13.29 

9 

All r-values shown had a p-value of p < 0.001 
*Indicates an increase from values after removing items 
 

As is common practice in instrument development, two questions were removed from AISLE 
to improve correlation results. For readers less familiar with quantitative research, Pearson 
correlation values of 0.10 are considered weak (there is a small association between the item and the 

scale), correlation values of approximately 0.30 are considered moderate (responses on these items 
are likely associated with the scale and show a moderately strong relationship with the other items in 
the scale), and correlational values above 0.50 are considered strong (how participants respond to 

these items is strongly associated with how they respond to other items in this scale). We identified 

and removed questions that were less correlated with the others in this area.  
 

Table 4. Results for attitudes questions on AISLE 

All r-values shown had a p-value of p < 0.001 
*Indicates an increase from values after removing items 

 
We removed question one because it positively correlated with both skills and attitudes with 

the same strength of correlation. That is, responses to question on were equally associated with the 
responses to items in skills and attitudes. As we had designed question one to be associated with 

skills (and not attitudes), this was a confounding factor. This double correlation may have occurred for 

several reasons. First, it may be because it was the first question on the instrument. In future 
iterations, it is suggested that the order be randomized to minimize the influence of question order. 
Second, this question may spark uncertainty for students in their ability given its mathematical 
requirements. Studies have shown that students experience math anxiety when they perceive they are 

being assessed on their mathematical ability in science courses, often resulting in the avoidance of 

science (Daker et al. 2021). As this first question focuses on reading a graph, it may be that these 
students’ answers are not consistent with other science skills given this anxiety. Third, it may be that 

this question assesses multiple skills, confounding the results. This question requires students to read 

  Before removing items After removing items 

Question Science attitude r to skills r to attitudes r to skills r to attitudes 

2 Instruments and 
measurements 

0.19 0.44 0.17 0.45* 

4 Trust in the scientific process 0.19 0.44 0.16 0.43 

6 Mathematical models and 
experiments 

0.09 0.30 Item removed 

8 Disagreement in science 0.29 0.48 0.27 0.50* 
10 Ethics in science 0.24 0.54 0.22 0.55* 
12 Serendipity in science 0.21 0.47 0.19 0.47 
14 Uncertainty in 

measurements and 
interpretation 

0.19 0.46 0.18 0.45 

16 Science and the media 0.13 0.40 0.11 0.44* 
18 Scientific thinking 0.23 0.46 0.24* 0.49* 
20 Who are scientists 0.23 0.48 0.22 0.51* 
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axes, recognize that the y-axis is time squared (as opposed to linear time), and then interpret 
accordingly. 

 As a result of a weak correlation, we removed question six from AISLE as well Question six 

appropriately correlated as a science attitudes question (r=0.30), but with a notably weaker 
correlation than those of other questions in either scale (the next closest r value was 0.40). As 

expected, responses to question six had a positive correlation to science attitudes. However, this 
correlation, r(280) = 0.30, p = 0.00, was the lowest of all the correlations to its expected scale. Also, this 
question performed poorly at differentiating students since 86.12% of students scored this question 
correctly (5.34% of students scored one mark and 9.55% of students scored incorrectly on question 

six). Hence, for these reasons and to optimize length as suggested by DeVellis (2017)—the removal of 
an attitudes question since question one was a skills question—the decision was made to remove this 
question from the results.  

 Removing questions one and six from the original data set produced an increase to the 
correlation of the expected area for 12 of 18 questions. Seven questions (3, 5, 9, 11, 13, and 15) more 

strongly correlated to the science skills array after the removal of questions one and six from the 

original survey. The remaining skills questions had a decrease in correlation. The correlation of 
question 17 to the skills array decreased from r(280) = 0.49 to r(280) = 0.48. The correlation of 
questions seven and 19 to the skills array decreased slightly from r(280) = 0.41 to r(280) = 0.40. Finally, 

all skills questions were either similarly or less correlated to the attitudes array after the removal of 
questions one and six except for questions 11 and 19 which increased a value of 0.02 and 0.01, 

respectively. In general, removing questions one and six had the desired result on the questions 
intended to measure students’ science skills on AISLE.  

Almost all questions (2, 8, 10, 16, 18, and 20) intended to measure students’ science attitudes 
were more strongly correlated to the attitudes array after the removal of questions one and six from 
the data set. Question 12 had no change in correlation to the attitudes array after removing questions 

one and six. Question four saw a slight decrease from r(280) = 0.44 to r(280) = 0.43, as did question 14 

from r(280) = 0.46 to r(280) = 0.45. All questions, except question 18, saw a decrease in their correlation 
to the skills array once we removed questions one and six. Question 18 saw an increase from r(280) = 

0.23 to r(280) = 0.24 with the skills array after the elimination of questions one and six. In general, 
removing questions one and six had the desired result on the questions intended to measure 
students’ science attitudes on AISLE.  

 
Reliability 
A reliable instrument is consistent in its measurement—it can be reproduced under similar 

conditions. To showcase the reliability of AISLE, we consider the scores for each of the groups, as well 
as the average scores for science skills and attitudes. In a reliable instrument aimed at measuring 
science skills and attitudes, one would expect to see upper-year science students scoring higher than 

first-year students. Table 5 summarizes the overall, skills, and attitudes scores for AISLE for each of 

these groups, noting that the overall score maximum is 36, the skills score maximum is 18, and the 
attitudes maximum score is 18 since we removed questions one and six. 
 We performed statistical comparisons of AISLE scores between the calibration groups using 

one-way analysis of variance (ANOVA). ANOVA tests are often used to determine whether statistical 
significance exists between the mean values of multiple groups. If a study is working with only two 

groups, a t-test could provide this information, but with more than two groups an ANOVA is 

preferable. We used this test to determine whether the expected differences (i.e., upper-year science 
scoring higher than the other groups) existed; if this is the case, it gives some6 evidence of reliability. 
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When conducting ANOVA comparisons between groups, we used a “p-value” to determine if the 
differences were significant. The lower the p-value, the more likely we are to reject the hypothesis that 

there is no discernable difference between the values. In this study, that means that a low p-value 

indicates that there is a significant difference. A p-value of 0.05 or lower generally indicates that there 
is a statistical significance. We do note here that low significance does not always mean no effect; it 

can be heavily impacted by the number of participants.  
Statistical comparison of AISLE scores between the calibration groups was performed by 

ANOVA using JASP software (version 0.17.1). P-values < 0.05 were considered statistically significant. A 
statistical comparison of AISLE scores for junior science and junior arts students indicated no 

significant difference in science skills or attitudes scores for these two groups of students (p skills = 
0.278, p attitudes = 0.121, p total = 0.092). However, statistical analysis suggested that senior science 
students’ AISLE scores were significantly higher for both skills and attitudes than junior science 

students (p skills = 0.011, p attitudes = 0.004, p total < 0.001) and even higher levels of significance 
occurred when senior student scores were compared to junior arts students (p skills < 0.001, p attitude 

< 0.001, p total < 0.001). Thus, analysis of AISLE scores for our calibration groups support AISLE as a 

reliable instrument to measure acquisition of science skills and attitudes.  
 

Table 5. Summary of scores on AISLE for identified groupings 
Group N Skills score (SD) Attitudes score (SD) Overall score (SD) 

First-year arts 110 12.77 (2.91) 13.44 (3.00) 26.22 (4.99) 

First-year science 136 13.33 (2.86) 14.10 (2.40) 27.43 (4.32) 

Upper year science 34 14.91 (2.49) 15.71 (1.87) 30.62 (3.56) 
Note: First-year arts consists of surveys from first-year arts A & B, first-year science consists of surveys from first-year science A, & B, and 
upper-year science consists of surveys from upper-year science A, B, and C, all indicated in Table 2. 
 

Student experiences of the AISLE 
 We offered students in the calibration data sets space to respond to one open-ended question 
after completing AISLE: Do you have any feedback on the survey as a whole, or on any of the specific 

questions? We received 55 student responses. We transcribed student responses verbatim and 
analyzed using thematic analysis per Braun and Clarke (2022).  

In this calibration phase, many student comments (n = 21) focused on the phrasing of the 

questions, the time it took them to complete, and the overall structure of the AISLE. These comments 
came from upper-year science courses (n = 7), first-year arts courses (n = 8) and first-year science 
courses (n = 6). Phrasing comments were often focused on needing some clarification (e.g., “I don’t 

understand question five at all, didn’t learn this at school”) or that the reading expectations were too 

high (e.g., “There was too much language, please use diagrams or data more because not everyone 

likes to read”). The reading expectation responses also commented on this being difficult for those 
students who may struggle with English (e.g., “This was hard to do without good English”). Further, 

some of these wording comments were dependent on how students had previously learned science; 
for example, two students commented that they did not learn the terms “independent” and 
“dependent” variables but that they had learned “manipulated” and “responding” variables. These 21 

students identified at least one aspect of the AISLE which was difficult for them, and this may be a 

confounding factor influencing our statistical analysis.  
Seven student comments referred to their difficulties with STEM subjects. Of these comments, 

four referred to struggling with mental math. Students were unsure about whether they could use a 
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calculator; for example, a first-year science student wrote “specify if calculator is usable” and an 
upper-year science student wrote “I needed a calculator, I am not good at mental math.” The other 

two comments were from first-year arts students. Further, three first-year arts students’ comments 

expressed frustration at STEM education; one first-year arts student said “Woohoo, STEM Education! I 
know nothing! Lol.” Beyond the semantics and reading of the AISLE, some participants felt ill-

equipped to take the AISLE.  
 Another five comments discussed AISLE responses as being opinion-based. All the questions 
identified as opinion were classified as science attitudes and these included questions 10, 16, 18, and 
20. Students wondered “who is to judge which answer is best” on these questions. Further, a few 

comments (n = 3) indicated that these questions were difficult to answer in multiple choice and 
offered written explanations for how they would respond. For example, one student wrote: 
 

#16 is kind of an opinion. I would say go find the original article and at least try to read 
it, doctors can still be biased, but if you have no idea how to read articles, talking to an 

expert is better than blindly believing. 

 
The science attitudes questions were particularly prone to being perceived as opinion-based, and this 
might have caused issues in the overall scoring of science attitudes.  

 Finally, many comments (n=21) expressed intrigue toward the AISLE and/or felt that it met its 
intended purpose. 11 comments were coded as the AISLE prompting reflection. Reflection comments 

ranged from labelling oneself (e.g., “I’m not that sciencey”) to philosophical inquiries (e.g., “The 
questions made me question how well I actually know science. Does anyone actually know science?”). 

Some students considered how they positioned themselves with respect to science, “The survey is 
interesting, and the questions really made me think about how distant I’ve grown from science since I 
took it in high school. I feel like if I had to learn that stuff in class now, I might find it more interesting 

and useful than I did as a teenager in high school.” 12 comments indicated the AISLE as a good 

indication of students’ skills and attitudes and that they were aimed appropriately at a non-science 
specific audience. For example, comments such as “The questions look hard at first, but students in 

any field should be able to answer most questions with a bit of thinking,” “it is a nice survey because 
for a non-science students I can answer some of the questions without using any mathematics,” and 
“the survey is a good way of testing how much people know about science when they first begin,” 

described the AISLE as accessible and achievable for non-science majors. Further, one participant 
commented they were “pleased to see questions involving literacy, ethics, and philosophy, as 
opposed to just science/fact-based questions.” For many, the AISLE prompted reflection and intrigue 
while appropriately asking about the science skills and attitudes of non-science majors.  

 
Did the course work? 

 After analyzing our calibration data for validity and reliability, we also investigated how our 

students’ scores on the AISLE changed throughout the interdisciplinary science course. In this section, 
we present a brief analysis of five sections of our course. Each semester, students completed the 
AISLE at the start and end of the course. Student scores were then paired, and we analyzed for any 

changes in attitude and skills scores. Here we discuss the comparison of their pre- and post-course 
AISLE scores and the implications of them. In this analysis, we use the AISLE values without the 

inclusion of the original questions one and six; the maximum score on either the skills or attitudes 

scale in this analysis is 18.  
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Science skills 
 The average AISLE skills score before the course was 12.7 (SD = 2.8) and the average AISLE 

skills score after the course was 13.6 (SD = 2.4). In Figure 1, we present a graph showing the difference 

between students’ skills scores on the pre-course and post-course AISLE. A negative difference (falling 
below the x-axis on Figure 1) means that the students scored lower on their science skills at the end of 

the course than at the start and a positive indicates that their science skills scores improved. Ideally, 
we would want to see a positive difference at the end of the course (unless the student had a score of 
18 on the original AISLE, then a difference in score of zero would be ideal). Most students showed 

improvement in their AISLE scores at the end of the course. However, those students who scored 

highly on AISLE at the start were more likely to have a negative difference at the end of the course. 

 
Figure 1. Comparison of students’ skills scores on the AISLE pre- and post-course 

 
Note: All 173 students are represented but data points which are repeated show as a single data point on this graph. 
 

Continuing to look at students’ AISLE science skills scores pre- and post-course, we used 

descriptive statistics—specifically, measures of central tendency—to analyze the data. Descriptive 
statistics do not offer comparisons (as is the case with inferential statistics), but, instead, summarize 
the main characteristics of the data set. Below, we include the number of students in each section (N), 

average difference and standard deviation (which describes how spread out the averages are), and 
the median (or middle number of the data set). 

 
 Science attitudes 
 The average AISLE attitudes score before the course was 13.6 (SD = 2.2), and the average AISLE 
attitudes score after was 13.9 (SD = 2.2). In Figure 2, we present a graph showing the difference 
between students’ attitudes scores on the pre-course and post-course AISLE. Again, scores on the pre-

test could range from 0 to 18. In viewing this graph, it appears students tended to have higher scores 

on their attitudes over their skills in general. Further, students near the middle of the scoring on the 

pre-course AISLE were more likely to improve at the end of the course, while students with high scores 

were more likely to decrease after the course. The decreases and increases were less extreme than we 
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saw with skills (which had a maximum increase of 12 and biggest decrease of eight points). The 
biggest increase in attitudes scores was six and the biggest decrease in attitudes scores was seven at 

the end of the course. These less extremes would indicate that the average difference score might be 

more reflective of this data than it was of the skills data. 
 

Figure 2. Comparison of students’ attitudes scores on the AISLE pre- and post-course 

 
Note: All 173 students are represented but data points which are repeated show as a single data point on this graph 
 

In Table 6, we can see that the average difference score in each section ranged from 0.44 to 

1.69. We combined the data from all sections and found that the average difference from pre- 
to post-course was 0.9. This indicates an overall increase in students’ science skills. We should note 

that the standard deviation values were all around 2.5 or 3, which indicates that about 70% of the data 
sits within 2.5–3 marks of the average. So, given a normal distribution of data for the combined values, 
we can assume that about 70% of the data falls between a difference of -1.76 and 3.58 for science 

skills scores. However, most data sets are not normally distributed. In skewed data sets, it is better to 

consider the median since it is less impacted by extreme outliers in the data set. In our data, the 
median number for most courses was zero, with one section having one and another having two as its 
median. Given that both our average and median are both consistently positive, this indicates that, on 

average, students in all sections scored better on the skills section of the post-course AISLE.  
 

Table 6. Descriptive statistics of changes in science skills pre- and post-course 
 2018 2019 2020 2021 2023 Combined 

N 36 67 45 14 10 173 

Average difference 
(standard deviation) 

0.44  
(2.78) 

0.63  
(2.46) 

1.69  
(2.55) 

1.07  
(3.71) 

0.7  
(2.26) 

0.91  
(2.67) 

Median 0 0 2 1 0 1 
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 In Table 7, we can see that the average difference score in each class ranged from -0.5 to 1.43. 
This range is smaller, but also lower, than with the skills data. We combined the data from all sections 

and found that the average difference from pre- to post-course was 0.30. There was an overall 

increase in student attitudes in all courses, except 2023, but with a smaller increase than we 
witnessed with science skills. We also note that the standard deviation values were all around 1.75 or 

2, which indicates that about 70% of the data sits within 1.7–2 marks of the average. So, given a 
normal distribution of data for the combined values, we can assume that about 70% of the data falls 
between a difference of -1.75 and 2.35 for science attitudes scores. This range is slightly smaller than 
the range for science skills but also lower in value. We also considered the median in science attitudes 

differences. Again, the median number for most courses was zero, with one section having one and 
another having two as its median. Given that both our average and median are both generally positive 
(except in 2023), this indicates that, in general, students scored better on the attitudes section of the 

post-course AISLE, albeit the increase was much less than for students’ skills.  
 

Table 7. Descriptive statistics of changes in science attitudes pre- and post-course 
 2018 2019 2020 2021 2023 Combined 

N 36 67 45 14 10 173 

Average difference 
(standard deviation) 

0.11 
(2.28) 

0.22 
(1.91) 

0.38  
(2.12) 

1.43 
(1.79) 

-0.5  
(1.79) 

0.30  
(2.05) 

Median 1 0 0 2 0 0 

Mode 2 0 0 2 0 0 

 

 
DISCUSSION 

Designing the instrument 
The designers of this instrument were a team of scientists—not educational researchers. As 

experts in science, we constructed this tool to evaluate what we felt were key skills and attitudes for 
students to develop in a first-year interdisciplinary course. Being scientists, we used quantitative 

data—a form with which we are familiar—but learned that the analysis of social science quantitative 

data (and development of a social science instrument) required further knowledge that we had not all 
developed. For example, our experts in biology and physics had done correlational statistics, and we 
were all familiar with descriptive statistics, but our chemist had not taken any formal statistics 

classes. We analyzed our data the best we knew how, but when we attended a STEM education 
conference and were asked about the validation and reliability of our survey, it caught us a bit off 

guard. Hence, we enlisted our colleague from education to help with the analysis of this work.  

A list of science skills that the designers and practicing scientists involved believed to be 
common across many or most scientific disciplines and a series of statements or concepts that were 
considered to describe parts of how scientific experts think, which were labelled science attitudes, 

drove the design of the questions for AISLE. These two lists are not exhaustive, and there are surely 
other skills or attitude statements that could also be included in the list of potential items. 

Further, we designed the AISLE questions to test the listed skill or attitude, yet it is also 

possible that a given question could have an underlying concept separate from the intended skill or 
attitude that influences participants’ ability to correctly answer the question. For example, a few 
participants commented on the need for a calculator to solve some questions, suggesting that they 
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understood certain questions as requiring a precise calculation, rather than a question requiring an 
understanding of relative relationships between mathematical variables as we intended. As another 

example, in question one on the AISLE, students’ skill to read a graph is being measured. However, to 

properly read this graph, students need to recognize that the vertical axis is squared. Does this 
question truly represent their ability to read graphs, or does the question consider their attention to 

detail? This confounding of constructs is likely why question one did not correlate properly with either 
scale and was ultimately removed—however, had we not done the thorough statistical analysis in this 
paper, we might have continued to assume that this item was measuring what we intended. This is an 
aspect for further consideration on each of the individual items of AISLE and a consideration we raise 

for any colleagues looking to design an instrument. 
Finally, we urge those considering instrument development such as this to include the use of 

qualitative data. Even responses to our one open-ended response gave us useful information. In 

future iterations of the AISLE, we plan to revisit the wording of questions and provide clear 
instructions regarding calculator use. We also recognize the need to address the idea of “opinion” and 

science attitudes; there are ways of doing and knowing in science that are accepted and are not a 

matter of opinion (this is called the nature of science), but there were many misconceptions among 
participants in all sections about this idea. Many students agreed that the AISLE measured what it 
purported, but, to our delight, this also prompted some philosophical reflection on science. This 

finding indicates that it might be worthwhile to include an instrument like this into coursework 
beyond a measurement in order to prompt students’ reflections on their ideas and knowledge of 

science.  
 
Is the AISLE valid? 

 Based on the statistical analysis, AISLE can produce valid and reliable results when 
considering individuals’ science skills and attitudes. Questions on AISLE were all positively correlated 

to their intended areas. Odd questions (except the removed question one) positively correlated to 

science skills with all p-values at p < 0.001. Even questions (except the removed question six) 
positively correlated to science attitudes with all p-values at p < 0.001. Further, the results from 

calibration data showed no significant differences between students enrolled in first-year science or 
first-year arts classes, but there were significant differences between first-year courses and those 
students in upper-year science classes for science skills and attitudes and overall scores on the AISLE. 

This suggests results were consistent and reproducible at a similar level of education and that skills, 

attitudes, and overall score were improved with years of STEM education, as expected.  
One key underlying assumption is that the participants’ formal level of STEM education will 

correlate with their overall science skills and attitudes, and therefore higher levels of formal STEM 
education should be a proxy for higher levels of science skills and attitudes. The results presented are 
consistent with this assumption since students in the upper-year science courses had statistically 

higher scores on science skills, attitudes, and overall scores on the AISLE. Commonly, instrument 

validation of science skills and/or attitudes is conducted with STEM classes (e.g., Adams et al. 2006; 
Cary, Wienhold, and Branchaw 2019; Maloney et al. 2001), and we did not identify any instrument that 
tested with upper-year arts students. This could be an interesting vein of future research. Based on 

the calibration results, more formal STEM education correlated with higher scores on science skills 
and attitudes in this instrument.  
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CONCLUSION 
Our team of science faculty wanted to develop an instrument that could concisely and 

succinctly provide us with an assessment of students’ science skills and attitudes throughout a first-

year general science course with a laboratory component. However, when asked to defend the 
validity of our quantitative work, we learned that we needed a more systematic way to determine 

whether our instrument was producing valid and reliable results—was it measuring what we thought 
it was measuring? According to our statistical analysis, AISLE provided a valid and reliable description 
of students’ science skills and attitudes after removing questions one and six. Further, in comments, 

many students (n = 21) indicated they thought AISLE was a useful exercise and appropriate for non-

science majors. Considering our work at the micro and meso levels (Simmons 2009, 2020), we claim 
that the AISLE would provide one data point in our assessment of whether students’ skills and 
attitudes were developing as a result of our course.  

We hope that readers take away two lessons regarding teaching and learning. First, we 
anticipate that others teaching science courses to non-science majors might find AISLE useful in 

assessing their students’ science skills and attitudes. AISLE is succinct and quickly evaluated, so it can 

provide useful formative feedback for both the student and the instructor. For our course, which was 
entirely focused on a laboratory-based experience, we saw improvement in students’ science skills 
but little change in their attitudes. The one exception was in 2021, where we saw a much bigger 

improvement in attitudes (an average of 1.43) than skills (an average of 1.07). In future work, we aim 
to investigate why there was little change in attitudes overall as well as consider results from 

individual sections in light of our teaching practices and reflections on those years. Further, AISLE can 

prompt discussions about science and the philosophy of science (as indicated in participant 
comments). Using AISLE and discussing the items in class might allow instructors to address the 
misconception of science attitudes and approaches as opinion when, in reality, these are 
epistemological underpinnings that are widely accepted by the scientific community. We share our 

work so that others in similar contexts may draw on it.  

Second, we hope that others who wish to attempt instrument development might read our 
process and reflections before starting what turned out to be a more complex journey than we 

anticipated. Naively, we thought that the development of a new instrument measuring science skills 
and attitudes would be a fairly straightforward process; our team consisted of experts in STEM, so we 
felt prepared to assess these aspects. Creating questions and seeing student responses was not overly 

difficult, but to claim that we had created an instrument that measured what it was designed to 

measure turned out to be a more complex process. Our team accomplished this task by having 
someone knowledgeable in instrument design in education join and advise our group. For example, 

we learned of DeVellis’ (2017) useful framework and the systematic approaches to instrument 
development and validation. We encourage other SoTL scholars who may be less familiar with 
instrument design to reach out to your centres for teaching and learning and/or colleagues in the 

social sciences for collaboration in these endeavours.  
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NOTES 

1. The authors recognize that how “science” is defined can shift from discipline to discipline and 
from individual to individual. We leave this debate to philosophers of science and, instead, 

define “general science” here as encompassing the fields of biology, chemistry, and physics at 

their broadest levels. 
2. We understand that TLI readers may be interested in the development of this course, and we 

encourage you to reach out to the authors for that discussion. The full intention and 

development of this course is a subject for another paper, and we intentionally focused our 
discussion in this manuscript on the instrument development experience. 

3. Validation items are extraneous items used to ensure participants are thoughtfully answering. 

This is common practice on long instruments (e.g., more than 20 questions). An example of a 
validation item might be writing, “answer three to this item,” and if a respondent answers 
something other than three, the researcher can assume they have not thoughtfully completed 

the survey, and their results will likely be invalid. 
4. Interval data is numerical and considered to have equal distances (or intervals) between each 

response. It requires answers to be given in the form of integers. Some examples of interval 

data include temperature, time, and distance; for example, each minute has the same 
“distance” of 60 seconds. 

5. For those less familiar with statistical research, this is read as the “r-value” (or Pearson 
correlation coefficient value) of 280 participants is 0.09. The two statistics here indicate that 

the lowest Pearson correlation coefficient was 0.09 and the highest was 0.54. 

6. It should be noted that any claim of reliability could be improved by looking at reproducibility. 
Reproducibility could mean seeing similar results between student assessments and their 

AISLE scores, re-testing students before any intervention, and looking for similar scores or 
comparing groups for similar scores across multiple sections or years with similar conditions. 
These measurements were not collected with our calibration data, but it is something to 

consider for those interested in developing their own instruments. 

 
ETHICS 

We consulted the institution’s Research Ethics Board (REB) on the development and 
calibration of the AISLE. They determined that this project was outside the scope of the REB 
and was allowed to proceed. 
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APPENDIX 
AISLE (Augustana Interdisciplinary Scientific Literacy Evaluation) 
 

1. The four dots on the graph below indicate the data from an experiment in which pendulums of 
various lengths were constructed and their oscillation time was measured. When the oscillation 

time is squared, the graph suggests a simple straight line pattern for the data, as shown by the 
dashed line. 

 
Based on this graph, what length of pendulum would we expect to have an oscillation time of 2 

seconds? 
A. About 8 meters 

B. About 1 meter 
C. About 0.5 meters 
D. Unknown: there is no connection between the pendulum’s oscillation time and length 

E. Unknown: none of the four measurements had an oscillation time of 2 seconds 
 

2. Imagine that you are trying to test a hypothesis for a chemical reaction, and you cannot directly 
observe the reacting molecules with your senses. Currently, there is no instrument that can 

directly observe individual molecules. What is the best way of going about testing your 
hypothesis? 

A. Use an instrument to measure a property of the molecules that is known to be directly related 

to the chemical reaction, even if this is not something you can directly observe with your 
senses. 

B. Find a chemical reaction that is not the one you are studying but has some similarities and can 

be observed with your senses. Test your hypothesis on this related chemical reaction. 
C. Because this chemical reaction cannot be observed with your senses, there is no way to test 

your hypothesis.  
D. Wait for someone to develop a new instrument that will let you directly observe the chemical 

reaction with your senses. 
E. Devise a mathematical formula to describe the chemical reaction. Use this formula to develop 

a computer simulation to test your hypothesis. 

 

3. Would it be possible to put 100 oranges in a bathtub? 

A. Probably not — a row of about 20 oranges would already be about as long as the bathtub. 

B. It doesn’t matter. Science is only concerned with ideas that have immediate practical 
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applications in the real world. 
C. It is impossible to determine this because every orange and every bathtub are different. 

D. It is impossible to determine this without doing an experiment. 

E. Probably — a rough estimate can indicate that the volume of a bathtub is more than the 
volume of 100 oranges. 

 

4. Imagine a hypothetical scenario in which a research scientist announces a discovery that will 
radically alter their research field. This will also have an impact on our entire society. How will you 
know that this discovery is genuine and not fraudulent? 

A. Many of the experts in the field suspect that this discovery is genuine. 
B. Scientists are fundamentally honest people. They don’t stand to gain anything resulting from 

their new theory. 

C. Other scientists can independently replicate the discovery and report similar results. 
D. A majority of the general public believe the discovery is genuine. 

E. The most important scientist in the field agrees that this discovery is genuine. 

 

5. Biologists have proposed a theory that sunflowers have a stronger structure because their seeds 
are usually arranged in a spiral pattern with a total number of spirals belonging to the Fibonacci 
sequence: 1, 2, 3 (=1+2), 5 (=2+3), 8 (=3+5), etc. If a sunflower with 21 spirals is found, how does this 

relate to the theory? 

A. It contradicts the theory, therefore the theory must be rejected. 
B. It proves that the theory is correct. 

C. It contradicts the theory, but the theory may still be correct.  
D. It supports the theory, but it doesn’t mean that the theory must be correct. 
E. It has no relation because mathematics cannot be used to describe living things. 

 

6. Which statement below best describes the role of mathematics in scientific experimentation? 
A. A mathematical model can be used to suggest an experiment, but not the other way around. 
B. Mathematics is not real and therefore has no connection to science.  

C. An experiment can be used to suggest a mathematical model, but not the other way around. 
D. Mathematics and science are the same thing: all science is applied mathematics. 

E. A mathematical model can be used to suggest an experiment OR an experiment can be used 

to suggest a mathematical model. 
 

7. Milk “spoils” due to the growth of certain types of bacteria over time. Which of the following 

experiments would best test the hypothesis that bacterial growth in milk increases at higher 
temperatures? 

A. Observe a bacterial population under a microscope and measure their average size and speed. 
Then, increase the temperature of the room and repeat the measurements. 

B. Prepare one fresh milk sample and measure the bacteria population every hour for 24 hours 
as the sample is heated from 2 degrees Celsius to 50 degrees Celsius. 

C. Mix a sample of fresh milk with an antibiotic, store the sample at room temperature for a 

week, then smell the sample to see if it has spoiled. 

D. Prepare 10 identical milk samples, store them each at a different temperature for 24 hours, 

then measure the bacteria population in each sample. 

E. Prepare 5 samples with 5 different kinds of milk, store the samples in a refrigerator for 24 
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hours, then measure the bacteria population in each sample. 
 

8. Consider two groups of scientists studying the same phenomenon. Group A and Group B have 

different hypotheses and vigorously disagree with each other, to the point that some outside 
observers have described their conflict as a feud. What does this suggest? 
A. This problem is beyond the capability of scientists to understand. 

B. A neutral judge needs to pick which hypothesis is correct. 
C. The two groups of scientists need to sit down and rationally find a way to merge their ideas 

into a better hypothesis. 

D. Someone should devise an experiment that could distinguish between the competing 
hypotheses. 

E. Each group should perform experiments designed to support their hypothesis. 

 

9. An experiment was designed to measure the temperature of a lake at various depths. In what units 

should these depths be measured and why? 

A. Inches. Smaller units lead to bigger numbers and more accurate measurements. 

B. It doesn’t matter. So long as the measurements are precise, the chosen units can be converted 
to other units later on. 

C. Feet. Units that have the longest history are the most reliable. 

D. Fathoms. Uncommon units tend to discourage others from disagreeing with the results of an 

experiment.  
E. Meters. Metric system units are the most accurate units to use in any experiment. 

 

10. Consider a scenario in which a group of scientists announce their intention to offer a service 
where people can clone their pets. Who should be in charge of deciding whether this service is 

ethically sound and why? 

A. All of society. A wide-scale discussion across all members of society, including a decision-
making process such as a referendum is the best way to make sure that everybody’s viewpoint 
is heard. 

B. The government. They are tasked with overseeing how science and society conduct 
themselves. 

C. The customers. The morality of these services should be decided by those with the ability to 

purchase the services. 
D. A panel combining citizens, scientists, ethicists, and lawyers. A group that combines input 

from a variety of informed viewpoints will best identify relevant issues. 

E. The scientists offering the service. They are the ones most familiar with the technology and 
have naturally thought through all of the potential consequences. 

 

11. A forklift can carry a stack of N heavy crates. The maximum speed of the forklift (S, measured in 

kilometers per hour) depends on how many crates it is carrying. Based on the behavior for small 
and large values of N, which of the following equations might represent a good model for the 
maximum speed of the forklift? 

A.  

B.  
C.  
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D.  
E. S = 5 − N 

 

12. What is the role of unexpected results in scientific discovery? 
A. By designing a very large number of experiments, scientists rely on unexpected results to find 

the experiments which work as expected. 

B. An unexpected result means the current theories are wrong. 
C. An unexpected result shows that the experiment was poorly designed or executed, as it did 

not properly control all possible variables. 

D. An unexpected result means that a previously unrecognized variable is important for the 
system of interest. 

E. Because scientists carefully control experimental conditions, unexpected results cannot 

occur. 
 

13. Bob’s orchard has ten-thousand apple trees. Each tree produces one-hundred apples each year, 

on average. If a new system for watering the trees could lead to a ten percent increase in apple 

production, how many additional apples could the orchard produce each year? 
A. Ten million 
B. One million 

C. One hundred thousand 

D. One thousand 
E. Ten 

 

14. What do scientists mean when saying they have a theory? 
A. They have found a mathematical way of describing a scientific phenomenon. 

B. They have an idea that cannot be experimentally tested. 

C. They have an idea that might be able to predict future experimental results. 
D. They have made a speculative guess as to how something works, and use of the word “theory” 

indicates that this guess is related to a scientific question. 

E. They have an explanation for a series of scientific facts and experimental observations. 
 

15. A biologist is measuring honeybee populations in an area in order to try to predict future fruit 

production from blueberry bushes. If the population measurements have a margin of error of 20% 
then: 
A. There will also be a certain margin of error for the fruit production predictions, but these 

predictions can still be useful. 
B. The fruit production predictions will also have a margin of error of exactly 20%. 

C. The predictions will be exactly correct 80% of the time. 
D. The predictions will be useless because the measurements are unreliable.  

E. The biologist must obtain more accurate population measurements before attempting to 
make any predictions. 
  

16. Consider a recent media report linking a food additive with a slight increase in the risk for cancer. 

Although you have no background knowledge on this topic, you are worried by what you are 
reading. What should your response be? 

A. Go read the original research article, even if you barely understand it. 
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B. Consult with a recognized expert, such as a medical doctor. 
C. Wait for further research studies to appear in the media which either support or dispute the 

findings before making your decision. 

D. Do nothing different, because you don’t know anything about this topic. 
E. Remove all food additives from your diet just to be safe. 

 

17. A scientist wants to determine the effect of air resistance on a falling basketball. To do this, she 
will first measure the mass of the basketball (m), then drop it from various heights (h) while 
measuring the time required (t) to reach the ground. In this experiment, 

A. The independent variable is t, and the dependent variable is h.  
B. The independent variable is t, and the dependent variable is m. 
C. The independent variable is h, and the dependent variable is t. 

D. The independent variable is h, and the dependent variable is m. 
E. The independent variable is m, and the dependent variable is h. 

 

18. Which of the following statements do you agree with most? 
A. Science is a complicated set of theories that can sometimes apply to the “real world.”  
B. Science is a tool used by certain groups to advance their goals. 
C. Science is a process designed to test ideas about how the world works 

D. Science is a huge collection of facts about various disconnected topics. 

E. Science is a set of opinions about the world that may turn out to be wrong. 
 

19. All known animals on Earth use liquid water. If scientists discover a new type of animal on Earth: 
A. It will most likely use liquid water. 
B. There is no reason to believe beforehand that it will use liquid water. 

C. It absolutely must use liquid water. 

D. It will definitely use some sort of liquid, though possibly not water. 
E. It will not use liquid water, otherwise we would already have known about it. 

 

20. Which of the following statements do you agree with most? 
A. Only highly intelligent people can understand science or be a scientist. 

B. Science is performed by a collection of people who are advancing a particular agenda. 

C. With enough effort and time, anyone is capable of learning about science and becoming a 
scientist. 

D. Some people are born to understand science while others do not have the ability to learn 

about science. 
E. Nobody understands science — some people only pretend to. 

  
 

AISLE Evaluation (Augustana Interdisciplinary Scientific Literacy Evaluation) 
 

1. Skill: graph interpretation    A-0 B-2 C-1 D-0 E-1 

 

2. Attitude: instruments and measurements  A-2 B-0 C-0 D-1 E-1 

 

3. Skill: estimation and checking the   A-1 B-0 C-1 D-0 E-2 
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reasonableness of results 
 

4. Attitude: trust in the scientific process  A-1 B-0 C-2 D-0 E-1 

 

5. Skill: relating theory to observation   A-1 B-1 C-0 D-2 E-0 
 

6. Attitude: mathematical models and experiments A-1 B-0 C-1 D-0 E-2 
 

7. Skill: proposing an experiment to test a hypothesis A-1 B-1 C-0 D-2 E-0 

 

8. Attitude: disagreement in science   A-0 B-0 C-1 D-2 E-1 
 

9. Skill: measurement units    A-1 B-2 C-0 D-0 E-1 

 

10. Attitude: ethics in science    A-1 B-0 C-0 D-2 E-1 
 

11. Skill: simplifying models and limiting cases A-2 B-0 C-0 D-1 E-1 

 

12. Attitude: serendipity in science   A-1 B-1 C-0 D-2 E-0 

 

13. Skill: numeracy     A-1 B-1 C-2 D-0 E-0 
 

14. Attitude: scientific theories    A-1 B-0 C-1 D-0 E-2 
 

15. Skill: uncertainty in measurements  A-2 B-1 C-1 D-0 E-0 

and interpretation 
 

16. Attitude: science and the media   A-1 B-2 C-1 D-0 E-0 
 

17. Skill: independent vs.    A-1 B-0 C-2 D-1 E-0 

dependent vs. constrained variables 

 

18. Attitude: scientific thinking    A-1 B-0 C-2 D-1 E-0 
 

19. Skill: inductive reasoning    A-2 B-1 C-1 D-0 E-0 

 

20. Attitude: who are scientists    A-1 B-0 C-2 D-1 E-0 
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